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ONTOGENETIC DIFFERENCES
IN THE ERYTHROGRAMS OF WHITE LEGHORN
AND CORNISH CHICKENS LIVING UNDER
TROPICAL CONDITIONS
By
Eva Dobsinska

Department of Parasitology (Director: Prof. J. Hovorka), Veterinary College, Kosice,
Czechoslovakia

(Received May 7, 1971)

The purpose of the present study was to examine the values of the red
blood picture in chickens in the course of development, and to establish the
differences in these values between the WL and CO breeds. Another aim was to
find whether there are any differences in the values for chickens kept under
tropical conditions from those reported by other authors for the European
moderate zone.

The effect of age on different blood parameters in chickens kept in the European zone
has been studied by a number workers. Some of them treated all hematological values as a
whole (Jovanovic and Vapa, 1959; 1960; Jantosovic, 1965; Vrbenska et ah, 1967; Rusov
and Petrovic, 1968). Others examined only some of these values, such as the hemoglobin level
(Tanaka and Rosenberg, 1953), hematocrit value and sedimentation rate (Bierer et ah,
1964), erythrocyte, leucocyte counts and differential leucocyte count (Prochazka, 1965),
hematocrit values (Medway and Kare, 1959; Best, 1966), etc.

A number of authors have studied seasonal effects and the influence of environmental
temperatures on the hematological values both in chickens and mature poultry. For instance,
Dukes and Schwarte (1931) and Olson (1937) claim that the lowest values of hemoglobin
and erythrocytes were obtained in the late summer and in autumn, while the highest values
were found in winter. Wintrobe (1934) also reported higher hemoglobin levels in colder
weather. Jantosovic’s data (1965) indicate that the hemoglobin level is higher in summer, while
the erythrocyte count tends to decrease slightly. Huston (1960) found that not only were the
erythrocyte count and hematocrit value higher at lower temperatures, but also the thyroid
gland mass and 0 2 intake. Also Moye et al. (1969) examined the differences in hematocrit
values, red cell mass and mean corpuscular volume, and demonstrated that all three values
were higher at low temperatures. ,

Material and methods

The studies were undertaken in Cuba on 163 chickens of the White
Leghorn (WL) breed and 160 chickens of the Cornish (CO) breed, from 1 day
after hatching to the 28th day of age. The chickens came from two poultry
breeding stocks which had been established in tropical conditions of this
country for several generations. They were kept in open-sided sheds on deep
wood-chip litter, with infra-red lamps used at night. The chickens were taken
directly from the batteries at one day of age and fed suitable commercial
mixtures according to their age. The health condition of the birds was good.

1 Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972
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Table |

Meteorological data for the investigated period

Month Temg%rature pregi\ﬁ%g{ion Relat. (r)l/tlj)midity
mm
January 21.7 60.7 77.0
February 22.1 41.4 75.0
March 23.1 47.8 75.0
April 24.4 50.2 75.0
May 25.5 102.3 78.0
June 26.4 145.6 81.0

The trials were carried out from January to June. Average monthly
temperatures, water precipitation and relative humidity for this period are
indicated in Table I. Hemoglobin content, packed cell volume, the total red
blood cell count, the mean corpuscular volume, the mean corpuscular hemo-
globin concentration and the mean corpuscular hemoglobin were determined
in all birds at 1, 3, 5, 6, 8, 9, 12, 17, 19, 22, 23 and 26 days of age. For the
purposes of statistical analysis the birds were divided into five age-groups, as
follows: one-day-old, 2- to 7-day-old, 8- to 14-day-old, 15- to 21-day-old and
22- to 28-day-old. Blood samples were collected from young birds directly
from the a. carotis, in larger birds from the v. ulnaris, into a syringe previously
rinsed with a heparin solution.

Hemoglobin content was determined by the cyanhemoglobin method
(Skatla and Matyskova, 1965). The precipitate of nuclear substances formed
after the addition of blood to the solution was separated by means of centri-
fugation for 3 minutes at 1500 r.p.m.

The total erythrocyte count was calculated in Natt—Herrick’s solution
(Ceter, 1960). The packed cell volume was determined in Wintrobe’s test-
tubes. The mean corpuscular volume (MCV), mean corpuscular hemoglobin
concentration (MCHC) and mean corpuscular hemoglobin (MCH) were calculated
from the above mentioned values using the appropriate formulae.

The dispersion analysis method with multiple classification in odd num-
bers of replications was employed for the mathematical and statistical evalu-
ation. The test characteristic F was evaluated at the 1% and 5% levels of
reliability.

Results and discussion

The hemoglobin content (Tables I, Ill, 1V) was comparatively high in
chickens of both breeds on the first day after hatching (8.0—8.8g%), but fell on
the 3rd, 6th and 17th—19th days. In the WL chickens this low level persisted

Acta Velerinaria Academiae Scientiarum Hungaricae 22, 1972
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Table 11

Hematological values in WL and CO chickens according to age groups

Ageindays  Breed n

2- 7
8-14
15-21
22-28

2- 7
7-14
15-21
22-28

32
32

WL 32

(60)

32
35

33
32
32
32
31

RR—%

8.0+1.1
7.2+0.8
8.3+0.5
7.1+0.7
6.9+0.9

8.8+1.1
7.2+0.5
8.1+0.7
7.3+0.7
8.1+0.7

PCV —% RBC—mm3 MCH — pg

30.4%x2.7 2.1%0.
29.6+x3.0 2.2+0.

30.4£2.9 2.2%0

259+2.4 19+0.

27.3+2.8 2.0%0
31.2+2.6 2.3x0

29.3+2.5 2.2+0.
29.6+x2.7 2.2%0.

28.4+2.9 210

29.9+2.7 2.2+0.

37.7+4.9
35.2+4.9
37.5+4.0
37.7x4.1
34.4+3.4

39.2+6.7
31.9%+4.9
37.7+4.9
36.7+3.7
37.1+4.2

W oW W W W W W w w N

MOV — I3

142.3+15.9
135.5+16.4
138.2+23.2
138.1 £12.7
1349+ 159

139.1 + 16.5
132.7 £ 16.6
137.9+ 147
139.6+19.9
139.3+18.0

MCHC—%

26.3+2.9
24.3+3.1
27.1+3.3
27.3x4.1
25.6+2.2

28.4+3.3
245+2.7
275+2.3
26.6+2.7
26.6+2.5

until the 25th day, whereas in the chickens of the CO breed an increase occurred
as early as the 22nd day.

Highly significant differences were found between the following groups:
1—2, 1—4, 1—5, 2—3 and 3—4. A significant difference (p
observed also between the groups 3 and 5. The WL chickens were found to
show statistically significantly lower values than those of the CO breed.

e in
ays

© 0 O U1 W

17
19
22
23
26

n

32
18

13
1
20

14
12

Table 111

Hematological parameters in WL chickens according to age

Hb —g%

8.0
7.0
8.1
7.2
8.4
8.2
8.3
7.2
6.3
6.7
6.4
7.4

PCV -

30.4
28.3
31.3
31.8
30.9
32.1
28.4
26.0
23.7
255
26.3
28.8

%

RBC —mm3

2 199 000
2 093 000
2 237 000
2 650 000
2 138 000
2 170 000
2 360 000
1860 000
1725 000
1935 000
1870 000
2 203 000

MCH — pg

37.7
33.4
37.6
34.3
39.1
37.1
35.8
38.9
36.1
34.4
34.3
33.9

0.05) was

MCV — I3 MCHC — %

142.3
135.2
143.2
121.2
146.3
145.6
121.2
140.9
139.2
131.5
141.8
132.5

26.3
24.7
241
22.7
26.4
25.2
29.6
27.4
26.6
26.2
243
25.6

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972
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Table IV

Hematological parameters in CO chickens according to age

Age in

s 0 Hb—g% PCV—%  BBC—mm3 MOl - .9 MOV —ais  MCHC — %
| 33 8.8 31.2 2 265 000 39.2 139.1 28.4
3 10 7.2 30.3 2 346 000 31.4 130.3 24.1
5 12 7.6 28.9 2 243 000 33.8 1295 25.8
6 12 6.9 30.6 2 260 000 30.2 137.3 22.4
8 17 8.0 29.5 2 129 000 37.4 139.0 27.1
9 7 8.3 29.0 2 020 000 38.2 144.2 28.7
12 7 8.1 31.5 2 530 000 37.1 124.9 26.0
17 10 7.5 29.9 2 080 000 36.4 146.0 25.0
19 12 6.9 27.3 2 038 000 36.0 135.6 26.8
22 6 7.5 30.5 1980 000 37.0 155.0 23.8
23 10 7.7 27.8 2 048 000 37.3 137.1 26.8
26 12 8.6 31.5 2 400 000 36.0 132.1 27.3

Vrbenska et al. (1967) obtained similar values in 1-day-old cockerels;
however, they found that the maximum decrease occurred on the 10th day.
Other authors, such as Rusov and Petrovic (1968), claim values exceeding
10.0 g% for chickens in early age.

The marked decrease in the hemoglobin content on the 3rd and 6th day
may justify the assumption that embryonal hemoglobin is replaced by adult
hemoglobin, as claimed by Romanoff (1960), who says that the progressive
decrease in oxygen affinity from the 10th day of incubation persists until the
14th day of post-embryonal life by which time the “definite” form of hemo-
globin has completely replaced the embryonal form. Sova et al. (1968) found
that from the 4th—7th day after hatching the absolute Fe reserve in chicken
livers showed no changes, which results in a marked decrease of Fc in the
indices expressing Fe in mg% of dry matter.

The packed cell volume as well as the amount of hemoglobin was quite
high (30.4—31.2%) in one-day-old chickens of both breeds. In WL chickens it
fell on the 3rd day but in the CO’sonly on the 5th day, hut this was consolidated
on the subsequent days. Minimum values were obtained from the 17th to the
22nd day and on the 19th day in WL and CO chickens, respectively.

The differences in the packed cell volume of the two breeds were statisti-
cally highly significant (p-<0.01) in all age categories. As far as the age groups
are concerned, highly significant differences were obtained among the one-
day-old and 15-day-old and older chickens, and also between groups two and
four, and three and four.

Acta Jvterinaria Academiae Scientiarum Hungaricae 22, 1972



ONTOGENETIC DIFFERENCES IN THE ERYTHROGRAMS 5

A similar decrease was described by Best (1966) for 4-day-old New
Hampshire chickens, by Vrbenska et al. (1967) for 5-day-old WL cockerels,
and by Rusov and Petrovic (1968) on the 10th, 40th and 60th days. Recent
authors, however, claim much higher values than those obtained in our study.
Medway and Kare (1959), on the other hand, assert that packed cellvolume
measured in chickens in weekly intervals shows practically no changes in the
course of aging.

The total erythrocyte count was relatively high in 1-day-old chickens of
both breeds, which corresponds with the data reported by all authors (Jova-
Novic and Vapa, 1959; Prochazka, 1968; Vrbenska et al., 1967; Rusov and
Petrovic, 1968). However, the data on the further changes in the count show
some differences; thus only Vrbenska et al. (1967) and Jantosovic (1965)
assert that the minimum values were obtained on the 7th day. In our trials
the erythrocyte count was comparatively balanced up to the 17th day, when
there was a sudden decrease which was maintained until the 23rd day. Although
on the 1st day after hatching a reduction of the erythrocyte number was not
directly demonstrated, this is suggested by the decreases in the hemoglobin
level on the 3rd and 6th days and in the packed cell volume on the 6th and
12th days, by the fluctuating decrease in mean corpuscular hemoglobin from
the 3rd to the 6th day, and by the relative hypochromia occurring from the
3rd day after hatching and balanced only on the 8th day.

Statistical treatment revealed that the number of erythrocytes was
highly significantly lower in the WL than in the CO breed. Highly significant
differences were observed among the one-day-old, 2-to 7-day-old, 8- to 14-
day-old, and the fourth age group of chickens. No statistically significant dif-
ferences were revealed among the other age groups.

The falling values of most of the indices of the erythrogram justify the
assumption that in this period erythrocyte destruction occurs also in poultry,
as described by Morros SardA (1960) for new-born children. Furthermore, as
Schalm (1964) has described for a number of mammals (calves, piglets, kittens,
etc.), shortly after birth the fetal erythrocytes are replaced by corpuscles better
suited to serve the developing young. This is corroborated also by Sova et al.
(1969), who found increased bilirubinemia in 4- to 5-day-old chickens.

Erythropenia occurring from the 17th day is particularly apparent in
the chickens of the WL breed; it was also observed by Rusov and Petrovic
(1968) in the New Hampshire breed on the 20th day. Examining the effect of
external temperature on the total erythrocyte count Moye et al. (1969) found
that in chickens kept from the age of 7 days to 42 days at a temperature of
30 °C the erythrocyte count dropped to 2.78 million. It seems probable
therefore that the reduced erythrocyte counts in the present experiment, as
compared with values reported by other authors, and the erythropenia observed
between days 17 and 23 are connected with the tropical climatic conditions.

Acta Veterindrin Academiae Scienliarum Hungaricae 22, 1972
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The mean corpuscular volume (MCV), mean corpuscular hemoglobin
concentration (MCHC) and mean corpuscular hemoglobin (MCH) were rather
high in one-day-old chickens of both breeds. The values of the MCY indicate
a relative microcytosis in WL chickens on the 12th and to a smaller extent on
the 22nd day. There was a similar small microcytosis in the CO chickens on
the 5th, 12th and 26th days, but the change on the 22nd day was very marked.
In 4-week-old chickens of both breeds, however, the MCY is less than the values
measured after hatching. The present results coincide with those of Vrbenska
et al. (1967), who also demonstrated a considerable decrease in MCV on the
5th day. The values reported by Rusov and Petrovic (1968) are high in com-
parison with the results obtained during this study throughout the develop-
ment of chickens; on the other hand, Moye et al. (1969) claim lower values.

The mean corpuscular hemoglobin shows some fluctuating decrease from
the 3rd to the 6th day, and from the latter day onwards slightly lower values
than for chickens after hatching. Vrbenska et al. (1967) assert the minimum
MCH only in 8-day-old chickens, and Rusov and Petrovic (1968) mention
much higher values.

Relative hypochromia occurred also on the 3rd day after hatching in
both groups of chickens, and MCHC started to rise from the 8th day. Further
falls were observed on the 23rd and 22nd day in the WL and CO chickens,
respectively. Vrbenska et al. (1967) found that the minimum values reached
on the 8th—10th day returned to the values obtained just after hatching only
on the 14th day.

The differences between breeds in these three values were not significant.
No significant differences were observed in the MCV values in the single age
groups, but in MCHC and MCH highly significant differences occurred between
groups 1 and 2, 2 and 3, and 2 and 4; further there was a significant difference
in MCHC between groups 2 and 5, and in MCH between groups 1 and 5.

The above comparisons show that the values of all the parameters of the
erythrogram determined in this study, with the exception of the mean corpus-
cular volume, are lower than those reported by most European authors.

SUMMARY

In a study carried out in Cuba, the erythrograms of 163 White Leghorn and 160 Cornish
chickens were determined between one and 28 days of age. Hemoglobin content, packed cell
volume and erythrocyte count for both breeds moved within the lower range of values obtained
by most workers in the European moderate zone, and were significantly lower for the WL
chickens than for the CO breed. No significant differences between breeds were observed in the
MCV, MCHC and MCH values.

Acta Veterinaria Acadetniae Scientiarupi Hungaricae 22, 1972
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STUDIES ON GILL PARASITOSIS OF THE GRASSCARP
(CTENOPHARYNGODON IDELLA) CAUSED BY
DACTYLOGYRUS LAMELLATUS ACHMEROY, 1952

IV. HISTOPATHOLOGICAL CHANGES
By
K. Molnar

Veterinary Medical Research Institute (Director: D. Derzsy) of the Hungarian Academy of
Sciences, Budapest

(Received May 10, 1971)

Investigation of microscopic lesions of fish gills is often hampered by the
inadequacy of existing information about the anatomy and histology of the
normal gill. In order to facilitate an understanding of the pathohistology of
Dactylogyrus lamellatus infections in grasscarp (Ctenopharyngodon idella),
the first part of this paper is devoted to a description of the gill structure
determined in healthy specimens of the species.

The gill anatomy of cyprinids has been studied by P1ehn (1901), Schaperclaus (1954),
Byczkowska-Smyk (1959) and Harder (1964). Histological details have been dealt with by
fewer authors (e.g. Binet and Verne, 1931) and have usually been examined in connection
with pathological changes, although Kuhn and Koecke (1956) and Lang (1968) studied the
normal histology of the gill lamellae of Carassius carassius for diagnostic purposes. The acido-
philic cell elements of the gills have been observed by Leiner (1937) and Holliday and
Parry (1962).

Microscopic gill lesions have chiefly been studied in connection with carp dactylogyrosis;
Wunder (1926, 1929). Kulwiec (1929), Spiczakow (1930), Ivasik (1953), Schaperclaus
(1954), Bauer (1959) and Paperna (1964) have dealt with the damages of D. vastator and
Bauer and Nikolskaya (1954) and Prost (1963) with those of D. extensus.

Wilde (1937) investigated gill lesions caused in the tench by D. macracanthus.

Observations on gill parasitosis of herbivorous fishes have as yet been reported only by
Bauer et al. (1959).

Materials and methods

Grasscarps of various ages and body dimensions were used in the exami-
nations. The majority were procured from pond farms, the rest originated from
a laboratory stock. On extermination of the fish, the gills were divided into
two parts: one half was examined in untreated state for gross and microscopic
lesions, the other half was fixed immediately in 10% formalin for histological
processing. The fixing solution was diluted to 4% after 4—24 hours and the
fixed specimen was embedded in paraffin after 1—8 weeks. The sections were
stained with haematoxylin and eosin or by Farkas—Mallory’s technique. Most
sections were cut longitudinally so that the branchial lamellae were sectioned
parallel to their longitudinal axis (Fig. 2). Exceptionally, sections were cut in
the plane of the lamellae or transversally.
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Results

I. Anatomical structure of the gill lamella of grasscarp

A row of branchial lamellae is attached to either side of the gill arch.
A cartilaginous ray runs along each lamella; this consists of a thick axis and two
lateral plate-like processes that extend on either side toward the edge of the
lamella (Fig. 1). The axis lies closer to the inner than to the outer edge of the
lamella; the inner edge is understood as that near the contralateral lamella.
In transversal section the inner platelike process is shorter than the outer one

a cr c b

Fig. 1. Branchial lamellae of a 3-summer grasscarp in cross section: a, artéria laminae bran-
chialis efferens; b, artéria laminae branchialis afferens; c, axis of cartilaginous ray; d, re-
spiratory plates in cross section

and its length corresponds with the diameter of the axis, whereas the outer
process is 6—7 times longer. The artéria laminae branchialis efferens passes
along the edge of the outer plate, and is continuous with the artéria laminae
branchialis afferens running along the edge of the inner plate.

The respiratory plates (foliae) are perpendicular to the plane of the bran-
chial lamellae; they extend from the axis of the cartilaginous ray to the a.
laminae branchialis efferens and are not more than one-third as thick as they
are long. The edges of the lamellae are free of respiratory plates on both sides.

Il. Normal histology of the gill lamella of grasscarp

The cell types found in the gill lamella of the grasscarp correspond, for
the most part, with those observed by Kuhn and Koecke (1956) in the gills
of Carassius carassius.
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The cartilaginous supporting structure of the branchial lamellae is sur-
rounded by connective tissue. This forms a single layer in young fishes but is
multilayered and fibrous in older ones. The constituent cells and their nuclei are
elongated. Fibrous connective tissue surrounds the afferent and efferent arteries
and a few cells are present along the arterioles passing into the respiratory
plates.

Fig. 2. Branchial lamella of a one-summer grasscarp in longitudinal section

The branchial lamellae are covered by a stratified epithelium which is
continuous over the edges but interrupted where the respiratory plates arise
from the lamella (Fig. 2). The epithelium is composed chiefly of cuboidal cells,
which, although of common origin, represent two different morphological
types (Fig. 3). One cell type forming the bulk of the branchial epithelium in
adult fishes, but appearing only in the superficial epithelial layers in young
ones, is characterized by large, round or oval nuclei which stain lightly and
have 1—3 chromatin granules. The cytoplasm, also large and pale-staining,
encloses vacuoles of various sizes and has confluent margins. The other cells
form the bulk of the branchial epithelium in young fishes, but in older ones are
seen only in the deep layers; they are relatively small and, like their nuclei,
irregularly polygonal. The nuclear chromatin stains easily and encloses one or
two nucleoli. The cytoplasm is den se, with confluent margins. Several transitory
forms exist between the two cell types.
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The acidophilic cells described by Leiner (1937) in Carassius are regu-
larly encountered in the deep layers of the stratified epithelium. These are very
large and have a disc-like or elongated nucleus at one end. The cytoplasm con-
tains small eosinophilic granules and many small non-staining vacuoles. In
some cells the granules are clumped.

Other normal components of the stratified branchial epithelium are the
goblet cells, most of which are found at the surface or at the edges of the
branchial lamella, although some between the respiratory plates. An additional

c d a b

Fig. 3. Stratified gill epithelium of the grasscarp: a, type 1 cuboidal cells; b, type 2 cuboida
cells; c, acidophilic cells; d, goblet cells

cell type occurring at the edges of the lamellae is oval in shape and one-third
of the size of goblet cells. The nucleus of these cells lies on the epithelial side
and eosinophilic stripes pass from the nucleus to the cell surface. Nothing is
known about the function of these cells, hut similar ones occur in the urinary
tract mucosa (Figs 3, 4).

The respiratory plates attach to the lateral surfaces of the branchial
lamellae. The supporting structure of the plates is composed of a meshwork of
modified endothelial cells, the so-called pilaster cells. The respiratory plates are
covered by respiratory epithelium. The pilaster cells, which form endothelial
walls ofthe capillary network, are oval or round endothelial cells with flattened
nuclei (Figs 5, 6).

The epithelial cells coating the respiratory plates are probably of the same
origin as the cuboidal cells of the branchial epithelium, but both they and their
nuclei are flatter, particularly in younger fish and they attach to the basement
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Fig. 4. Cells with eosinophilic striation and of an unknown function between goblet cells

Fig. 5. Respiratory plates in transversal section: a, epithelial cells; b, endothelial cells; c, red
blood cells; d, basement membrane
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membrane overlying the endothelium. Occasionally there are small, round cells
with large nuclei, which are probably lymphocytes.

In interpreting sections for routine examination cut parallel to the gill
arch (Fig. 2) care must be taken not to confuse the picture that results from
any inaccuracy in the plane of section with that presented by true “denuda-
tion” of the tips of the branchial lamellae, as in both cases the respiratory
plates are absent in whole or in part.

Fig. 6. Respiratory plates in longitudinal section

I1l1. Histological examination ofgillsfrom grasscarps infected with D. lamellatus

The sections of gill specimens from grasscarps with dactylogyrosis con-
tained many parasites and showed two kinds of changes: local lesions develop-
ing in the immediate surroundings of the parasite, and general lesions involving
either the entire gill or its greater part.

Local lesions

These are relatively slight, as Paperna (1964) and Prost (1963) also
observed in dactylogyrosis of the common carp. The parasite usually settles
in the space between two respiratory plates, sinking its central hooks into the
base of one plate and its marginal hooks into the surface of the other one. The
tip of the central hook either penetrates the cells or pierces an artery; it may
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even pass completely through the plate (Fig. 7). The marginal hooks sink into
the cytoplasm of the coating epithelial cells and tear it. The central hooks cause
epithelial erosions and minor haemorrhages, but no tissue proliferation.

General gill lesions

These comprise degeneration, tissue defects, haemorrhages, necrosis,
atrophy and cell proliferation. The nature of the lesions depends on the duration
of the disease, on the number of parasites established on the gills and on the
extent of regeneration.

Fig. 7. D. lamellatus sinking its hooks into the base of the respiratory plate

1. An abrupt invasion of the host by many D. latnellatus parasites results
in a rapid course of dactylogyrosis. This form of the disease ends fatally before
the characteristic symptoms and lesions can develop.

Grossly, the gills are pale and anaemic and examination under the
stereomicroscope reveals the presence of many parasites and loss of definition
of the gill structure. Microscopically, degenerative changes appear to be pre-
dominant. The epithelial cells of the respiratory plates are damaged or may be
entirely absent in places, leaving the endothelial surface exposed. The remain-
ing epithelial cells are ruptured or degenerated (Fig. 8). The type 1 cuboidal
cells of the stratified epithelium between the plates also degenerate or necrotize.

Ada Jrlerinaria Academiae Scienliarum Hungaricac 22, 1972



16 MOLNAR

E xtravasated red blood cells and eosinophilic patches of plasma are seen be-
tween the branchial lamellae and respiratory plates.

2. Typical acute dactylogyrosis is manifested 2—3 weeks after invasion
of the parasites. By this time the gill lesions become grossly visible. The
massively infested gills are paler than normal and may assume a mosaic-like
appearance if there are haemorrhages. Copious mucus covers the lamellae. The
latter appear deformed and carry thick greyish bodies and processes of various
sizes which may form adhesions by fusion. Some break off, leaving visible
defects.

Fig. 8. Degeneration and necrosis of the respiratory plate epithelium

This form of dactylogyrosis is characterized by proliferation of the gill
epithelium. The proliferation originates from the cuboidal cells, which grow
larger and increase in number, causing a thickening of the lamella. The epi-
thelial cells between the respiratory plates enlarge, bulging above the level of
the plates and eventually producing adhesions between the lamellae.

The cells of the proliferative tissue have a foamy cytoplasm and a large,
round, clear nucleus which encloses one or two lightly staining nucleoli. The
cytoplasmic vacuoles are small and granular in the deeply seated cells, large
and vesicular in cells of the upper layers. The cell margins are indistinct. Some
of the superficially localized cells necrotize and undergo cytoplasmic disintegra-
tion and karyolysis (Fig. 9).
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Fig. 9. Ruptured epithelial cells around the site of attachment of the parasite

Fig. 10. Adhesion of branchial lamellae Fig. 11. Fusion of branchial lamellae as a
and lacunar haemorrhages result of cell proliferation
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In moderately severe cases of dactylogyrosis, the normal structure can
be recognized at the base of the lamellae, but in the central part of the swollen
lamella degenerated cuboidal cells fill the spaces between the respiratory plates,
pushing the plate epithelium toward, and the capillary net downward, deep
into the proliferative tissue. At the tip of the lamellae, several layers of pro-
liferative tissue overgrow the remains of the capillaries, thus giving rise to the
respiratory-plate-free “lamellar processes” observed by Wunder (1929).

Fig. 12. Parasites established at the tips of the branchial lamellae

In severe cases, 3—5 or even more gill lamellae may coalesce with one
another (Figs 10, 11), usually at the tips, but occasionally along their entire
length. The original structure of the lamellae is hardly perceptible within the
intricate pattern of the proliferative tissue. The capillary network, pushed into
the deep epithelium by proliferation, can be recognized in places, but else-
where it is seen only in the form of lacunas consisting of endothelial and red
blood cells. The proliferative tissue occasionally contains mononuclear cells.
Connective tissue cells are seen only around the vessels or along the deformed
cartilaginous supporting structure of the gill lamellae.

The cells of the proliferative tissue degenerate and necrotize on severely
deformed gill lamellae. In the softened, necrotic tissue the endothelial network
isretained in arelatively intact state until the epithelial cells disappear. Necrosis
later involves the cartilaginous parts and arteries and affected lamellae break
off, leaving grossly visible gill defects.
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Fig. 13. Parasite encased by proliferative tissue in transversal section

Fig. 14. Characteristic depressions at the attachment sites of the parasites
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Fig. 15. Local tissue proliferation in chronic dactylogyrosis

Fig. 16. Epithelial atrophy in chronic dactylogyrosis
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Fig. 17. Necrosis of cuboidal cells

Fig. 18. Necrosis of the tips of the lamellae
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The parasites expelled from their localizations by the proliferative tissue
either reattach to the stratified epithelium at the tips and edges of the lamellae
(Fig. 12) or are retained between the lamellae and become encased by pro-
liferative tissue (Fig. 13). A characteristic depression arises around the haptor
of parasites fixing themselves to the stratified epithelium (Fig. 14).

The microscopic picture ofchronic D. lamellatus infection is predominated
by degenerative lesions. The epithelial coat of the respiratory plates disappears,
leaving them either denuded or fringed with cell fragments hanging from the
basement membrane. In less affected areas, the proliferative tissue fills the
spaces between the respiratory plates but without causing adhesions (Fig. 15).
A more characteristic change is the reduction of epithelium between the plates;
only 2—3 layers cover the underlying cartilage and connective tissue and the
upper layer is damaged (Fig. 16). In certain cases the greater part of the gills
becomes necrotic; necrotic lamellae held together only by the cartilaginous
part of the gill arches alternate with sound ones. In such areas, cell necrosis
takes place by both karyolysis and karyorrhexis (Figs 17 and 18).

Discussion

The gross and microscopic lesions caused by D. lamellatus resemble the
damages of D. vastator (Wunder, 1929; Paperna, 1964; Uspenskaya, 1961),
D. macracanthus (Witde, 1937) and D. extensus (Bauer and Nikolskaya,
1954; Prost, 1963). Lesions caused by D. vastator and D. macracanthus are
characterized by tissue proliferation and those by D. extensus by superficial
epithelial damage.

The type of the predominant microscopic lesion depends on the body
dimensions of the host, on the number of the invading parasites and on the
duration ofinvasion. If the fish is small, fewer parasites are required to cause a
gill dysfunction than in a larger fish. If the infestation is massive, symptoms
and gill damages appear earlier than after a mild invasion. While the size of the
host and the number of the parasites determine the pathogenicity and the
severity of the degenerative processes, the duration of invasion has a decisive
influence on the nature of the microscopic lesions.

An abrupt, massive larval invasion chiefly affects the respiratory epi-
thelium. Degeneration or desquamation of the epithelium diminishes the
oxygen intake, but more damage is done by extravasation of blood plasma
across the denuded endothelium as in young 2—3 cm long grasscarps this
results in an osmotic dysbalance of the blood.

If larval invasion takes place over a longer period, the host organism
tries to compensate the degenerative changes by regenerative phenomena.
Tissue proliferation is typical of acute dactylogyrosis. Proliferation involves
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the cuboidal epithelium (Paperna, 1964) but not connective tissue cells. The
initial phase of regeneration is characterized by swelling of the cuboidal cells
and their nucleus proliferation begins only later with the enlarged cells rising
above the level of the respiratory plates and overgrowing them. Cells at the
surface gradually degenerate and mucus accumulates in their cytoplasm.

Epithelial cell proliferation prevents denudation of the endothelium and
hence extravasation of blood plasma, but it isolates the capillaries from their
surroundings thereby inhibiting oxygen exchange. In mild cases of dactylo-
gyrosis, when the unimpaired gill area is large enough to provide for sufficient
oxygen uptake, cell proliferation can compensate the degenerative lesions
caused by the parasite. If, however, the gill lesions are extensive, respiratory
function ceases and the fish dies of asphyxia. A certain amount of mucus is
present on normal gills, through the activity of the goblet cells localized on the
surface of the epithelium and between respiratory plates, but copious secretion
of mucus by impaired gill cells interferes with respiration. The increased secre-
tion of mucus is not, however, related to hyperfunction or multiplication of
goblet cells (Paperna, 1964) because most of these deteriorate along with the
superficial epithelium. In all probability it originates from cuboidal cells which
undergo a mucoid degeneration prior to disruption. This process takes place
primarily in the superficial layers of the gill epithelium.

Interestingly, the acidophilic cells of the stratified epithelium do not
notably multiply during the gill disease, although this is usual in other patho-
logic processes. Aggregation of the cytoplasmic granules is, however, more com-
mon than the normal finely granular appearance.

In chronic dactylogyrosis, the compensatory mechanism is limited to the
substitution of the deteriorated tissues and no cell proliferation takes place.
General weight loss due to parasitosis results in atrophy of the gill tissues,
and degenerative phenomena are seen at the sites where the parasites attach,
as well as in the superficial cell layers.

Necrosis of certain gill areas takes place both in acute and chronic
dactylogyrosis. After the acute condition has subsided, the lamellar tips which
have become fused by tissue proliferation necrotize and fall off. In chronic
dactylogyrosis, necrosis of the lamellae very likely takes place in consequence
of the impairment and obliteration of the supplying vessels. After detachment
of the necrotic parts a complete restitution is possible.

SUMMARY

Gills of healthy grasscarps (Ctenopharyngodon idella) and specimens infected with
Daclylogyrus lamellatus wtre examined. The anatomical and histological structure of normal
branchial lamellae is described to aid diagnostic comparison.

Establishment of D. lamellatus parasites on the gill lamellae gives rise to local and
general lesions. The local lesions comprise erosions, endothelial impairment and minor areas of
cell degeneration around the site of attachment of the parasite. The general gill lesions include
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degeneration, tissue damage, haemorrhages, necrosis, atrophy and cell proliferation. The nature
of the lesions depends on the duration of the disease, the number of parasites established on
the gills and the extent of regeneration.

If the infection takes a rapid course, the typical lesion is degeneration of the respiratory
plate epithelium. In acute dactylogyrosis this is compensated by proliferation of the cuboidal
cells of the lamellar epithelium which results in the disappearance of respiratory plates, process-
like transformation and adhesion of the lamellae. If the condition is chronic, the respiratory
epithelium becomes damaged, the epithelium atrophies and the lamellae necrotize but there is
only a local degeneration.
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The phosphorus supply of animals is usually checked by chemical analysis
of the rations fed to them and their organs (blood, bone, hair). Recently,
analysis of phosphorus excretion has been proposed as a new approach to the
problem (Markus and Toigyesi, 1972). The connected questions of urinary
phosphorus excretion and factors influencing it, however, are dealt with only
incidentally by textbooks of mineral metabolism.

The phosphorus content of bovine urine has been assessed by direct or indirect measure-
ments as 11 ppm (Manston, 1964; Manston and Vagg, 1970), 10—70 ppm (Bertzbach et al.,
1965), 1.3—1.5 ppm (Blosser, 1950), etc., although much higher values, such as 400 ppm

(Schreiber, 1952; Gericke, 1958), 440 ppm (Sauerlandt, 1951) and 4000 ppm (Boehncke
and Tiews, 1971) have also been reported.

The present studies on renal phosphorus elimination of cattle were carried
out on one hand to reconcile the above contradictory observations, on the other
to find an explanation for the low urinary phosphorus levels observed in infertile
cows on a state farm (Toigyesi and Antar, 1967). Since low urinary phos-
phorus excretion in ruminants has often been attributed to chronic P-depletion
(Vogetr, 1962) and excess calcium has been shown to depress both the utilization
and renal elimination of phosphorus (Gueguen and Rerat, 1967), these
interrelationships were examined to throw more light on the problem.

Materials and methods

Urine and faecal samples were collected for preliminary examinations in
1967 from a total of 14 cattle farms in areas with different soil composition.
Usually spontaneously excreted urine and faeces were used, but occasional
samples were taken by bladder catheter or from the rectum. Diurnal fluctu-
ations were disregarded because they proved immaterial compared with
individual variations. At each sampling the excreta of 5—8 animals per herd
were analysed individually, because preliminary examinations showed that this
is the minimum number of samples from which an average for the herd can be
determined.
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Phosphorus content was determined by the method of Urbanyi (1931),
calcium with a Zeiss flame photometer, and net base excretion (Jérgensen,
1957) and urine pH were assessed by means of a Radelkis 204 pH meter.

The phosphorus balance of cattle was established by a method elaborated
in this Department (Tolgyesi, 1971).

Results

1. Daily renal phosphorus elimination of cattle

Quantitative relationships were determined according to the guideline
norms widely used in this country (Urbanyi, 1969). Five cows weighing about
500 kg and producing about 10 litre milk daily were given a daily phosphorus

Fig. 1. Phosphorus balance of cow

supply of 46 g. The Ca/P ratio of the feed was 4. The average amounts of
phosphorus excreted with faeces, milk and urine were about 35, 10 and 0.25
g, respectively, under the given conditions (Fig. 1). Of these values, only the
amount eliminated with the milk was significant; the urinary level amounted
only to about 0.5% of the quantity supplied, contrasted to 76% in the faeces
and 22% in the milk. In this light, the urinary excretion of phosphorus appears
negligible with regard to phosphorus balance.

2. Phosphorus level of bovine urine

In the autumn feeding period, the average concentration was 14+ 15
ppm (= mg/litre), as determined by three replica measurements on 150 cows
from 8 herds. The average for the winter feeding period was determined as
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18714 ppm, for urine samples of 95 cows from 12 herds. Individual variations
may be higher than interherd variations and may attain one order of magnitude
within one and the same herd. Thus the assessment of a herd average requires
the analysis of urine samples from at least 6—8 cows. The extreme limits of
herd averages were 4 and 67 ppm.

3. Relationship between urinary phosphorus level and Ca/P ratio of the faeces

Since calcium influences the transport of phosphorus in any biological
system and since the Ca/P ratio can be ascertained by chemical analysis of the
faeces (Markus and Toi1gyesi, 1972), the relationship between this ratio and
renal phosphorus elimination was analysed by statistical methods.

a) The rank correlation coefficient (p = 0.1) was —0.71 for the autumn
feeding period, suggesting a fall of urinary phosphorus excretion with the rise
of the Ca/P ratio; the latter varied between 3.2 and 10.3 and the former between
7 and 67 ppm.

b) The Ca/P ratio determined for 12 herds in the winter feeding period
was 3.2—10.3 and urinary phosphorus level simultaneously varied from 4 to
37 ppm. A significant inverse relationship between the two parameters is
suggested by the rank correlation coefficient of —0.72 (at ap = 0.01 proba-
bility level, because of the greater number of samples analysed).

Fig. 2, Relationship between faecal Ca/P ratio and urinary P concentration
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A linear regression equation was then formulated for the two variables
determined in the winter period:

y = 352 — 3.12*

From this for a given Ca/P ratio *, the corresponding urinary phosphorus level,
y, can be derived at a probability level of 0.01. The graphical representation of
the equation (Fig. 2) clearly shows the fall of urinary phosphorus level with the
rise of the Ca/P ratio in the faeces (and feed).
c) Rank correlation between the phosphorus contents of urine and faeces
was 0.48, and so statistically not significant.

4. Relationship between urine pH and phosphorus elimination

The rank correlation coefficient obtained from a complex investigation
was —0.44 (viz. statistically not significant), but there was a tendency suggest-
ing that urinary phosphorus level is lower at alkaline pH.

5. Relationship between the excretion ofbase and phosphorus

The acid-base balance of the organism has several connections with
phosphorus elimination. A relationship was therefore sought between net
urinary acid-base excretion and urinary phosphorus level.

a) The urinary phosphorus concentration and the Jdrgensen numerical
values for acid-base excretion (range: J-10 and 5307 mEq.) are not signifi-
cantly related (r= —0.22), but there is a slight tendency for lower phosphorus
levels to be coupled to greater base excretion.

b) There is no significant relationship either between faecal Ga/P ratio
and urinary base excretion (r = 0.23), but there is a slight tendency for base
excretion to increase with the rise of the calcium level.

c) Although not apparent on the individual level, a relationship between
urinary pH (range: 7.22—8.75) and base excretion could be inferred from
the farm averages. The corresponding rank correlation coefficient was 0.85
(p = 0.01).

Discussion

It follows from the measurements that under conventional feeding con-
ditions in Hungary, the average phosphorus level of bovine urine is about 16
ppm, which represents about 0.5% of the daily phosphorus supply. Standard
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deviations between herd averages amount to 100%, while intraherd variations
may attain a whole order of magnitude. Phosphorus elimination with milk and
faeces is about 40 and 140 times greater, respectively, than the quantity excreted
with the urine. Herd averages for the Ca/P ratio and urinary P level are in-
versely related: the higher the ratio, the less phosphorus is eliminated with
the urine.

Other observations on metabolism of phosphorus (Urbanyi, 1969; Man-
sion and Yagg, 1970) and other elements permit the conclusion that the
urinary phosphorus level varies with the efficiency of phosphorus supply. The
fact that fluctuation of the urinary phosphorus level is more closely related with
the change of the faecal Ca/P ratio (r = 0.72) than with faecal phosphorus
content (r = 0.48) suggests that more attention than hitherto should be paid
to the avoidance of calcium excess. Dietary factors, including calcium excess,
affects more the urinary than the blood concentration of phosphorus. This
follows from the role of the kidney in the maintenance of homeostasis. The
observations described in this paper were intended only to establish the general
nature of this effect, so that complementary laboratory examinations are
always required to confirm whether extreme urinary phosphorus levels signify
only an extreme dietary Ca/P ratio or the presence of some metabolic disorder
(acidosis, alkalosis) or organic disease (nephritis, nephrosis).

SUMMARY

Cows fed 46 g phosphorus daily in a dietary Ca/P ratio of 4 excreted about 35, 10 and
0.25 g phosphorus with faeces, milk and urine, respectively. The average urinary phosphorus
level was assessed as 16 ppm, with a standard deviation of +100% . Limit values obtained in
245 individual measurements were 4 and 67 ppm. The urinary phosphorus level is inversely
related with the faecal Ca/P ratio (r — — 0.71 or —0.72) for the winter feeding period. This
relationship can be expressed with the linear regression equationy = 35.2 — 3.12 x from which
urinary phosphorus level (x) can be calculated at a significance level better than p — 0.1 for
any given faecal Ca/P ratio (y). Phosphorus contents of faeces and urine are not significantly
related.

Urinary phosphorus determination can be used as a complementary assay to detect
feeding errors resulting from an abnormal Ca/P ratio.
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BIOCHEMICAL CHANGES IN THE CERVICO-VAGINAL
MUCUS OF INFERTILE COWS

By
M. A. E1-Naggar and Eva Baksai-Horvath

Department and Clinic for Obstetrics and Biology of Reproduction (Head: S. Cseh), University
of Veterinary Science, Budapest

(Received June 10, 1971)

When artificial insemination is applied in a cattle herd, it is a common observation that
although all cows are inseminated with good-quality semen, and the majority subsequently
conceive, conception fails in a number of cases, despite the apparent normality and good health
of the animal. The cows which do not conceive prove to be free from any infectious or venereal
disease and return again into heat. For this reason they are usually called “repeat breeders”.
Casida (1951) in fact suggested that a repeat breeder is any cow which requires more than one
service to conceive. It has been estimated that failure of fertilization, and the consequent
breeding inefficiency, accounts for about 25% of infertility among cattle (Tanabe and Casida,
1949). Subinfertility of this type is undoubtedly responsible for considerable economic losses to
both farmers and breeders all over the world.

The functions of the cervico-vaginal mucus in assisting the passage of spermatozoa
through the female genital tract — by providing nutrients for spermatozoal metabolism and
offering optimum conditions for fertilization — can not be neglected in this respect. Numerous
reports in the literature suggest that in cows which fail to conceive the cervical mucus may have
undergone biochemical*alterations that render it deleterious to spermatozoa and hinder their
progress.

The present investigation was undertaken in an attempt to throw more
light upon the biochemical properties of cervical mucus from repeat breeders
and from cows which secrete an abnormal “watery” mucus, and to compare the

findings with those determined for normal easy-breeding cows.

Method

Cervico-vaginal mucus samples were collected at the time of oestrus
from 51 repeat breeder cows and 34 normal, easy-breeding cows on different
farms near Budapest. All animals were free from infectious and venereal
disease and had previously been in heat more than once at regular intervals.
In addition, 52 samples of watery mucus were also examined. Most of these
were obtained from repeat breeders, but were grouped separately on account
of their very different physical properties (essentially the consistency and
“Spinnbarkeit”). Gynaecological examination of the animals was carried out
at the time the samples were collected. In the laboratory, samples were in-
vestigated with regard to:

1) physical properties, including colour, consistency, pH and “Spinn-
barkeit”;
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2) the amount of reducing sugars (except fructose) and the fructose
content, determined spectrophotometrically by the methods of Ek and Hult-
MAN (1957) and Roe (1934), respectively;

3) the amount of chloride, determined by potentiometric titration;

4) calcium and magnesium contents, determined by complexometry, as
described by Barsai (1970) and Fraschra and Ho,1aser (1952), respectively;

5) the inorganic phosphate content, estimated by the method of Fisre
and Subbarow (1925).

The results of all biochemical analyses were calculated in terms of mg/100
ml of mucus and the data evaluated statistically to determine mean values,
standard deviation, variance and degree of significance (Snedecor and
Cochran, 1967)

Results and discussion

The results of the biochemical assays of the different cervico-vaginal
mucus samples are compared in Table 1.

The pH values of mucus from repeat breeder cows recorded in this
investigation fall within the ranges reported for similar material by smitn and
Asdell (1941), Brown (1944) and Roarr and Herman (1950) A|thOUgh
mucus from these animals appears to be slightly more acidic than that from
the normal cows (average pH 6.970.4), the difference is not significant.
W atery mucus samples, on the other hand, were significantly (p <C 0.05) more
alkaline than normal mucus. These samples did not form threads (i.e. did not
exhibit the Spinnbarkeit property), and their consistency was too low to be
measured by consistometer.

Table |

Biochemical composition of

Reducing sugars Fructose
Reproductive condition aﬂ?ﬁgs pH

Repeat breeder > 6.7+ 0.8 13 +10.1 8 + 6.7

(6.1 7.2) (9—23) (traces—12)
X X X

W atery mucus 52 7.3 105 7 +12.7 4 + 3.0
(6.8—7.8) (traces — 15) (traces —8)

Normal 34 6.9+ 0.4 20.1+ 25.8 7.1+ 116
(6.6 —7.2) (7 32 (2- 25)

X Significantly different from values of normal oestrous mucus.

Acta Veterinaria Acaderniae Scicntiarum Hungaricae 22, 1972



BIOCHEMICAL CHANCES IN CERVICO-VAGINAL MUCHS 33

The alkalinity of watery-type cervical mucus, which was also reported
by Csen and Gaspar (1963), seems to exert an injurious effect on spermatozoa.
The pH of freshly ejaculated semen is usually on the acidic side of neutrality,
varying from 6.5 to 6.9, with amean 6.75 (Anderson, 1942). Pattabira-
man et al. (1967) found that spermatozoal motility is greatly affected
by the pH of the cervical mucus: as the mucus becomes more alka-
line the percentage of viable spermatozoa decreases. Spermatozoal prog-
ress through the female genital tract is, moreover, greatly affected by the
lack of Spinnbarkeit of watery mucus. In explaining comparable obser-
vations on human cervical mucus, Odebrad (1959) assumed that during
mid-cycle the mucus is assembled in a micellar arrangement in such a way
that sperm migration is allowed in the spaces between the micelles. In the
absence of Spinnbarkeit, therefore, spermatozoal movement will clearly be
retarded. Csen and Gaspar (1963) and Panigrani (1964) found that cows
secreting mucus of high Spinnbarkeit usually conceived and were only excep-
tionally returned for a second insemination, while most repeat breeders had
mucus of a very low Spinnbarkeit. The same findings were reported for human
beings by Conen et al. (1952) and Marcus and Marcus (1963). According to
both groups of workers, the longevity of spermatozoa within the cervix is pro-
portional to the degree of Spinnbarkeit, and insemination is most successful
where the mucus shows the greatest ability to form threads.

The amount of the total reducing sugars (expressed as glucose) in cervical
mucus from the repeat breeder animals is little different from the normal value,
while in the watery secretions it is less than half this value. The amount of
fructose in the mucus from the repeat breeders is likewise nearly the same as in
the normal animals, but only traces were found in most samples of watery

different types of oestrous mucus

Total sugars Chlorides (as NaCl) Calcium Magnesium Phosphorus (inorganic)
1
mg/100 ml
X X
21 +17.6 759.9+ 24.6 19.9+ 7.9 45+4.9 0.64+ 0.11
(11-35) (855.5— 919.4) (10.8—37.5) (2.5—6.7) (traces — 0.96)
X X X
11 +25.7 996.5+ 285 12.5+ 8.4 9.9+ 4.6 0.25+ 0.20
(traces — 23) (842.6—1425.6) (5.9—18.4) (4.7—11.3) (traces — 0.4)
27.2+38.0 869.2+ 105 10.1+ 5.5 2.7+ 2.4 < 0.50
(9-57) (730.6—1220.0) (2.0—19.7) (0.4—10.3)

+ Standard deviation.
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mucus. The importance of the sugar content of the cervical mucus in contri-
buting to the survival and nutrition of spermatozoa during their passage along
the female genital tract has been discussed elsewhere (E1-Naggar and B aksai,
1971). Gassner et al. (1952) showed that adding fructose to fructose-poor
ejaculates may prolonge the longevity of semen. MacLeod (1941, 1947) estab-
lished that spermatozoa require certain carbohydrates — including glucose,
mannose, maltose, fructose and glycogen — to provide energy for motility. In
the absence of these sugars sperm motility decreases but can be restored by
addition of these sugars to the solutions.

As found in a previous investigation (E1-Naggar et al., 1971), the chloride
content of the cervical mucus from repeat breeder animals lies within the
limits for the normal cows at oestrous time, while the values determined for
samples of watery mucus are significantly (p <7 0.05) higher than those of
normal oestrous mucus. Other investigations on cattle (Gupta et al.,, 1962,
Veser, 1969) have produced similar results. For the human cervical mucus also,
Herzberg et al. (1964) found that there is a distinct difference in the sodim
chloride content of the dried material between normal and pathological cases.
It is suggested that the high chlorid content of watery mucus may account for
the decreased consistency and the absence of Spinnbarkeit and it undoubtedly
has a direct effect on the viability of the spermatozoa in the female genital
tract.

Greater than normal concentrations of calcium, magnesium and phosphate
ions were present both in the cervical secretions of the repeat breeder cows and
especially in the watery mucus samples, in which the high concentration of
magnesium ions is conspicuous. Increased amounts of inorganic ions compared
to the physiological norms therefore accompany a decrease in the amount of
monosaccharides.

It should be noted that there are increases in both acidic (phosphate and
chloride) and alkaline (calcium and magnesium) ions in watery mucus, but
these do not take place to the same extent: while the amount of the acidic
substances increases by 14%, we found that alkaline substances increase by
75% . This presumably explains the alkalinity of such mucus compared to the
slightly acidic physiologically normal mucus.

In summarizing, we may say that the biological balance of organic and
inorganic substances is disturbed in both groups of pathological mucus, con-
sequently physical and chemical properties are changed. The cyclic variation
in the secretion of minerals and organic materials under hormonal control will
be discussed in detail in another paper.

SUMMARY

The pH, total reducing sugars, fructose, chloride, calcium, magnesium and inorganic
phosphate contents of 51 cervico-vaginal mucus samples obtained from repeat breeder cows
and 52 samples from cows that gave a watery type of mucus at oestrus were compared with
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values determined for 34 samples of normal oestral mucus. Watery mucus was found to have
an alkaline pH 7.3, significantly low amounts of reducing sugars, fructose and inorganic phos-
phate, but a high level of chloride and magnesium, compared with normal oestral mucus. There
was little difference in pH, reducing sugars, fructose, chloride and inorganic phosphate contents

between the secretions of repeat breeders and normal cows, but highly significant differences in
calcium and magnesium contents.
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PE3IOME

OHTOTEHETUUYECKME PA3INUYMA B 3PUTPOFPAMME Y UbINAAT BE/bIN
NErXOPH W KOPHULWI B TPOMMYECKUX YCNOBUAX

EBA JOBLWINHCKA

B Ky6WHCKMX YCNOBWAX M3yyanacb apuTporpamma y 163 ubinnat 6enbiii NerxopH v
160 LbINAAT KOPHULW C 1-AHEBHOrO Mo 28-AHeBHbIN Bo3pacT. CoaepxxaHve remornobuHa, packed
cell volume 1 KONMMYECTBO 9PUTPOLMTOB Y 0BOMX NOPOA Ko/nedanoch B HUXHUX Npefenax mno-
KasaTenei, 06HapyXXeHHbIX CheLmanMcTaMnm B YMEPEHHON eBPOMeiicKol KIMMaTUYecKon 30He;
3aTO 3TV MOKA3ATENN Y UbINAAT Gefblii NErX0pH GbUIM CUTHUUKAHTHO HASLUIMMM, YeM Y UbINAST
KOpHUW. He 06HApYXXEHO CUTHU(UKAHTHBIX OTAMUYMIA y ABYX Fpynn B Mokasatensx o6Lero
KOPMYCKYNSPHOro 06bemMa, OOLLEN KOHLEHTpaLuM KOPMyCKYNApHOro remorniobmHa u o6Luero
KOPMYCKYNSPHOro remoriobuHa.

NCCNEJOBAHNA MO XABEPHOMY TE/IBMUHTO3Y Y AMYPA
(CTENOPHARYNGODON IDELLA), BbI3BBAHHOMY DACTYLOGYRUS LAMELLATUS
ACHMEROW, 1952

IV. TlaTorncronornyeckne mnccnegoBaHmA

K. MOJTHAP

M3yyanacb MCTONOMAA abp 340poBbIX M MHBA3MPOBaHHbLIX Dactylogyrus lamellatus
IK3eMNApoB 6enoro amypa (Ctenopharyngodon idella). ABTOp A€Ta/IbHO ONMUCbIBaeT aHaTo-
MU0 U TUCTONOTNIO )Ka66pHOVI nnacTUHKMN 340poBOro 6enoro amypa O3HaKoM/igeT C pas-
HbIMU TUNamMn 3NUTENNaNIbHbIX KNETOK, 06pa3y}0UJ,VIMI/I >Ka6epr||/| SMUTENNIA.

ﬂpm NOMOLLUM TUCTONOIMMYECKNX METOAOB Ha >Ka6epH0|/| NNacTUHKE WHBa3MPOBaHHbIX
D. lameliatus 6enbix aMypOB MOXHO pa3/iMiynTb MECTHbLIE U 06u.|,|/1e M3MEHEHNA.

MecTHble M3MeHeHVsi 06pas3yroTcs BOKPYr (PMKcauun re/lbMUHTOB U XapaKTepusytoTcs
,quKBamaumeVl, NnoBpeXXAeHNEM 3HAOTE/INA/IbHbIX K/IETOK W TOKa/IbHbIM KNETOYHLIM Nepepox-
[leHviem.

OGLU.VIe TKaHEBbLIE NMOBPEXAEHMA CnaraloTCa 13 PerpecCuMBHbIX M NMPOrpecCUBHLIX AB/E-
HWIA 1 HOCAT pa3HbII/I XapakTep, B 3aBUCUMOCTW OT NPOAO/DKUTENTbHOCTU N UHTEHCUBHOCTWN MHBa-
31K, pansllue, OT CTENEHN pereHepaunin.

Ana 6bICTpOFO TEYEHNA MHBa3NN XapPaKTEpPHO MnepepoXKaeHne anutenna nnacTUHOK BTO-
poro nopsaka. Mpw TUNYHOM OCTPOM JaKTUNOrMPO3e pereHepaunsi KoMMneHcupyeTcs paspacTa-
HUEM KyﬁoBI/I,CI,HbIX K/IETOK MHOTOC/MIOMHOIO  3MnTenus, BEAET K WCYE3HOBEHNIO MNNACTUHOK
BTOPOro MoOpsiiKa W XabepHas nniacTMHKa NpeBpallaeTcsd B €AUHbIA OTPOCTOK, WAU cpa-
XXaeTcda C CoCeEAHMMM NNaCTUHKaMW. ﬂ'}'lﬂ XpOHI/I‘-IeCKOFOJﬂ,aKTI/I}'IOFVIpO3a XapaKTepHO NoBpex-
AEHNE pPECNNPATOPHOro 3NUTeNnA, anO(*)I/IFI MHOIOC/IOMHOTO0  3NUTENNA, HEKPO3 M/IaCTUHOK
Nnepsoro 1 BTOporo nNopsakos. PereHepame Ha6n|o,qaeTcg TONBbKO /I0Ka/1bHO.



BbIAENEHNE ®OCPOPA MOYEWN N EFO B3AVMOCBS3b CO CHABXEHWEM
OPIrAHN3MA KANBUMEM Y KPYTIHOIO POIATOIO CKOTA

Ob. TEAJELWN

Mpy cHabxeHUM KOpPOB exXeAHeBHO 46 r-amu docdopa, cob6MoAasA COOTHOLLEHME
Ca: P=1:4, >BOTHbIe UCMPAXHEHUSMU, MOJIOKOM 1 MOYeH BbigenstoT 35, 101 0,25 r docdopa
COOTBETCTBEHHO (CH. 1). CpeaHAs KOHUEHTpauus ocgopa B Modye paBHseTCs 16 Mr%-am, npu
cTaHfapTHoOW aeuaupn +100%. Y 245 XUBOTHbIX KpaiiHMe MOKas3aTenu paBHSAAUCL 4 n 67
Mr%-am. B cooTHoweHun Ca/P ncnpaxHeHuid 1 cogepxaHuy octopa B MOYe MMEETCs 0TpU-
uatenbHas Koppensums (r = —0,71 n ~0,72 COOTBETCTBEHHO). B Ce30HE 3MMHEro CTOWIOBOro
KOPMJIEHUS 3Ty B3aVMMOCBSA3b BbIpaXaeT NMHENHOe perpeccrBHOe ypaBHeHue y = 35,2—3,12
(CH. 2) npu curHugmukaHyuy nyydwe p = 0,1. Mexay cogepxaHnem (ochopa B UCIPOKHEHNAX 1
MOYe HET CUIHU(UKaHTHON B3aMMOCBA3U (r = 048).
W3 nokasaTens cogepxxaHusa tocgopa B MOYe MOXKHO CyauTb O nepebosx B KOPMIEHUM,
00YC/IOBNEHHBIX HebnaronpuaTHbIM COOTHOLLEHMeM Ca/P.

VN3YUEHUE LIEPBUKO-BATVIHANIBHOW CNU3M XOMOCTbIX KOPOB
M. A. 3/1-HATTAP n EBA BAKLIAWN-XOPBAT

Co6paHo 103 06pasiia LiepBUKO-BarHabHOM CU3K BO BPeMS 3CTPYCa C OfJHOM CTOPOHSI
0T HEON/Of0TBOPEHHbLIX KOPOB, C PYroii OT XXMBOTHBIX, KOTOPble BLIAEASAN XULKYIO CNU3b.
Onpegenanu pH, cofepXaHue BCEX PeAyLMPYIOWMX YINeBOA0B, (MPYKTO3bI, XNOPUA0B, Kaflb-
UMA, MarHus 1 HeopraHmyeckux hochatos. Mo CpaBHEHMIO C HOPMA/IbHOW CNM3bIO MPU OXOTe
XUAKas cnmsb 6bina 6onee LienouHoii (pH 7,3), cofepkaHue B Held pefyLMpYHOLMX YTIeBOAOB,
(hpyKTO3bl 1 hOChaTOB 6bIN0 CUTHMMNKAHTHO MeHBLLE, 3aTO OHa CoJepXKana 6ofiblle XN0pUoB 1
Mar Husi. He 6bU10 3aMeTHOI pasHWUbl B pH, cOfiepkaHUM peayLnpyoLmX YrieBodoB, (pyk-
TO3bl, X/IOPUAOB U (HOCHATOB CNM3M HEOM/IOAOTBOPSIOLMXCS (MOBTOPHO MPUXOASLLMX B OXOTY)
1 OMNoAOTBOPSIOLLMXCS KOPOB, HO MMENach 3aMeTHas pasHula MeXAy HUMU B COAepXaHWUU
KanbLus N MarHus.

OBMEH KANMbUWA N ®OCPOPA TMPU ATPOPUNPYIOWEM PUHWUTE

I. M3yueHre posu KanbLWs B BO3HUKHOBEHWW aTPOGIMPYIOLLETO PUHUTA CBUHEN

3. XOPBAT u /1. MAMM

ABTOPaMI M3y4eHO, MOXHO /N BbI3BaTb aTPOMPYIOLLMIA PUHWMT, €CK nopocsTa OT OT-
6mBKM OyAyT nonyyaTb B TEUEHWE HECKOMbKMX MecsleB KOPM OefHblii Kanbuvem. B nepBoii
CTaZivn 3KCNEPUMeEHTa U3y4annch rnopocaTa OT CBMHOMATOK, 61arononyyHbIX KaK KIMHUYECKH,
TaK 1 naTton0roaHaTOMUYecku no aTpoqupyroLLieMy pUHMUTY. 3TV CBUHOMATKM NMpeAcTaBanu Tak
Ha3blBaEMYI0 PE3UCTEHTHYIO K aTpoupyrolemMy puHUTY nuHuto. Cpean 29 nopocAat rpynna |
(16 nopocsT) nonyyana oT 0T6UBKK B TeueHne 4 n 5 mMecsiues ¢ kopMom 0,35% MeTaIM4eckoro
Kanbuunam 1,03% anemeHTapHoro qocgopa, rpynna | 1— (8nopocat) —0,22% kanbumaun 1,16%
thoctopa, rpynna Il (KoHTponbHas, 5 nopocsT) — 0,96% kanbuus v 098% thocthopa. 3a 310
BPEMS BCE XWBOTHble MOABePrannch Kaxaplin 10-i AeHb TLWATENbHOMY KIMHWUYECKOMY OCMOTPY,
pas B Mecsl, onpeaensnm ux Bec, LienouHyto gocarasy CbiIBOPOTKM, codepxaHue Ca 1 Heopra-
Huueckoro P B cbiBopoTke. K KOHUY 4-ro MecsiLa NofoBrHY NOPOCAT U3 KaX 0N rpynnbl younm.
OnpegeneHo cogepxarne Ca 1 P 6eapeHHOI KOCTU KaK40ro NopoCeHKa 1 NpoBepeHa HOCoBas
MonocTb. Ha BbDKMBLUEN MONOBWHE XXUBOTHbLIX HabGMNOAEHNS NPOLOMKANNCH eLLe MEecsLl.

Y XuBOTHbIX rpynn 1w Il Habnoganmce nepebon B LBUXKEHUW W MATONOTMYECKUE U3-
MEHEHWS, HarNoOMUHaIOWME PaxXWT; KOHTPO/bHbIE XMBOTHbLIE OCTa/IUCb 6eCCUMNTOMHbIMU. [pu-
3HaKN aTpoUpPYIOLLEro pvHMTA He HabMIfanucb HU Y OfHOr0 XWMBOTHOro. CyluecTBeHHas
pasHuua B cofiepaHun Ca KOPMOB He CKa3blBasiaCb Ha cofepyxaHum Ca CbIBOPOTKW. bepapeH-
Hble KOCTM XWBOTHbIX rpynn | 1 II Hakonuan meHblue Ca, Yem 3TN KOCTU KOHTPO/bHbIX XXUBOT-
HbIX. B nokasatensx Leno4yHoli ocgarasbl CbIBOPOTKM M MpMBECAX CYLLUECTBEHHOW pasHULbl He
3apPerncTpupoBaHo Y XMBOTHbLIX OTAENbHbIX rpynn.



Bo BTOpOI CTaguu aKkcnepuMeHTa 5 mopocaTam OT 60/bHbIX aTPOPUPYIOLLM PUHUTOM CBU-
HomaTok (rpynna IV) B TeueHue 5 1 6 mecsiLeB ckapmausany pauuoH rpynnsl 1. Kaxpgbiii 10-i
A€Hb BCE XXMBOTHbIE NOABEPTAINCH KAMHUYECKOMY OCMOTPY 1 K KOHLY 3KCTepUMeHTa npoBepsni
WX HOCOBYIO MOMOCTb Ha Hainuve WU3MeHeHWn. KAMHUYecKuX MpU3HAKOB aTpoupyroLLEro
PUHUTa Y 3TOI FPynnbl TOXE He 06HApYXKeHO. 3aT0 UMENMCh PAXWUTUYECKME Nepebou B JBuxke-
HUW N U3MEHEHWA KOCTei, NOJ06HbIe TAKOBbLIM Y Fpynnbl 1. TONbKO Y ABYX MOACBMHKOB 3TOW rpyn-
Mbl UMENNCb NaTo/I0r0aHaTOMMYECKME N3MEHEHNS, BbI3bIBAIOLLIME NMOAO3PEHME HA aTPOUPYIOLLNIA
PUHUT.

Ha oCcHOBaHWM CBOMX [iaHHbIX aBTOPbI NMPUXOAAT K 3aK/MHOYEHUIO, COTTaCHO KOTOPOMY B
3TMOMIOMMN aTPOMUPYIOLLIENO PUHUTA feduUmMTHOe cHabxeHne Ca camo Mo cebe ponu He Wrpaet.

OBMEH KA/bLWA N ®OCOOPA MPU ATPODUPYIOWEM PUHUTE CBUHEN

11. CopepxaHue KanbLyns 1 ocdopa KoCTeli 300p0BbIX 11 600X aTPOhUPYHOLNM PUHUTOM
CBUHEA

3. XOPBAT, /1. NAMMN »n 6. ENVALL

M3yyanocb cofepxkaHne Kanbuus v gocgopa B NO3BOHKAX 3[40POBbIX U GOMbHLIX aTpo-
(hVPYIOLLIMM PUHUTOM CBMHEV Pa3HOro Bo3pacTa. B 0TAenbHbIX cnyyasx onpeaeneHo cofepxaHue
3TUX 3M1EMEHTOB U B IOGHON KOCTMW.

B nepsoit rpynne B 2-x-, 4-XMeCAYHOM BO3pacTe U npy y6oe BbIONEPUPOBaHbI ANA U3y-
yeHus 6-i, 5- 1 4- XBOCTOBblE MO3BOHKU COOTBETCTBEHHO 3[0POBbLIX AOYEPHMX MOTOMKOB 4-X
YMCTONOPOAHLIX KOPHBA/IbCKMX CBMHOMATOK, 60/bHBIX aTpPORUPYHOLWMM PUHUTOM 1 4-X MOMec-
HbiXx — Fi ($ kopHBan X (J KpynHaa aHriniickas MAcHas) TOXXe 60/bHbIX CBUHOMATOK.

Bo BTOpOI rpynne B 7-Mecsi4HOM BO3pacTe Mnpu >uBom Bece 103—104 kr aHanu3y nog-
BEPXXEHbI 6-/i XBOCTOBO MO3BOHOK 15 MOMECHbIX, 340POBbIX U 15 60MbHLIX aTpogupyLWmM
PUHWUTOM CBWHENA, fanblue, No6Hble KOocTy 10 340P0BbIX U 9 60/bHBIX XKMBOTHbIX.

B TpeTbto rpynny npuHagnexano notoMctso — 10>KMBOTHbIX CO CPEAHUM XXMBbIM BECOM
105 Kr —[ByX CBMHOMATOK, MaTepy 1 cobpaTba KOTOPbIX Obliv Beerga 611arononyyHbiMy no faH-
HOVi 60/1E3HM M CamK MO HACTOSLLEe BPeMS POXAANN TOMbKO 340P0OBbLIX MNOPOCAT. ATUX XKMUBOTHbIX
aBTOPbI CUMTAIOT K/IMHWUYECKN U «TEHETUYECKU» 61aronoyyHbIMU N0 aTPOUPYIOLLEMY PUHUTY.
C [aHHbIMN 3TUX XXMBOTHbIX CPaBHEHbI faHHble U3Yy4eHWs 6-r0 XBOCTOBOr0 MO3BOHKA MOTOM-
CTBa TPex CBMHOMATOK — BCEro 24 XMBOTHbIX CO CPeHUM XMBbIM BECOM Mo 105 Kr — poauTenu
1 cobpaTbd KOTOPbIX ObI/IM HEGNArONOMYYHLIMI MO aTPOUPYIOLLIEMY PUHUTY U caMu poXKAanu
60/1bHOE MOTOMCTBO. OTWX XXMBOTHbIX aBTOPbI CYATANN MO JAHHON 60ME3HN KNMHUYECKN 60fb-
HbIMU N «TEHETUYECKW HArpyXXeHHbIMMN».

Ha ocHOBaHWWM aHanu3a KOCTell aBTOPbl MPUXOAAT K 3aK/IHOUEHWIO, COrNMacHO KOTOpOMY
60/1bHOE CKOpoCnenoe NoMecHoe NoTOMCTBO FX C Mporpeavpyowwym Bo3pactom (C 4-XMeCcA4YHOro
BO3pacTa) HaKon/feT B XBOCTOBbIX MO3BOHKaxX MeHbliue Ca, YeM 3[0pOBble CBUHLW MpU OfUHA-
KOBbIX YCNOBUAX KOPMNEHUA U COfepXaHusA. 3TO ABMEHME C YCNEXOM MOXHO YNoTpebuTs B
[marHocuypoBaHuy 601e3HN. XBOCTOBbIE MO3BOHKMN BO/bHbIX XMBOTHbIX, HE3aBUCMMO OT MOPO-
[bl, «<HabyXLUM», NOPUCTON CTPYKTYpbI.

N3YUYEHUE MEYEHU CUPUNCKOIO XOMSKA OBbIUHBbIM I 3/IEKTPOHHbIM
MWKPOCKOIMAMU TP 3APAXEHWN BWUPYCOM JIOWLWAOVNHOIO
PUNHOMHEBMOHUNTA

n. KAMN

Mpn 3apaXeHWn CUPUIACKNX XOMSAKOB YWNYHbIM LUTAMMOM BKpYCa /IOLWAANHOIO PUHO-
MHEeBMOHWTA B BO3pacTe 2—3 fHell Hanbonee xapakTepHble W3MEHeHWs Habnaannch B neyveHn
48—120 yacoB nocne MHgekumn. Bo Bcex cnyyasx permcTpupoBauCh U3MEHEHUS eAMHUYHBIX
NapeHXNMaTo3HbIX KETOK W AUddy3Hble TaKoBble. VI3MEHEHUS eAMHUYHbLIX NeYEeHOUHbIX KNEeTOK
npeacTaBNANnCL B NEPepOXeHnn KeTOK, COMpoBOXAatoLlemcs o06pa3oBaHWeM BHYTpuagep-
HbIX BK/IKOYEHWUIA, aunaotnabHbIM HEKPO3OM M BO3HMKHOBEHVEM TaK Ha3blBaeMblX CBET/bIX Kie-
TOK. B nepepoAuBLUMXCA K/ETKax WMEeTca YBe/MyeHWe 3HAOMNasMaTUYeckoro petukyna u
(hopmMmpoBaHWe ero B BuAe Ma/lbLEBOro OTrnevaTka. Hanbonee aHepruyeckumii CUHTE3 BMpyca



Ha6/1l0AaeTcs BO BpeMsi (hOPMUPOBAHUS BHYTPUSAEPHOTO BKOUEHWs. [MOSIBNIEHWE BUPYCHbIX
yacTuL, B LMTOM/Ia3Me COMPOBOX/AETCSH TSHKENbIM MOPaKEHUEM 3H/O0MNA3MaTUYECKOrO pPeTu-
Ky/na U MATOXOHAPWEB, 06pa30BaHMEM LMTOMIA3MATUUECKUX KWUCT, MUENMHO-NOAO6HBLIM Nepe-
POX/EHWEM U IN3NCOM LUTOMIAa3MaTUYeCKO 060M0UKN BLOMb CUHYCOUAHON CTOPOHbI MEYeH0u-
HbIX KNeToK. YacTo Ha6/toAancs aunfoduibHbIA HEKPO3 ENHUYHBIX KNETOK C NOC/e/y LM
MOSIB/IEHNEM 303MHOMUMBHBLIX TENel, B CUMHYCOMAaX, YTO aBTOP CUMTAET MPsSMbIM [eMCTBUEM
BMpYCa. BMpyCHble YacTWLbl He 0GHAPYXXUBANMChL B CBET/LIX KNeTKax. AnddysHblii Hekpo3 na-
PEHXMMATO3HBIX KMETOK, PacnpOCTPaHSIOLLMIACS Ha YacTb OfHOW WM HECKONbKUX AOMEK, Bbin
06YCNOB/EH BAaCKY/SPHBIMU Nepe6osiMu. He3aBUCMMO OT NOpaXkeHUIA NapeHXMMATO3HbIX KIETOK
Hab/tojanncy 1 BocnannTe bHble NPOLECChI B CUHYCOMAAX W LWensx [ncce, MeX10bKOBbIE e
MPOCNOVKK BbIIM MHPUALTPUPOBaHbLI MMMGBOLMTaMKU 1 TUcToLMTamMu. O6Lias KapTUHA OCTpOro
WM MOAYOCTPOro renaTuTa, BbI3BAHHOTO BUPYCOM PUHOMHEBMOHWTA, MOP(OAOrMUECKA HAMOMM-
Ha/la U3MEHEHMEe NMeYeHN NpY BUPYCHBLIX TenaTuTax Ye/loBeka W APYruX XUBOTHbIX.

3KCMEPVUMEHTAJ/IBHOE W3YUYEHUE BWCLIEPASIBHOW AIMUMHKM TOXOCARA
CANIS B JTABOPATOPHbIX XXMBOTHbIX

N. MOCCANAM, N. A. ATANINIA n 3. XOCHWN

MbILLEl, KPbIC, MOPCKUX CBUHOK W LibINAAT 3KCNEPUMEHTaNbHO MHBa3MPOBaIN INYMHKaMU
T. canis nuepes 10,20,30 1 40 fHeil 3y4anmchb Bbi3BaHHbIE UMW NATOMMCTONON NYECKUNE U3MEHEHMS
B MeYeH, Nerknx, MoYKax u rofloBHOM MO3ry. JIMYMHKM NPY HAMYMW KNETOYHOM peakumn v 6e3
Hee 06HapY>XMBAIMCb BO BCEX MEPEUMC/IEHHBIX OpraHax YrnoMAHYTbIX XUBOTHbIX. KneTouHas
peakuusa B MeYeHW KpbIC XapaKTepn3oBanacb HakomnneHnem (uoépo61acToB M 303MHOMUIBHBIX
KNETOK, B IEFKNX e KPbIC M MOPCKMX CBMHOK OHa NpescTaB/sAna coboii rpaHynembl u3 (uopo-
61acTOB N303MHOMUBHBIX KETOK. OYaroBoe HaKomnaeHne MMMEOLMTOB BblI0 XapaKTepHbIM U3Me-
HEHWEM B MeYeHN 1 NIErKNX UbINAAT. B MO3ry IMUMHKM 06bIYHO HE Bbi3bIBAOT BbIPAXKEHHON peak-
LMK, HO TYT-TaM UMELOTCS TEPPUTOPKM C CaTENINTO30M, HelipoHodarveid n nponudepawmei ram
C 0Yaramu KpOBETEKOB.

MONMMOP®UN3M /5-NTAKTOINTOBY/IMHA B MOJIOKE KOPOB TECTPOIO
BEHIEPCKOIO CKOTA

Nn. XOPBAT

M3yyanuce nonumopdumam /3-naktornobynuHa, pacnpefenieHve HeHoTMnoB v nx reHosas
(hpekBeHUA. [aHHble HAbMIOAEHWA CPaBHMBAIOTCA C TAaKOBbLIMW NMTEPATYpPbl APYruX MOPOA.

OnucaHbl YeTbipe deHoTuna |5-nakTornobynuHa: -AA, -BB, -AB u BC. /3-naktornobynmH
-AB abHapyxuBaeTcs ropasfio vaile, 4em. oCTaslbHble TpU. Pexe Bcex BCTpeyaetcs /5-naKTo-
rnobynuH-AA. Cpeay 597 n3yyeHHbIX Npob Monoka geHoTn BC 06Hapy>KeH TONbKO B OfHOIA.
ABTOp KOHCTaTMpyeT, yTo BapuaHT C /5-nakTornobynmHa B NecTpoM BEHTEPCKOM CKOTY UMe-
eTCsl, HO KO/IMYECTBO M3YUeHHbIX NPo6 MO/I0Ka 6bI10 HEAOCTATOYHLIM /19 BbIABEHUS OTAENbHbIX
KOMOGMHaLMiA 3TOro BapuaHTa.

OAHHBIE K KWHETUKE CrOPO30OUTOB EIMAERIA STIEDAI
(PROTOZOA, SPOROZOA)

Y. QIOPP, B. MUNTANEP un . . XOWHEPT

MpoBefieHO KMHeMaTorpaguyeckoe M3yyeHue cnopo3outoB E. stiedai, 0cBOGOXAEHHbIX
M3 UMCT In Vitro. 3apernctpmpoBaHbl pasHble BUAbl ABUKEHUA CMOPO30OMTOB, Kak TO, MOCTyna-
TeNlbHOe [BVDKEHWE BMepej W Hasaf, BpallaTenbHOe [BVKEHWE OKOMO0 NPOLOMbHOM OcK, B KOM-
6uHaLMn ¢ nocTynaTeslbHbIM ABMXKEHWEM W Ge3 Hero, u3rnbaHwe, oLynbiBaHve, BpalleHue BO-
KPYr OfHOr0 MyHKTa. MakcyuManbHas CKOPOCTb MOCTYMaTeNbHOro [BWXXEHWUA paBHsnach 86
[Vcek. TNpu HemocpescTBEHHOM HaGMHOAEHUN GECTIPEPbIBHLIM KaXKyLLeecs NocTynatebHoe ABu-
XKEHMe COCTOAN0 M3 MNepepbiBOB, KOTOPble MOXHO BbIABUTb TOMbKO MyTeM (mabmockonun. He
06HapYyXeHO TUNWYHOW MOCMef0BaTENbHOCTA B YepefoBaHUM OTAEe/bHbIX TUMOB ABMXKEHUS.



K UMKNY PA3BUTUA EIMERIA STIEDAI
Y. [IOPP

B cBOEM KpaTKOM COOGLLEHMM aBTOP M3BELLAET O HAXOXAEHNW CMOPO30UTOB B Bpbhkeeu-
HbIX IMMOoy3nax M KOCTHOM MO3ry 6eApeHHOi 1 60oMbLIoiA 6epLoBoit KocTein. B numdoysnax
Cropo30mMTbl 06HAPYXMBANNCL NMBO CBOBOAHLIMM KNeTKaMu, MO0 BK/OYEHHbIMU B Makpodarax;
B KOCTHOM MO3ry OHW OblN BCe BK/IKOYEHHbIMWU B Makpodarax. [JucKyTupyeTca nyTb MUrpauuu
CrOpPO30MTOB B MeYeHb. Ha 0CHOBaHUW NpeABapuTeNbHbIX JaHHbIX MOXHO CyAWTb, 4TO CMOPO30U-
Tbl NOMaJAtoT B NeyeHb He NPAMO Yepe3 BOPOTHYHO BEHY, a CHayana nonagaroT B AMMgaTnyieckve
cocyabl (6pbbkeeyHble AMMGOoY3nbl) U OTTyAa MOTOM PasHOCATCS KPOBEHOCHOW CUCTeMOW Mo
BCeMy opraHusMy. KakoBa po/ib B 3TOM MakpogaroB ¥ MexaHW3Mm MoCeneHWss Mepo3ouTOB B
XKENUHbIX X0fax, NOoKa He W3BECTHbI.

SKCMNEPUMEHTANIBHOE CKNEWUBAHWE XE/TYHOIO TMPOBOAA
K. WOMOAbBAPW, ®. CEHTIAIN n A. KOJB

Ha cobakax NpPoBOAWAN CKeMBaHME XeN4YHOro xofa (d. choledochus) nocne ero none-
peyHoro paspesa. Ha OCHOBaHWM CBOMUX Ha6mogeHvu7| aBTOPbl NPUXOAAT K 3aKNHOYEHUH, CO-
rnacHO KOTOpOMY TKaHeBaf Haknelika npu onepaumax Ha >XXeI4YHOM XOoAe MOXKET BO MHOIMX
cnyydaaX 3aMEHUTbL UK OONOIHNTL Tpa,ﬂ.VILWIOHHHVI LLIOB.

Hafe)XHoCTb M TKaHeBas COBMECTUMOCTb HaKnelkn AOKa3aHbl 3KCMEPUMEHTaNIbHO Ha
FMCTONTONMYECKMX Cpesax.

OKCIMEPUMEHTbBI MO OBE3BPEXWMBAHWIO OOUUCT KOKLI,I/I,LI,I/II7I
A. O. AEHW, E. QUHTNENAQAVH wn Y. OIOPP

Ha ocHOBaHMK COBCTBEHHbIX 3KCMEPUMEHTOB aBTOpaMyi AUCKYTUPYIOTCS NMPakTUYecKue n
CTaHapTHble METOAbl M3YYeHUs Ae3MHpUUMPYIOLE 3PMEKTUBHOCTU pa3HbIX MpenapaTos Npo-
TUB OOLWMCT KOKUMAWIA. TTpuMeHanuce ABa cnocoba B MCMPO6OBaHUM NpenapaTosB Ha HeCrnopy-
JNNpoBaHHbIX oouucTax Eimeria stiedal:

I. Tak Ha3. cnocob B3BecW, MOAMN(MLIMPOBaHHbBIN No BynaeH n Epn (1969),

1. cnocob gmkcauyM ooLMCT MPU UCMOJb30BaHWUN
a) OYMaXKHbIX NEHT,
6) KepamMMyecKnX NauT, NPUMeHAEMbIX ANS MOLLEHWUSA NOMIOB CKOTHBIX [BOPOB,
B) Cnoco6 npefMETHbIX CTEKOS.

Kpome psaga KOMMepUYecKMX Ae3NHMULMPYIOLNX CPEACTB U3YUeHbl TMAPOOKNCL aMMOHUSA
1 hopMa/IvH.

PesynbTaTtbl 3KCMNEpPYMEHTOB MOKa3blBalOT, YTO OAMH CMOCO6 B3BECM HeLOCTAaTOYeH AN
n3yyeHuns addexra /éesocpe,qCTB Ha 9K30reHHble CTafuu NapasuTos. M3yyeHne HeobGXOAMMO f0-
MOMHUTL APYrumun, 6ofiee NMPakTUYECKUMU UCCNEefOBAHMAMM, Hanp. CNnocob6oM qmKcaLmm ooumcT
COrMIaCHO peKoMeHZaLmMy MpoayLeHTa no NpakTUYecKoMy WUCMONb30BaHWIO Le3MHDULMPYIOLLEro
cpeactBa. ECTb He06X0AMMOCTb B Aa/bHelilleli pa3paboTke CTaHAapTHbIX METO4OB MCnpo6o-
BaHWA [e30CPE/CTB, YUnTbIBasA U (IU3MYeCKMe 0COOEHHOCTN MpenapaTos
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STUDIES OF Ca AND P METABOLISM IN ATROPHIC
RHINITIS OF SWINE

I. STUDIES ON THE PREDISPOSING ROLE OF Ca DEPLETION
By
Z. Horvath and L. Papp

Department and Clinic of Internal Diseases (Head: Prof. Z. Horvath), University of Veterinary
Science, Budapest

(Received July 2, 1971)

Atrophic rhinitis of swine (farther on referred to as a.r.) has been known
for about one and a half centuries (Franque, 1830, cit. Hamori and Stipko-
vits, 1968), but it did not cause severe veterinary medical problems until the
recent two decades. It has since spread rapidly among highly productive, fast
growing swine breeds all over the world until it now represents one of the main
sources of economic loss for the pig breeders. The poor feed utilization and
retarded growth of diseased animals, the frequent association of enzootic
pneumonia with a.r., mortalities and emergency slaughters, costs of therapy
and control, and low reproduction rates now threaten the profitability of
intensive swine farming.

The symptoms of a.r. are well known, but opinions are still divergent about its aetiology.
There are still experts who attribute the causation to some infectious agent (virus, bacterium,
protozoon) (Dume, 1961; Hartwigh, 1965; Kemény, Littledike and Cseville, 1970; Swit-
zer and L’Ecuyer, 1960; Vujosevic, Durichovic and Petrovic, 1966), while others implicate
genetic factors (Koch, Jochle and Kolb, 1958), poor hygienic conditions (Bushmakov,1966;
Janowski, Rulska, Zulinski and Sulc, 1966), vitamin depletion or feeding errors (Ben-
dixen, 1957; Brown, Krook and Pond, 1966). Nowadays, however, a.r. is increasingly con-
sidered to be a polyaetiologic disease (Gwatkin, 1959).

Brown, Krook and Pond (1966) have advanced the surprising hypothesis that distur-
bance of calcium and phosphorus transport due to low calcium supply is the sole causative
factor of a.r. They reported that dietary levels of 1.2% Ca and 1.0% P can prevent the establish-
ment of the generalized fibrous ostitis which forms the morphological basis of a.r. (Brown,
Krook and Pound, 1966) although they recognized that the control of secondary damages is
important.

Import of highly-productive swine breeds from Denmark, Sweden and elsewhere has
resulted in an endemic occurrence of a.r. in Hungary which has already caused important
economic losses (Hamori, 1968; Aidasy and Vanyi, 1962; Hamori and Stipkovits, 1968).

This paper is a report of experiments carried out with the aim of obtain-
ing more information on the suggested aetiological role of low dietary calcium

and phosphorus levels.

Experimental

In the first series of experiments, piglets from sows either free of, or
genetically resistant to, a.r. were fed a low-calcium diet with a relatively high
phosphorus content, while in the second series, piglets from sows affected with
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a.r. were given a low-calcium diet. Appropriate control groups were set up
with each series.

Materials and methods

Litters from three sows were used in the first series. Two of the sows were
Hungarian W hites of unknown genetic origin from a herd free of a.r. and had
been mated with a Hungarian White hoar, also originating from a “clean”
herd. They were clinically healthy, as was confirmed by post mortem examina-
tion at the close of the experiment. The third sow, descendant of an English
Large White boar and a Hungarian W hite sow, originated from an a.r. infected
herd hut was judged to be genetically resistant, because neither of its maternal
ancestors had become infected with a.r. and its progeny also remained free of
the infection, although they were kept with the rest of the herd throughout.
The incidence of a.r. in the herd varied between 52.4 and 88.1% on the basis
of clinical and pathological inspection.

The experimental piglets, a total of 29 from the three sows, were given a
parenteral iron preparation (Chinofer for veterinary use) equivalent to 150 mg
iron when 3 days old, to prevent iron deficiency anaemia. They were weaned
after 8 weeks and divided into three groups, each given a different diet.
Piglets of group I (16 animals) received a diet similar to that fed by Brown
et al., consisting of 74.8% maize meal, 24% soybean meal, 0.9% dicalcium
phosphate and 0.3% potassium dihydrogen phosphate. The Ca and P levels of
this diet were determined as 0.25% and 1.03%, respectively.

Piglets of group Il (8 animals) were given a mixture of 30% pig rearing
feed and 70% bran, with Ca and P contents of 0.22 and 1.17%, respectively.

Piglets of group 11l (5 animals) served as controls and received a com-
mercial pig rearing feed with Ca and P contents of 0.96 and 0.98%, respectively.

Experimental feeding was continued for 4 to 5 months. The animals were
kept in a dry, moderately warm, closed pig house with an asphalt floor. They
were fed twice daily and fresh drinking water was available ad libitum. They
were examined clinically every 10 days throughout the whole period of the
experiment. Once every month after weaning they were weighed and blood
samples were taken for determination of plasma alkaline phosphatase activity
and serum Ca and inorganic phosphorus levels. Half of the animals in each
group were killed after four months and their heads were sent to the Pathology
Department of the Central Veterinary Institute (Budapest) for evaluation for
a.r. The right femoral bone of each carcase was dissected out, de-fatted by
extraction with ether and ethanol and examined for dry material, phosphorus
and calcium contents. Alkaline phosphatase was determined by Boehringer’s
Farb-Test, Ca by the permanganate method and phosphorus by the molyb-
denate method. Results of laboratory tests and the weight data of the animals
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are shown in Table I. The remaining animals were kept on the respective
experimental diets for one additional month. At the end of the experiment the
three sows were also killed and their nasal cavities examined for a.r.

Table |

Effects of dietary Ca depletion. Comparison of serum and bone Ca and P levels and body weights
of pigs maintained on a low-calcium diet with data for normally supplied controls

Fio. of expérimenta
animals In groups

| 1l 111 (control)
Serum Ca level At weaning 105 +0.7 10.0 +0.2 106 +0.9
(mg%) At 3 months of age 9.6 +0.5 95 +0.3 10.0 +0.3
At 4 months of age 10.2 +0.9 10.2 +0.9 10.2 +0.3
At 5 months of age 9.7 +0.6 8.2 +0.4 8.9 +0.2
At 6 months of age 9.7 +0.9 10.6 +0.7 9.7 +0.6
At 7 months of age 9.1 +0.2 85 +0.2
Serum P level At weaning 9.1 +2.1 9.1 +2.1 8.4 +1.1
(mg%) At 3 months of age 75 +1.8 7.9 +0.9 8.3 +
At 4 months of age 10.3 +2.3 7.7 +1.8 56 +2.3
At 5 months of age 104 +1.1 7.2 +0.6 6.1 +1.1
At 6 months of age 9.1 +0.9 8.2 +0.9 6.1 +1.2
At 7 months of age 9.0 +0.4 8.1 % —
Ca and P levels Ca-content (mg/g) at 6—7
of de-fatted months of age 379 +17 361 +17 410 +30
bone (ash) P-content (mg/g) at 6—7 months
of age 1511 +3 1499 +3.2 148.4 +3
Ca/P ratio 2.50+ 0.12 2.40+0.14 2.76+ 0.23
Body weight At birth 158+ 0.1 1.37+ 0.2 141+ 0.2
(kg) At 3 months of age 10.70+ 1.5 9.80+ 1.6 11.10+ 1.0
At 4 months of age 18.60+ 3.5 16.10+ 2.2 21.00+ 2.5
At 5 months of age 30.60+ 4.1 22.1 +3.1 28.00+ 5.1
At 6 months of age 38.80+ 3.6 255 +3.2 34.70+ 4.2
At 7 months of age 50.20+ 5.1 34.7 +5.2 43.10+ 6.0

The second experiment was performed on 5 piglets (group 1V) originating
from two sows affected with a.r. The animals received the same diet as group |
in the first series. The two dams had clinically manifest a.r. while most of
their progeny from previous litters had been affected clinically and all had
displayed typical lesions of a.r. when examined post mortem. The five piglets
used in this group were therefore regarded as genetically predisposed to a.r.
They were examined for symptoms every other week during the experiment.
One piglet was killed when 5 months old, the remaining five were killed when 6
months old. The heads of the carcases were sent to the Pathology Department
and femoral bones were examined for Ca and P contents as described before.
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Results

Piglets of all four groups had a good appetite throughout the experiment,
consuming all the feed that was offered. Animals of group Il developed diar-
rhoea of varying severity, lasting for a few days, one month after weaning and
on several later occasions, but this apparently did not affect their general
condition.

Piglets of groups I, Il and IV began to show motoric disorders from
334 months of age (at the earliest); the best developed individuals became
affected first, then gradually the rest as well. They preferably lay on the floor,
rose with difficulty and developed a tripping gait. Bone ends in the fetlocks
became swollen.

The animals did not fully extend their forelegs even in the standing
position (Fig. 1), some indeed were unable to rise on their forelegs and instead
assumed a “kneeling” position (Fig. 2). A slight loss of appetite was noticed
with the progression of the movement disturbance, but no other clinically
detectable changes were observed.

The results of laboratory tests are shown in Table I. Variation of the
dietary Ca level apparently had no noticeable influence on the serum Ca con-
tent, except that slight falls were recorded for piglets of group Il at 5 and 7
months of age. The high dietary P level (group 1), however, resulted in a con-
siderable elevation of inorganic P in the serum at 4—5 months of age and there-
after the serum P level persisted throughout at a high level compared to that of
controls. Femoral Ca contents fell only in groups | and Il but P levels did not
change, the femoral bone Ca/P ratio showed a similar tendency. Thus the in-
creased dietary P supply resulted in only a temporary rise of serum inorganic
P level, but it did not affect the P content of bones.

Serum alkaline phosphatase levels and body weights did not vary notably
between groups.

Pigs fed the Ca-deficient diets (groups I, Il and 1V) showed symptoms
of rickets, whereas the normally fed control pigs (group I11) showed no ab-
normality. No clinical symptoms indicative of a.r. were encountered and post
mortem examinations for a.r. also had negative results. This is important,
because for pigs of groups | and 1V the dietary Ca-levels were kept as low as in
the experiments of Brown et al. (1966). The latter authors reported that with
a low-calcium diet only they had been able to produce clinical symptoms of a.r.
and gross lesions corresponding to a severe fibrous osteodystrophy. In our hands,
only two pigs of the genetically predisposed litter (group I1V) showed lesions
judged as “probably suspect of a.r.”. One of the two suspect animals, killed
when 5 months old, had femoral bone ash Ca and P contents of 218 and 94
mag/g, respectively, giving a Ca/P ratio of —2.31; the corresponding mean
values for the remaining 4 pigs, killed when 6 months old, were 333 mg/g Ca,
127 mg/g P and —2.36 Ca/P.
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Fig. 1. When the pig is in the standing position its forelegs are slightly bent and its hindlegs
drawn under the abdomen

Fig. 2. The pig cannot rise on its forelegs but instead assumes a “kneeling” position
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Discussion

It follows from our experimental observations that, contrary to the
suggestion of Brown et al. (1966), disorders resulting from a faulty supply
of Ca and P cannot be regarded as the main aetiological factor of swine a.r.,
on the other hand, reproduction of Brown et al.’s experiments with a low-
calcium diet produced the same rachitic affection of the extremities as reported
by these authors. Janowsky (1970) has also doubted the causative role of
Ca/P imbalance on the grounds that a low-calcium diet was in itself insuf-
ficient to elicit any sign of a.r. in a large group of pigs. It seems certain there-
fore, that the role of dietary Ca depletion is at most secondary. One of the
sows used in the present study originated from a herd with a 52.4—83.0%
incidence of a.r. Yet neither the sow itself, nor its predecessors and progeny
had shown the disease and none of the litter farrowed by in the animal clinic
developed a.r. after a long period of gross dietary Ca and P imbalance. It
seems likely, therefore, that factors other than a disturbance of Ca and P metab-
olism might have affected the experimental animals used by Brown et al.
It is very interesting in this content to note Marek’s (1930) earlier observation
that one and the same dietary formula elicited rickets in one swine breed and
a fibrous osteodystrophy in another.

The experimental results obtained in group IV suggest the importance of
management and hygienic conditions in the development of a.r. piglets that
could be regarded as genetically predisposed did not develop any sign of a.r.
after being fed alow-calcium diet for a prolonged period. This attracts attention
to the role of certain environmental (“infectious”) factors.

SUMMARY

Induction of swine atrophic rhinitis was attempted by placing weaned pigs on a low-
calcium diet for a prolonged period. Piglets used in the first experimental series originated from
sows either free of, or genetically resistant to, atrophic rhinitis. Three experimental groups
were formed and supplied dietary levels of 0.35% Ca and 1.03% P (group I; 16 animals), 0.22%
Ca and 1.16% P (group Il; 8 animals) and 0.96% Ca, 0.98% P (group Il — control — 5 ani-
mals), respectively, up to the age of 4 or 5 months.

Pigs of groups | and Il showed motoric disturbances and bone deformation indicative
of rickets, whereas the control animals of group Ill remained free of symptoms throughout.
The different dietary Ca supplies caused no notable change in serum Ca levels, but bone Ca
concentrations fell slightly in pigs of groups | and Il compared to controls. Plasma alkaline
phosphatase activities and body weights showed no notable inter-group variation.

In the second experiment 5 pigs (group IV) from two sows affected with atrophic
rhinitis were placed on the same diet as group | for 5 or 6 months. No signs of atrophic rhinitis
developed, but movement disturbances and bone deformities indicative of rickets did appear.
Grossly, only two pigs of group 1V showed lesions “probably suspect of atrophic rhinitis”, but
these were not of a degree that would affect health.

It was concluded that dietary Ca depletion in itself plays no fundamental role in the
aetiology of atrophic rhinitis.
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STUDIES OF Ca AND P METABOLISM IN ATROPHIC
RHINITIS OF SWINE

II. BONE Ca AND P CONTENTS OE HEALTHY PIGS AND PIGS AFFECTED
WITH ATROPHIC RHINITIS

By
Z. Horvath, L. Papp and B. E 1ias

Department and Clinic of Internal Diseases (Head: Prof. Z. Horvath), University of
Veterinary Science, Budapest and District Veterinary Service, Borota

(Received July 2, 1971)

Atrophic rhinitis (further on referred to as a.r.) is a frequent disease of highly productive
rapidly growing swine breeds (Hamori and Stipkovits, 1968). It has been shown with healthy
animals that the bone tissue of such breeds already develops at a higher rate than in slow-
growing breeds during suckling (Etias, 1970) and it may be supposed that for this reason alone
their mineral requirements must be higher, especially for calcium and phosphorus.

It seemed therefore worthwhile to compare the bone Ca and P contents
of healthy pigs and pigs affected with a.r. and to ascertain whether or not bone
Ca and P levels differ between breeds.

Tail vertebrae from healthy and diseased swine were analyzed for Ca and
P contents and Cal/P ratio at predetermined time intervals, using the same donors
throughout. Specimens of frontal bone were additionally examined in several
instances.

Materials and methods

Group I. Female progeny of 4 Cornwall and 4 Ft (Cornwall X Large
W hite) sows, with manifest a.r., but otherwise in a good condition, were used as
donors. The 6th, 5th arid 4th tail vertebrae were removed surgically at 2, 4 and
6 months of age, respectively, and their Ca and P contents per 1 g bone ash
and per 1g de-fatted bone dried at 105 °C, and from the former figures the Ca/P
ratio were determined. The body weights of the animals were measured at each
operation.

The 6th tail vertebra is already palpable at 2 months of age and the 5th
and 4th vertebrae develop in succession.

Group Il. Thirty female hybrids, 7 months old, weighing on average
103—104 kg (range: 101—109 kg), were used; 15 of these were free of a.r.
while the other 15 had a.r. but were in good general condition. The 6th tail
vertebra of each animal and frontal bone specimens from 10 healthy and 9
diseased swine were removed and assayed for Ca and P contents.

Group Ill. Acomparison was made of Ca and P contents of the 6th tail
vertebra of 10 and 24 swine, weighing on average 105 kg and regarded as geneti-
cally resistant and predisposed, respectively. The 10 “resistant” swine originated
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from two sows which had no family history of a.r. either in the ancestral or
descendant lines, whereas the 24 “predisposed” animals were farrowed by
three sows with a history of high a.r. incidence among both predecessors and
progeny.

The conditions of management and feeding were kept identical through-
out for both experimental and control swine. All received a suitable commercial
diet for their age in which the Ca/P ratio was kept at 1 : 1 and the quantity
of CaO and P2 5amounted to 12.5 g/kg feed. The hygienic conditions of the
farm were checked by workers of the Department of Animal Hygiene of the
University of Veterinary Science, Budapest. The microclimate was favourable
throughout: average temperature was 14.5 °C (range: 12°—27 °C) and relative
air moisture content varied between 65 and 75%. Other microclimatic factors,
such as the concentrations of ammonia, carbon dioxide, dust and microbes,
remained between normal limits.

At the end of the experiment the animals were slaughtered and during
meat inspection nasal cavity examined for gross lesions. All animals judged as
diseased during the experiment were found to have atrophic nasal conchae
after slaughter, whereas those which had remained healthy showed no gross
nasal lesions.

Bone Ca contents were determined by the permanganate, P contents by
the molybdenate method.

Results

Ca and P contents of the 6th and 4th tail vertebrae of swine of group |
at 2, 4 and 6 months of age, respectively, are shown in Table I.

Results of similar measurements on the 6th tail vertebra of 15 healthy
swine and 15 swine displaying a.r. (group Il) are shown in Table II.

Data for 10 “genetically resistant” and 24 “genetically predisposed”
swine can be seen in Table III.

Discussion

The measurements of Ca and P contents of tail vertebrae of swine affected
with a.r. (Table 1) showed that under the same conditions the bone Ca content
of the fast-growing Fj crossbreeds falls below that of the pure-bred animals
from about 4 months of age and the difference becomes quite conspicuous at
6 months. The bone P content, remarkably, is not subject to a similar change.
The observation that —e irrespective of breed — swine with a.r. incorporate
less Ca into tail vertebrae than similarly managed healthy ones, seems to be of
a fundamental importance (Tables | and Il). The difference between the Ca
contents of vertebrae from healthy and diseased swine was statistically signif-
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Table |

47

Ca and P contents of the tail vertebrae of Cornwall and Cornwall X Large White Fj swine
affected with atrophic rhinitis

(months)

Swine

ENIE NN NN NN NN NN NN

[o20 o> lNe o))

o oo o,

Weight

Breed (kg)
Cornwall 21
Cornwall 20
Cornwall 20
Cornwall 20
Average: 20
F, (Cornwall) 22
X Large White 29
28
24
Average: 26
Cornwall 44
Cornwall 42
Cornwall 50
Cornwall 46
Average: 46
Fj (Cornwall) 48
X Large White 50
45
46
Average: 47
Cornwall 80
Cornwall 100
Cornwall 95
Cornwall 79
Average: 89
F, (Cornwall) 95
X Large White 98
105
98
Average: o]

contents
ofbonézg?)

460 190
480 200
440 174
461 182
460 186
420 173
540 170
465 168
420 170
461 170
440 175
460 179
420 175
470 170
457 174
480 160
440 170
460 176
400 170
445 169
404 160
432 165
432 167
420 160
422 163
396 162
364 156
384 170
396 162
385 162

Ca/P
ratio

2.42
2.40
2.52
2.53

2.46

2.42
3.17

2.47

2.70

2.68
2.57
2.40
281

3.00
2.58
2,61
2.35

2.52
2.61
2.58
2.62

2.58

2.44
2.33
2.25
2.44

2.36

C - P
contents (nlglg
of cooked

dried (105 °C)

bone

207 85.5
202 84.0
198 78.3
202 82.6
193 79.6
211 66.3
244 98.6
216 81.7
224 89.3
267 103.8
265 110.3
268 103.7
265 101.7
230 77.1
229 88.4
253 96.8
236 100.3
237 90.6
274 108.0
294 112.0
295 114.0
279 106.0
285 110.0
267 109.0
244 104.0
262 116.0
271 111.0
261 110.0

6th
6th
6th
6th

6th
6th
6th
6th

5th
5th
5th
5th

5th
5th
5th
5th

4th
4th
4th
4th

4th
4th
4th
4th

Remark

tail
tail
tail
tail

tail
tail
tail
tail

tail
tail
tail
tail

tail
tail
tail
tail

tail
tail
tail
tail

tail
tail
tail
tail

vertebra
vertebra
vertebra
vertebra

vertebra
vertebra
vertebra
vertebra

vertebra
vertebra
vertebra
vertebra

vertebra
vertebra
vertebra
vertebra

vertebra
vertebra
vertebra
vertebra

vertebra
vertebra
vertebra
vertebra
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Table 11

Ca and P contents of the 6th tail vertebra and frontal bone of healthy T-month-old swine and of those diseased in atrophic rhinitis

Serial
No.

Swine breed
and health state

F[ (Cornwall

X Large W hite),

healthy

Fj (Cornwall

Average:

X Large White)

diseased

Average :

Body
weight

IM

105
102
104
106
105
101
104
109
107
100
100
104
109
102
101

104

106
105
102
104
102
106
100
100
101
106
108

99
102
103

103

Frontal bone
weight
00

0.20
0.30
0.25

0.20

0.25
0.45
0.40
*0.30
0.20
0.25
0.50
0.60
0.25
0.25

0.34

Ca

contents (mg/g)of bone ash

520
412
432
495
440
394
436
436
434
376
438
496
436
444
484

442

451
407
416
424
416
356
372
364
354
394
328
334
354
320
378

377
+ 39.8
Pt>0.1

P

178
185
178
178
182
172
175
184
196
200
173
200
195
189
192

187
178
178
178
178
160
160

155
165
132
160
165
147
170

164
+14.5

Ca P Ca P
Ca/P
ratio contents (mg/g) of cooked CalP
and dried (103°C) bone  contents (mg/g) of frontal ratio
bone Fash)
tail vertebrae
2.92 317 109 —
2.22 218 98 - - —
2.42 337 139 - - -
2.79 189 82 — - -
2.41 194 80 - - —
2.29 168 73 416 172 2.41
2.49 186 74 448 166 2.69
2.36 167 70 470 175 2.68
2.21 197 89 374 175 2.13
1.88 161 85 384 172 2.23
2.54 194 76 444 175 2.53
2.48 198 80 504 176 2.86
2.23 145 64 438 175 2.50
2.34 197 83 440 175 2.51
2.52 223 88 488 175 2.78
2.40 199 82 440 173 2.53
+41.8 +23.1 +35 +3.0
2.41 194 82 —
2.28 114 52 - —
2.33 108 46 — —
2.38 254 107 — — —
2.33 200 85 — —
2.22 148 66 370 162 2.28
2.32 159 68 366 162 2.25
2.39 161 67 368 180 2.04
2.28 163 71 352 165 2.13
2.38 185 77 — —
2.48 182 73 326 162 2.01
2.08 115 55 368 140 2.62
2.14 145 66 356 155 2.29
2.17 133 61 328 157 2.08
2.22 125 56 372 152 2.44
2.29 158 68 356 159 2.23
+ 39.6 +15.2 + 14.7 +10.8

Pt>0.1 Pt>0.1
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icant (Pt > 0.1) in relation to both bone ash and dried dc-fatted bone. Since
the analyses of frontal bone specimens gave the same results, it can be concluded
that this relative Ca-deficiency exists throughout the skeletal system.

ll healthy

Fig. 1. Tail vertebrae (6th, 7th, 8th, 9th) of 7-month-old healthy swine, and of those diseased
in atrophic rhinitis

It follows that bone analysis (of tail vertebra, if the animal is alive)
might be of a diagnostic value in the detection of a.r. Simple inspection often
reveals that the tail vertebrae of swine with a.r. are enlarged compared to
those of healthy swine of similar age (Fig. 1); they are “swollen” and appear
to have a spongeous structure. In fact, the average weight of the 6th tail ver-
tebra was higher (0.34 g) in diseased than in healthy animals of the same age
(0.2 g), but the Ca contents of the former were lower in relation to 1 g dried
bone (Table II).

Ca contents of lower vertebrae were also measured in specimens from
“genetically predisposed”, diseased animals and compared with those from
“genetically resistant”, healthy ones (Table Ill). These observations suggest
that a.r. should not be regarded just as a disease localized to the nasal conchae
and mucosa, but rather as an irregularity which under as yet unclear circum-
stances involves the entire skeletal system.
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Table 111

Ca and P contents of 6th tail vertebra of swine genetically resistant (healthy) and genetically
predisposed (diseased) to atrophic rhinitis

Ca P Ca p
) Cafp i Ca/P
Serial No. Health state contents (r;sl%g) of bone ratio conte(nl’(a5 (Lg%o% dried ratio
| healthy 436 222 1.96 165 84 1.96
2 386 230 1.67 170 101 1.68
3 410 230 1.78 182 102 1.78
4 384 240 1.60 161 101 1.59
5 392 215 1.82 169 92 1.83
6 401 242 1.65 160 80 2.00
7 480 225 2.13 204 95 2.14
8 488 205 2.38 216 91 2.37
9 456 208 2.28 192 87 2.20
10 458 225 2.03 199 97 2.05
Average: 429 223 1.93 182 93 1.96
+39.6 +13.1 +19.8 +7.5
1 diseased 384 182 2.10 158 72 2.19
2 381 242 1.57 146 93 1.56
3 388 224 1.70 172 99 1.73
4 384 201 1.92 153 80 1.91
5 381 210 1.81 165 91 1.81
6 379 205 1.84 167 90 1.85
7 375 235 1.59 166 104 1.59
8 379 237 1.59 167 104 1.60
9 401 235 1.70 169 99 1.70
10 375 215 1.74 173 99 1.74
11 384 225 1.70 158 93 1.70
12 388 227 1.70 166 97 1.71
13 379 210 1.80 168 93 1.80
14 375 257 1.45 165 107 1.54
15 370 240 1.54 158 102 1.54
16 366 216 1.70 161 95 1.69
17 370 237 1.56 148 94 1.57
18 355 235 1.59 166 104 1.59
19 396 250 1.58 152 96 1.58
20 392 217 1.80 156 86 1.81
21 388 242 1.60 182 113 1.61
22 379 207 1.83 159 87 1.82
23 379 222 1.70 167 98 1.70
24 392 220 1.78 176 95 1.78
Average: 381 224 1.70 163 95 1.72
+8.5 +14.4 +8.6 +8.7

Pt>0.1
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SUMMARY

Tail vertebrae of healthy pigs and pigs affected with atrophic rhinitis (a.r.) were ex-
amined for Ca and P contents at various ages before slaughter, using as donors the same animals
throughout. In several cases, Ca and P were also determined in specimens of the frontal bone.

Group I. Female progeny of 4 Cornwall sows and 4 Fj crosses (Cornwall X English Large
W hite) all displaying a.r. but otherwise in good condition. The 6th and 5th tail vertebrae were
removed surgically at 2 and 4 months of age, respectively, and the 4th vertebra was secured
at slaughter, when the animals were 6 months old.

Group Il. Thirty female hybrids, 7 months old, weighing on average 103—104 kg; 15 of
them were healthy and the other 15 had a.r. The 6th tail vertebra of each animal and specimens
of frontal bone from 10 healthy and 9 diseased animals were analyzed.

Group Ill. The 6th tail vertebrae from 10 and 24 swine, weighing on average 105 kg and
classed as “genetically resistant” and “predisposed” to a.r., respectively, were analyzed.

Bone analyses showed that the fast growing Fj crosses affected with a.r. incorporate
less Ca into tail vertebrae than identically managed healthy contemporaries and that this
tendency becomes particularly pronounced from about 4 months of age. Examinations of
frontal bone specimens had a similar result, indicating that a.r. affects the Ca content of the
entire skeleton. Bone P contents, remarkably, are not influenced by a.r.

Thus, Ca determination in tail vertebrae secured from living swine might be of a diag-
nostic value in the detection of a.r.

REFERENCES

Eias, B.: Magyar Allatorvosok Lapja (MAL), 1970, 485. Hamori, D. and Stipkovits,
l.: A sertések torzité orrgyulladasa. Budapest, 1968.

Address of the authors: Dr. Zoltdn Horvath, Dr. L&szl6 Papp, Budapest VIL,
Landler J. u. 2; Dr. Béla E1ias, Borota, Hungary.

4* Acta Veterinaria Academiae Scienliarum Hungaricae 22, 1972






Acta Veterinaria Academiae Scieritiarim Hungaricae, Tomus 22 (1), pp. 53—70 (1972)

LIGHT AND ELECTRON MICROSCOPIC STUDY
OF LIVERS FROM SYRIAN GOLDEN HAMSTERS
INFECTED WITH EQUINE RHINOPNEUMONITIS VIRUS
By
P. Kapp

Department of Pathological Anatomy (Head: Prof. A. Kardevan), University of
Veterinary Science, Budapest

(Received July 20, 1971)

In equine foetuses aborted following maternal rhinopneumonitis virus infection, gross
lesions were found almost exclusively in the liver and microscopically proved to consist of
focal necroses and a diffuse semi-acute hepatitis (Kapp et al., 1969). In accordance with other
opinions (Burki et al., 1965; Correa and Nilsson, 1966), these hepatic lesions were attributed
to direct action 6f the virus, and it was demonstrated that the disease had certain characteris-
tics in common with viral hepatitis of other animal species.

To obtain more information on liver changes provoked by equine rhinopneumonitis
virus, infection experiments with Syrian golden hamsters were carried out. It is known that
the virus grows readily in this species and produces inclusions in the parenchymal cells of the
liver (Anderson and Goodpasture, 1942; Doll et ah, 1953). Previous infection experiments
of this nature have been aimed primarily at studying viral morphology, so that information
on the ultrastructure of the hepatic lesions is scanty. Arhelger et al. (1963) made electron
microscopic examinations on liver specimens from golden hamsters at various times after an
intraperitoneal infection with rhinopneumonitis virus at 4 weeks of age. The hamsters died
between 18 and 24 hours after infection. Five hours after infection, the distended sinusoids
contained many leukocytes and in some parenchymal cells the endoplasmic reticulum ag-
gregated. Clumping and margination of the nuclear chromatin was observed at 5 and 8 hours
and viral particles appeared within nuclear inclusions. Between 15 and 18 hours, irregularly
arranged filaments were seen in the nuclei of the host cells, the endoplasmic reticulum was
distended or aggregated, the mitochondria became swollen, and vacuoles formed in the hyalo-
plasm. At this time three kinds of viral particles could be distinguished within the nuclear
inclusions. Particles lying in the cytoplasm were as a rule larger than those in the nucleus.
According to Arhelger et ah, the virions are released through rupture of virus-containing
cytoplasmic vacuoles localized near the cytoplasmic membrane. In young golden hamsters
treated with propionyl promazine hydrochloride or adrenaline at the same time as they were
infected by intraperitoneal injection of rhinopneumonitis virus, the liver cells showed distinct
proliferation of the smooth and rough endoplasmic reticulum (Bostwick et al., 1968). Mature
and immature virus particles lay in évaginations of the nuclear membrane, between its lamellae
or in the tubules of the Golgi apparatus. The liver cells of infected controls not treated with
drug harboured the virus particles either within the tubular cytoplasmic system, or freely in
the cytoplasm.

Experimental
Materials and methods

Golden hamsters were infected intraperitoneally at 2—3 days of age with
the non-adapted strain Dp4’isolated in pig kidney epithelial cell culture from
an equine foetus aborted in the course of an outbreak of rhinopneumonitis in a
horse stock.* The strain has been maintained ever since in the same type of cell

* The strain was isolated and kindly supplied by Dr. A. Bartha (Department of Micro-
biology and Epizootiology, University of Veterinary Science, Budapest).
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culture. Hamsters were killed serially at 10, 18, 24, 36, 48, 56, 72, 96 and 120
hours after infection: those exterminated at 96 and 120 hours were already in
the pre-lethal stage. Liver specimens were fixed in buffered osmium tetroxide
(Pallade), dehydrated in ethanol, and embedded in Durcupan. Ultra-thin
sections were cut with a Reichertultramicrotome and electron micrographs were
prepared with a Tesla BS type 613 electron microscope. Semi-thin sections
were stained with toluidine blue.

Gross lesions

Hamsters killed 1—2 days after infection had considerably swollen,
slightly stubborn livers, usually dark brownish-red in colour. Livers of ani-
mals killed after 3—5 days showed additionally greyish-white foci of the size
of a pinprick or pinhead. The mucosa of the small intestine exhibited a slight
reddening, swelling and deposition of turbid mucus in most animal but in other
organs there were no grossly visible changes.

Microscopic lesions

Light and electron micrographs revealed no notable change in the livers
of hamsters killed 10 and 18 hours after infection. In places the livers of animals
killed after 24 and 36 hours showed a break-up of parenchymal cell rows; most
sinusoids were distended and their epithelium swollen and extensively des-
quamated (Fig. la). Granulocytes were aggregated in the lumina of several
distended sinusoids. Many of the Disse gaps were distended and filled with a
partly homogeneous, partly granular substance (Fig. Ib) while the villi of
their parenchymal cell components were swollen to different degrees. Liver
parenchymal cells showed no apparent change at this time.

The most characteristic liver lesions appeared from 48 to 120 hours after
infection. Their type was essentially similar to that observed during earlier
stage ofthe infection but the damage was more severe due to the longer survival
of the animals. In every case, most conspicuous damage was seen in the paren-
chymal cells of the liver where three forms of lesions could be distinguished.

Liver cell degeneration accompanied by inclusion body formation. Light
microscopic sections showed enlargement and cytoplasmic vacuolization of the
liver cells with the appearance of Cowdry type A nuclear inclusion bodies. The
nuclear membrane was hyperchromatic (Fig. 2). Electron micrographs showed
that the nucleus enlarged considerably and became clearer. The nucleolus was
fragmented or homogeneous and the chromatin substance aggregated along the
nuclear membrane, which was distended in places. At sites of intranuclear
inclusions, many viral particles in different stages of development were seen
lying among a more or less dense residue of partly finely granular, partly
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Fig. i, a, Swollen endothelial cells in the walls of distended sinusoids; semi-thin section,
toluidine blue stain. 6, Markedly distended Disse’s gap containing a partly homogeneous, partly
granular substance. X 36,400
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filamentous chromatin (Figs 3 and 4a, b, c). Although the margins of inclusion
body-containing liver cells lost definition in several places, the cytoplasmic
organelles were, as arule, well visible. The mitochondria were distinctly electron-
dense and their membranes well preserved, while delicate electron-dense
granules appeared in the mitochondrial substance. The membranes of the rough
endoplasmic reticulum multiplied, arranging concentrically in fingerprint-like
patterns in the cellular cytoplasm. Many free ribosomes were present between
the membranes and frequently cysts appeared in the cytoplasm (Fig. 5).

Fig. 2. Cowdry type A nuclear inclusions in liver cells. Semi-thin section, toluidine blue stain.
X 900

At later stage of cell degeneration several virions were usually present in
the cytoplasm and the organelles showed severe changes. The mitochondria
became swollen and rounded, while their cristae either became fragmented or
underwent complete lysis, and filamentous, highly electron-dense granules
appeared in the mitochondrial substance (Fig. 6). The rough endoplasmic
reticulum usually distended considerably and at many places the ribosomes
became detached and lay freely in a disorganized manner (Fig. 7). Often
cytoplasmic cysts and autophagous vacuoles developed and a myeline-type
degeneration appeared (Fig. 8a, b). Cell membranes showed partial lysis, above
all at the parts bordering the sinusoids.

Solitary, acidophilic necrosis of liver cells. This process appeared in various
parts of the lobules. In semi-thin sections the rows of liver cells appeared to be
intact, but the cells were angular and their cytoplasm stained homogeneously
with toluidine blue. In electron micrographs the affected cells were initially
stellate and could be clearly distinguished from neighbouring normal liver cells,
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Fig. 3. Nucleus of a damaged liver cell. Note the developing particles of rhinopneumonitis
virus between the granular, filamentous residues of the nuclear chromatin. X 23,660
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Fig. 4. Developmental stages ofthe viral particle within the cellular nucleus; a, X 136,680;
b, X 168,000; ¢, X281,400

The cell membranes were in places sharply delineated, but elsewhere showed
signs of lysis. In early stages of acidophilic necrosis, the hyaloplasm was mark-
edly electron dense, sometimes delicately vacuolized,with usually well preserved,
clearly visible organelles (Fig. 9). The mitochondria became slightly swollen
and showed an increased electron density; the cristae became loose; in places
the smooth endoplasmic reticulum distended and multiplied and lipid vacuoles
appeared in the cytoplasm. The nuclear subtance cleared slightly with aggre-
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Fig. 5. Fingerprint-like arrangement of rough endoplasmic reticulum and vacuole formation,
in the cytoplasm of liver cell, x 12,960
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Fig. 6. Swollen, round mitochondria devoid of cristae and enclosing a highly electron-dense
substance, x 78,400

gation of the markedly osmiophilic chromatin along the nuclear membrane,
and the nucleolus, enlarged. A few intranuclear viral particles were usually
present.

In later stages, remnants of the affected cells were irregular structures
extruding into the sinusoid lumina (Fig. 10). Cell organelles were hardly recog-
nizable in the mostly homogeneous cytoplasm, while vesicles were formed in
several places within the ground substance. The clearer parts of the cell residue
contained fine granules of glycogen arranged in a rosette-like pattern and the
cell membrane was recognizable only in part?. Fully hyalinized residual bodies
were not observed.

Liver cell degeneration accompanied by formation of so-called light cells.
Many of the liver cells were enlarged and the latter stained pale with toluidine
blue in semi-thin sections and became rounded in shape. Electron micro-
scopically the hyaloplasm was less electron dense than that of normal cells. The
mitochondria became swollen, their ground substance became clearer and only
fragments of the cristae were seen. There was often cystic dilatation of the
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Fig. 7. Part of the cytoplasm of a liver cell. Note the extreme distension and degranulation of
the rough endoplasmic reticulum. X 35,600
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Fig. 8. Part of cytoplasm of a liver cell. Note the autophagous vacuoles, cyst formation
and myeline-type degeneration, a, X 12,500; b, X 67,200
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Fig. 9. Early stage of solitary, acidophilic cell necrosis. X 12,960
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Fig. 10. Acidophilic bodies in a sinusoid.
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Fig. 11. Pale liver cell of low electron density. X 14,350
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Fig. 12. Extensive focal necrosis in liver lobules. Note the lympho-histiocytic infiltration of
interlobular septa. Haematoxylin and eosin stain. xI110

Fig. 13. Sinusoid filled with detached endothelial cells and inflammatory cells. Semi-thin
section, toluidine-blue stain. X 1800
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Fig. 14. Distended subendothelial gap filled with swollen microvilli and necrotic cell residues.
X13,420
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endoplasmic reticulum. The cell nucleus distended in a vesicular manner,
becoming markedly pale, and the little chromatin there was aggregated
along the nuclear membrane (Fig. 11). No viral particles were seen in the
nuclei of these cells.

In advanced stages of the disease, at 96 and 120 hours, irregular necroses
of different sizes were seen in various parts of the liver lobules (Fig. 12). The
membranes of cells in affected areas underwent almost complete lysis and the
cell organelles were severely damaged. The interlobular septa were infiltrated
with lymphocytes and histiocytes (Fig. 12). Biliary ductules were distended
and contained coarse or delicate electron dense granules, the microvilli became
swollen and detached in places. Most sinusoids appeared distended with endo-
thelial cells often swollen to such an extent that they obliterated the lumen.
The endoplasmic reticulum of the endothelial cells usually became distended.
Desquamated endothelial cells and leucocytes aggregated in the lumina of the
sinusoids (Fig. 13). The subendothelial gaps between the cells were often filled
with swollen oedematous microvilli and necrotic cell residues (Fig. 14).

Discussion

Intraperitoneal infection of day-old golden hamsters with a non-adapted
rhinopneumonitis virus strain isolated from the livers of aborted equine foetuses
induced a diseased condition lasting for 4—5 days. In hamsters killed at various
times after infection, severe changes were found only in the liver. Grossly, this
was initially enlarged, brownish-red and friable. Later, small greyish-white
foci appeared. At 24 —36 hours after infection, light and electron micrographs
revealed an acute serous hepatitis, but neither the cytoplasm, nor the nucleus of
the parenchymal cells contained virus particles at this early stage. The livers
of hamsters killed between 48 and 120 hours after infection showed acute or
semi-acute hepatitis, involving severe parenchymal cell damage manifested in
the form ofboth sporadic cell necrosis and formation of more extensive necrotic
foci in the liver tissue. The cell damage appeared as degeneration accompanied
by formation of inclusions, acidophilic necrosis or so-called light cell transfor-
mation. Maximum virus synthesis was associated with intranuclear inclusion
body formation. In these cells, nuclear changes took place first, accompanied
by multiplication and fingerprint-like stratification of the rough endoplasmic
reticulum. Later, when the viral particles appeared in the cytoplasm, the
endoplasmic reticulum and mitochondria became severely damaged, a myeline-
type degeneration developed, and the cell membrane became lysed at the
sinusoidal side of the cell. By this time the sinusoids and Disse’s gaps were
usually involved as well. All these alterations have been observed in viral
hepatitis of man (Braunsteiner et al.,, 1957; Cossel, 1959; Holle, 1960;

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



LICHT AND ELECTRON MICROSCOPIC STUDY OF LIVERS 69

Y asuzumi et al.,, 1963; Ruebner and Stusser, 1968; and others), mice (Starr
et ah, 1960; Svoboda et ah, 1962; Miyai ét ah, 1963; Vetterlein and Hesse,
1965) and dogs (Lindblad and Bjorkman, 1964).

Although acidophilic necrosis occurs in various other viral and toxic
conditions, it has been regarded as characteristic of human viral hepatitis,
because the residues of these cells constitute the so-called eosinophilic bodies
which become extruded from the parenchymal cell row. This type of necrosis
has been observed in viral hepatitis of other animal species too, and according
to recent investigations it corresponds with the initial stage of coagulation
necrosis. Moppert et ah (1967) have suggested on the basis of electron micro-
scopic observations that the predominant early change is the aggregation of the
ground substance in consequence of a reduction of the cell volume, which later
leads to degeneration of the cytoplasmic organelles through a diminution of
intracellular transport. The solitary acidophilic cell necrosis observed in the
livers of rhinopneumonitis virus-infected gold hamsters in the present study is
essentially the same phenomenon as that observed in other kinds of viral
hepatitis. We found that in this animal, aggregation of the cytoplasmic ground
substance and nuclear damage are the first steps of the morphogenesis of
acidophilic necrosis. The nuclei of the degenerated cells contained a few virus
particles, which suggests that the viral agent has a direct role in the acidophilic
necrosis. Acidophilic bodies extruded from the parenchymal cells were en-
countered in practically all stages of the infection.

The third form of solitary liver cell damage is transformation to “light”
cells. These swollen, rounded cells had ground substance of diminished electron
density, markedly damaged cell organelles, and distended vesicle-like nuclei
which did not contain viral particles. Ultrastructurally, these cells were re-
miniscent the light cells seen in human viral hepatitis. The absence of viral
particles nevertheless suggests that in the golden hamster the appearance of
such cells is probably unrelated to viral infection.

Apart from the solitary parenchymal cell damages, there were also
extensive necroses involving parts of one or more lobules. These changes were
in all probability due to vascular disturbance, resulting from the viral infection,
in analogy with the similar lesions found in aborted equine foetuses.

The livers of golden hamsters infected with rhinopneumonitis virus
showed various additional signs of inflammation. Parenchymal cell damages in
the sinusoids and Disse’s gaps were accompanied by inflammatory processes,
while a lympho-histiocytic infiltration appeared in the interlobular septa.

Light and electron micrographs of liver specimens from golden hamsters
infected with rhinopneumonitis virus showed an acute or semi-acute diffuse
hepatitis. The gross appearance of the liver corresponded essentially to that
observed in aborted equine foetuses (Kapp et al., 1969). Interestingly, neither
in this study nor in others was rhinitis or pneumonia observed in the hamsters.
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The liver lesions developing in the latter nevertheless bear a striking mor-
phological resemblance to the changes caused by rhinopneumonitis virus in
equine foetuses or by hepatitis viruses in man and animals.

Acknowledgements. The author is indebted to Mrs. Gy. Pethes for preparing the light
microscope and ultra-thin sections and the electron micrographs, and to Miss M. Oszy for
preparing the photographs.

SUMMARY

In Syrian golden hamsters infected at 2—3 days of age with a field strain of equine,
rhinopneumonitis virus the most characteristic changes were observed in the liver 48 to 120
hours after infection. Solitary and diffuse lesions of parenchymal cells were prominent in all
case. Solitary liver cell damages were manifested in the form of cell degeneration accompanied
by intranuclear inclusion body formation, acidophilic necrosis and light cell formation. In the
degenerating cells the rough endoplasmic reticulum multiplied and arranged in a fingerprint-
like pattern. Maximum viral synthesis took place at the time of intranuclear inclusion body
formation. The appearance of viral particles in the cytoplasm was followed by severe damages
of endoplasmic reticulum and mitochondria, cytoplasmic cyst formation, myeline-type degener-
ation and lysis of the cytoplasmic membrane along the sinusoidal side of the liver cells. Solitary-
acidophilic cell necrosis and the subsequent appearance of eosinophilic bodies in the sinusoids
were often observed, and were thought to result from direct action of the virus. No viral particles
were seen within light cells. Diffuse parenchymal cell necrosis involving parts of one or more
lobules was attributed to vascular disturbances. Apart from the parenchymal cell lesions,
inflammatory processes were observed in the sinusoids and Disse’s gaps, while the interlobular
septa were infiltrated with lymphocytes and histiocytes. The general picture of an acute or
semi-acute hepatitis induced by rhinopneumonitis virus morphologically resembled the liver
lesions of viral hepatitis in man and animals.
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The term larva migrans refers in common use to the migration either of
canine hookworm larvae in the human skin — cutaneous larva migrans,
or of canine ascarides in the viscera — visceral larva migrans (Beaver et al.,
1952). The latter condition occurs mainly among children under four years of
age and is usually acquired by the ingestion of soil contaminated with faeces
of infected dogs. After being swallowed the infective eggs hatch in the intestine,
and the second stage larvae penetrate the intestinal wall to reach the liver.
The majority of the larvae remain in the liver, but some pass on to the lungs
and other organs.

The histological changes in the liver of mice infected with T. canis were first described
by Hoeppli et al. (1949). Done et al. (1960) found larvae of T. canis in the liver, brain, lungs
and muscles of experimentally infected pigs, while Schaeffler (1960) recovered them from
the liver, muscles and other tissues of sheep. Bisseru (1969) reported on the lesions caused by
larvae of T. canis in the liver, lungs and brain of mice.

The histopathological changes in the various host species have not been
fully described, however. The present investigation was therefore undertaken
to get more information about the tissue reaction caused by migrating larvae
of T. canis in different organs of some laboratory animals and chickens.

Material and methods

Eggs of T. canis were obtained from the distal portion of the uterus by
dissecting fresh adult female worms. They were cultivated in 0.5% formalin
at 28—30 °C for four weeks. Prior to inoculation, the eggs were washed several
times with tap water, and their number was estimated. Eight individuals each
of 30-day-old mice, rats, guinea-pigs and 11-day-old chickens were experi-
mentally infected with about 2000 embryonated eggs except the mice which
received about 500 eggs. The eggs were introduced into the esophagus with
the aid of a dropper. Two animals from each group were killed by cutting their
throats 10, 20, 30 and 40 days after infection. Fresh samples taken from the
lungs, kidneys, liver and brain were fixed in 10% formalin, embedded in
paraffin, serially cut, and the sections stained with hematoxylin and eosin.
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Results

Liver

Mouse : Liver examined 30 days after the infection showed larvae sur-
rounded by fibroblasts and eosinophils (Fig. 1). Kupffer cells and endothelial
cells lining the hepatic sinusoids were swollen.

Rat:The livers examined on the 10th day of the infection were congested
and showed focal hepatic necrosis and interstitial aggregations of eosinophils.

Fig. 1. Larva of Toxocara canis surrounded Fig. 2. Larvae surrounded with a thick fi-
by fibroblasts and eosinophils in the liver brous capsule in the liver of a guinea-pig
of a mouse 30 days after infection. x!50 40 days after infection. X 200

Guinea-pig : Larvae were found among hepatic cells 10, 20, 30 and 40
days after the infection. Lymphocytic infiltration with fibroblastic prolif-
eration was present in the portal tracts of the liver, which was congested and
exhibited numerous necrotic foci after 10, 20 and 30 days of the infection.
Some larvae failed to induce inflammation, but others were surrounded by
necrotic debris, fibroblasts and eosinophils from 10—20 days after the infec-
tion. Yet other larvae were enclosed in a thick fibrous tissue capsule (Fig. 2)
infiltrated with eosinophils. From day 30 after the infection, the cytoplasm of
most hepatic cells was vacuolar or hydropic and showed focal necrosis, but
there were also signs of repair and regeneration. Reticulo-endothelial cells were
swollen.

Chicken: Larvae were mostly seen subcapsularly among the hepatic cells
and inside the sinusoids, both with and without surrounding inflammation,
after 10, 20 and 30 days of the infection (Fig. 3). The reaction around the larvae
on the 10th day consisted of necrotic debris, eosinophils and lymphocytes
(Fig. 4). Numerous nodular interstitial lymphocytic infiltrations together with
a few eosinophils were seen among the hepatic cells. The Kupffer cells and endo-
thelial cell lining of hepatic sinusoids were swollen. Some bile ducts revealed a
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Fig. 3. Larva under the capsule without
inflammation in the surrounding tissue of the
liver of achicken 10 days after infection, X 550

Fig. 5. Peribronchial and perivascular infil-

tration with eosinophils and lymphocytes

in the lung of amouse 30 days after infection.
X 150

Fig. 4. Larva surrounded by necrotic debris,
eosinophils and lymphocytes in the liver of
a chicken 10 days after infection, X 330

Fig. 6. Larvae surrounded by necrotic debris,

macrophages, giant cells, fibroblasts and eosin-

ophils in a rat lung 30 days after infection.
X330

hyperplastic epithelial lining with increased fibrous tissue in the wall 10 days
after infection.

Lungs

In general, a picture of interstitial pneumonia was present in all experi-
mental animals.

Mouse: On the 10th day lungs were congested and showed haemorrhagic
patches together with proliferated and desquamated bronchial epithelium.
Larvae surrounded by a layer of fibroblasts and eosinophils were present in the
interstitial tissue on days 10 and 30. Bronchioles and blood vessels were sur-
rounded with eosinophils by the 10th day and with lymphocytes and eosino-
phils by the 30th day of the infection (Fig. 5).
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Rat: Larvae were present in all pulmonary tissues examined. On days 10,
20 and 30 of the infection they were surrounded by necrotic debris, macro-
phages, giant cells, fibroblasts and some eosinophils (Fig. 6). Hyalinized larvae
covered by a thick fibrous tissue capsule surrounded by macrophages, giant
cells of foreign-body type and eosinophils were seen on days 30 and 40. Eosino-
phils appeared around bronchioles and more extensively around blood vessels
in all cases (Fig. 7). Hyperplastic peribronchial lymph follicles with lympho-
cytic aggregation were established in the lamina propria of bronchioles on the
30th day of the infection.

Fig. 7. Arterioles showing perivascular eosino- Fig. 8. Thickened pleura covering a parasitic
philic infiltration and thickened wall in the nodule in the lung of a guinea-pig 20 days
lung of a rat 30 days after infection. X 150 after infection. x125

Guinea-pig: Larvae were observed in the interstitial pulmonary tissue
on days 10, 20, 30 and 40 after infection. On the 20th day some were surrounded
by granulation tissue infiltrated with eosinophils, sometimes followed by a zone
of macrophages and giant cells of the foreign-body type. At the same time the
endothelial lining of the blood vessels was swollen, bronchial epithelium hyper-
plastic and desquamated. Portions of the pleura covering the parasitic nodules
were disrupted or thickened by eosinophilic infiltration and fibroblastic prolif-
eration (Fig. 8). Larvae in the lungs examined on the 30th and 40th days were
surrounded by necrotic debris, eosinophils and fibroblasts (Fig. 9). Peribron-
chial and perivascular eosinophilic infiltration and fibroblastic proliferation
were also visible. The wall of some arterioles in the pulmonary tissue was thick
and showed obliterated lumen on day 40 (Fig. 10).

Chicken : Lungs contained larvae surrounded by lymphocytes, eosinophils
and a few fibroblasts on the 10th day of the infection (Fig. 11), but by the 20th
day only granulation tissue infiltrated with eosinophils and surrounded by
lymphocytes was seen. Some of the latter nodules had a necrotic centre sur-
rounded by macrophages and giant cells. A few subpleural nodules examined on
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the 30th day consisted of fibroblasts, lymphocytes and blood capillaries.
Numerous nodular lymphocytic infiltrations were observed in the pulmonary
tissue and bronchial lamina propria on days 20 and 30 (Fig. 12). There was
focal eosinophilic infiltration under the pleura or in the interstitial tissue on the
30th day.

Fig. 9. Larvae surrounded by necrotic debris, Fig. 10. Arteriole with a thickened wall and
eosinophils and fibroblasts in the lung of a  obliterated lumen in the lung of a guinea-pig
guinea-pig 40 days after infection, x 330 40 days after infection. X330

Fig. 11. Larva surrounded by lymphocytes, Fig. 12. Nodular lymphocytic infiltration

eosinophils and a few fibroblasts in a chicken in the pulmonary tissue and bronchial lamina
lung 10 days after infection, x 220 propria of a chicken 20 days after infection.
X 75
Kidneys

Mouse: Kidneys examined on the 30th day of the infection contained
larvae among the renal tubules (Fig. 13), without any reaction in the nearby
tissue. The cortex showed numerous aggregations of macrophages and fibro-
blasts (Fig. 14). The renal epithelium in the affected areas was dissociated or
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formed syncytial giant cells. Renal tubules inside and adjacent to the affected
areas were reduced in diameter and had a thick basement membrane. Some of
the tubule cells displayed a minimum cytoplasm and large vesicular nuclei
which almost obliterated the lumen. Bowman’s capsules beside the inflamma-
tory nodules were thickened and the endothelial cell lining of blood vessels
was swollen.

Rat: The kidneys examined 10 and 30 days after infection presented
larvae surrounded by fibrous tissue capsules. On the 30th day granulomatous

Fig. 13. Larvae among renal tubules without Fig. 14. Aggregation of macrophages and

inflammation of the surrounding tissue, in fibroblasts in the renal cortex of a mouse

the kidney from a mouse 30 days after the 30 days after infection. X 330
infection. X 100

tissue and eosinophils were prominent around the larvae (Fig. 15). Renal
tubules and Bowman’s capsules in the affected areas revealed changes similar
to those described for mice. The endothelial cell lining of the blood vessels was
swollen.

Guinea-pig : Kidneys examined after 10 and 20 days were congested and
revealed larvae surrounded by fibroblasts. Some larvae were found inside the
medullary capillaries on the 20th day (Fig. 16). Dissociated cortical renal
epithelium forming syncytial giant cells was seen on the 20th, 30th and 40th
days (Fig. 17). Cloudy swelling and hydropic degeneration were present after
20, 30 and 40 days of the infection, together with focal interstitial eosinophilic
and lymphocytic infiltrations. Bowman’s capsules close to affected areas were
thickened.

Brain

Mouse : Larvae inside small vacuoles but no tissue reaction were observed
on days 10, 20 and 30 of the infection. Areas of satellitosis, neuronophagia and
glial proliferation were apparent in all specimens, especially in those examined
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Fig. 15. Larvae surrounded by necrot- Fig. 16. Larva inside a medullary capillary of
ic debris, fibroblasts, macrophages, kidney from a guinea-pig 20 days after infec-
giant cells and eosinophils in the tion. X330
kidney of arat 30 days after infection.
X 150
Fig. 17. Syncytial giant cells from dis- Fig. 18. Perivascular lymphocytic in-
sociated renal epithelium of a guinea- filtration in the pia mater of a mouse
pig 20 days after infection.. X330 brain 30 days after infection, x 330

after 20 and 30 days of the infection. In the pia mater focal haemorrhages were
seen on the 10th day and perivascular lymphocytic infiltration and fibroblastic

proliferation on the 30th day (Fig. 18).
Rat: Larvae inside small vacuoles without inflammation were found in
the brain after 10 and 40 days. Haemorrhagic foci were present on the 10th
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day, malacia, satellitosis, neuronophagia and focal gliosis (Fig. 19) on the
40th day.

Guinea-pig : Larvae were present in the brain tissue without any sign of
inflammation (Fig. 20). Focal congestion and malacia were observed on the
40th day of the infection.

Fig. 19. Glial nodule, satellitosis and neurono- Fig. 20. Larva inside vacuole without in-
phagia in the brain of a rat 40 days after flammation of the surrounding tissue, in the
infection. X 1380 brain from a guinea-pig 40 days after infec-
tion. x330
Discussion

It seems clear from the above study that larvae of Toxocara canis migrated
through various organs of all the experimentally infected animals. This is in
agreement with the statement made by Bisseru (1969) that except man and
the dog all animals are paratenic hosts for T. canis.

The livers, lungs and kidneys of all animals showed inflammatory reactions
with and without the presence of larvae and frequently surrounded by fibrous
capsule. This is in accordance with Webster’sreport (1958) of T. canis larvae
invading lymph vessels, lymph nodes and venous capillaries up to the portal
circulation in the course of migration to the liver, heart, lungs and systemic
circulation.

The reaction in the liver of mice 20—30 days after infection consisted of
foci of eosinophils and fibroblasts around the larvae. Hoeppti (1949) reported
the occurrence of foci of eosinophils, neutrophils and giant cells around larvae
surrounded by a fibrous tissue capsule, while Bisseru (1969) saw infiltrations
with eosinophils, lymphocytes and neutrophils without the larvae. In the
liver of guinea-pigs, Chaudhuri and Saha (1959) observed numerous granulo-
matous areas, often with remnants oflarvae in the centre and profuse peripheral
eosinophilic infiltration. Their results are in agreement with the picture noted
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in this study on days 30 and 40 after infection. Galvin (1964) investigated the
lesions produced by T. canis in the liver of chickens and found small foci of
lymphocytic infiltration with necrotic centres surrounded by a few giant cells
of the foreign-body type and an outer fibrous tissue capsule with a partial or
complete boundary of lymphoid cells, a few eosinophils and neutrophils. In the
birds examined in the present study, however, the larvae were surrounded by
necrotic debris, eosinophils and lymphocytes without giant cells, while the
nodular interstitial lymphocytic infiltration did not surround the parasitic
nodules but was haphazardly distributed.

The picture of interstitial pneumonia found in the lungs of all examined
animals is the result of injury caused by the migrating larvae (Jubb and
Kennedy, 1963). Bisseru (1969) found free larvae in haemorrhagic areas
without inflammatory cells and separate inflammatory foci of lymphocytes
with occasional neutrophils and a few eosinophils in the lungs of mice infected
with T. canis. In the present study the larvae were surrounded by fibroblasts
and eosinophils. Eosinophils with lymphocytes were only found around bron-
chioles and blood vessels. The lungs showed haemorrhagic areas which is in
agreement with Bisseru’s description (1969). In the lungs of guinea-pigs
infected with T. canis Chaudhuri and Saha (1959) found diffuse interstitial
eosinophilic infiltration. This infiltration was conspicuous around the bron-
chioles and eosinophilic exudate filled the bronchioles and alveoli. Similar
observations were made in the present study, but in addition larvae surrounded
by necrotic debris, eosinophils and fibroblasts, or macrophages and giant cells,
or even by a thick fibrous tissue capsule, were noted. The cellular reaction of
pulmonary tissue to migrating larvae of T. canis was essentially granulomatous
in the rat and guinea-pig, with some fibroblasts and eosinophils. The latter
were especially prominent in the guinea-pig lungs. In chickens, interstitial
foci of lymphocytic infiltration and the persistence of lymphocytes in the
parasitic nodules were the outstanding features.

In his study of the lesions in the kidneys of dogs infected with T. canis
Botti (1957) noted subcapsular nodules showing a tendency to necrosis and
composed of fibroblasts, macrophages and plasma cells. The available litera-
ture did not refer to similar lesions in the kidney of laboratory animals. In the
present material, parasitic nodules occurred mostly in the renal cortex of the
experimental animals. The nodules consisted of larvae, eosinophils, macro-
phages, giant cells and fibroblasts with degenerated adjacent renal tubules.
Some larvae were surrounded by a fibrous capsule or found inside the capilla-
ries. Generally, the kidneys are the most common location for the small
granulomas caused by T. canis larvae (Jubb and Kennedy, 1963).

Bisseru (1969) found numerous larvae in the brain of mice infected with
T. canis. This invasion was accompanied by little or no cellular reaction in the
parenchyma except for some migration tracts infiltrated with lymphocytes.
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Mice, rats and guinea-pigs used in the present work exhibited very similar
lesions, but in addition there were areas showing satellitosis, neuronophagia
and glial proliferation with focal haemorrhage. These lesions were probably
caused by constant movement of the parasites. The failure of a fibrous capsule
to be formed around larvae in the brain is due mainly to the lack of fibrous
tissue in the central nervous system. Jubb and Kennedy (1963), in contrast,
detected no lesions in the central nervous system. This point needs further
investigations, however, in view of the brain lesions described in the present

paper.

SUMMARY

Mice, rats, guinea-pigs and chickens were experimentally infected with T. canis, and the
histopathological lesions in the liver, lungs, kidneys and brain examined 10, 20, 30 and 40
days after the infection were described. In general, larvae with or without cellular reaction
were demonstrated in most organs of ad animals. The cellular reaction consisted of fibroblasts
and some eosinophils in the liver, and was mainly granulomatous with some fibroblasts and
eosinophils in the lungs of rats and guinea-pigs. Nodular lymphocytic infiltration was the
characteristic lesion in the liver and lungs of chickens. Larvae in the brain generally failed to
produce explicit reaction, although some areas of satellitosis, neuronophagia and glial pro-
liferation with focal haemorrhage could be detected.
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Polymorphism of /3-lactoglobulin in cows’ milk was first reported by Aschaffenburg
and Drewy (1955), who by starch gel electrophoresis found two variants: a faster one, A,
and a slow one, B. This variation was explained on the basis of family investigations as being
under the control of a single locus with two co-dominant alieles. In Australian cows Bell
(1962) found a third variant, C, which migrated considerably slower than the former two.
Larsen and Thyman (1966) also reported in Danish Jersey breed a new /S-lactoglobulin allele,
which they termed D; this migrated yet slower than 0. They found —CC homozygous
and —BD heterozygous phenotypes, but no —CD and —DD animals. The gene frequency
values of the different alleles in the Danish Jersey breed were as follows: LgA = 0.39;
LgB= 0.55; Lg° = 0.01 and LgD = 0.02. Thus at present four /S-lactoglobulin variants are
known in cattle, controlled by four co-dominant alleles. The purpose of this paper is to
report findings on the /S-lactoglobulin polymorphism of the Hungarian Spotted breed and to
compare the data with those for other breeds examined so far and presented in the literature.

Material and method

Milk samples were collected from cows of six herds and stored at -(-5 °C
until use. The starch gel electrophoretic procedure described by Meyer (1966)
was employed, with slight modifications. The gel slides were inserted with small
pieces of filter paper submerged in skimmed milk. The electrophoretic runs were
performed at 120 ¥ voltage, with a running time of about 3.5—4 hours.

Results and discussion

All /S-lactoglobulin phenotypes found to occur in the sampled cattle are
presented in Fig. 1. The single cow in which the —BC phenotype was found
was registered in the herd-book, but none of its ancestors or offspring could be
traced, so that it was not possible to carry out an inheritance study. It would
seem that the reason why no further combinations of the very rare LgCallele
were detected must have been the relatively small size of the sampled popula-
tion. From the distribution of the other /S-lactoglobulin phenotypes, given in
Table I, it is clear that, except for the nearly constant proportion of —BB, these
showed considerable variation in their incidence in different herds. The —AA
and —AB phenotypes therefore fluctuate in opposite directions, —AB being
the most common, —AA less common than both this and —BB.
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R-Lg

BC BB AB AA

Fig 1. /3lactoglobulin phenotypes in Hungarian Spotted cattle
Table 1

The distribution of /J-lactoglobulin phenotypes and the

/5-lactoglobulin
Herd No.  No. —AA —BB - cc
1 # % %
obs: 11 9 35 27 - -
1 123 exp: 19.94 43.91 - -
-8.94 -8.91 - -
obs: 16 20 22 26 — R
h 81 exp: 17.35 23.36 - -
-1.35 —1.36 - —
obs: 32 18.4 58 345 — —
in 171 exp: 30.30 56.15 - -
+ 1.70 + 1.85 — —
obs: 34 27 32 26 - -
v 124 exp: 31.99 30.00 - —
+ 2.01 + 2.00 - -
obs: 13 26 10 20 - -
\% 50 exp: 14.04 11.04 - -
-1.04 -1.04 _ R
obs: 4 8 14 29 - -
Vi 48 exp: 7.51 17.52 - _
-3.51 -3.52 _ R
obs: 110 18 172 28 - -
Total: 497 exp: 119.81 181.36 - —
-8.81 -10.36 — —
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A comparison of the gene frequency values of the different /5-lactoglob-
ulin alleles and the distribution of their phenotypes in Hungarian Spotted
and other breeds of cattle is presented in Table Il. Marked variations in the
phenotype distributions are apparent. While breeds placed at the head of the
table show very low frequencies of —AA coupled with high frequencies of
—BB, this disproportion equalizes as we pass down the table, and at the same
time the heterozygous —AB phenotype becomes predominant. In the case of
the Hungarian Spotted breed, —BB is the more frequent of the two homo-
zygous phenotypes, but —AB shows the highest frequency. Similar substantial
differences can be seen in the observed gene frequencies for other breeds. It
may be concluded from this that the ratios of the different phenotypes
vary between breeds, the distribution of phenotypes as well as the gene fre-
quency values being characteristic of each individual breed.

gene frequency values in Hungarian Spotted cattle

phenotypes Gene frequencies
—AB AC —BC %2 p
1 I'SA LgB ig®
) % 1 %
7 63 - - - -
59.13 — — — 0.4025 0.5075 — un 0.001
+ 17.87 — — — —
43 53 — — — —
40.27 — — — — 0.4629 0.5371 — 0.3 0.50
+ 2.73 — — — —
80 46.5 — — 1 0.5
82.49 — — 1.97 — 0.4210 0.5731 0.0059 0.67 0.30
-2.49 — — -0.97 —
58 47 — — — -
61.97 — — — — 0.5080 0.4920 — 1.03 0.30
-6.97 — — — —
27 54 — — — —
24.91 — — — — 0.5300 0.4700 — 0.33 0.50
+ 2.09 — — — —
30 63 — — — —
28.71 — — — — 0.3958 0.6042 — 2.39 0.10
+ 1.29 — — — —
315 52 — — 1 0.4
294.79 — — 0.47 — 0.4480 0.5512 0.0008 4.02 0.02
+ 20.21 — — +0.53 —
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Table 11

Comparison of /3-lactoglobulin polymorphisms of various cattle breeds

=2 istributi Gene
E Distribution of phenotypes frequencies
8
Breeds < —AA BB _AB References
s LoA LgB
z % % %
Zebu 137 2 1.4 113 826 22 16 0.09 091 Bhattacharya et
ah, 1963
Red Danish 282 2 1 230 82 50 17 0.10 0.90 Larsen et ah,
1966
Ayrshire 178 7 5 108 60 63 35 022 0.78 Macha et ah,1968
Swiss Brown 24 2 10 13 54 9 36 0.27 0.73 Kiddy et ah,1965
Pinzgau 148 22 15 76 31 50 34 032 0.68 Machaetah, 1968
Holstein—
Friesian 963 173 18 300 31 490 51 043 0.57 Combergetah,
1964
Hungarian
Spotted 598 110 19 173 29 315 52 044 056 Horvath, present
paper
Slovakian i
Spotted 170 39 23 47 28 84 49 048 052 MACHAetah, 1968
Black and White
Danish 118 30 25 29 25 59 50 050 050 Larsenetah,
1966
Danish Jersey 142 37 25 31 25 74 50 0.42 0.58 Larsen et ah,
1966
Bohemian
Spotted 611 169 28 164 27 98 45 050 050 Machaetah, 1968

SUMMARY

The distribution of different /3-lactoglobulin phenotypes and the frequencies of alleles
were examined in milk samples collected from 597 individuals in six herds of Hungarian
Spotted cattle. Four phenotypes were found: —BC, —AA, —BB and —AB, in order of in-
creasing frequency. The —BC phenotype was detected in the milk of only one cow, so that
while it is clear that the Lgc allele occurs in this breed, the population examined was probably
too small for other combinations to be found. A comparison is made of these results with data
on this polymorphism reported in the literature for other breeds.
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(Eingegangen am 16. November 1971)

Ausfiuhrliche Bewegungsstudien an den im allgemeinen nur wenig Moti-
litdt zeigenden Sporozoiten der Kokzidien sind trotz zahlreicher, in Tabelle |
zusammengestellter Einzelbefunde selten.

Doran, Jahn und Rinaldi (1962) fuhrten an E. acerruiina-Sporozoiten Filmauf-
nahmen durch und folgerten, daB als Bewegungsursache schraubenférmig tber den Sporozoiten-
korper hinweggleitende wellenférmige Kontraktionen (»travelling helical waves«) in Frage
kamen. Diese Hypothese, die nicht ganz mit der ihr zugrundeliegenden mathematischen
Theorie Ubereinstimmte, konnte durch eine spatere Anderung der in Frage kommenden
Gleichungen derart bestatigt werden, »dal die hydrodynamischen Theorien es diesen Organis-
men jetzt gestatten, so zu schwimmen, wie sie es tun« (Jahn und Bovee, 1970). Die bisher
ausfihrlichsten Berichte Uber Sporozoitenbewegungen bei meist bovinen Kokzidien wurden
im Rahmen zytologischer Studien von Hammond, Chobotar und E rnst (1968) sowie Roberts
und Hammond (1970) gegeben.

Im allgemeinen werden sowohl bei Sporozoiten als auch bei Merozoiten
vier Bewegungstypen unterschieden, von denen drei in der Regel zu keiner
Ortsverdnderung des Organismus fuhren (s. auch Tab. I). Die Fortbewegung
(»gliding«) wird als in unregelmd&Rigen Zeitabstdnden stattfindendes ruck-
oder stoRartig beginnendes und langsam auslaufendes Gleiten beschrieben,
dessen Ursache die bereits erwdhnten »travelling helical waves« sein sollen. Als
Bewegungen am Ort gelten:

1. »probing«, Seitwdrtsbewegungen und/oder periodische Kontraktionen
der vordersten Spitze des Sporozoiten bei sonst nicht bewegtem Korper
(Tastbewegungen);

2. »flexing«, Beugebewegungen, bei denen das Yorderende, meist das
vordere Drittel des Sporozoiten langsam seitlich bis zu 90° und mehr abgebeugt
wird und schneller in die Normallage zurliickkehrt;

3. »pivoting«, Pendelbewegungen des ganzen Sporozoiten um einen Fix-
punkt an seinem Hinterende.

Ziel der vorliegenden Arbeit war es, an Hand umfangreicher Filmauf-
nahmen wund Direktbeobachtungen von Eimeria stiedai-Sporozoiten eine
ausfihrliche Analyse der Bewegungstypen dieser Art zu geben.

* Mit der Unterstitzung der Deutschen Forschungsgemeinschaft.
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Tabelle 1

Zusammenstellung der in der Literatur angegebenen Bewegungstypen von Sporozoiten

Kokzidienart

Cocc. cuniculi

E. cuniculi

E. stiedai und
E. falciformis

E. necatrix

E. stiedae

E. bovis
E. adenoides
E. meleagrimitis

E. stiedae

E. acervulina

E. bovis, ellipsoidalis,
auburnensis

E. debliecki
E. nieschulzi
E. labbeana

E. bovis
E. bilamellata

E. bovis
E. auburnensis

E. spec., ninakohlyakimo-
vae

m

. bovis, ellipsoidalis,
auburnensis

Bewegungstyp

Krimmungen und Streckungen, ruck-
weise Vorwartsbewegung, Tastbewe-
gungen des Vorderendes

Krimmungen und Streckungen, Vor-
wartsbewegung

Krimmen und Sichstrecken, ruck-
weise Fortbewegung, Drehen um die
Léngsachse und Vorwartsbewegung

bending (=flexing), gliding

contracting and twisting the body

moving in a spiral path; flexing

probing, pivoting, gliding, curling and
uncurling (=flexing?)

probing, pivoting, gliding, curling and
uncurling (=flexing?)

undulating movement, gliding, bending

movement is helical and resembles a
corkscrew boring its own path

flexing, gliding

probing, flexing, gliding
forward movement

flexing, elongating and contracting one
end

probing, flexing, pivoting, gliding
flexing, gliding

flexing, gliding, probing (?)
probing, flexing, pivoting, gliding,
rotating

probing, flexing, gliding, pivoting
probing, flexing, gliding

Material und Methodik

Autor

Metzner (1903)

V. Wasielewski (1904)

Reich (1913)

Thyzzer, Theiler und
Jones (1932)

Smetana (1933)

Hammond, Bowman,

Davis und Simms (1946)
Clarkson (1958)

Clarkson (1959)
Rose (1959)

Doran, Jahn und
Rinaldi (1962)

Nyberg und Hammond
(1964)

Vetterling (1966)
Marquardt (1966)

Srivastava (1967)

Fayer und Hammond
(1967)

Todd, Hammond und
Anderson (1968)

Hammond, Chobotar
und E rnst (1968)

Roberts und Hammond
(1970)

E. stiedoi-Sporozoiten aus bis zu 8 Wochen alten Oocysten wurden nach
der von Krieg (1971) beschriebenen Methode gewonnen. Die Direktbeobach-
tung erfolgte auf einem Warmetisch bei etwa 39 °C im hdngenden Tropfen und
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im Deckglasprédparat bei Hellfeldbeleuchtung. Die Filmaufnahmen wurden am
Deckglasprdparat im Mikroskop-Heizschrank nach Heunert (1962) bei etwa
36 °€ durchgefiuhrt. Die Aufnahmen erfolgten mit einer Askania-Z- Kamera
unter Verwendung eines Zeiss-WL-Mikroskops auf 35 mm Normalfilm.
Es wurden Phasenkontrast- und Differential-Interferenzkontrastbeleuchtung
nach Normarski verwendet (Objektive: Neofluar und Planachromat 100 und
40 X ; Fotookulare 4 und 3,6 X). Die Aufnahmegeschwindigkeit betrug 24 und
60 Bilder pro Sekunde. Die Auswertung der Filmaufnahmen erfolgte bei bis zu
3000 facher VergrofRerung.

Ergebnisse

Die freien Sporozoiten waren ca. 17 /x (16,671,5 /x; n = 11) lange und
etwa 5 X (4,5+0,7 /x; n = 11) dicke, bananen&hnlich erscheinende und auch so
gebogene Gebilde mit einem sehr formvariablen Vorderende und einem kon-
stant leicht abgerundeten hinteren Ende.

Bei Interferenzkontrastbeleuchtung schien das vorderste Ende des
Sporozoiten aus einem mehr oder weniger homogenen Zytoplasma zu bestehen.
Es folgte eine Zone, die stdrkere Granulationen enthielt und in deren Mitte
sich eine nahezu kreisférmige Vertiefung befand, deren Durchmesser etwa der
halben Dicke des Sporozoiten entsprach. Nahezu die ganze hintere Hélfte
wurde von dem hyalinartig erscheinenden refraktilen (Paranuclear-, Hyalin-)
Korper eingenommen, auf den bei einigen Sporozoiten noch einmal eine halb-
kreisformig erscheinende homogen aussehende Zytoplasmamasse mit einem
Durchmesser von 2—3 /t folgte (Abb. la).

In Phasenkontrastbeleuchtung erschien das Vorderende stets dunkel.
Einzelheiten waren in der Regel nicht zu erkennen. Nur in seltenen Fallen
zogen streifenférmige, meist jedoch nicht deutlich geformte Gebilde nach
hinten. Der folgende Zellteil zeigte eine oder zwei groRere, aufeinanderfolgende,
oft nicht ganz scharf begrenzte Aufhellungen und mehrere wahllos verteilte,
etwa 1/4 bis maximal 1 /x groRe, sehr dunkle Punkte, die auch gelegentlich in
dem auf den refraktilen Kdérper folgenden Zytoplasma vorhanden waren. Der
refraktile Kdorper stellte sich als einheitlich grau getdnte, scharf begrenzte
Masse dar (Abb. Ib).

Auf der Kdrperoberfliche der Sporozoiten wurden bei Hellfeldbeleuch-
tung vereinzelt dunklere Granula gesehen, die ihre Lage verdndern konnten
oder sich ab und zu ganz von dem Sporozoiten ldsten.

Alle im folgenden geschilderten Bewegungen erfolgten spontan und
unvorhersehbar, ohne dall ein bestimmtes Bewegungsmuster eingehalten wor-
den wére. Neben Sporozoiten, die la&ngere Zeit unbeweglich lagen und dazwi-
schen nur vereinzelt Beugebewegungen ausfiihrten, lagen Sporozoiten, die mit
kurzen Pausen fast ununterbrochen in Bewegung waren. Sporozoiten, die aus

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



88 DURR u. Mitarb.

frisch sporulierten Oocysten stammten, zeigten oft eine hohere Bewegungs-
intensitdt als Sporozoiten aus &lteren Oocystenkulturen bzw. aus Sporozysten,
die nach dem Zermdrsern l&ngere Zeit im Kihlschrank gelegen hatten. Das
gleiche war der Fall, wenn die freien Sporozoiten einige Zeit gelagert worden
waren.

Da die flr die einzelnen Bewegungsabldufe gemessenen Wege und Zeit-
spannen sehr unterschiedlich waren, ist eine Angabe von Mittelwerten nur in
wenigen Féllen oder aber fir Teilstrecken mdglich. Erschwerend auf die

Abb. 1 @, Sporozoiten in Differential-Interferenzkontrastbeleuchtung nach Normarski;
b, Sporozoiten in Phaseukontrastbeleuchtung

Beobachtungen und Auswertung der Filmaufnahmen wirkte sich die Tatsache
aus, daBR alle Bewegungsabldufe fast stets dreidimensional verfolgt werden
muften.

Die am hdufigsten auftretenden und am meisten ins Auge fallenden
Bewegungstypen waren Gleit- und Beugebewegungen.

1. Gleitbetvegungen (Abb. 2 und 3)

Ortsverdnderungen der Parasiten wurden durch bei direkter Beobach-
tung scheinbar schnell beginnende und sich allmé&hlich verlangsamende glei-
tende, stoBartige Bewegungen vollzogen, bei denen unterschiedliche Weg-
strecken zurickgelegt wurden. Die einzelnen BewegungsstoBe, die in unregel-
méRigen Zeitabstanden erfolgten, waren durch mehr oder weniger lange Liege-
pausen, in denen meistens Beugebewegungen durchgefihrt wurden, unter-
brochen.

Acta Veterinaria Academiae Scientiarum Hungaricae 1972



ZUR BEWEGUNG DER SPOROZOITEN 89

Im Verlauf einer Gleitbewegung &nderte sich die Form des Sporozoiten-
vorderendes, das sowohl zugespitzt als auch abgestumpft sein konnte, nur
selten; ein einziges Mal konnte wdhrend eines ruhigen Gleitens ein gleich-
zeitiges »probing« beobachtet werden.

Abb. 2. Form und Lange der Wegstrecken sowie Teilgeschwindigkeiten vor- und ruckwarts-
gleitender Sporozoiten

Bei der Analyse der Filmaufnahmen erwies sich der visuelle Eindruck
einer schnell beginnenden und langsam auslaufenden Bewegung als Tduschung.
Wie aus Tab. Il ersichtlich, begannen die Sporozoiten entweder schnell oder
langsam sich zu bewegen, steigerten u. U. ihre Geschwindigkeit oder verlang-
samten sie streckenweise und hdrten, ohne aufein Hindernis zu stofen, abrupt
oder allméhlich mit dem Gleiten auf. Die hdchste gemessene Teilgeschwindig-
keit betrug auf einer Wegldnge von 1,4 /;, 86 /~/Sekunde. Als durchschnittliche,
»normale« Geschwindigkeit, die auch Uber ldngere Wegstrecken erzielt wurde,
kénnen 9—15 ~/Sekunde angenommen werden. Eine untere Geschwindigkeits-
grenze schien nicht zu existieren. Neben einem kontinuierlichen Gleiten Uber
kirzere oder langere Strecken kam es auch vor, daB gréfRere Strecken in ein-
zelnen BewegungsstéfRen zurlickgelegt wurden, zwischen denen minimale
Pausen von 1—5x0,042 Sekunden (=1 —5 Einzelbilder) eingelegt wurden.
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Tabelle 11
Beispiele fir Wegstrecken und Teilgeschwindigkeiten einzelner Sporozoiten

Prot. Nr.  9a % 10a 153
Bid N Z6n Wegn ghy g ZELD WO ol Bidne  ZELn wegin gew  Bidne  ZGLn WO gy
von—bis Sek. ?15ek. von—bis Sek. M u./Sek. von—bis Sek. As Ju/Sek. von—bis Sek. x Sek.
Et As Av Et As Av Et Av Et As Av
vorwarts vorwarts vorwarts VOrwarts
1- 10 0.4 2,3 5,6 610-620 0,4 8.4 20,1 290 295 0,2 1,8 9,0 0- 10 0,4 2,5 6,i
20 0,8 4,0 10,0 30 0,8 1,9 4,7 300 0,4 3,3 16,6 30 1,3 47 5,7
30 1.3 3,0 6,6 40 1,3 1,7 4,0 5 0,6 1,8 9,0 40 1,7 6,5 15,5
40 17 3,3 8,0 50 1,7 1,2 2,9 8 0,75 3,6 24,0 50 2.1 4,7 11,5
50 2,1 2,2 53 60 2,1 4,5 11,0 10 0,8 34 68,0 60 2,5 6,1 14.4
60 2,5 2,9 7,0 70 2,5 3,5 8,4 12 0,9 3,1 31,0 70 2,9 57 13,5
70 2,9 3,3 8,0 80 2,9 2,2 53 14 1,0 34 34,0 80 3,3 57 14.0
80 3,3 2,7 6,5 700 3,8 2,5 3.9 20 1,3 1,3 5.2 90 3,8 3,5 8,6
90 3,8 2,8 6,9 10 4,2 2,6 6,2 100 4,2 2,2 53
100 4,2 2,6 6.1 20 4,6 2,5 6,0 20 5,0 1.3 1.6
110 4.6 1,5 3.5 40 5,4 3,8 4.6 riackwarts 25 5.2 6,8 32.4
50 5.8 3.4 8,2 365-380 0,6 2,5 4,2 35 5,6 2,5 6.2
riackwarts 60 6,3 3.9 9.3 90 11 1,9 3,8 40 5,8 4.0 18.3
250 260 0,4 53 12,7 70 6,7 2,8 6,7 400 1,5 1,7 4,3 45 6,0 3,4 17,2
70 0.8 2,8 6,8 80 7,1 2,5 6.1 10 1,9 1,3 3,3 64 6,8 15 1.8
80 1,3 2,8 6,7 90 7,5 2,7 6,9 30 2,7 3.4 4,3 70 7,1 2,5 10,2
90 1,7 5,0 1L9 800 7.9 1.6 4.0 40 3,1 2,6 6,5 80 7,5 2,0 4,7
300 2.1 6,7 16,4 55 3.8 1.9 2,7 200 8,3 2,4 2,8
10 2.5 1,5 3,6 20 9,2 1,9 2,3
25 9,4 3,9 17.6
2. Sporozoit: ruckwaérts Alle Werte wurden auf 2 Dezimalen berechnet 50 10,4 1,0 1,0
280 —290 0,4 2,6 6.2 und auf 1 Dezimale auf- bzw. abgerundet 70 11,3 1,1 1,2
300 0,8 1,1 2,7 75 11,5 6,2 30,8
10 1,3 2,1 49 80 11,7 4.8 24,1
20 1,7 3,3 8,0 85 11,9 3,5 17.2
25 1,9 3,8 18.1 90 12,1 3,2 16.1
30 2,1 3,2 15,2 95 12,3 2,9 14.7
40 2,5 6,5 15,5 300 12,5 5,8 29,0
50 2,9 6,7 15,9 5 12,7 3,2 15,9
55 3,1 3,3 16,7 10 12,9 3,8 19.0
60 3,3 3,0 13,5 15 13,1 3,3 16,6

20 13,3 3,4 17,2
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Die ohne eine Pause zurickgelegten Wegstrecken schwankten von 1,4 bis
mindestens 62,8 /n (der Sporozoit verschwand hier aus dem Gesichtsfeld), in
der Regel waren sie jedoch nicht ldnger als die Kdrperldnge der Sporozoiten.

Die Form der Bewegungsbahnen variierte stark. Nahezu gestreckt lie-
gende Sporozoiten glitten meist geradlinig vorwarts, wéhrend leicht gebogene
Sporozoiten eher entsprechend der Beugung ihrer Kd&rperachse kreis-, und
S-formigen oder elliptischen Bahnen folgten. Durch zusdtzliche, sich mehr
oder weniger schnell drehende (»schldngelnde«) Bewegungen des Vorderendes

10p

Abb. 3. Vorwartsgleiten von Sporozoiten kombiniert mit Rotationsbewegungen

konnten diese Bahnen korkenzieherdhnliche Formen annehmen. Insbesondere
bei letzteren Bewegungslinien, teilweise jedoch auch hei der geradlinigen Fort-
bewegung, ergab die Filmanalyse eine zusétzliche Drehbewegung des Sporo-
zoiten um seine Langsachse (»Rollen«) (Abb. 3). Es war nicht immer eindeutig
zu entscheiden, in welcher Richtung dieses Rollen ausgefihrt wurde, es schien
jedoch so, als ob keine Richtung bevorzugt wiirde. Bei ungestértem, langsamem
Gleiten wurde des 6fteren im Verlauf einer Wegstrecke, die etwa der Kdrper-
l&nge des Sporozoiten entsprach, eine derartige Drehbewegung um fast 180°
ausgefuhrt. Vereinzelt war eine Rotation der Sporozoiten um ihre L&ngsachse,
meist unmittelbar nach der Excystation, zu beobachten, ohne dall es gleich-
zeitig zu einer Ortsverdnderung kam.

Gelegentlich wurde die eingeschlagene Richtung wdédhrend des Gleitens
durch schnellere, peitschenschlagéhnliche Bewegungen (eine Wendung um ca.
90° in knapp 0,2 Sekunden), die nur von der vorderen Halfte des Sporozoiten
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ausgefiihrt wurden, spontan geé&ndert. In einigen Fdllen fihrten Sporozoiten
derartige »peitschende« Bewegungen ohne Vorwértsbewegung oder unmittelbar
im AnschluB an eine Gleitbewegung durch, wobei sie sich gleichzeitig mit
ihrem Hinterende an einer Unterlage festzuheften schienen.

Neben Vorwdrtshewegungen wurden von verschiedenen Sporozoiten
auch Ruckwdrtsbewegungen durchgefihrt, die fast stets geradlinig erfolgten.
Sie begannen entweder bei frei liegenden Sporozoiten spontan im AnschluR an
eine Ruhepause nach einem Vorwdértsgleiten oder entwickelten sich aus einer
Vorwértshewegung, die durch ein Auftreffen auf ein Hindernis abgebremst
wurde. In letzteren Féllen konnte gelegentlich ein mehrfaches Zuriickweichen
und Vorwarts-» schieBen« beobachtet werden, als ob der Sporozoit versuche,
durch wiederholtes (bis zu sechsmal beobachtetes) »Anlaufnehmen« das
Hindernis zu tUberwinden. Vereinzelt fihrte der Sporozoit dabei nach dem
Abbremsen und vor dem Ruckw’drtsgleiten noch einmal einen kurzen aber
kraftigen NachstoR aus. Die Ruckwartsbewegung erfolgte sowohl langsamer
als auch schneller als die Vorwértshewegung und wurde vereinzelt auch mit
Rollbewegungen kombiniert.

2. Beugebeivegungen

Im Verlaufe dieser Bewegung traten deutliche Formverdnderungen des
Vorderendes der Sporozoiten auf. Das im Ruhezustand leicht abgerundete Vor-
derteil stumpfte weiter ab und begann sich in Richtung der kleinen Kurvatur
des Sporozoiten einzurollen. Die Bewegung griff anschlieBend auf immer
weitere Teile der vorderen Hélfte des Parasiten (ber, bis diese schlieBlich eine
deutliche Abweichung gegeniuber der Ruhelage aufwies. Das Abknicken erfolgte
in unterschiedlichem MaBe und an verschiedenen Stellen des Vorderendes,
jedoch fast immer vor der Stelle, an der der refraktile Kérper begann. In einem
einzigen Falle konnte bei einem Sporozoiten, bei dem der refraktile Kdérper
durch 30-minutiges Zentrifugieren bei mehr als 200 000 g nach vorne verlagert
war, beobachtet werden, wie bei einer Beugebewegung auch dieser abgeknickt
wurde.

Der maximale Beugungswinkel betrug mehr als 180°, doch wurde diese
Stellung nur bei wenigen Sporozoiten beobachtet. Auch das Einrollen des Vor-
derendes erfolgte, wie bereits erwédhnt, in unterschiedlichem Male, so dal neben
plumpen, auf den ersten Blick nur stark kontrahiert wirkenden Formen auch
Sporozoiten beobachtet wurden, die eine wirklich U-formige Gestalt mit zwei
deutlich ausgebildeten Schenkeln eingenommen hatten (Abb. 4).

Die erreichte Beugestellung wurde in der Regel einen kurzen Moment
(1 —2 Sekunden) lang einbehalten, wobei, insbesondere bei l&ngerem Verharren
in diesem Zustand (maximal 5 Sekunden beobachtet), der Eindruck entstand,
als ob sich der Sporozoit vergeblich bemihe, eine noch starkere Abbeugung zu
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erreichen. Das anschlieBende Strecken erfolgte schneller, allméhlich oder deut-
lich ruckartig beginnend.

Die fur eine Beugebewegung bendtigten Zeiten variierten stark. Fur das
Abbeugen wurden 3 bis maximal 17 Sekunden gemessen, wahrend das Ent-
spannen in 1,5 bis etwa 7 Sekunden erfolgte. Die von einem Sporozoiten fiur
Beugen und Strecken bendtigten Zeitspannen verhielten sich dabei in der
Regel etwa wie 3 : 1 bis 2 : 1.

Abb. 4. Beugebewegungen zweier Sporozoiten. Obere Reihe: Geringfligige Lageveranderung

wéhrend des Abbeugens durch Strémungsbewegungen; untere Reihe: Durch eine Streck-

bewegung des Hinterendes deutlicher Wechsel der Bewegungsrichtung des vorherigen und
nachfolgenden Gleitens

Im Anschluf an eine Beugebewegung folgte entweder eine Ruhepause
oder eine Gleit-, Tast- oder erneute Beugebewegung. Unmittelbar aufeinander
folgendes Beugen wurde entweder ohne ein vollstdndiges Strecken aus einer
noch leicht abgebeugten Haltung oder aus einem schon fast als Tastbewegung
(s. unten) zu deutenden Strecken der vordersten Sporozoitenspitze entwickelt.
Einmal konnte ein Sporozoit beobachtet werden, der innerhalb von knapp 4
Minuten 14 Beugebewegungen hintereinander ohne sichtbare Pause durch-
fuhrte.

Normalerweise wurden die Beugebewegungen von frei schwimmenden
oder mit dem Hinterende festsitzenden Sporozoiten durchgefiuhrt, wobei dieses
seine Lage kaum verdnderte. Ganz selten konnte jedoch auch beobachtet
werden, wie ein Sporozoit, mit offensichtlich fixiertem Vorderende sein Hin-
terende mit dem refraktilen Kdrper nach vorne um ca. 90° abbeugte. In einem
Einzelfall wurde gesehen, wie ein Sporozoit im Anschluf} an eine Gleitbewegung
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das Vorderende ganz normal beugte, dann jedoch pldotzlich nicht dieses, sondern
sein Hinterende streckte und in der auf diese Weise um etwa 90° verschobenen
Richtung davonglitt (Abb. 4, unterer Sporozoit). Eine ldngere Gleitbewegung
in gebeugter Haltung konnte nur ganz ausnahmsweise und dann nur auf Kreis-
bahnen festgestellt werden.

3. Tastbewegungen

Bei in der Regel ruhig liegenden Sporozoiten waren diese Bewegungen
lediglich auf das Vorderende beschriankt. Die normalerweise leicht abgerundete
vorderste Spitze der Sporozoiten verldngerte sich deutlich um etwa 2—3 /j, und
nahm im Extremfall eine leicht russelférmige Gestalt an. Entweder wurde diese
Spitze daraufhin wieder zuriickgebildet, so dall der Eindruck eines Streckens
mit darauffolgender Kontraktion entstand, oder sie fiihrte seitliche, manchmal
sogar kreisformige »tastende« Bewegungen mit einer Amplitude von etwa 3 y
aus. Die typischsten Bilder waren dabei zu sehen, wenn sich diese Spitze
entgegen der normalerweise vorhandenen Beugerichtung des Sporozoiten
krimmte, so dall dieser eine leicht S-formige Gestalt annahm (Abb. la).

Die Dauer einer solchen Tastbewegung schwankte je nach der Intensitat
der Suchbewegungen der ausgestreckten Spitze von reichlich 1 Sekunde bis zu
knapp 5 Sekunden, wobei jedoch die Abgrenzung zwischen dem Ruhezustand
und dem Beginn bzw. Ende der Bewegung nicht immer einwandfrei zu ziehen
war.

Tastbewegungen wurden in der Regel nur ein- bis zweimal zwischen
anderen Bewegungsarten durchgefuhrt. Ein dreimaliges hintereinander durch-
gefihrtes Strecken und Kontrahieren der Spitze war bereits eine Seltenheit.
Am hdéufigsten schloB sich das Tasten an Beugebewegungen an bzw. ging
kontinuierlich aus diesen hervor und in sie Uber, so daR auch hier eine Ab-
grenzung nicht leicht war. Ganz vereinzelt konnten Tastbewegungen wéhrend
langsamer Gleitbewegungen gesehen werden, etwas mehr wurden sie von ruhig
daliegenden oder eventuell mit ihrem Hinterende festgehefteten Sporozoiten
ausgefihrt. Wiederholt wurde beobachtet, wie zwei nebeneinander liegende
Sporozoiten wechselseitig aneinander vorwdérts und rickwarts glitten und,
wenn sie sich »vorne« befanden, eine Tastbewegung ausfiuhrten (Abb. Ib).

4. Pendelbewegungen

Dieser Bewegungstyp, der die meisten Variationsmdglichkeiten aufwies,
wurde in seiner ausgeprégtesten Form bei frisch excystierten Sporozoiten nur
selten gesehen, war jedoch bei Sporozoiten, die nach der Excystation 24—48
Stunden in physiologischer Kochsalzlosung im Kihlschrank gelagert worden
waren, hdufiger. Da die Bewegungen in der Uberwiegenden Mehrzahl der Félle
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senkrecht zur Beobachtungsebene verliefen, lagen infolge der damit verbun-
denen Tiefenscharfeschwankungen keine auswertbaren Filmaufnahmen vor.
Alle berichteten Daten beruhen nur auf Direktbeobachtung.

Unbedingte Voraussetzung fur die Pendelbewegungen war stets das An-
heften der Sporozoiten mit ihrem Hinterende auf einer Unterlage. In den
typischsten Féllen fihrte der Sporozoit dann mit einem stets gestreckten Vor-
derende, das dem gestreckten Vorderende bei den Tastbewegungen &hnelte,
langsam kreisende Bewegungen aus. Der Durchmesser des von seiner dufRersten
Spitze beschriebenen Kreises schwankte von wenigen /z, die etwa der Dicke des
Sporozoiten entsprachen, bis zu einem Radius, der der Ladnge des Sporozoiten
entsprach, wenn dieser die Bewegung in der Beobachtungsebene (= Anhef-
tungsebene) ausfihrte. In diesen Féllen konnten jedoch nie volle Kreise, sondern
hochstens angendherte Halbkreise der Sporozoitenspitze beobachtet werden,
wdahrend bei kleineren Radien 6fters 2—3 volle Kreishewegungen ausgefiihrt
wurden. In weniger ausgeprdgten Fa&llen schienen die von festgehefteten
Sporozoiten ausgefliihrten Bewegungen reine Pendelbewegungen mit unter-
schiedlicher Amplitude in einer Ebene zu sein oder den bereits beim Gleiten
beschriebenen peitschenschlagéhnlichen Bewegungen zu gleichen, bzw. sich
aus den Gleit- und gleichzeitig schldngelnden Bewegungen des Sporozoiten-
vorderendes durch plétzliches Festsetzen mit dem Hinterende zu entwickeln.

Unterbrochen wurden die Pendelbewegungen durch mehr oder weniger
lange Ruhepausen, in denen gelegentlich Beuge- oder Tastbewegungen ausge-
fuhrt wurden.

Etwa 80% der in typischer Weise ausgefiihrten Kreisbewegungen er-
folgten in einer Richtung entgegen dem Uhrzeigersinn, vom Hinterende des
Sporozoiten aus nach vorne gesehen.

Fir die Zeitdauer des Anheftens kdénnen so gut wie keine Angaben
gemacht werden. Wurde es als Unterbrechung einer Gleitbewegung ausgefuhrt,
so betrug die Mindestzeit etwa % Sekunde, bei ldnger ruhig liegenden Sporo-
zoiten konnte nicht immer einwandfrei entschieden werden, ob sie noch ange-
heftet waren oder nicht.

Wie bereits oben angedeutet, war in keinem Fall ein typisches Bewegungs-
muster der Sporozoiten zu bemerken. Gleitbewegungen wechselten mit Beugen
ab, gingen vereinzelt in Pendelbewegungen uUber oder entwickelten sich, z.T.
stoBartig, aus Beugebewegungen. Mit ziemlicher Zuverldssigkeit zeigten sich
h&ufiger beugende Sporozoiten zwischen den einzelnen Beugebewegungen auch
Tastbewegungen, wdhrend sich Gleit- und gleichzeitige Tastbewegungen fast
immer ausschlossen. Pendelbewegungen konnten mit Beuge- und Tastbewegun-
gen kombiniert werden, Rollbewegungen wurden im »Ruhezustand« oder
wdahrend des Gleitens durchgefiuhrt. Zwischen allen Einzelbewegungen konnten
jederzeit beliebig lange bzw. auch nur &uBerst kurze Ruhepausen eingelegt
werden.
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Bei einer Sporozoitensuspension, deren Bewegungsintensitidt als mittel-
méRig bezeichnet werden konnte, zeigten von 139 frisch excystierten Individuen,
die jeweils 3 Minuten lang beobachtet wurden, 36 Sporozoiten nur Beugebe-
wegungen, 12 nur Gleitbewegungen und 34 sowohl Beuge- als auch Gleit-
bewegungen. Typische Pendelbewegungen wurden nicht ausgefiithrt. Die nur
mit Olimmersion und bei intensiver Beobachtung gut wahrnehmbaren Tast-
bewegungen wurden nicht registriert.

Diskussion

Die lichtmikroskopisch wahrnehmbaren Einzelheiten der Sporozoiten
gestatten nur wenig Rickschlisse auf ihre Organisation. Vermutlich befindet
sich an der Stelle der bei Interferenzkontrastbeleuchtung wahrnehmbaren
Vertiefung der Kern, wédhrend alle Ubrigen, von elektronenmikroskopischen
Untersuchungen an anderen Arten her bekannten Strukturen insbesondere bei
Phasenkontrastbeleuchtung nur undeutlich sichtbar waren. Die im Anschluf}
an den refraktilen Korper bei einigen Sporozoiten festgestellte Zytoplasma-
masse dirfte durch eine Verschiebung desselben wéahrend der Excystation
nach vorne an diese Stelle gelangt sein.

Bereits in dem allerersten Uber Sporozoitenbewegungen vorliegenden
Bericht, der auf Beobachtungen an E. stiedai-Sporozoiten beruht (Metzner,
1903), werden Tast-, Beuge- und Gleitbewegungen erwdhnt. Trotz zahlreicher
weiterer Beobachtungen an den verschiedensten Kokzidienarten werden jedoch
erst von Clarkson (1958) bei E. adenoides alle 4 Bewegunstypen der Sporozoi-
ten kurz beschrieben. Auch in den folgenden Jahren wird die Pendelbewegung
nur zweimal (Fayer und Hammond, 1967; Hammond, Chobotar und Ernst,
1968) erwihnt, ohne daR dabei naher auf sie eingegangen wird. Uber Rotations-
bewegungen wird nur von Reich (1913) fiir E. stiedai und E. falciformis sowie
von Hammond, Chobotar und Ernst (1968) fur E. auburnensis berichtet,
beide Male sind sie mit einer Gleitbewegung kombiniert.

Bei E. stiedai-Sporozoiten konnten jetzt alle in der Literatur beschrie-
benen Bewegungstypen gefunden werden: Gleit-, Beuge-, Tast-, Rotations-
und Pendelbewegungen, wobei das Gleiten sowohl vor- als auch ruckwaérts
erfolgte.

Bei der Filmanalyse der Gleitbewegungen konnten selbst bei den Auf-
nahmegeschwindigkeiten von 60 Bildern/Sekunde keine morphologischen
Hinweise auf die von Doran, Jahn und Rinaldi (1962) sowie Jahn und
Bovee (1970) postulierten schraubenférmigen Wellen gefunden werden. Das
Ruckwartsgleiten koénnte in einigen F&llen als mechanisches Anstolen an
ein Hindernis gedeutet werden. Doch 148t sich aus der Tatsache, daR nicht
jedes mechanische Abbremsen der Sporozoiten zu einer Ruckwartshewegung

Ada Veterinaria Acaden-iae Scivntiarim Huwuc'viae 22. 1972



ZUR BEWEGUNG DER SPOROZOITEN 97

fihrt sowie daB Riuckwértsbewegungen sowohl aus der Ruhelage heraus er-
folgten als auch teilweise héhere Geschwindigkeiten als die Vorwartshewegung
aufwiesen, schliefen, daR es sich in jedem Fall um ein aktives Gleiten handeln
mufll. Inwieweit die Bewegungsbahnen, insbesondere das hdufig auch in der
Literatur erwédhnte korkenzieherartige Gleiten durch eine Kombination der
Vorwérts- ur.d Rotationsbhewegungen Zustandekommen, mufl vorldufig offen-
gelassen werden, da bei den gleichen Bewegungsbahnen unterschiedlicher
Sporozoiten eine Rotation sowohl vorhanden war als auch nicht. Des weiteren
kann vermutlich erst aufgrund weiterer Untersuchungen an anderen Kokzi-
dienarten gesagt werden, ob die beobachteten peitschenschlagédhnlichen,
drehend-wendenden Bewegungen des Sporozoitenvorderendes als ein eigener
Bewegungstyp aufgefalBt werden miussen, oder ob es sich hier lediglich um
eine richtungsdndernde Modifikation der Gleitbewegung handelt.

Uber absolute Geschwindigkeiten von Sporozoiten wurde bisher noch
nicht berichtet. Die durchgefiihrten Untersuchungen ergaben, dall die Sporo-
zoiten keine, auch nicht innerhalb einer Gleitbewegung, einheitliche Ge-
schwindigkeit besitzen, sondern daB diese sehr stark variieren kann. Eine bei
direkter Beobachtung kontinuierlich aussehende Bewegung kann sich u. U. aus
mehreren durch sehr kurze Pausen unterbrochenen Teilbewegungen zusammen-
setzen, die irfdge der Tragheit der Netzhaut fur den Beobachter zu einem
einheitlichen Bewegungsablauf verschmelzen.

Clarkson (1958) berichtet bei E. adenoides uber Wegstrecken von 5- bis
6-facher Korperldnge, die beim Gleiten zurlickgelegt werden. Roberts und
Hammond (1970) malen bei E. ellipsoidalis und E. ninakohlyakimovae Ent-
fernungen von einigen bis Uber 100 p. E. siiedai-Sporozoiten legten in der
Mehrzahl der Falle kaum mehr als 10 bis 20 p zuriick, konnten aber auch mehr
als 60 p weit ohne Unterbrechung gleiten.

Nach den Untersuchungen von Hammond, Chobotar und E rnst (1968)
bzw. Roberts und Hammond (1970) scheint die Formvariabilitdt des Sporo-
zoitenvorderendes je nach Art verschieden zu sein. E. auburnensis bzw. E.
ellipsoidalis erwiesen sich dabei als wesentlich variabler als E. bovis bzw. E.
ninakohlyakimovae. E. stiedai-Sporozoiten scheinen in dieser Beziehung mehr
E. auburnensis und E. ellipsoidalis zu dhneln, es wurden etwa die gleichen,
bei Hammond, Chobotar und Ernst (1968) bereits abgebildeten Formen
gefunden.

Im Gegensatz zu den bei diesen Autoren berichteten Befunden glitten
jedoch E. stiedai-Sporozoiten nicht nur in der schlanken Gestalt vorwarts,
sondern auch mit leicht abgerundetem Vorderende. Die extrem schlanke Form
konnte nur wéahrend der Tast- und Pendelbewegungen gefunden werden. Eine
von Srivastava (1967) fur E. labbeana-Sporozoiten berichtete Gestaltver-
&nderung des Hinterendes konnte weder in weiteren Literaturangaben noch in
den eigenen Untersuchungen gefunden werden.
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Aufgrund der grofRen, bei den Beugebewegungen gefundenen Variations-
breite erscheint es fraglich, ob hier von Speziesunterschieden gesprochen wer-
den kann, obwohl Hammond, Chobotar und Ernst (1968) auf einige diesbe-
zligliche Unterschiede in der Intensitdt des Beugens zwischen E. bovis und E.
auburnensis hinweisen. Die von diesen Autoren bei E. auburnensis beschriebene
Faltenbildung konnte bei E. stiedai in diesen lichtmikroskopischen Unter-
suchungen nicht beobachtet werden. Ein auffallender Unterschied bestand zu
dem Beugeverhalten noch nicht excystierter Sporozoiten in den Sporozysten
(Durr, Heunert, Milthaler und Galle, 1971), bei dem das Abknicken
wesentlich deutlicher, stdrker und ohne das vorherige Einrollen des Vorderen-
des erfolgte und zu einer Wendung in der Sporozyste fiihrte.

Fast immer wurde das Vorderende der Sporozoiten abgebeugt. In Uber-
einstimmung mit den Beobachtungen von Srivastava (1967) an E. labbeana
wurde jedoch in Einzelfallen auch ein Beugen des den refraktilen Kdérper ent-
haltenden Hinterendes gesehen. Allerdings wurde dabei das Vorderende vorher
nicht eingerollt, sondern erweckte den Eindruck, als ob es sich versteife und
festzuhalten suche. Eine dritte, ebenfalls &ulRerst selten festgestellte und in der
vorliegenden Literatur bisher nicht erwé&hnte Variation erfolgte derart, dal}
sich zwar das Vorderende normal abbeugte, dann aber die durch das Beugen
erreichte Lage beibehielt und das Hinterende gestreckt wurde, was gleich-
zeitig zu einer Richtungsdnderung in der Ld&ngsachse des Sporozoiten
fuhrte.

Die relativ seltenen Berichte Uber Pendelbewegungen hdngen mdglicher-
weise damit zusammen, dall dieser Bewegungstyp, zumindest bei E. stiedai,
erst an Sporozoiten, die ldngere Zeit excystiert waren, vermehrt auftrat.
Inwieweit die bei den typischen Pendelbewegungen gefundene Bevorzugung
der einen Bewegungsrichtung mit durch Silberimprégnation darstellbaren,
leicht spiralig verlaufenden Oberflachenstrukturen (Durr, 1970/71) korrelier-
bar ist, denen bisher keine elektronenmikroskopisch nachweisbaren Strukturen
zugeordnet werden kénnen, muB offenbleiben. Ahnliche, allerdings quer oder
nur vereinzelt schrdg verlaufende Streifungen konnten Hammond, Chobotar
und Ernst (1968) an lebenden Sporozoiten einer nicht ndher bezeichneten
Eimeria-Art aus Dipodomys ordii im Hellfeld sowie Ludvik (1959) durch Silber-
imprdgnation an Toxoplasma-Organismen nachweisen.

Uber die den Bewegungen mdéglicherweise zugrunde liegenden elektronen-
mikroskopisch darstellbaren Feinstrukturen der Sporozoiten soll ausfuhrlicher
an anderer Stelle berichtet werden.

Funktionell lieBen sich sowohl die Pendel- als auch die Tastbewegungen
als Suchbewegungen der Sporozoiten deuten, die ihnen das Auffinden der
Wirtszellen ermdglichen sollen. Gleitbewegungen bewerkstelligen die dazu
notwendigen Ortsverdnderungen bzw. kdnnen u. U. dazu dienen, durch das
wiederholt beobachtete Anlaufnehmen Kkleinere Hindernisse zu uberwinden.

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



ZUR BEWEGUNG DER SPOROZOITEN 99

Lediglich den Beugebewegungen kann vorldufig keine klar ersichtliche Funk-
tion zugeordnet werden.

ZUSAMMENFASSUNG

An in vitro-excystierten Sporozoiten von E. stiedai wurden Direkt- und kinemato-
graphische Beobachtungen durchgefihrt. Es konnten Gleitbewegungen vor- und rickwarts,
Rollbewegungen, mit und ohne Gleitbewegungen kombiniert, Beuge-, Tast- und Pendel-
bewegungen festgestellt werden. Bei den Gleitbewegungen erreichten die Sporozoiten eine
Geschwindigkeit von maximal 86 W Sekunde. Langere, bei Direktbeobachtung kontinuierlich
erscheinende Gleitbewegungen konnten durch wiederholte, nur durch die Filmanalyse zu er-
mittelnde kiirzeste Pausen unterbrochen sein. Eine typische Reihenfolge im Ablauf der ein-
zelnen Bewegungsformen war nicht zu bemerken.
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LIFE CYCLE OF EIMERIA STIEDAI*

By
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Institute of Parasitology and Parasitic Diseases of Animals (Director: Prof. G. LAmmler),
Justus Liebig-University, GieBen, BRD

(Received December 2, 1971)

Using the same title, Owen (1970) reported last year having detected sporozoites of E.
stiedai 24 hrs. p.i. in the bone marrow and 48 hrs. p.i. in the liver and blood buffy layer of
infected rabbits using a mode of xenodiagnosis by infecting SPF-rabbits with the biological
materials in question. 1)i HH (1971) reported the presence of radioactivity in all organs of mice
and rabbits being fed labelled sporozoites. However up till now, to my knowledge, there has
been no report of the direct evidence of E. stiedai sporozoites outside the shortest passage
between the intestines and the liver, including the mesenteric lymph nodes (Horton, 1967;
Fitzgerald, 1970; Pellérdy and Duarr, 1970).

Notv | have been able to demonstrate E. stiedai sporozoites histologically
also in the bone marrow of rabbits.

Rabbits 8—10 weeks old, already naturally slightly infected with liver
coccidiosis as demonstrated in one control were again infected orally for 3 to
8 consecutive days with several (up to 100) millions of E. stiedai oocysts per
day. Two to three days after the last infection the rabbits were killed and their
organs fixed with formalin for histological techniques. Sporozoites (in the liver
also schizonts and merozoites) could be demonstrated in this manner in the
liver, the mesenteric lymph nodes and the bone marrow of femur and tibia.
Also in fresh smear preparations of the bone marrow sporozoites had been seen.
In the mesenteric lymph nodes the sporozoites were lying either free between
the cells or enclosed within macrophages (Fig. 1). (Further detailed studies on
this localization are in progress.) In the fresh smear preparations of the bone
marrow the sporozoites were seen only engulfed in macrophages, whereas in the
histological preparations they were also very scarcely demonstrable lying free
between the cells.

The most characteristic feature of the sporozoites is their refractile body,
the pictures resembling those given by Horton (1967) in his drawings. The
differentiation between sporozoites and possibly engulfed erythrocytes seems
to be very difficult and needs a lot of experience, especially in cross sections
of sporozoites through the region of their refractile bodies. Here a very small
cytoplasmic margin, not visible around red blood cells, and a more or less dis-
tinct parasitophorous vacuole may serve as critérium.

* With support of the Deutsche Forschungsgemeinschaft.
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Concluding from these findings it may be assumed that E. stiedai
sporozoites, after excysting in the small bowel, penetrate the intestinal wall
and are distributed through the body mainly along with the intestinal lymph
passing the mesenteric lymph nodes and the ductus thoracicus. The liver may
serve as filtration organ (see also Yakimoff, 1926). A direct transportation of
the sporozoites with the portal blood to the liver (Smetana, 1933; Fitzgerald,
1970; Pettérdy and Duarr, 1970) may occur, but certainly plays a minor role.

Fig. 1. Histological section of femur bone marrow. Arrow indicates a sporozoite-bearing
macrophage. H. E.-staining. About 2000 X

The way through efferent blood vessels from the mesenteric lymph nodes
to the liver (Horton, 1967) seems to be dubious in the light of newer findings.
Firstly there are no references available demonstrating a direct connection
between these two organs through blood vessels, nor to the contrary. Secondly,
according to Heitmann (1970) and Heitmann et al. (1970) there is no other
transfer of immunological competent committed cells (i.e. sporozoite-
bearing macrophages) from the lymph nodes to the blood than through the
ductus thoracicus. Furthermore, considerable numbers of sporozoites in the
liver are demonstrable only from the 48th hr. p.i. (Owen, 1970; Pellérdy
and Darr, 1970). This seems to be in good congruence with the findings of
Heitmann (1970) and Heitmann et al. (1970) that there is practically no output
of lymphocytes from alymph node during the first 12 hours after contact with
a strong antigen (i.e. the sporozoites, probably within the macrophages) and
that the output of large lymphocytes (i.e. the macrophages, containing the
sporozoites) with the lymph commences after this time and reaches a peak
during the following two to four days depending upon the force of the antigen.
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Up till now it is uncertain where the sporozoites enter the macrophages
and if they are capable of leaving them actively in the mesenteric lymph nodes,
supposing they entered these in the intestinal wall. Further it is questionable if
there are at all sporozoites reaching the liver outside of macrophages, whether
directly from the intestines with the portal blood or by hypothetical blood
vessel connections between the mesenteric lymph nodes and the liver, actively
penetrating them in the lymph node, or transported with the lymph stream
passing the ductus thoracicus. Perhaps lymph vessel canaliculation will answer
this question one day.

Histological demonstration of sporozoites, however, in other parts of the
body than the liver seems to be nearly impossible considering their relatively
low number being present in each ofthese parts at one given moment. Hitherto
unknown is the mechanism inducing the sporozoites to settle in the liver
when passing it within the blood vessels. Possibly cell culture or other in
vitro techniques may be suitable in detecting the reason of this tropism.
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(Eingegangen am 2. Dezember 1971)

Die Gewebeklebemittel finden in allen Gebieten der Chirurgie eine stets
h&dufigere Anwendung.

Uber die gewebeklebende und blutungstillende Wirkung konnten wir selbst gute Er-
fahrungen sammeln. Wir verwenden sie routinemdafig bei Hauttransplantation und GefaR-
operationen, in erster Linie bei der Embolektomie und bei Rekanalisationsoperationen (Szent-
gali und Mitarb., 1969; Maté und Mitarb., 1971; Szentgali und Maté, 1970; Okos und
Mitarb., 1969).

Ota und Mitarb. (1965) sowie Goetz und Weissberg (1964) untersuchten die Toxizi-
tats- und Absorptionsverhaltnisse der Klebemittel. Gottlob und Bruamel (1965, 1968) haben
die Klebemethode der GefaRanastomcsen ausgearbeitet. In Ungarn berichteten Bornemisza
(1968, 1969) und Nemes (1969a, b) in mehreren Verdéffentlichungen Gber die mit Gewebe-
klebemitteln gesammelten Erfahrungen.

All dies gab einen AnlaR fir unsere Experimente, um zu prifen, mit
welchem Ergebnis die N&hte an Gallenwegen mit Gewebeklebemitteln ersetzt
oder ergdnzt werden kdnnen. Unter den zur Verfligung stehenden zahlreichen
Literaturangaben fanden wir Gber das Choledochuskleben nur die Arbeit von
Mester und Mitarb. (1970).

Eigene Untersuchungen

Mit den Klebemitteln Histoacryl-N-Blau und Vulnocoll wurde am
Ductus choledochus von 20 Hunden das Kleben durchgefihrt.

Das Gewicht der Tiere betrug 18—25 kg. Sie wurden mit Hibernal und
Depridol narkotisiert. Nach Erd6ffnung der Bauchhdhle wurde der Ductus
choledochus freigelegt, dann eine der folgenden chirurgischen Ldsungen ge-
wahlt:

l. An der Wand des Hauptgallenganges wurde eine 15—20 mm
Inzisionsd6ffnung verfertigt. Fir die SchlieBung der Choledochotomiedffnung
verwendeten wir folgende drei Varianten:

(a) Bei 5 Tieren wurden die Wundrédnder ohne Naht, einschichtig ge-
klebt.

(b) Bei 5 Tieren klebten wir einen Faszienstreifen als zweite Schicht auf
die einschichtig geklebte Inzisionséffnung.

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972

lange



106 SOMOGYVARI u. Mitarb.

(c) Bei 5 Tieren wurde die Inzisionséffnung mit zwei Haltendhten
vereinigt und geklebt.

Il. Die »end-to-end« Anastomose erfolgte auf zweierlei Weise:

(@) An 2 Hunden wurde am Hauptgallengang, 2 cm von der Duodenal-
einmindung entfernt, ein 6—8 mm langer Ldangsschnitt verfertigt. Uber die
Offnung wurde ein Katheter in den Ductus choledochus eingefihrt, dann in
Richtung der Leberpforte vorgeschoben und die Choledochuswand oberhalb
des Katheters in Lé&ngsrichtung zirkul&r durchtrennt. Die sich elastisch
trennenden Enden wurden mit einer Pinzette aneinandergefiigt und Uber dem
Katheter zirkuldr geklebt. Nach Anhaften der Radnder wurde der Katheter
durch die Choledochotomiedffnung entfernt, die Offnung — mit Anheben der
Ré&nder und ohne Haltenaht — durch Kleben geschlossen.

(b) Bei 3 Hunden haben wir die Choledochuswand tUber den durch die
Inzisionsd6ffnung eingefiihrten Katheter ebenfalls zirkuldr durchtrennt, dann
mit zwei Halten&dhten vereinigt und zirkuldr geklebt.

Nach Beendigung des Klebens priuften wir durch Zusammendriicken der
Gallenblase, ob an der Verbindungsstelle keine Gallenentleerung erfolgt. Nach
intraabdomineller Injektion von kristalliger Penicillinlésung wurde die Bauch-
wand geschlossen.

Postoperativ wurden die Tiere fortlaufend kontrolliert, dann zwecks
histologischer Aufarbeitung am 10., 20., 35., 50., 75. Tag getdtet. Wé&hrend der
Beobachtungszeit hatten die Tiere guten Appetit, der Erndhrungszustand war
befriedigend, Ikterus trat nicht auf. Die am 20., 35. und 60. postoperativen Tag
verfertigten Rontgenaufnahmen zeigten einen normal weiten Ductus chole-
dochus. Zwei Tiere, bei denen wir die »end-to-end« Anastomose ohne Halte-
naht, nur mit Kleben angelegt hatten, verendeten am 3.—4. postoperativen Tag
infolge Anastomoseinsuffizienz.

Der Sektionsbefund ergab das Bild einer ginstigen Wundheilung. Die mit
Klebestoff vereinigten Inzisionswunden sowie die mit Haltenaht versorgten
Stumpfe hielten fest, in der Bauchhdhle waren Spuren einer Gallenentleerung
weder wahrend der frithen, noch spédten postoperativen Phase bemerkbar. Als
Folge des Klebens kamen geringe, bzw. in Fé&llen der mit Faszienstreifen
erfolgten Kleben etwas reichlichere Bindegewebsadh&sionen zustande. In
keinem Fall zeigten die Bindegewebsnarben akute Entzindungszeichen zwi-
schen den 10. und 75. postoperativen Tagen. An den mit unterschiedlicher Tech-
nik bereiteten Inzisions-und »end-to-end« Anastomosestellen wies der Ductus
choledochus weder eine Einengung, noch eine Erweiterung auf. Im ubrigen
heilten die Inzisionen mit einer so minimalen Narbe, daB am 50.—75. Tag die
genaue Klebestelle in mehreren Féllen nur im histologischen Schnitt nachweis-
bar war. Die histologischen Untersuchungen (Formalinfixierung, Paraffineinbet-
tung, F&rbung mit Hdmatoxylin-Eosin und nach van Gieson) bewiesen eine
rasche Reparation im Operationsgebiet des Choledochus.
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Am 10. postoperativen Tag ivar die Operationslinie der Inzisionen und
»end-to-end« Anastomosen durch ein zellenreiches Angiofibroblastgewebe an-
gedeutet. An der Schleimhaut des Ductus choledochus war eine Propriadriisen-
granulation bemerkbar und aus dem Wundrand wuchs neu gebildetes Zylinder-

Abb. 1. Ohne Haltenahte, einschichtig geklebte Inzision am 20. postoperativen Tag. Am
oberen Rand ist das Klebemittel sichtbar. Der eingerahmte Teil (A) ist in Abb. 2 vergréRert
dargestellt. Ham.-Eos.-Farbung. Vergr. 10 X

epithel auf die Propriaoberfliche. Klebestoffreste waren nur in der Muskel-
schicht und Adventitia sichtbar. Die Umgebung der Klebemittelreste sowie
die benachbarten Wandteile waren mit geringeren neutrophilen Granulozyten-
und Lymphozytenmengen und in groBerer Zahl mit Histiozyten und Fibro-
blasten infiltriert. Das Ausmal der Infiltration war von der GrofRe der Klebe-
mittelreste abhéngig. In der Umgebung von Haltendhten war uberall eine
bedeutende Gewebereaktion bemerkbar, welche in erster Linie durch die
Anhdufung akut entzindlicher Zellen gekennzeichnet war.
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Abb. 2. VergroRertes Bild der vorigen Klebestelle. B, Wahrend der Einbettung hat sich die
Klebemittelsubstanz geldst; C, An der Inzisionsstelle bindegewebige Reparation. Ham.-Eos.-
Farbung. Vergr. 1 : 40

Abb. 3. End-to-end vereinigte Ductus choledochus-Wand am 50. postoperativen Tag. In die
Klebemittelsubstanz dringen Zellelemente. L, Choledochuslumen; B, Klebestelle;
C, Narbengewebe. Ham.-Eos.-Farbung. Vergr. 1 : 25
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Bei den am 20. und 35. postoperativen Tag getdteten Tieren war die
Schleimhaut des Ductus choledochus tUberall organisiert. In der Propria waren
die muzinésen Endkammern regeneriert, die Propriaoberflache war tberall mit
Zylindcrepithelzellen bedeckt. An der Ductus choledochus-Wand war die
Operatonslinie mit aufgesplittertem Granulationsgewebe begrenzt, wo stellen-
weise Fremdkorperriesenzellen sichtbar waren (Abb. 1, 2, 3).

Bei den am 50.—75. postoperativen Tag getdteten Tieren wurde das
Operationsgebiet durch aufgesplittertes Bindegewebe angedeutet. In die Klebe-
stoffteile drangen Histiozyten und Fibroblasten ein, und eine neugebildete
Bindegewebsfaserschicht entstand. Die N&hte waren zwar mit Bindegewebe
eingekapselt, aber zwischen den Fasern war eine auf lebhafte Gewebereaktion
hinweisende Zellansammlung bemerkbar. Der Charakter und die GroéRe der
Gewebereaktion der mit Histoacryl, bzw. Vulnocoll geklebten Gallengdngen
zeigten im histologischen Schnitt keinen Unterschied.

Besprechung

Unsere experimentellen Operationen zeigten, daf Klebemittel am extra”
hepatischen Gallengang mit gutem Erfolg verwendet werden kdnnen.

Die Schliefung von Lé&ngsinzisionen durch Haltendhte und Kleben sowie
Anlegen von Fasziastreifen kann gut versorgt werden. Aufgrund unserer Ver-
suche sind wir der Meinung, dal es geféhrlich ist eine »end-to-end« Anastomose
ohne Haltendhte, ausschlieflich mit Kleben anzulegen, denn der Widerstand
der frisch geklebten W and allein gentigt nicht, um die Anastomose zu erhalten.

Die Stumpfe koénnen mit 2—3 Halten&dhten und zirkuldrem Kleben
vereinigt werden, ohne dal es spater zu einer Clioledochuseinengung kommt —
wie dies die am 35.—75. Tag verfertigten histologischen Schnitte bewiesen.
Aulerdem zeigten die histologischen Schnitte, dal das Ergebnis um so voll-
kommener ist, je weniger Haltendhte an die Gallengangwand angelegt werden.

Histoacryl und Vulnocoll organisierten sich unter &hnlichen Gewebereak-
tionen, aber die Resorption ist auch nach mehr als 2 Monaten nicht beendet.

Unter Berucksichtigung der oben angefiihrten Gesichtspunkte haben wir
die Gewebeklebemittel bei Gallengangoperationen eingefihrt. Wir beabsichti-
gen, die Bewertung des klinischen Materials in einer anderen Arbeit zu ver-
offentlichen.

ZUSAMMENFASSUNG

Bei Hunden wurden am Ductus choledochus querlaufende Kleben unternommen.
Anhand der Erfahrungen kann das Gewebeklebemittel bei Choledochusoperationen die traditio-
nelle Naht in vielen Féallen ersetzen oder erganzen.

Die VerlaRlichkeit und gewebefreundliche Eigenschaft des Klebemittels wurde durch
die Sektions- und histologischen Befunde bestétigt.
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Modern animal keeping in which large numbers of animals are kept in
a small space facilitates parasitic infections. Regular and careful disinfection
of the animal rooms is the most important countermeasure. Eggs of Ascarids
and Coccidian oocysts, however, are resistant to nearly all disinfectants.

In West Germany bactericidal and fungicidal disinfectants are tested
according to specific regulations. A list of all effective disinfectants is published
periodically.

There are no regulations up till now, however, for parasiticidal agents.
This is particularly unfortunate because parasitic diseases of humans are
gaining increasing importance (e.g. visceral larva migrans and toxoplasmosis).

Many producers of parasiticidal disinfectants already have their agents tested. As there
are no standard regulations, the trials are conducted under non-uniform conditions. This has
been responsible for a number of contradictory results obtained recently.

Since Enigk’s investigations (Enigk, 1939), three procedures are commonly used for
testing disinfectants against parasites in the laboratory:

1. In the suspension test eggs of helminths or coccidian oocysts are suspended in the
chemical agent for a definite time and examined quantitatively for their viability. This method
is often used because of its simplicity. Here most investigators failed to provide information
on the volume of active substance used per unit surface area tested (Enigk, 1939, 1947;
Yakimoff, 1932 and 1934; Seck and Schumacher, 1941; Rex, 1943; Geitmann, 1961; Jung-
mann, 1965; Bbauer, 1966; Enigk and Hilbrich, 1968). In their experiments with a disin-
fectant containing carbon disulfide, v.d. Gulden and v. Erp (1969) showed that, especially in
the case of volatile substances the results obtained in a suspension test depend on the volume
of the agent applied per unit surface area.

2. The wooden plate method (Enigk, 1939) or its variation with filter paper strips
(Brauer, 1966) is a carrier technique.

3. Faeces or soil mixed with oocysts are used in the practical experiment.

Two sorts of oocysts may be used: unsporulated ones, whose exogenous development
(sporulation) is observed, and sporulated oocysts, whose reproductivity is examined. If un-
sporulated oocysts are tested one has to bear in mind that they have a reduced resistance to
chemicals as compared with sporulated ones (Pellérdy, 1965; Schneider, Ayeni and Darr,
1971b).

In the first case the sporulation rate of in vitro treated unsporulated oocysts is deter-
mined. The reproductivity is examined in the infection test. In this case also the mortality and
sometimes the morbidity of the natural host after inoculation with the treated oocysts are
determined. Long (1970) has made an attempt to infect chicken embryos and tissue cultures
with excysted sporozoites, but this method has not yet been sufficiently refined for practical
investigations.
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Agent

Ammonia
Formalin
Dekaseptol®

DesL20®

Eimeran-Neu®

Helasept®

lzal®

Table 1

Anticoccidial agents used and the method of application as prescribed by the suppliers

Active substance

Manufacturer

Treatment
hefore.
disinfection

no commercial recommendation available

no commercial recommendation available

carbon disulphide
and others, not
specified

halogenated conden-
sation products of
alkylated and aryl-
ated hydroxytolu-
enes and cresol
sulphonic acids

not given

chlorinated hydrocar-

bons and carbon
disulphide

mixture of phenols,

monocyclic and

polycyclic aromatic
hydroxy compounds

Chem. Fabrik,
Marienfelde,
Hamburg, BRD

TAD Cuxhaven,
BRD

G. Rohner,
Froschhausen,
BRD

Dr. Hesse & Co,,
Hohenlockstedt,
BRD

lzal Ltd.,
Thorncliffe,
Sheffield,
England

thorough
cleaning

thorough
cleaning

not given

thorough
cleaning

Treatment
after disinfection

ventilation,
leave to dry

leave to dry

leave to dry

not given

Method

spray
or
scrub

spray
or
scrub

spray

spray
or
scrub

no recommendations given for

parasitic disinfection

Disinfection
Application
cone, in Minimum
% contact time
3.7
3.6+ 10
6 2 h
4 15—30 min
5 30 min
5 15 min
5

Calculated
volume
ml/cn*

0.025
0.025
0.01—0.02

0.02

0.01-0.02

0.01-0.02

0.025

to

‘e 19 INFAV
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Lomasept® same composition as  TAD, Cuxhaven,
DesL.20 BRD

Lysococc® organic carbon di- Schiilke & Mayr
sulphide depots GmbH,
combined with Glashutte bei
phenol mixture and Hamburg, BRD
proton donor

Salernil 34 chlorinated hydrocar-  Pfizer GmbH,

“spezial”” bons and carbon Karlsruhe,

disulphide in special BRD
soap solution

Triseptol® carbon disulphide, Manosit-Chemie,
cresols, chlorinated Wistedt, BRD
cresols, chlorinated
hydrocarbons

* As soon as the results have been obtained, a new formulation of Eimeran-Neu is said to be available, which is reported to be capable of

thorough
cleaning

thorough
cleaning

thorough
cleaning

thorough
cleaning

leave to dry

leave to dry

leave to dry
wash away
on metals
after some
hours

not indicated

spray 5 15—30 min
or
scrub
spray 5 not given
wash 6 not given
spray 5—6 15 min

destroying 100% of sporulated E. tenella 0ocysts in 60 min using the suspension test with undefined levels.

0.014

0.01

0.02-0.025

0.01-0.02

S1SAD00 UBIP|2D0D JO UOITBAILDRU|
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To test the reliability of the cited methods and the effectiveness of some
commercial disinfectants we have examined tlieir activity by means of dif-
ferent methods of investigation. The instructions of the suppliers have been
considered as far as possible.

Material and methods

Unsporulated oocysts of Eimeria stiedai were obtained from the biliary
ducts of experimentally infected rabbits using the method described by Ayeni
(1969). The oocysts were suspended in distilled water to give a suspension

Table 11

Results of the suspension test according to v. D. Gulden and v. Erp (1969)

Reaction time

. Control
5 min 15 min
Agent

n sgoor. p;t/ﬁ. n sggr. p:{ . s;%l)'. p;t/ .

Ammonia 2 3.0 2.3 2 00 00 900 0.0
Formalin (10%) 2 89.0 01 2 903 01 9.0 00
Dekaseptol 2 2.3 0.1 2 0.3 00 890 0.3
2 375 10 — — — 910 03

— — — 2 05 01 897 0.5

DesL 20 2 89.9 0.0 2 653 05 897 0.0
— — — 2 86.7 07 85 03

Eimeran-Neu 2 89.9 0.0 2 89.7 00 897 0.0
— — — 2 88.3 1.3 897 0.5

Helasept 2 43.0 0.8 2 0.5 0.3 89.7 0.0
— — — 2 55 8.3 89.7 0.5

— — — 2 0.1 95 773 0.0

1zal 2 90.0 0.1 2 908 00 897 0.0
— — — 2 86,9 07 85 03

Lomasept 2 899 00 2 913 00 837 00
— — — 2 89.1 1.3 897 0.5

Lysococc 2 89.5 0.0 2 81.5 0.0 89.7 0.0
- — — 2 459 05 895 03

— — — 2 847 00 773 00

Salernil “spezial” 2 43.7 18 2 0.5 10 897 0.0
— — — 2 13 32 895 0.3

Triseptol 2 0.3 0.0 2 0.0 00 897 0.0
— — — 2 07 01 897 0.0

N, number of runs per trial; spor., sporulated oocysts (mean value of the double
runs); path., pathologically sporulated oocysts (mean value of the double runs)
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INACTIVATION OF COCCIDIAN OOCYSTS 115

containing about 14.4x10° oocysts/ml. This suspension was kept in the re-
frigerator at a temperature of about 4 °C until it was used.

Suspension test (v.d. Gulden and v. Erp, 1969)

1.75 ml of an oocyst suspension was pipetted into a shallow glass Petr
dish 7cm in diameter. To this occyst suspension 1.75 ml ofa doubly concentrated
dilution of disinfectant (see Table Il) was added under constant shaking to
ensure satisfactory mixing, and then left to stand open for periods of 5 or 15
minutes.

The final oocyst suspension reached a level of 0.9 mm. After the reaction
time the suspension was diluted with water to give a total volume of about 70
ml which was immediately divided into 6 parts and centrifuged. The superna-
tant fluid was decanted and kept to determine the sporulation rate ofthe oocysts
remaining in it. The washing process was repeated twice. The sediment was
then collected into a single centrifuge tube and washed again twice.

The resulting oocyst sediment was suspended in about 10 ml of a 2.5
per cent potassium dichromate solution, poured into a Petri dish of about 9 cm
diameter and left covered to sporulate within three days. On the third day,
300 randomly distributed oocysts were examined according to their sporulation
stages using the method of Kot1an and Pert1éndy (1934). A total count of the
oocysts was taken before and after treatment to determine the loss resulting
from the treatment procedures.

Carrier method (tissue paper)

One drop of the oocyst suspension was pipetted on round pieces of tissue
paper (Kleenex tissue) 4 cm in diameter. After a short part-drying period the
tissue paper was transferred to Petri dishes and wetted with the prescribed
amount and concentration of disinfectant (see Table 1). Subsequently, one
Petri dish each was immediately turned into a moisture chamber, while the
other one was left standing uncovered for 15 minutes to allow volatile com-
ponents to evaporate. After a storage at room temperature for three days the
oocysts were scratched from the tissue paper and the sporulation rate was
determined.

In these experiments it did not matter which side of the contaminated
tissue paper was in contact with the Petri dish.

Moreover the effect of formalin and ammonia, which are frequently used
for disinfection, was examined by placing larger pieces of tissue paper besides
small ones bearing oocysts and wetting them with one of the above solutions.
The Petri dishes were then covered immediately and turned into a moisture
chamber for three days.

g* Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972
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Carrier method (ceramic tiles and slides)

One drop of the oocyst suspension was pipetted on uncleaned ceramic
tiles and tiles cleaned with detergents. To this suspension we added the amount
of disinfectant calculated from the suppliers specifications (see Table I). With
a glass spatula this mixture was distributed over the surface of the tile. After
a time of six hours during which the tiles were left uncovered all tiles were
brought into moisture chambers; the sporulation rate was determined after
three days.

Slides degreased with ethanol were treated in the same way. In addition,
slides were contaminated with a mixture of oocysts and faeces. The disinfectant
was added subsequently. All experiments included controls, in which tap water
was substituted for the disinfectants.

In all of the above cited experiments the moisture chambers had not
been closed hermetically. Schneider (1971), however, demonstrated that testing
volatile agents in hermetically closed chambers may lead to different results.
To ascertain this aspect we repeated the carrier technique with tissue papers
with hermetically closed moisture chambers.

Results

The results of the suspension experiments are shown in Table Il. Am-
monium hydroxide (3.7%) destroyed 97 per cent of the oocysts within five
minutes. Triseptol had a nearly hundred per cent effect in five minutes, while
during the same period of time the effect of Dekaseptol ranged between 97.7
and 62.5 per cent. Helascpt and Salernil “spezial” inhibited the sporulation of
about 57 percent of the oocysts within five minutes. All the other tested agents
showed nearly no activity.

After a time of 15 minutes ammonium hydroxide, Dekaseptol, Helasept,
Salernil “spezial”, and Triseptol reduced the rate of sporogony from 90 to 100
per cent. The other agents (except Lysococc in one trial) showed no effect.

The loss of oocysts due to centrifugation as calculated from the controls
ranged between 4 to 18 per cent, while the loss of treated oocysts varied be-
tween 1 and 85 per cent hut remained fairly constant for the same agent.
A check ofthe sporulation ofthese “lost oocysts” in the supernatant fluids gave
results corresponding to the values described above for the different agents.

Table Il1, first position shows the results of the oocyst-carrier methods
using tissue paper. Solutions of Izal and Triseptol as well as 10 and 3.6 per cent
formalin had an almost 100 per cent effect after an evaporation time of 0 and
15 minutes. The effectiveness of 3.6 per cent formalin and Triseptol, however,
was distinctly lower in one further experiment. Dekaseptol showed a high
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INACTIVATION OF COCCIDIAN OOCYSTS 117

effectiveness only in one out of 13 experiments, when a plastic Petri dish instead
of a glass dish was used.

The carrier experiments with ceramic tiles (Table IIlI, 2nd position)
produced different results with regard to the degree of sporulation using the
cleaned and uncleaned tiles. With the exception of Lysococc, DesL20, Helasept
and lzal the sporulation rate on the uncleaned surfaces was lower than on the
cleaned one.

On the unwashed plates ammonium hydroxide, 10 per cent formalin,
Dekaseptol, Eimeran-Neu, Lomasept, Salernil “spezial” andTriseptol reduced

Table 111

Results of the oocyst-carrier tests

Moisture chamber not hermetically closed
ceramic tiles ("= g glassslides (n=1) Chamber

Oocyst carrier hermetically
st tissue paper cleaned pure  oocyst closed (tisste
o oocyst  faecal paper)
clean e 1 » susp.  mixture
Evaporatioi time 0 min 15 min 6 hours 0 min
o
9 [ 9 0 o o
sp(g‘ n sp* sﬁ? gé 58. sé) S[{q‘ sp42
Ammonia 4 0.0 3 883 20 843 727 88.0 87.7 2 00
Formalin  36% 3 00 3 00 597 83 20 837 8.3 2 00
1 25.7
10% 4 00 3 00 00 163 10 170 23 - -
Dekaseptol 9 88.7 5 86.9 9.0 80.7 56.3 85.3 85.0 2 0.0
3 61.8 1 48.0
1 10.0**
DesL20 4 86.9 3 886 82.3 85.0 54.7 80.0 843 2 0.8
1 15.6
Eimeran-Neu 4 81.8 3 912 3.1 80.7 75.7 84.0 87.0 3 50.6
1 4.3%xx
Helasept 4 86.9 3 89.0 88.7 82.3 32.3 82.3 823 3 56.0
1zal 7 0.0 6 0.0 30.3 0.0 46.7 0.0 350 2 0.0
Lomasept 6 84.6 9 84.2 0.6 81.7 57.0 82.0 84.7 2 1.8
1 61.0
Lysococc 4 89.6 3  89.9 85.3 86.7 80.7 85.0 787 2 67.6
Salernil 3 87.2 3 88.0 0.3 85.0 65.0 74.3 820 2 0.0
“spezial” 1 64.0
Triseptol 3 0.0 3 0.6 0.0 50.0 4.0 67.7 747 2 0.0
1 9.7
Control 6 87.0 — 93.0 90.7 86.7 81.7 85.7 87.0 2 803

* mean value, if the results did not differ for more than 10 per cent.
**using a plastic Petri dish.
*** using 40 per cent more of the agent than prescribed.
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Table IV

Disinfecting effect of the vapours of ammonia and formalin on oocysts
(tissue paper carrier-method)

. % patholzbﬁ:ally
Agent Volume applied n s%rggjgttgd sporu(l;ated
oocysts
Formalin 10% 32 X 10-2 m1/85 ¢cm3 1 3.3 5.7
2 0.0 0.0
Formalin 3.6% 32X10-2ml/85 cm3 2 2.7 0.0
Ammonia 32 X 10"2 ml/85 cm3 1 0.0 5.7

the sporulation ofthe oocysts to less than 10 per cent. lzal prevented 70 per cent,
and 3.6 per cent formalin only 40 per cent of the sporogony. On the washed tiles
10 per cent formalin destroyed 84 to 99 per cent, Izal 54 to 100 per cent, and
Triseptol 50 to 96 per cent of the oocysts. 3.6 percent formalin and Helasept
inhibited the sporogony of 15 to 98 per cent and 18 to 69 per cent respectively.
All other agents failed in both series to prevent the sporulation of more than
50 per cent of the oocysts.

Table Ill, 3rd position shows the effect of the agents under investigation
on oocysts and oocyst-faecal mixture spread on glass slides. Apart from 10
per cent formalin and Izal reducing the sporulation of the unmixed oocysts to
17 and O per cent, respectively, and those of the oocyst-faecal mixture to 2.3 and
35 per cent, none of the agents examined showed any inhibitory effect on the
sporulation of the oocysts.

When hermetically closed moisture chambers were used, good results
were obtained with ammonia, formalin, Dekaseptol, DesL20, lzal, Lomasept,
Salernil “spezial”, and Triseptol. Lysococc, Eimeran-Neu, and Helasept failed
to destroy more than 50 per cent of the oocysts. The good results with Eimeran-
Neu and Helasept given in Table I11, 4th position had been obtained due to an
erroneous addition of 40 per cent more of the disinfectant as prescribed.

Table IV shows the results of the investigations evaluating the activity of
the gaseous phase of ammonia and formalin. 3.6 and 10 per cent formalin and
3.7 per cent ammonia prevented the sporogony of about 96 to 100 per cent of
the oocysts.

Discussion

Although the suspension test according to the modification of v.D.
Gulden and v. Erp (1969) appears to be more related to practical conditions
than the techniques of Enigk (1939), it seems not completely satisfactory,
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because the volume ofthe agent used is about five to nine times the volume per
unit area recommended by the suppliers for practical conditions. Preliminary
experiments in which the attempt was made to use these recommended
volumes showed that these conditions cannot be obtained in the laboratory
using Petri dishes due to the surface tension of the agents. For this reason other
methods were sought which might be more related to practical conditions. The
carrier methods, already used in bacteriological investigations were applied.
As it was not possible to wash the small amount of oocysts being used free of
the agent it was assumed that theoretically in the case of a nonvolatile agent
or using a hermetically closed moisture chamber the reaction time might be as
long as three days according to the sporulation time. The longest evaporation
period chosen was six hours to avoid any extreme drying effect which may
influence the results of the experiments.

A comparison of the results shows that those of the carrier techniques do
not in all cases correspond to the results of the suspension experiments and
disagree in various cases with each other. Some agents that prevented sporogony
in the suspension test as modified by v.d. Gulden and v. Erp (1969) (ammonia,
Dekaseptol, Helasept, Salernil “spezial”) failed to affect the sporogony in
nearly all oocyst-carrier techniques and vice versa (formalin, lzal). In contrast
to this Enigk (1939) found in his studies a similar effectiveness using the suspen-
sion test and the wooden plate method. This might be due to the greater volumes
per unit area of the agents he used.

The reason for the disagreeing results using different methods may be
due to the degree and rate of evaporation of the main components of the
agents. Ammonium hydroxide proved to be very active in the suspension
tests as well as in the tissue paper experiments with no evaporation time. If
time was given to allow the ammonia to evaporate into a large space, as was
done in the other carrier techniques, the disinfecting capacitiy was lost.
A similar effect may be stated regarding the different results obtained with the
carrier method (tissue paper) using hermetically and not hermetically closed
moisture chambers. As there are no data obtainable in respect of the evapora-
tion conditions of the disinfectants nor the solubility of their gaseous phases
in water, this aspect, possibly explaining some of the unexpected results, cannot
be discussed in this paper.

The results reported at Table IV otherwise show that the effectiveness
of volatile agents is not dependent on a direct contact of the liquid phases with
the oocysts.

Another observation made in the course of the present investigations was
that the chemical and physical properties of the surfaces on which the oocysts
are dropped may distinctly influence the results of the agents examined.
Although the unwashed ceramic tiles were said to be untreated with any agent,
we obtained only a poor sporulation result with some of the disinfectants. The
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thoroughly washed ceramic tiles, however, gave good sporulation results using
the same agents. Moreover in one of the experiments with tissue papers as
oocyst carriers it was found that Dekaseptol had a high effectiveness if, in-
stead of a glass Petri dish, a plastic one had been used. The areas where
Dekaseptol had been applied to the oocysts and their vicinity were distinctly
rough and opaque. In repetition experiments care should also be taken re-
garding the carrier’s physical properties because e.g. in the case of ceramic tiles
these seem to absorb much of the disinfectant, so that even after thorough
washing they still smell strongly of some of the agents used.

In the case of the two series of experiments with cleaned ceramic tiles the
difference in the results might he explained by the fact that the moisture
chambers in the first experiment were too wet, a phenomenon not observed in
the second experiment, where the sporulation rate was poorer.

Only in case of lzal, a definite decrease in its disinfectant activity was
found when oocysts were mixed with faeces.

The agents tested might yet have other effects on the oocysts, which may
not necessarily result in the inhibition of sporogony hut render the oocysts
more susceptible to environmental conditions, such as aging, humidity, dryness,
sunlight and decaying debris. It was not possible to ascertain these effects
with the methods used in the present investigations.

Some parameters have so far been neglected in the experiments: the
volume of the evaporation room or moisture chamber, the temperature and
eventually the presence of water. According to our findings these have to be
considered in future evaluations of commercial disinfectants combatting
exogenous stages of parasites. However, as long as there exist no regulations
of the producers concerning these points, they may be neglected in praxis
related experiments.

The purpose of the present investigations was to provide a discussion
basis to assess the efficiency of experiments on disinfectants. The suspension
test as modified by v.D. Guilden and v. Erp (1969) seems to give more reliable
results than the suspension tests applied in the past. This experiment is, how-
ever, not entirely satisfactory if used alone, since it leads too far away from the
recommendations given by the suppliers for the practical use. It might be a
useful and valuable primary screening method which has to be accompanied
by other tests using the various oocyst-carrier techniques. It seems also
necessary to determine the number of oocysts lost during the suspension test
and to prove the viability of these lost oocysts in order to get satisfactory
results independent of the density of the fluid.

In carrier-experiments the following factors which might affect the
results should be considered:

Volume ofthe agent used per unit area of contaminated surface, or in the
case of chambers, per unit volume of space;
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Ratio between size of disinfected surface to space volume where evapora-
tion takes place;

Time provided for evaporation into a large room before closing the mois-
ture chamber;

Sort of the chamber used;

Porosity of the carrier and its possible preliminary treatment with
chemicals;

Species of coccidia used during the experiments;

Presence or absence of debris;

Temperature at which the experiments are done.

Primary screening using unsporulated oocysts instead of sporulated ones
seems to be useful, as this is much easier and cheaper. An agent which cannot
destroy such oocysts may not be worth being examined with sporulated oocysts.
Recommendations based on such screening results should only rely on a com-
bination of different test methods, regarding also the higher resistance of
sporulated oocysts.

Since it is not yet known if the reactions of different species of coccidia to
chemical agents are identical, it might be necessary to examine all question-
able species with the agent to be recommended.

Regarding the high resistance of the oocysts to physical and chemical
agents (Schneider, Ayeni and Duarr, 1971/72a, b) it seems uncertain to
develop disinfectants with 100 per cent efficiency under practical conditions
as required in bactericidal and fungicidal investigations, however the best

has to be tried.

SUMMARY

On the basis of own investigations practical and standardizable methods of examining
the effectiveness of disinfectants on coccidian oocysts have been discussed. Two methods
have been used as screening experiments for unsporulated oocysts of Eimeria stiedai:

I. The suspension test as modified by v.d. Gulden and v. Ehp (1969);

Il. The oocyst-carrier method using:

a) pieces of tissue paper,
b) ceramic tiles as used for animal floors, and
c) glass slides.

The agents used included ammonium hydroxide, formalin and some of the commercial
disinfectants.

The results show that the suspension test alone is not sufficient for examining the effect
of disinfectants on exogenous stages of parasites. It is necessary that this method is supple-
mented by other more practice-oriented investigations, e.g. the oocyst-carrier experiments
regarding the suppliers recommendations for practical use of the disinfectant. Standardized
tests regarding also the physical properties of the disinfectants are to be developed.

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



122 AYENI et al.

REFERENCES

Ayeni, A. O.: Yet.-med. Diss. Giessen, 1969. Brauer, H. M.: Vet.-med. Diss. Hannover,
1966. Enigk, K.: Arch. Tierheilk. 70 (1939) 439 —488. Idem: Dtsch. Tierarztl. Wschr., 1947,
86 —89. Enigk, K. and Hilbrich, P.: Dtsch. Tierarztl. Wschr., 1968, 488 —492. Geitmann,
H.: Yet.-med. Diss. Berlin, 1961. Jungmann, R.: Mhfte Vet.-med., 1965, 629—631. Kotlan,
A. and Pellérdy, L.: Allatorvosi Lapok, 1934, 15. Peleérdy, L.: Coccidia and Coccidiosis.
Budapest, 1965. Long, P. L.: Z. Parasitenk. 33 (1970), 329—338. Rex, F.: Vet.-med. Diss.
Hannover, 1943. Seck, P. und Schumacher, W.: Arch. f. Kleintierzucht 2 (1941), 57—66.
Schneider, D.: Personal communication, 1971. Schneider, D., Ayeni, A. O. and Durr, U.:
Dtsch. Tierarztl. Wschr., 1971/72a, in press. Idem: Dtsch. Tierdrztl. Wschr., 1971/72b, in press.
Gulden, W. v.d. and Erp, A. v.: Dtsch. Tierarztl. Wschr., 1969, 486 —487. Yakimoff, W. L.
Tierdrztl. Rundsch., 1932, 663—666. Idem: Zbl. Bakt. 1132 (1934), 217 —221. 0.Y. — Deutsche
Gesellschaft fur Hygiene und Mikrobiologie: Richtlinien fur die Prufung chemischer Desinfek-
tionsmittel. G. Fischer Verlag, Stuttgart, 2. Aufl., 1969.

Address of the authors: Dr. A. O. Ayeni, Dept, of Animal Science, University of He,
Ile-1fe, Nigeria; Dr.E. Dingeldein, 6000 Frankfurt/Main—90, POB 900160, BRD (Address
for requests of reprints); Dr. U. Darr, 6300 Giessen, Frankfurter Str. 94, BRD

Acta Veterinaria Academiae Scientiarum Hungaricac 22, 1972



BIBLIOGRAPHIA

Rosenberger, G.: Diseases of Cattle (Krankheiten des Rindes). Co-authors: Professors G.
Dirksen and M. Stober, Senior Lecturer H. D. Griundel. Publisher: Verlag Paul Parey,
Berlin, 1970. 1418 pages, with 747 figures and illustrations and 28 colour plates. Linen cloth
binding, price DM 350,—

After the publication in 1964 of “Clinical examination of cattle” by Professor Rosen-
berger and his colleagues of the reputed Clinic for Bovine Diseases at the Veterinary High
School in Hannover, readers were looking forward with great expectations to this present
volume. Nor will they be disappointed, for it is a compilation unprecedented in the world
veterinary literature and it is of a size far greater than even the delay in publication would
have lead one to suppose.

The adoption of teaching systems based on the different branches of veterinary medicine
or on animal species has been a matter of continuous dispute and the reviewer is wondering
whether a unanimous agreement can ever be reached on this point. In the organization of
training, certain personal problems and objective circumstances are at least as relevant as
tradition itself. It is, nevertheless, indisputable that the demand for veterinary experts with
specialized training has become greater with the industrialization of animal breeding. Teaching
of all branches of veterinary medicine is acceptable for the training of general practitioners,
but specialist postgraduate courses and the related textbooks have to be necessarily restricted
to single or selected species of animals.

Professor Rosenberger’s book is equally valuable for undergraduate and postgraduate
veterinarians.

There are essentially four parts, dealing in succession with organic, infectious, parasitic
and metabolic diseases of cattle, the latter including also the description of various toxicoses.
The tendency to concentrate non-epidemic non-infectious diseases in the first part of the book
could not be pursued throughout. For example, enzootic bovine leucosis is described in the
chapter dealing with organic diseases of the lymph nodes, though a later chapter is devoted to
infectious diseases of the lymphatic system. Although the causative agent of bovine leucosis,
supposedly an oncogenic virus, has not yet been isolated, the infectious nature of the disease
has been verified by Professor Rosenberger himself.

For those not familiar with the system of grouping diseases according to animal species
it may seem strange that though the book deals primarily with internal diseases, various
procedures of surgery, epizootiological information and parasitic diseases are described in
great detail. Naturally, there was no room in this already large book for obstetrics and reproduc-
tion biology.

In the individual chapters the diseases are as a rule discussed in the sequence of examin-
ations followed in differential diagnosis. Nevertheless, the parasitoses manifested by cutaneous
symptoms (demodicosis, etc.) are left to the end of the chapter.

The book begins with a short historical survey of bovine diseases and their treatment, and
an outline of the aims and significance of veterinary hygiene in this respect. The tables included
in this chapter show data on cattle populations in European countries and in other continents.

The discussion on organic diseases takes up 685 pages, more than one-third of the volume.
Diseases of the hair, skin, subcutaneous connective tissue and cutaneous appendages (e.g.
horns) are dealt with first. Though the fetlocks are cutaneous structures, discussion of their
abnormalities is presented in another chapter as are local cutaneous changes (e.g. eczema of
the tail).
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The greater part of the chapter on diseases of the lymphatic system is devoted to leucosis.
This extraordinarily well written part gives much information on the research work in this
field carried out in Hannover. In the chapter on diseases of the hemopoietic system, blood and
spleen, the highly illustrative figures and tables contribute much to the valus of the text and
are particularly helpful in the discussion of cardiac failure and the endocarditis syndrome.
Unfortunately, although the changes in the protein composition of the blood plasma are
analyzed in detail, no information is presented on syndromes related to alteration of chemical
composition of the blood (acidosis, alkalosis, etc.). Diseases of the upper airways (nasal passages,
adnasal cavities, larynx, trachea), bronchi and lungs are dealt with in great detail. Two hundred
pages are devoted to diseases of the digestive system which allows profound descriptions to be
presented of pictures of great, practical importance, such as traumatic reticulitis, meteorism
and obstruction of the oesophagus, aswell as of certain newly described conditions, such as the
Hoflund syndrome, ruminal acidosis and diseases of the abomasum as well.

In keeping with the principles followed in compilation, the techniques of the surgical
relief of these conditions are outlined in the appropriate chapters, as e.g. in context of intestinal
invagination and abomasal displacement. Surprisingly, the pictures associated with paralysis
of cerebral nerves and medulla oblongata are dealt with among the diseases of the digestive
tract. Description of liver and biliary duct disecses is followed by discussion of abnormalities
of the urinary tract and kidneys. Icterus and renal insufficiency are interpreted as comprehen-
sive syndromes.

Description of diseases of the reproductive organs is completed by discussion of methods
of sterilization and ovariectomy. Diseases of the extremities include affections of joints, tendons,
tendinimous sheaths, bursae and peripheral nerves as well as symptomatology and treatment
of bone fractures and muscle ruptures, congenital abnormalities. Care is also outlined in these
chapters. The 50 pages on diseases of the fetlock are followed by sections on affections of the
neck, trunk, thoracic region, navel, abdominal wall and tail. Descriptions of diseases of the
nervous system and eye conclude this large first part of the book.

The part on infectious diseases also commences with descriptions of conditions mani-
fested by cutaneous changes. Variola, papillomatosis, gas oedema and gas phlegmon, actino-
mycosis and trychophythiasis are treated in great detail. The section on infectious diseases of
the lymphatic system includes much interesting information on mycotic infections of lym-
phatic organs. Respiratory diseases, such as parainfluenza, enzootic bronchopneumonia of
adult cattle, rhinotracheitis, pleuropneumonia and pasteurellosis, are outlined in the chapter
on respirators. In context of the enteric infections various oral inflammatory changes, mucosal
disease, colibacillosis, salmonellosis, paratuberculosis, enterotoxaemia, vibrionic enteritis and
enteric mycoses are discussed in more detail, and the same part deals with nephritis and
pyelonephritis. Among diseases of the reproductive organs infectious vulvovaginitis, vibrio-
induced abortion and brucellosis receive the most attention as do rabies, Aujeszky’s disease,
tetanus and listeriosis among the infectious diseases affecting the nervous system. The part on
the infectious diseases affecting single organs is concluded with description of infectious
keratoconjunctivitis. Turning to infectious diseases affecting several organs or the entire
animal, one finds excellent descriptions of foot-and-mouth disease, necrotic nasal catarrh,
rinderpest, anthrax, leptospirosis and rickettsiosis.

The section on parasitoses takes up about 100 pages and there is a profound sense
for the practical context. First to be treated are protozoan infections, followed by those due to
roundworms and tapeworms. Cutaneous parasitic affections are discussed at the end of the
section.

In acknowledgement of their particular significance for cattle about 200 pages are
devoted to metabolic and deficiency diseases including all necessary information for even the
most exacting veterinarian. The section on toxicoses deals with diseases due to organic and
inorganic poisons, drugs, deteriorated feed, mycotoxicoses and poisoning by plants and animals.
The pictures of allergies and diseases due to physical agents, e.g. sunstroke, are also presented
in this chapter. A concise summary of commonly applied therapeutic schedules is appended.
It is clear from this survey of the book’s contents that a textbook of great practical value is
now available to veterinarians. Professor Rosenberger and his co-authors have rendered an
invaluable service to veterinary medicine and science for which the reviewer feels obliged to
express his thanks on behalf of the Hungarian veterinarians.

Prof. Z. Horvath
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TYPE A INFLUENZA VIRUS INFECTION
IN GUINEA FOWLS

By

J. Tanyi

Veterinary Institute (Director: G. Hajdua), Debrecen

(Received February 10, 1971)

Investigations into avian influenza during the last decade have shown that other birds
in addition to chicken and duck (Pereira et al., 1966, 1967; Rinaldi et al., 1969) may harbour
influenza virus strains of different serotypes. Positive isolations have been made from the
common tern (Sterna hirundo; Rowan, 1962), turkey (Meleagris gallopago; Lang et al,
1965; Wells, 1963), quail (Coturnix coturnix; Rinaldi et al., 1965), Japanese quail (Coturnix
coturnix japonica ; Rinaldi et al.,, 1967), pheasant (Phasianus colchicus; Rinaldi et al., 1967)
and partridge (Perdix perdix; Rinaldi et al., 1968).

This paper is a report of the first isolation of influenza virus from guinea
fowls (Numida meleagris). The type A influenza virus concerned is the first
avian strain ever isolated in Hungary. The epizootology, symptoms and
pathology of the disease were studied in three field outbreaks and infection
experiments were performed with the isolates on domestic poultry, mammals
and laboratory rodents. The fourth egg passage of the first isolate was exam-
ned for centain diagnostically important properties and thermosensitivity.

Materials and methods

Virus isolation, agar gel diffusion precipitation tests, haemagglutination
and haemagglutination inhibition tests, and preparation of convalescent sera
for examination were carried out by the conventional methods (Beard, 1970;
Pereira et al., 1966, 1967). Reference antigens and antisera were kindly sup-
plied by the World Influenza Centre (London), through the competent Division
of the World Health Organization (Geneva). Specific antisera to the isolates
were obtained from experimental infections to be described later. The fourth
egg passage of the first isolate was used for infection experiments and for
studies of the properties of the virus.

Epizootology, symptoms and pathology of the natural infection

The outbreaks occurred in two layer flocks and a rearing flock of one
and the same farm, although the flocks were housed at a considerable distance
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from one another. Both layer flocks became infected in an advanced stage
of the laying period, under satisfactory feeding and management conditions,
whereas management and climatic conditions were comparatively less advan-
tageous for the growing birds.

In the first outbreak starting in May 1969, losses were initial and did
not interfere with egg production, but they later rose abruptly and subsequent-
ly the daily egg yield declined from about 85% to 30%. Since neither a diet
change, nor antibiotic treatment notably reduced the losses or improved the
egg production over the next 3—4 weeks, the birds were slaughtered and
marketed as table guinea-fowls.

The outbreak among the rearing guinea fowls began in November 1969
and took a prolonged course; the death rate was not too high, but it persisted
with some fluctuations at an elevated level for a considerable time.

The third outbreak occurred during the early summer of 1970. In this
case, losses rose somewhat already in the early laying period. Egg production
grew only slowly to the 70% level (viz. far less than the maximum production),
and then fell abruptly to 20—40%. A slow improvement began a few days
later. Losses decreased, while the egg yield gradually climbed hack over about
one month to 70%, when it again dropped abruptly and the mortality rate
rose once more. Subsequent egg production fluctuated between 30—40% and
losses remained high. Rough estimates of the hatching rate indicated that it
was as low as 40—50% for several weeks at the beginning of the outbreak,
embryonic death occurring as a rule after two weeks of incubation. Dead
embryos were bacteriologically sterile.

The birds died either without showing symptoms, or after a temporary
general and respiratory illness (listlessness, cyanosis). Interestingly, almost
exclusively females were affected.

Post mortem examination usually revealed different degrees of hyper-
aemia and occasionally a slight hypertrophy of all organs. Involvement of the
internal reproductive organs was frequently seen: ova were degenerated,
ovaries and oviducts were inflamed and haemorrhagic. Slight bleedings also
occurred in the proventriculus and serous membranes. The serosae, above all
of the abdominal cavity and air sacs, were fairly often coated by a delicate
fibrin film. Degeneration of the liver (and rarely of other organs) and catarrhal
enteritis were commonly found. Bacteriological examinations always had
negative results.

In addition to virus isolation, haemagglutination inhibition (HI) tests
were performed with 20 and 10 pooled serum samples from the two layer
flocks, respectively, taken 3—4 weeks after the beginning of the outbreaks.
Each serum sample (representing a pool from 2—5 birds) was treated with
trypsin, heat and potassium periodate, the titres were always above 1 : 10 and
most were 1 :100. Separate examination of serum samples from hens and
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roosters during the third outbreak showed titres of1:20 — 1 :160and 1:10 —
1:20, respectively. Of 20 individual serum samples taken a few months after
the onset of the outbreak, 16 still had low or medium high antibody titres.

Apparently healthy guinea fowls, ducks and hens from nearby flocks
possessed no serum antibodies to the isolates, nor to standard avian influenza
virus antigens.

Infection experiments

These were performed on poultry (chickens, ducks, turkeys, guinea
fowls), mammals (sheep and swine) and laboratory rodents (mice and guinea-
pigs). One-day-old birds were infected either intranasally and into the con-
junctival sac with 100 or 10,000 ELDSJ0.2 ml virus, or intraabdominally
with 10,000 ELD300.2 ml. Two control groups were set up for the intranasally
infected birds, using chicks from the same hatching; one group served as
contact controls, the other was kept in isolation, hut under similar conditions.
Birds infected at 3—6 weeks of age were treated according to the same scheme.
A few adult chickens and ducks were infected intranasally and into the con-
junctival sac. From each poultry species a total of 30—50 day-old birds and
10—20 growing birds, divided into five uniform groups, were used. The birds
were observed for 14—28 days. Blood samples were taken at intervals of
3—5 days, and as far as possible two birds of each group were killed at prede-
termined times to obtain blood or organs for virus isolation. One or more
sheep and swine were infected at young or adult age with about 1,000 ELD 5
1 ml virus, administered either intranasally and into the conjunctival sac,
or intravenously.

Altogether 50 mice and 20 guinea-pigs in five groups each were treated
on the same schedule as poultry with regard to virus doses and infection
routes.

Results

Chicken. No bird became infected in any of the age groups. Serum anti-
bodies appeared in the infected and in-contact birds after 8 days at the
earliest and generally at 12 days.

Duck. Infected and in-contact birds behaved similarly to chickens, ex-
cept that ducks infected above 3 weeks of age did not produce demonstrable
amounts of antibodies after 8—14 days.

Attempted virus isolations from emergency slaughtered and healthy
appearing chickens and ducks were in all cases negative.

Turkey. One-day-old poults: Growth of infected and in-contact birds
was considerably retarded compared to that of isolated controls, and some
of the former died at 5—12 days of age, after showing listlessness and inappet-
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ence for a few hours. Grossly, all dead poults showed a slight fibrinous in-
flammation of the air sacs, particularly of the thoracic sacs, and occasionally
also of the sinuses. The virus could always be reisolated from spontaneously
dead birds, but only rarely and irregularly from those which had been slaugh-
tered for blood collection and displayed no gross lesions. Antibodies regularly
appeared in the serum of surviving infected birds and emergency slaughtered
birds from the 12th day after infection.

Growing poults: These showed no symptoms, but serum antibodies were
demonstrable from the 8th day.

Guinea-fowl. Day-old age group: Catarrhal conjunctivitis and rhinitis
developed after 3 days in birds inoculated intranasally and into the conjunc-
tival sac, after about 4—5 days in intraabdominally inoculated birds and in-
contact controls. From 5—6 days to 14 days the greater part of these groups
died or had to be emergency slaughtered after showing severe general symptoms
for a relatively short period. Antibodies appeared in the sera of survivors
after 8 days. Spontaneously dead guinea-fowls as well as in-contact birds
slaughtered after the first few days all had a fibrinous sinusitis and a few also
exhibited fibrinous aerosacculitis.

Growing guinea-fowls infected at 3—4 weeks of age developed the dis-
ease 3—4 days after infection; they became listless and lost appetite. One
intranasally-intraconjunctivally infected bird and one in-contact bird died
showing severe general symptoms after 3 and 5 days, respectively. Apart
from a general organic hyperaemia, no other gross lesions were found. The
virus could be reisolated from both carcases. The remaining birds recovered
after an illness of 2—3 days. HI antibodies appeared in the serum after 8
days. Intra-abdominally infected birds and in-contact controls possessed no
demonstrable antibodies after 2 months, but in intranasally infected birds
antibodies persisted for 3 months. The virus was always reisolated from spon-
taneously dead or emergency slaughtered birds with established gross lesions,
hut rarely if there were no gross changes, and then only from the lungs.

Mammals. Sheep and swine: Intraconjunctival and intravenous infec-
tion of young and adult animals neither caused symptoms nor did it evoke a
demonstrable serological immune response.

Laboratory rodents. In previous immunization experiments one guinea-
pig died showing symptoms of fibrinous pericarditis, pleuritis and acute catar-
rhal pneumonia 3 days after virus infection, while another died with semi-
acute catarrhal pneumonia between 2—3 weeks. Virus was reisolated from
lung lesions of both animals. Infection experiments were therefore also carried
out with further guinea-pigs and also mice, according to the five-group sched-
ule used for poultry.

Mice. Two mice from each group were killed every 5th day to obtain
blood samples. Mice infected intranasally with the low virus dose (100 ELD Y
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0.2 ml) did not show symptoms. Among those infected with the higher dose
(10,000 ELDs0/0.2 ml) a minor outbreak of paratyphoid developed, killing
some of them between 3 and 10 days. Reisolation was not attempted from the
carcases. Of the apparently healthy animals killed at 5 days those given the
higher dose displayed acute catarrhal pneumonia; lesions were of pin-head
size and the virus was reisolable from them. Mice given the lower dose, as well
as the in-contact and unexposed controls possessed no antibodies, whereas
those given the higher dose showed a demonstrable antibody level after 15
days.

Guinea-pigs. Intranasal infection with the higher dose (10,000 ELD XY
0.2 ml) caused a slight weight loss. Antibodies appeared 10 days after intra-
nasal or intraabdominal infection with the high dose and at 15 days after
inoculation of the lower intranasal dose as well as in the in-contact controls.
Titres were highest in the group inoculated intranasally with the higher dose.

Virological examinations

The two strains isolated in 1969 originally showed a distinct antigenic
relationship with the influenza virus strain Duck/England/62 and a less dis-
tinct relationship with Quail/ltaly/1117/65 strain when tested by the HI test.
These relationships became gradually reversed during subsequent transfers,
until in the 8th passage, whereas the second became more pronounced. The
strain isolated from the outbreak in 1970, however, was from the start rel-
ated to the Italian quail strain only.

The fourth egg passage of the first isolate was used to study further the
properties of the virus, because at this stage antigenic relationship to both
the Duck/England/62 and the Quail/ltaly/1117/65 strains still existed.

The virus grew readily in the allantoic cavity of chicken, guinea-fowl,
goose and duck eggs. Embryonic death usually occurred between 72—144
hours, infrequently within as little as 24 hours. The average minimal lethal
dose killed the embryo in about 120 hours. The HA titres of chorio-allantoic
fluid varied from 1 :8 to 1:2,048 and were inversely related with the in-
fective titre of the inoculum and directly related with the time of death. The
highest HA titres were measured in allantoic fluid from eggs that had been
inoculated with a low-infectivity material and probably in related isolations
and reisolations (e.g. from guinea-pig). In embryonated hen’s eggs, haemag-
glutinins appeared in the embryo, yolk sac, amniotic and chorio-allantoic
membrane. As long as the embryo was viable amniotic and yolk titres were
scarcely measurable, if at all, hut the chorio-allantoic membrane titre approxi-
mated that of the fluid. The titre of the yolk sac wall was mostly average, but
in 10—20% of the cases it rose to a very high level (1 : 4,096), exceeding even
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that of the allantoic fluid. Yolk sac and chorio-allantoic membrane titres
also seemed to depend on the infective titre of the inoculum and on the time
of embryonic death. The infective titre of the chorio-allantoic fluid varied
between 10°—108.

Thermosensitivity of the virus

Undiluted chorio-allantoic fluid retained its infectivity on exposure
at 56 °C for 50 minutes, but lostit completely at 56 °C in 60 minutes, at 65° C
in 30 minutes, and at 37 °C in 20 days. Infectivity was unaffected after several
months’ storage at room temperature and not demonstrably lower after one
and a half years at —20 °C.

Haemagglutination titres remained unchanged after incubation at
37° and 56 °C for the times required to inactivate infectivity, but they tended
to decrease slowly at lower temperatures.

Discussion

Isolations of three influenza virus strains from outbreaks of the disease
in adult and rearing guinea-fowl flocks during 1969—1970 show that, like
several other bird species, guinea-fowl are susceptible to natural avian influenza
virus infection.

During successive transfer the surface antigenic activity of the first
isolate changed rapidly towards the properties of a more stable strain, originally
isolated in Italy from quails. The third isolate was nearly identical with the
“transformed” first isolate. In view of the uncommon liability of influenza
viruses to antigenic variation, the question may be posed whether such trans-
formation depends on the biological-biochemical conditions in the laboratory
or in the field.

The mortalities and decline of egg production that occurred during the
outbreaks were in all probability due to several factors, of which influenza
infection was only one. Despite the failure of attempts to identify at least
some other factors, the uniformity of the clinical picture and its similarity
with viral influenza of other avian species indicate that it played the decisive
role.

The clinical manifestation of influenza itself depends on predisposing
factors. Given populations of certain avian species have been shown to be
symptomless carriers of influenza virus without possessing much antibodies,
if any (Homme et ah, 1970a, b). Clinical illness is elicited by a variety of often
poorly understood factors, such as increased stress on the organism (e.g.
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high egg production in genetically well established, appropriately fed layer
flocks), management failures (e.g. high stocking density), abrupt climatic
changes (e.g. cold stress), etc. As a rule the predisposing factors can be con-
trolled only partially, because some are occasional or may be related to market-
ing or other economic transactions.

SUMMARY

In 1969—70 three outbreaks of influenza were observed in Hungary among guinea-
fowl (Numida meleagris) in two layer flocks and a rearing flock, each consisting of 4,000—
6,000 birds, a 50 km long farm unit. The disease caused a considerable depression of egg pro-
duction and some mortality. Most birds died abruptly, without exhibiting clinical symptoms,
but grossly they bad hyperaemia and haemorrhages of internal organs, degeneration and
inflammation of the inner reproductive organs, and a fibrinous inflammation of air sac serous
membranes. Blood samples collected from two outbreaks contained haemagglutination in-
hibiting (HI1) antibodies.

The fourth egg passage of the first isolate was pathogenic only for day-old and growing
guinea-fowls and turkey poults, but it elicited an immune response in various bird species
(chicken, duck, turkey, guinea-fowl) and laboratory rodents (mouse, guinea-pig) of different
ages, infected with it directly or by contact.

Isolates from the first two outbreaks were antigenically related to the strains Duck/
England/62 and Quail/ltaly/65, whereas the isolate from the third outbreak was related to
the second strain only. The first isolate gradually lost its relationship with Duck/England/62
during successive transfers until by the eighth passage it could no longer be differentiated
from the third isolate. The thermosensitivity and certain other properties of the isolates were
similar to those of related viruses.

These isolations of influenza virus are the first to be reported from guinea-fowl and the
first avian influenza virus isolations in Hungary.
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Anaerobic bacteria form a substantial component of the intestinal flora
of pigs and have been implicated in the pathogenesis of swine gastroenteritis
(Mészaros and Pesti, 1966; Pesti, 1970). As the isolation and cultivation
of anaerobes from the intestine involve various technical difficulties, it seemed
worthwile to compare the results obtained by various methods of isolation.

Materials and methods

The litters of two breeder sows from the herd of a state farm, a total of
eighteen piglets, were used in the experiments. Farrowing took place under
average winter conditions and one litter was weaned at 21 days of age, the
other at 28 days. During the experimental period the animals received an anti-
biotic-containing feed (Phylaxia, Budapest) which had previously been ex-
amined bacteriologically. No prophylactic or symphylactic treatment was
performed. For the purpose of bacteriological examination of the intestinal
tract, the animals were killed in a predetermined sequence, depending on the
time of weaning. One gramme samples of chyme (containing about 25% muco-
sal scrapings to promote cultivation of anaerobes) were collected from different
segments of the intestine by as far as possible sterile technique, the segments
being ligated in their original position before being cut out. The samples were
homogenized in 9 ml buffer (Mitsuoka ct al.,, 1965), containing 0.1% agar and
0.05% cystine-HCI and tenfold serial dilutions of this suspension were in-
oculated into the following media:

1. Semi-solid sulphite agar (SA) (Takacs, 1967). Prior to inoculation,
1 ml of each dilution step was pipetted into a tube, heat-treated at 80 °C
for 10 minutes and covered with 15 ml freshly prepared sterile medium warmed
to 50—60 °C temperature. This procedure made possible the counting of
thermorésistant spores in the test material, the heat treatment furnishing the
temperature required for spore activation. The cultures were incubated for
72 hours at 39 °C.
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2. SA -)- 1000 y/ml D-cycloserine tartrate (Chinoin, Budapest). The
addition of D-cycloserine permits selective isolation of all types of Clostridium
perfringens (Flzi and Csukas, 1968) without heat treatment, thus enabling
the demonstration of thermosensitive spores and vegetative forms. Clostridia
growing in this medium will further on be referred to as “vegetative organisms”
for the sake of simplicity. The cultures were incubated for 72 hours at 39 °C.

3. Reinforced Clostridial Medium (RCM). Streak plates were prepared
from this medium to isolate clostridia and bacteroides (Futier and Lev, 1964).
The cultures were incubated for 4 days at 37 °C, under anaerobic conditions.

4. Lactose-eggyolk-milk medium .+. 200 yjml neomycin sulphate (Willis
and Flobbs, 1959). Plates prepared from this medium were used for isolation
and — after transfer to Holman medium with the antibiotic component
omitted — identification of pure cultures.

Anaerobic conditions were provided in a glass jar of 15 litre volume,
using pyrogallic acid and NaOH (Peitczar, 1957). About 2—3 hours elapsed
between sampling and setting up of the cultures in the anaerobic environment.

Complementary microscopic examinations and further culturing were
performed, if required, to obtain more information.

Results

The methods described in the foregoing served above all for the isolation
of clostridia and asporogenic anaerobes termed collectively as bacteroides.

Agar stabs in SA medium proved to be most suitable for the assessment
of the quantitative relationships of isolated clostridia. The results obtained
with high dilutions of 60 sulphite-reducing strains, previously transferred to
Holman broth, are shown in Table I. Addition of D-cycloserine to SA further
promoted clostridial growth. Several authors have suggested the use of neo-
mycin-containing media for clostridium isolation from swine intestine. This is
not advisable, especially when the material derives from animals, because
neomycin suppresses the growth of type C Clostridium perfringens (Narayan,
1965) which has been shown to play an important role in the pathogenesis
of swine gastro-enteritis (Mészaros and Pesti, 1966; Pesti, 1970).

The Willis—Hobbs lactose-eggyolk-milk medium was less suited than
SA for clostridium isolation from chyme. Readings were more difficult than
both SA and RCM and selectivity was unsatisfactory, owing probably to the
high water vapour content in the glass jar, which may have altered the sur-
face conditions of the culture.

For certain intestinal segments the clostridial counts established on RCM
plates were several orders lower than those obtained on SA medium. This may
have been due to the omission of the heat treatment required for the activation
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Table |

Biochemical reactions of Clostridium perfringens isolated from alimentary tract of pig

Opalescence +
Lactose-eggyolk-milk Lactose
medium Pearly layer —
Proteolysis -
Glucose 4.1
Lactose 4.6
Phenol red broth base final pH after
. Sucrose 4.1
(Difco B 92) pH = 7.8 . 6 days
Mannitol 7.4
Salicin 7.6
Ellner’s sporulation Sporogonie 49 reading after
medium Asporogonic 1 3 days
Strongly haemolytic 50
RCM—blood agar .
Weakly haemolytic 10

of clostridium spores (Roberts, 1968) or, on the other hand, to the less vig-
orous anaerobic techniques used. After incubation for 4 days at 37 °C, the
clostridia formed slightly wrinkled yellowish colonies about 0.5 cm in diameter
on the RCM agar; the haemolytic activity of the colonies was non-uniform.
The bacteria themselves were Gram variable, often filamentous rods which
formed spores in Ellner’s broth.

Asporogenic anaerobes also grew on the RCM agar, especially on plates
seeded with samples from the posterior intestinal tract. These organisms formed
small, dewdrop-like colonies having only a slight haemolytic activity, if any.
At a magnification of 1:100, these colonies appeared slightly granular, with
undulate edges, and they were often pitted owing to phage activity. Most
colonies consisted of Gram-negative coccoids of varied size some of which had
a granular cytoplasm, but a few colonies appeared as clumps of markedly
polymorphous rods. Various authors who have used the same technique are
of the opinion that these bacteria belong chiefly to the family Racteroidaceae
and some to the genus Veillonella (Furier and Lev, 1964). On examining the
intestinal flora of piglets weaned at an early age, Kenworthy and Crabb
(1963) found that the coccoid form of asporogenic anaerobes predominates up
to 45 days of age. This is in good agreement with experience in the present
studies.

The quantitative relationships of asporogenic anaerobes reported here
fail to confirm the general view that their count in pig large intestine amounts
to 10°—10’°. This discrepancy was in all probability due to shortcomings of
the anaerobic technique applied.

Since six of the 18 experimental piglets, three from each litter, developed
clinically and bacteriologically verified E. coli enterotoxaemia, an opportunity
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presented to compare the counts of the three groups of bacteria in healthy
and diseased animals. Fig. 1 shows counts (log 10) for samples of chyme taken
from different intestinal segments of healthy animals. The shapes of the curves
clearly indicate that except for the duodenum and jejunum, which contained
only spores, the counts for the vegetative forms of clostridia were 1—2 expo-
nents higher compared to those for sporogenic forms. This is in good accor-

log 10/g

Fig. 1. Quantitative changes of certain anaerobic bacteria of the alimentary tract of healthy
piglets. Sj, stomach (oesophageal part); S2 stomach (pyloric part); D, duodenum; J, jejunum;
1j, ileum (proximal part); 12, ileum (distal part); C, caecum; Co, colon; R, rectum.
------------- clostridial spores; — — — vegetative clostridia; —.—.—.— bacteroides

dance with the observation (Furier and Moore, 1967) that lipids and bile
acid salts may suppress clostridial growth in the small intestine. This inhibitive
effect seems to have been stronger than the selective effect of gastric pH,
despite the low acid resistance of clostridia. The counts of vegetative and
sporogenic forms again differed markedly in the large intestine, owing very
likely to the slower peristalsis and the absence of inhibitory effects in this
segment.

The animals suffering from E. coli enterotoxaemia showed the known
alterations of counts of coliforms and haemolytic E. coli strains (Sojka, 1965;
Szabo, 1964a, b). The quantitative relationships of the vegetative and sporo-
genic forms of clostridia are displayed in Fig. 2. Differences from the healthy
state were spore counts fell by one exponent and counts of vegetative forms rose
by 1—1.5 exponents compared to normal. Differences were less pronounced in
the large intestine (Fig. 3) and could not be demonstrated by bacteriological
examination of the faeces.
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log 10/g

Fig. 2. Quantitative changes of certain anaerobic bacteria of the alimentary tract of scouring
piglets

'op To/g

Fig. 3. Clostridial flora in the healthy and scouring piglets. 1, clostridial spores; 2, vegetative
clostridia. O healty piglets; Hi scouring piglets
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Discussion

Changes in the quantitative relationships of vegetative clostridia and
spores in the different intestinal segments always reflect the local environmental
factors controlling clostridial growth. Inhibitory factors present in the duode-
num and jejunum destroy the vegetative phase and may even reduce spore
counts. In pigs the destruction of vegetative clostridia takes place in the small
intestine rather than in the stomach. Since all of the vegetative cells are miss-
ing in the small intestine of healthy piglets, intestinal clostridial counts pro-
bably depend on the ingestion of spores. The inhibitory factors seem to be
less operative in the large intestine while the slow peristalsis promotes the
activation of spores. In the piglets with E. coli enterotoxaemia — although the
number of examined animals involved was, of course, too low to permit
general conclusions — the relationship of spore activation clearly differed from
those of healthy animals. The spore count fell, but this was due chiefly to a
definite rise of the count of vegetative forms. It means a marked mobilization
and activation of clostridia in the small intestine of piglets during the disease.
This phenomenon was less pronounced in the large intestine (Fig. 3) and faecal
examinations showed no indication of change. The disease process begins in
all probability with the multiplication of pathogenic E. coli strains, the toxins
of which alter the mucosa in favour of clostridial growth (Mészaros and Pesti,
1966; Pesti, 1970). This interpretation is supported by the observation that
mobilisation was especially distinct in advanced coli-enterotoxaemia. The
toxins released during clostridial growth are probably responsible for the en-
teritis which occasionally complicates this disease.

Acknowledgement. The author is indebted to Miss Emma Szinesi for her efficient
technical assistance.

SUMMARY

Comparison of methods of isolation of certain intestinal anaerobes revealed that in
healthy pigs, the counts of vegetative clostridia and spores differ in the large intestine, owing
to the influence of local inhibitory factors.

Pigs affected by enterotoxaemia, however, showed an activation of clostridia in the
small intestine, resulting in the rise of vegetative forms and fall of spore counts. It is suggested
that the toxins released during clostridial multiplication play a role in the enteritis which
occasionally complicates enterotoxaemia.
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Diese Arbeit bildet den vierten, ergdnzenden Teil der unter dem Titel
»RoOntgenanatomie der Hirnschéddelknochen des Pferdes, des Rindes und
des Schweines« verdffentlichten Mitteilungen. Im Vergleich zu den vorangehen-
den Arbeiten hat sich diese Aufgabe als wesentlich komplizierter erwiesen
und erforderte eingehendere Studien, da nd&mlich die Schéadelknochen der
einzelnen Hundearten — im Gegensatz zu den Ubrigen Haustieren —bedeutende
Abweichungen erkennen lassen.

Nach der allgemeinen, der Lange des Schédels entsprechenden Gruppie-
rung, werden die Hundearten folgendermafen aufgeteilt: dolichocéphale
Hunde (Windhund, Setter, Doberman, deutscher Schéaferhund, Neufund-
lander, usw.), brachycéphale Hunde (Buldogg, Mops, Boxer, Dachshund, usw.)
und schlieBlich die einen Ubergang zwischen den angefiithrten beiden Gruppen
bildenden mesocephalen (hypsicephalen und turricephalen) Hundearten.

Auf dem Hundeschddel macht das zwischen der Ldnge von Hirn- und
Gesichtsschédel bestehende Verhéltnis — unabh&ngig von der Art — im allge-
meinen 1 :1 aus.

Das Schadeldach des dolichocephalen Hundes ist durch einen &uBeren,
hohen, in Pfeilrichtung verlaufenden Kamm, der Crista sagittalis externa
charakterisiert — und dies im Gegensatz zum Schddel des mesocephalen oder
noch eher des brachycephalen Hundes, auf dem ein derartiges Gebilde nur
rudimentdr oder berhaupt nicht vorzufinden ist. Beim brachycephalen Hund
ist der Gehirnschddel umfangreicher als der Gesichtsschédel, was gleichzeitig
bedeutet, dall sich auch die Proportion 1:1 &ndert. Beim mesocephalen,
besonders aber beim brachycephalen Hund ist der Hirnschddel rundlich, fast
kugelartig, bei der letzterw&hnten Art weicht deshalb der Jochbogen beider-
seitig stark aus. Beim brachycephalen Hund ist — wegen der sich seitwérts
vorwdlbenden Wand der Schddelhéhle — auch die Schlédfengrube seicht. Die
Stirn-Nasen-Profillinie zeigt bei den dolichocephalen Hunden eine méRige,
bei den brachycephalen dagegen eine ausgepragte Wdlbung.

Der lange Gesichtsschddel der dolichocephalen Hunde dominiert gegen-
Uber dem Hirnschddel. Die Proportion zwischen der Schdadellinge und der
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Breite der beiden Jochbogen betrdgt 1,0 : 0,6 —0,65. Die Ldnge des Hirnscha-
dels (bis zur Sutura frontonasalis) verhdlt sich zur L&nge der Nasenbeine wie
1,0 : 0,6 —0,7. Auf dem Schéadel des dolichocephalen Hundes besteht zwischen
der kraftigen Crista sagittalis externa und der Entwicklung der Muskulatur
eine gerade Proportion. Diese Crista ist namlich der Treffpunkt der beiden
méchtig entwickelten Mm. temporales.

Die brachycephalen Hunde haben einen kurzen Gesichtsschddel. Die
zwischen L&nge und Breite des Schédels bestehende Proportion macht 1,0 :
0,84—0,90 aus, wahrend die zwischen der L&nge von Hirnschédel und Gesichts-
schddel registrierbare Proportion 1,0 : 0,30—0,36 betrdgt (Schwarze, 1960).
Die Crista sagittalis externa fehlt, dagegen lassen sich auf dem Schédeldach
zwei in entgegengesetzter Richtung verlaufende Lineae temporales beobach-
ten; aus dem Schédeldach entspringt auch der M. temporalis; die Bestand-
teile der Lineae temporales sind die Crista frontalis und die Crista parietalis
(Crista frontalis externa). Bei einigen Hundearten ist der Schéadel in Mangel
der Linea temporalis vollkommen kugelférmig. Die Stirngrube (Fossa frontalis)
ist schwach ausgebildet oder fehlt. Bei domestizierten Tieren bildet das Schéa-
deldach unmittelbar vor den Augenhdhlen, an der Nasenwurzel eine ebene
Flache, die Glabella (Zimmermann, 1939). Der Schédel junger dolichocephaler
Hunde ist dem der Brachycephalen &hnlich.

Zwischen diesen beiden Grundformen nimmt der Schéadel des mesoce-
phalen Hundes eine Mittelstellung ein. Der Hirnschadel ist kugelférmig, zwi-
schen den beiden Lineae temporales befindet sich eine breite Wandflache.
Die Ldngs- und Breitenmale belaufen sich auf 1,0 :0,75 (beim Spitz), die
Proportion zwischen der L&nge von Hirnschiddel und Gesichtsschadel be-
trdgt 1,0 : 0,44. Der Entwicklungsstand der Fossa frontalis ist unterschiedlich,
die Nase verhdltnism&Rig gebogen (Spitz, Dachshund). Angesichts des ziem-
lich langen Hirnschddels reihte Schwarze (1960) den Bulldogg und den deut-
schen Boxer — trotz des kurzen Gesicht-Nasenabschnitts — unter die dolicho-
cephalen Hunde ein.

Literatur

Mit der Rontgenanatomie der Schadelknochen des Hundes haben sich neuestens
Hare (1958), Steinbeck (1962), Finkgraf (1961) und Schebitz und Wilkens (1967) befalt.
Anhand seiner bei dolichocephalen (deutscher Schaferhund) und brachycephalen (englischer
Bulldogg) Hunden durchgefiihrten Untersuchungen demonstrierte Hare (1958) die gréBeren
knochengebildeten Schatten und gleichzeitig die Aufnahmepositionen auf Réntgenaufnahmen
und Rontgenzeichnungen.

Wie das bei den amerikanischen Verfassern (Miller u. Mitarb. 1964) tblich ist, werden
die als Textillustration dienenden Schadelaufnahmen und Konturzeichnungen (in frontobasa-
ler Strahlenrichtung) in der Arbeit von Hare (1958) in einer Weise dargestellt, als ob man das
fragliche Objekt von der Kdérperlage des Tieres her betrachten wirde, d. h., daB auf den Ront-
genbildern das hintere, nackenseitige Ende des Schéadels nach unten und das vordere, mundseitige
Ende nach oben blickt. Diese Darstellungswcise unterscheidet sich von der bei der deutschen
Schule gebrauchlichen (Ettenberger und Baum, 1943; Nickel u. Mitarb., 1954; Schebitz
und Wilkens, 1967), die den Schéadel so veranschaulicht, wie man gewdhnlich dem Schéadel
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des untersuchten Tieres gegeniibersteht, d. h. daB man den Schéadel nicht vom Nacken, sondern
von der Mund-Nasendffnung her betrachtet. Bei Anwendung dieser Methode befindet sich
auf den RoOntgenbildern der nackenseitige Teil oben und der mundseitige Teil unten. Wir
hielten uns in unseren bisherigen rontgenanatomischen Mitteilungen und auch in dieser Arbeit
an die Darstellungsweise der deutschen Schule.

Hare (1958) hat seine Aufnahmen in ventrodorsaler (mandibulofrontaler) Strahlen-
richtung verfertigt und bei der transversalen Strahlenrichtung die sinistrodextrale Strahlen-
richtung angewandt. Unseres Erachtens ist die dorsoventrale (frontomandibulare) Strahlen-
richtung vorteilhafter als die ventrodorsale, da die zahlreiche Einzelheiten zeigende Schéadel-
basis ndher zum Aufnahmefilm liegt als der weniger Details enthaltende frontale Teil, so daR
man von den vielen winzigen Einzelheiten ein scharferes Bild gewinnt.

Steinbeck (1962) untersuchte den Schadel des Airedale-Terriers; diese Art nimmt zwi-
schen den dolichocephalen und brachycephalen Hundearten eine Mittelstellung ein. Die Auf-
nahmen wurden in dorsoventraler, ventrodorsaler sowie zweiseitiger sinistrodextraler, dextro-
sinistraler Strahlenrichtung verfertigt. Nach Ansicht des Verfassers besteht im Falle einer
grofRen Fokus-Film-Entfernung zwischen den dorsoventralen und ventrodorsalen Aufnahmen
kein wesentlicher Unterschied.

Barone und Guelfi (1966) beschrieben das in sagittaler und transversaler Strahlen-
richtung verfertigte normale Rdntgenbild des Hundeschédels. Vom praktischen Standpunkt
aus liat sich die ersterwahnte Strahlenrichtung als geeigneter erwiesen. Nach den Verfassern
soll der Hauptstrahl — um ein verzerrungsfreies Bild zu gewinnen — auf die sog. frankfurter
bzw. deutsche Ebene senkrecht geleitet werden. Die frankfurter Ebene reicht von der Margo
infraorbitalis der Orbita durch den Arcus zygomaticus bis zum oberen Rand des P6rus acusti-
cus externus. Der Aufnahmefilm muR dieser Ebene parallel sein.

Der sich auf 198 Seiten erstreckende, zweisprachige Rdntgenanatomische Atlas von
Schebitz und Wilkens (1967) enthalt Réntgenaufnahmen lebender Pferde und Hunde. Der
besondere Wert der Arbeit ergibt sich daraus, daB das Verfasserteam aus einem Anatomen und
einem Kliniker (Chirurg) besteht. In dem mit vielen Rontgenaufnahmen und Réntgenkontur-
zeichnungen illustrierten Atlas wird sowohl die deutsche, als auch die angelsédchsische Nomen-
klatur angewandt.

Schuler (1968) analysierte den Katzenschadel und zwar nicht nur in senkrechter, son-
dern auch in schrager Projektion. Obwohl Verfasser die senkrechte Projektion als vorteil-
hafter betrachtet als die schrage, da Verzerrungen geringer und Orientation einfacher sind,
war er mehrmals gezwungen, auch die schrédgen Strahlenrichtungen in Anspruch zu nehmen,
so z. B. — wie er schrieb bei den Zahnaufnahmen, im Interesse der Vermeidung der einander
bedeckenden Projektionen der Schatten der beiderseitigen Backenzéhne.

Bei der Zusammenstellung unserer Arbeit, der kurzen, deskriptiven,
unter Berucksichtigung der réntgenanatomischen Standpunkte verfertigten
Beschreihung der Hirnschéddelknochen, stiitzten wir uns auf die hervorragende
Monographie von Mitter, Christensen UNd Evans (1964). Die ausfuhrliche,
grindliche Erdrterung leistete zur Homologisation der Knochenschatten eine
wertvolle Hilfe.

Methodik

Unter den réntgenanatomischen Untersuchungen des Knochengerists
ist das Studium der Schédelknochen eine der kompliziertesten Aufgaben.
Schon wegen der h&dufigen Superposition der Schatten kénnen unmdglich
Aufnahmen verfertigt werden, auf denen ein jedes Detail mit derselben Inten-
sitdt dargestellt ist.

Die Anatomie der Hirnschdadelknochen haben wir — ebenso wie in
unseren friheren Arbeiten — unter Berlcksichtigung réntgenanatomischer
Gesichtspunkte beschrieben. Jene wichtigen anatomischen Charakteristika,
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die groRtenteils auch auf den Rdntgenaufnahmen in Erscheinung treten und
auch eine praktische Bedeutung besitzen, sind in der Arbeit kurz angegeben.

Die Erlernung des Materials der Réntgenanatomie ist anhand von Rdnt-
genaufnahmen wund RdOntgenkonturzeichnungen sowie aufgrund des die
Schatten erkldarenden Textes madglich, obwohl das letzterwdhnte eigentlich
nicht unbedingt notwendig ist. Die Mehrzahl der réntgenanatomischen Ar-
beiten enthdlt nur Réntgenaufnahmen und Rdéntgenkonturzeichnungen, ohne
daB der Schatten der betreffenden Gebilde beschrieben ware; die ausfihrliche
Beschreibung der Rdntgenschatten ist aber in der Rdéntgenanatomie ebenso
wichtig, wie in der deskriptiven Anatomie, da nd&mlich der regelwidrige Schat-
ten irgendeines Knochens ansonsten nicht mit Sicherheit zu diagnostizieren
ist. Fehlt der erkldrende Text, wird man betreffs der Zugehdrigkeit des frag-
lichen Knochens, selbst angesichts der sogar die kleinste Einzelheit darbie-
tenden Aufnahme, unsicher. Um diesen Fehler auszuschalten, haben, wir auch
diese Arbeit mit einem schattenerkldrenden Text ergénzt.

Die Rontgenaufnahmen wurden von den mazerierten Sché&deln dolicho-
cephaler, mesocephaler und brachycephaler Hunde — ohne Berlicksichtigung
der Hundeart — verfertigt. Auf der vom lebenden Tier verfertigten Réntgen-
aufnahme verlieren sich die Schatten der kleineren, jedoch wichtigen Schéadel-
abschnitte h&ufig in den Schatten der Weichteile, und sogar auf der mazerierte
Schdadel darstellenden Aufnahme bleiben die Schatten einiger wichtiger ana-
tomischer Details unsichtbar.

Im Laufe der analysierenden Untersuchungen spielt bei der Bewertung
der Rontgenschatten auch das Einbildungsvermdégen eine gewisse Rolle. Um
diesen Faktor zu eliminieren und Irrtimer auszuschalten — die zu begehen es

mannigfaltige Mdglichkeiten gibt — haben wir unsere Aufnahmen von in
verschiedenen Richtungen zersidgten Schéddeln verfertigt. Der Rontgenologe
mull — ob Untersuchung, oder Beschreibung — stets maximale Exaktheit

bestreben. Bereits die kleinste Anderung der Richtung bzw. des FuRpunktes
des Hauptstrahles kann eine wesentliche Modifizierung des Rdntgenschattens
zur Folge haben. Dies wird auch durch die Tatsache unterstutzt, dall sich die
Schattenverhdltnisse, dementsprechend ob die Aufnahme vom ganzen Schéa-
del, oder nur von dem Gehirn- bzw. Gesichtssch&del verfertigt worden war,
wesentlich voneinander unterscheiden. Vergleicht man die Rontgenatlasse der
verschiedenen Verfasser, so lassen sich, was die Bewertung der Lokalisation
bzw. der Schatten einiger Lécher und Offnungen anbelangt, nicht selten ein-
ander widersprechende Angaben vorfinden. Nebst der unterschiedlichen Fest-
legung der FuBpunkte spielen hierbei auch subjektive Gesichtspunkte eine
wichtige Rolle. Auch im Laufe unserer Untersuchungen hat sich die Bewertung
der Schatten hdufig als problematisch erwiesen und gerade deshalb lag es
nicht in unserer Absicht, die Stelle s&mtlicher auf dem Rd&ntgenbild kaum
wahrnehmbarer Schatten eines jeden anatomischen Gebildes zu bezeichnen.
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In Anbetracht des Gesagten haben wir als bedeutende modifizierende
Faktoren den FuRpunkt der Hauptstrahlen in zwei Strahlenrichtungen fest-
gelegt. Die Aufnahmen wurden in dorsoventraler, frontobasilarer (Norma
frontalis) und transversaler, temporaler (Norma temporalis, sinistrodextralis,
dextrosinistralis) Strahlenrichtung verfertigt. Die dorsoventraler, Strahlen-
richtung schien geeigneter zu sein als die basofrontale (mandibulofrontale),
da sich die starker gegliederten Teile des Schédels auf der Schéddelbasis be-
finden, so daBR man von ihnen in Filmnédhe ein scharferes Bild erhadlt. Den
FuBpunkt des Hauptstrahles haben wir auf dem Schédel der dolichocephalen
und mesocephalen Hunde in dorsoventraler Strahlenrichtung in der Median-
ebene, in oder etwas vor die Naht der Scheitel- und Stirnbeine angebracht, d.h.
an jene Stelle, wo als Fortsetzung der Crista sagittalis externa die beiden
Lineae temporales entspringen. Es sei jedoch erwé&hnt, dal wegen des indivi-
duell unterschiedlichen Entwicklungszustands der Scheitel- und Stirnbeine
der sichere Halbierungspunkt der Hirnschddellange nur schwer festzustellen
ist. Aufdem Schédel des brachycephalen Hundes fallt der FuBpunkt des Haupt-
strahles, ebenfalls in der Medianebene, in die Naht der Scheitel- und Stirn-
beine, zwischen die beiderseits divergierenden Lineae temporales. In tempo-
raler oder transversaler Strahlenrichtung gelangt der FuRpunkt des Haupt-
strahles auf dem Schddel der dolichocephalen bzw. mesocephalen Hunde dem
oberen Rand des Jochbogens entlang, in Richtung der von der Ausgangsstelle
der Lineae frontales gefdllten Senkrechte in die Naht der Scheitel- und Schlé&-
fenbeinschuppen (Sutura squamosa). Auf dem Schddel des brachycephalen
Hundes fallt der FuBpunkt des Hauptstrahles in den Treffpunkt des Schuppen-
abschnitts der Scheitel-, Stirn- und Schlédfenbeine. Da der Entwicklungsgrad
der Sché&delhdhle, Lokalisation bzw. Wdlbung des Jochbogens den einzelnen
Individuen und Rassen entsprechend die Stelle der FuBRpunkte wesentlich
beeinflussen, sind die oben angefuhrten Angaben nur anndhernd genau.

Wir wandten die Fachwdrter der neuen anatomischen Nomenklatur
(NAY) an, und folgten bei der Gruppierung der Schéddelknochen, angesichts
unserer fritheren rdéntgenanatomischen Arbeiten, der alten Einteilung.

Angesichts dessen, dal auf den von Rdéntgenaufnahmen verfertigten
Reproduktionen die feineren Teilschattcn zumeist verschwinden, empfiehlt
es sich, das Bildmaterial der Arbeit in Form von Photographien beizufiigen.
Die von den vorderen FuBwurzelknochen des Rindes verfertigten Photogra-
phien von Funk (1966) sind fast ebenso schdén, wie die originalen Rdntgen-
aufnahmen. Funk (1966) hat sich bei Verfertigung seiner Bilder dem elektri-
schen Verfahren, der sog. Logetronographie bedient. Auf den Bildern sind die
Kontraste weniger scharf, und die Teilschatten treten hervor (s. noch Sche-
bitz, 1960 und Schaurer, 1968).
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Deskriptive Anatomie der Hirnschéadelknochen

(unter Berilicksichtigung réntgenanatomischer Gesichtspunkte)

Die Grundlage der Untersuchungen, auf denen die Angaben des de-
skriptiven anatomischen Kapitels beruhen, bildete die Hundeanatomie von
Mitter—Christensen —Evans (1964) (Norma frontalis, norma temporalis,
norma basilaris). Im Mittelpunkt unserer Untersuchungen stand der Schédel
des dolichocephalen Hundes, wobei sich auch zur Erdrterung der auf dem
Schédel des mesocephalen bzw. brachycephalen Hundes beobachtbaren Unter-
schiede eine Gelegenheit bot.

Dorsale Flache des Hirnschadels
(Planum dorsale, Norma frontalis)

Der Schadel des Neugeborenen ist fast kugelférmig. Auf dem Schédel
des ausgewachsenen dolichocephalen Hundes erhebt sich die bereits gut ent-
wickelte Crista sagittalis externa (Abb. 1, 3, 4, 1), die etwa 1 cm vor der Sutura
coronalis (Abb. 1, 3, 4, 2) in die Uinea temporalis ubergeht (Abb. 1, 3), welche
ihrerseits aufden Processus zygomaticus (Abb. 1—5, 4) verlduft. Auf dem Schéa-
del des brachycephalen Hundes ist die Crista sagittalis externa (Abb. 2, 5, 5)
duBerst kurz und geht nach vorne in die nach rechts und nach links divergieren-
de, gut entwickelte Linea temporalis (Abb. 2, 3) Uber; die Ausgangsstelle
befindet sich heim zwischen die Scheitelbeine eindringenden Fortsatz (Pro-
cessus interparietalis) des Hinterhauptbeines. Die dorsale Ebene begrenzt
von hinten den schrég verlaufenden, unterschiedlich entwickelten Genickkamm
(Crista nuchae) (Abb. 1—5, 6), welcher die oberen und unteren Schédelflachen
voneinander absondert.

Die an den beiden Seiten der Crista sagittalis externa verlaufenden
Fossae temporales (Abb. 1—5, 7) begrenzen medialwérts und vorne beim
dolichocephalen Hund die Crista sagittalis externa und die Linea temporalis,
beim Brachycephalen dagegen hauptsdchlich die Linea temporalis. Die Basis
der Schléfengrube bilden, den drei Knochen entsprechend, drei Teile: die
hinten liegende Pars parietalis, die etwas davor lokalisierte Pars frontalis
und die lateral befindliche Pars temporalis.

Zwischen den beiden Lineae temporales liegt in der Medianebene bzw.
in der Querebene des hinteren Endes der Nasenbeine die Fossa frontalis (Abb.
1, 8); diese Stelle, die Glabella, entspricht der Ebene der Lamina cribrosa;
die Ausbreitung dieses flinfeckigen Gebildes hdngt mit der GrdfRe der Stirn-
hdohle zusammen.
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Abb. 1

Abb. 1 und 2. Die Hirnschadelknochen des dolichocephalen und des brachycephalen Hundes

(Norma frontalis). 1, Crista sagittalis externa (dolichocephaler Hund; Abb. 1); 2, Sutura coro-

nalis (Abb. 1); 3, Linea temporalis; 4, Processus zygomaticus ossis frontalis; 5, Crista sagittalis

externa (brachycephaler Hund; Abb. 2); 6, Crista nuchae; 7, Fossa temporalis; 8, Fossa fron-

talis; 9, Arcus zygomaticus; 10, Orbita; 11, Processus zygomaticus ossis temporalis; 12, Pro-
cessus temporalis ossis zygomatici; 35, Protuberantia occipitalis externa

Ada Veterinaria Academiae Scientiarum Hungaricae 22, 1972



148 KOVACS u. Mitarb.
Laterale Flache des Hirnschadels
(Planum laterale, Norma temporalis)

Die Charakteristika dieser Fldche sind der sich vorwdélbende Arcus zygo-
maticus (Abb. 1—7, 9) und die Orbita (Abb. 1—5, 10). Der stark entwickelte
Jochbogen bildet zwischen Hirnschddel und Gesichtsschédel lateral und dorsal
eine konvexe Knochenbriicke; der lateromediale Abschnitt des vorderen
Zweidrittels und der dorsoventrale hintere Drittel sind flach; seine Bestand-
teile sind der Processus zygomaticus des Schldfenbeins (Abb. 1—7, 11) und
der Processus temporalis des Jochbeins (Abb. 1—7, 12). Beim hinteren Ende
befindet sich der P6rus acusticus externus (Abb. 3—5, 13) und ventral davon
die Bulla tympanica (Abb. 3—7, 14), welche sich von der ventralen Seite her
besser erkennen 14Rt. Der breite, flache, verhdltnisméRig kleine Processus
jugularis (Abb. 3—7, 15) verlauft caudoventral hinter der Bulla tympanica
und seitwdrts der Condyli occipitales des Hinterhauptbeines (Abb. 3—7,
16). Der nach vorne und seitwdrts gerichtete Eingang der Orbita ist auf
dem Schéadel des brachycephalen Hundes rund und auf dem der Dolichocepha-
len unregelmd&RBig oval. Im hinteren-inneren Teil der Augenhdhle befinden sich
hintereinander drei Offnungen: der Canalis opticus (Abb. 5, 77), die Fissura
orbitalis (Abb. 4, 18) und das Foramen alare rostrale (Abb. 3, 4, und 6, 7,
79); dazu gesellen sich noch die anterodorsal lokalisierten, winzigen Foramina
ethmoidalia (Abb. 3, 5, 20). Auf der medialen Wand der Augenhdhle sondert
sich die Crista orbitalis ventralis in einem dorsal gebogenen Bogen ab, sie
bedeutet die obere Grenze der Ursprungsstelle des M. pterygoideus.

Ventrale Fldche des Hirnschédels
(Planum ventrale, Norma basilaris)

Diese erstreckt sich vom Foramen magnum bis zum freien Rand der ho-
rizontalen Gaumenplatte (Margo liber). Die hintere Grenze bilden die beiden
Condyli occipitales (Abb. 3—7, 16) mit der interkondyldren Inzisur. Proximal
der ventralen Fldche befindet sich, teils zwischen den beiden Partes tym-
panicae, die Pars basilaris ossis occipitalis (Basioccipitale) (Abb. 6, 7, 21).
Das mit der Oberflaiche der Bulla tympanica medial zusammenhédngende
Tuberculum musculare (Abb. 6, 7, 22) ist eine niedrige, sagittale, langliche
Protuberantia mit ungleichméaRiger Oberflache. In der von der Bulla tympanica
(Abb. 3—7, 14), dem Condylus occipitalis (Abb. 3—4, 76) und dem Processus
jugularis (Abb. 3—4, 75) umgebenen Fossa condylaris ventralis (Abb. 6—7, 23)
6ffnet sich in Form eines winzigen, runden Lochs das Foramen hypoglossi
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Abb. 3

Abb. 4

Abb. 5

Abb. 3, 4 und 5. Die Hirnschéadelknocben des dolichocephalen und des brachycephalen Hundes
(Norma temporalis). 1, Crista sagittalis externa (dolichocephaler Hund; Abb. 3, 4); 2, Sutura
coronalis (Abb. 3, 4); 4, Processus zygomaticus ossis frontalis; 5, Crista sagittalis externa
(braehycephaler Hund; Abb. 5); 6, Crista nuchae; 7, Fossa temporalis; 9, Arcus zygomaticus;
10, Orbita; 11, Processus zygomaticus ossis temporalis; 12, Processus temporalis ossis zygo-
matici; 13, Porus acusticus externus; 14, Bulla tympanica; 15, Processus jugularis; 16, Con-
dylus occipitalis; 17, Canalis opticus (Abb. 5); 18, Fissura orbitalis (Abb. 4); 19, Foramen
alare rostrale (Abb. 3, 4); 20, Foramen ethmoidale (Abb. 3, 5); 31, Processus retroarticularis;
34, Squama occipitalis; 35, Protuberantia occipitalis externa
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(Abb. 6, 7, 24). Zwischen diesem Gebilde und der Bulla tympanica in Sutura
petrooccipitalis nehmen das ldnglich, querlaufende Foramen jugulare (Abb.
6, 7, 25) und Foramen caroticum externum (Abb. 6, 7, 26) Platz. Der Processus
jugularis ist mit der hinteren Flache der Bulla tympanica verwachsen. Zwischen
der Bulla tympanica und dem Kdrper des Hinterhauptbeines liegt — lateral
vom Foramen caroticum externum — der Semicanalis tubae auditivae (Tuba
auditiva ossea) (Abb. 6, 7, 27). Das umfangreichste Loch auf diesem Gebiet
ist das der Fossa mandibularis medial liegende Foramen ovale (Abb. 6, 7, 28);
unm ittelbar davor befindet sich das Foramen alare caudale (Abb. 6, 7, 29).
Die Fossa mandibularis ist eine glatte Gelenkflache (Abb. 6—7, 30) auf der
hinteren-unteren Fldche des Arcus zygomaticus. Dem Processus retroarticula-
ris medial (Abb. 3, 7, 31) 6ffnet sich in Form einer winzigen, eirunden, trichter-
formigen Offnung die Fissura petrotympanica (Glaseri) (Abb. 6, 7, 32). Die
auf der hinteren Fldche des Fortsatzes befindliche kleine Furche bildet einen
Teil des Foramen retroglenoideum (Abb. 6, 7, 33).

Dort wo der Temporalfligel des Keilbeins und das Basisphenoidale
Zusammentreffen, befindet sich der kurze Canalis alaris (Abb. 6, 7,19), wé&hrend
vom Korper des Keilbeins, dem Processus pterygoideus sowie dem Os ptery-
goideum umgeben der Canalis pterygoideus — zu dem der kurze Sulcus ptery-
goideus fuhrt — liegt.

Hintere Flache des Hirnschadels

(Planum nuchale; Mirrer)

Die hintere Fldche des Hirnschéddels hat die Form eines unregelmdafigen
Dreiecks. Die Seitenteile sind die Squama occipitalis (Abb. 3, 4, 34) mit den
Condyli (Abb. 3, 4, 16) und den Processus jugulares (Abb. 3—7, 15), wéhrend
den medioventralen Teil die Pars basilaris (Abb. 6, 7, 21) mit der Incisura
condylaris bildet. Die lateralwarts liegende Crista nuchae (Abb. 1—5, 6)
trennt dieses Gebiet von der Fossa temporalis ab. Die Protuberantia occipi-
talis externa (Abb. 1—5, 35) befindet sich auf dem hinteren Ende der Crista
sagittalis externa. Das Foramen magnum ist breit und hdufig asymmetrisch
(Abb. 6, 7, 36). Die Fossa condylaris ventralis (Abb. 6, 7, 23) grenzt lateral
die Gelenkknorren vom Processus jugularis ab. Im vorderen Teil der Fossa
befindet sich das Foramen hypoglossi (Abb. 6, 7, 24). Auf dem Schddel von
Jungtieren nimmt lateral vom Processus jugularis die Sutura occipitomastoidea
Platz. Der Processus mastoideus —a der eigentlich die Pars mastoidea des
Schléfenbeins ist — befindet sich dorsal vom Foramen stylomastoideum (Abb.
6, 7, 37), welches Gebilde vor dem Processus jugularis und oberhalb der Bulla
tympanica liegt.
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Abb. 6

Abb. 7

Abb. 6 und 7. Die Hirnschadelknochen des dolichocephalen und des brachycephalen Hundes
(Norma basilaris). 4, Processus zygomaticus ossis frontalis; 9, Arcus zygomaticus; 11, Processus
zygomaticus ossis temporalis; 12, Processus temporalis ossis zygomatici; 14, Bulla tympanica;
15, Processus jugularis; 16, Condylus occipitalis; 19, Foramen alare rostrale; 21, Pars basilaris
ossis occipitalis; 22, Tuberculum musculare; 23, Fossa condylaris ventralis; 24, Foramen hy-
poglossi; 25, Foramen jugulare; 26, Foramen caroticum externum; 27, Semicanalis tubae
auditivae; 28, Foramen ovale; 29, Foramen alare caudale; 30, Fossa mandibularis; 31, Pro-
cessus retroarticularis; 32, Fissura petrotympanica (Glaseri); 33, Foramen retroarticulare;
36, Foramen magnum; 37, Foramen stylomastoideum
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Rontgenaiiatomie der Hirnsch&ddelknochen
1. Dorsoventrale Strahlenrichtung

Die hintere Grenzlinie des Schddels bildet die in unregelméfigem kon-
vexem Bogen seitwdarts und nach vorne gerichtete Schattenlinie der auf dem Os
occipitale liegenden Crista nuchae (Abb. 8—14, 1). Von hinten begrenzt das
Gebiet die einen hellen Schatten gebende Squama occipitalis (Abb. 8—11,2),
deren verkirzter Schatten sich in den Schatten der Pars basilaris bzw. der
Pars lateralis projiziert; der in Richtung des Schédeldachs fallende Abschnitt
gibt einen einfachen Schatten von feiner, trabekuldrer, schaumiger Struktur.
Der sich in der Medianebene dahin projizierende breite, dunkle, streifenartige
Schatten der Crista sagittalis externa mitverschwommenem Rand (Abb. 8—11,
3) teilt den oben beschriebenen Schatten in zwei Teile. Das hintere freie Ende
endet im die Protuberantia occipitalis externa nachahmenden Schatten
(Abb. 8—11, 4). Der das Foramen magnum von oben begrenzende Abschnitt
der Hinterhauptbeinschuppe ergibt einen dunklen additionalen Schatten,
in dem sich die dunklen, scharfumrandeten Schatten der beiden Tubercula
nuchalia befinden (Abb. 8—11, 5). Der auf der inneren (der Schadelhdhle zu
liegenden) Flache der Squama occipitalis befindliche Processus tentoricus gibt
keinen entschiedenen Schatten, da der intensiv dunkle Schatten der Crista
sagittalis externa den Fortsatz — den auch der Hauptstrahl senkrecht betrifft
— bedeckt. Der Schatten des in der Medianebene lokalisierten Abschnitts
des Hinterhauptkdrpers erinnert an ein gleichschenkliges Dreieck und ist von
feinschwammiger Struktur (Abb. 8—11, 6). Der helle, ldnglichrunde Schatten
des Foramen magnum (Abb. 8—11,7) ist teils durch dem Schatten des Hinter-
hauptbeins bedeckt; auf der Réntgenaufnahme tritt auch die durch den
hinteren Rand des Basiooccipitale gebildete Grenzlinie des vorderen-unteren
Rands der Offnung (Abb. 8—11, 8) in Erscheinung, welche auch die Fossa
intercondylaris (Zimmermann, 1939) begrenzt. In der Nd&he des vorderen
Basiooccipital-Endes ist der eirunde, eine schaumige Struktur und einen un-
regelméRigen Rand aufweisende Schatten der beiden Tubercula muscularia
(Abb. 8—11, 9) ersichtlich. Gegen die Mitte des Kdrpers kann mitunter der
Schatten des in der Medianebene liegenden, uber eine ungleichmé&Rige Ober-
flache verfigenden Tuberculum pharyngeum erkannt werden (Abb. 9, 9a).

Die die Basis der hinteren Schéddelgrube bildenden Impressio pontina und
Impressio medullaris sind in dieser Strahlenrichtung nicht ersichtlich.

Da beim Hund das Foramen lacerum fehlt, besteht das Foramen jugu-
lare aus dem lateralen Rand des Hinterhauptbeinkdrpers und dem Felsen-
bein; dieser langlichrunde, mit dem hinteren Ende lateralwd&rts ausweichende,
helle Lochschatten (Abb. 8—11, 10) befindet sich am Ansatz der Schatten
der Paukenhohle (Abb. 8—11, 48) und des Drosselfortsatzes (Abb. 8—11, 11).
Der Schatten des dem Foramen lacerum orale entsprechenden Foramen ovale
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Abb. 8. Rontgenbild der Hirnschadelkrochen des dolichocephalen Hundes. Dorsoventrale
Strahlenrichtung. 1, Crista nuchae; 2, Squama occipitalis; 3, Crista sagittalis; 4, Protuberantia
occipitalis externa; 5, Tuberculum nuchale (Abh. 8, 10, 11); 6, Pars basilaris; Os basioccipitale;
7, Foramen magnum; 8, Unterer Rand des Foramen magnum; 9, Tuberculum musculare;
9a, Tuberculum pharyngeum (Abb. 9); 10, Foramen jugulare; 11, Processus jugularis; 12,
Foramen ovale; 13, Offnung der Tuba Eustachii; 14, Foramen caroticum externum; 15, Con-
dyli occipitales; 16, Jugum condyli occipitalis; 17, Fossa condylaris ventralis; 18, Canalis con-
dylaris; 19, Canalis nervi hypoglossi (Abb. 8, 10, 11); 20, Synchondrosis (synostosis) spheno-
occipitalis; 21, Os basisphenoidale; 22, Orbitale Offnung des Canalis orbitalis (Abb. 8, 10); 23,
Lamina perpendicularis (Abb. 8, 10, 11); 24, Canalis alar s; 25, Foramen alare rostrale (Abb. 8,
10, 11); 26, Fissura orbitalis (Abb. 8, 11); 27, Foramen rotundum (Abb. 8, 11); 28, Processus
pterygoideus; 29, Os ethmoidale; 30, Septum nasi; 31, Lamina cribrosa; 32, Fossa ethmoidea
(Abb. 8, 10, 11); 33, Ethmoturbinalia; 34, Sinus frontalis; 35, Processus zygomaticus 0ssis
frontalis; 36, Linea temporalis; 37, Vorderer Rand des Processus zygomaticus (Abb. 8, 11);
38, Squama temporalis; 39, Processus zygomaticus ossis temporalis; 40, Processus frontalis
ossis zygomatici (Abb. 8, 10, 11); 41, Processus retroarticularis; 42, Processus occipitalis ossis
temporalis; 43, Pars petrosa et pars tympanica; 44, Crista partis petrosae (crista petrosa)
(Abb. 8, 9, 11); 45, Foramen retroarticulare; 46, Canalis temporalis lateralis; 47, P6rus acusticus
internus; 48, Cavum tympani

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



154 KOVACS u. Mitarb.

Abb. 9. Rontgenbild der Hirnschéddelknochen des brachycephalen Hundes. Dorsoventrale
Strahlenrichtung. Erlauterungen s. bei Abb. 8

(Abb. 8—11, 12) nimmt im Verhdltnis zur Offnung der Hoértrompete vor-
wérts und nach aullen Platz (Abb. 8—11, 13). Fast zusammengeschmolzen
mit dem Foramen ovale bzw. unmittelbar davor |48t sich der verschwommene
Schatten des Foramen alare caudale beobachten. In der Nachbarschaft der
Tubadffnung ist medial der Schatten des Foramen caroticum externum er-
sichtlich (Abb. 8-11, 14).

Die Condyli occipitales geben einen dunklen Schatten, der die Form eines
unregelmdRigen Vierecks hat (Abb. 8—11, 15). Ihre hintere scharfe Grenz-
linie bildet das Jugum condyli occipitalis (Abb. 8—11, 16) (K ovacs u. Mitarb.,
1964). Die Schatten der beiden Gelenkknorren nehmen den ldnglichrunden
Schatten des Foramen magnum in die Mitte (Abb. 8—11, 7). Die vordere
Grenze der Condylusschatten bildet der helle Schatten der wohlentwickelten
Fossa condylaris ventralis (Abb. 8—11, 17). An deren Grund kommt die
Canalis condylaris in Form eines longitudinalen Schattens zum Vorschein
(Abb. 8—11, 18). Der ventralen Knopfgrube lateral tritt der dunkle, dichte
Schatten des bereits erwdhnten breiten, flachen, verh&ltnismaRig kurzen,
knollenartig endenden Processus jugularis in Erscheinung (Abb. 8—11, 11).
Verschwommen kann auch der winzige, rundliche Schatten des Kanals, ge-
nauer gesagt der Offnung des N. hypoglossus beobachtet werden (Abb. 8, 10,

11, 19).
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Zwischen dem Hinterhauptbeinkdrper und dem Keilbeinkdrper ist der
in Querrichtung verlaufende, die beiden Tubercula muscularia uberbrickende
dunkle, streifenartige, Uber einen verschwommenen Rand verfigende Schatten
der Synchondrosis (Synostosis) sphenoccipitalis gut zu sehen (Abb. 8—11,
20).

Das Basisphenoidale und Praesphenoidale ergeben auf dem mesocepbalen
Schéadel einen sich nach vorne verscliméalernden, mehr oder minder dreieckfor-
migen Schatten mit feinschaumiger Struktur (Abb. 8 —11, 21), den auf dem
dolichocephalen Sché&del der Schatten der Crista sagittalis externa in der
Medianlinie halbiert (Abb. 8, 3).

Beim Hund befindet sich im Keilbeinkdrper kein Sinus sphenoideus
(Mitrer, 1964); es gibt zwar kleinere Hohlen sowohl im Basi-, als auch im
Praesphenoidale, diese treten aber auf dem Rdéntgenbild kaum in Erscheinung.

Bei den Karnivoren kann der Schatten der schwach entwickelten Crista
orbitosphenoidea auf dem Rdntgenbild Uberhaupt nicht und der der orbitalen
Offnung des Canalis opticus kaum abgegrenzt werden (Abb. 8—11, 22). Der
Schatten des Rostrum sphenoideum der schwach entwickelten Crista galli
Ubergeht in den Schatten der Lamina perpendicularis des Siebbeins (Abb. 8,
10, 11, 23).

An der Grenze des Temporalfligels und des Kdrpers des Keilbeins ver-
lauft vom Schatten des Foramen ovale (Abb. 8—11, 12) der verh&ltnismé&Rig
breite bogenfdrmige Schatten des Canalis alaris (Abb. 8—11, 24) nach vorne
und auswarts in Richtung der Schatten des Foramen alare rostrale (8—10,
25) und der Fissura orbitalis (Abb. 8—11, 26). Auf der Rdntgenaufnahme er-
scheint der Schatten des von der Schédelhdhle her in den Canalis alaris fih-
renden Foramen rotundum (Abb. 8—11, 27). Zwischen dem Temporalfligel
und der Pars tympanica des Felsenbeins ist der Schatten des Foramen caroti-
cum externum ersichtlich (Abb. 8, 9, 11, 14).

Der Processus pterygoideus des Keilbeins und das dazugehérende Flu-
gelbein sowie der Hamulus desselben ergeben einen am hinteren Ende tuber-
kelartigen und sich nach vorne verschmélernden lamellésen Schatten (Abb.
8—11, 28); die doppelte-dreifache Konturlinie ergibt sich aus den medial-
wérts gebogenen, konvex-konkaven Fortsdtzen.

Der Schatten des Os ethmoidale, welcher Knochen die vordere Wand
der Schadelhdhle sowie die Basis der Nasenhdhle bildet, und gleichzeitig die
Schéadelhdhle von der Nasenhdhle trennt, befindet sich an der Grenze von
Schédel- und Nasenhdhle (Abb. 8—11, 29) bzw. zum Teil in die Nasenhdhle
projiziert. In seinem Schatten nimmt auch ein Teil des Schattens des umfang-
reichen Sinus frontalis Platz. Unter den Siebbeinplatten ist die Lamina
mediana s. perpendicularis gut dargestellt (Abb. 8, 10, 11, 23), indem ihr
Schatten in den des Septum nasi (Abb. 8—11, 30) Ubergeht. Die Lamina
cribrosa des Siebbeins gibt einen intensiv dunklen, streifenartigen Schatten
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(Abb. 8, 10, 11, 31), da der Hauptstrahl die Kante des Gebildes betrifft. Unter
den Siebbeinléchern kommt in dorsoventraler Strahlenrichtung der Schatten
der groBeren Locher zum Vorschein.

Die durch die Lamina cribrosa umgrenzten Fossae ethmoideae (Abb.
8, 10, 11, 32) lassen sich gut darstellen (die Riechkolben des Hundes sind
hochentwickelt). Der Schatten der Siebbeinlabyrinthe (Abb. 8—11, 33)
tritt auf der Basis der Nasenhdhle, in Form feiner, dinner, sagittaler Linien-
schatten in Erscheinung.

Beim Hund ist das Os interparietale bereits vor der Geburt mit der
Hinterhauptbeinschuppe verwachsen, folglich sondert sich der Schatten des
Knochens nicht ab. Obschon der Processus tentoricus wohl entwickelt ist
und einen grofRen Teil des Tentorium cerebelli osseum bildet, kann sein Schatten
auf dem Schéadel des dolichocephalen Hundes vom breiten Schatten der Crista
sagittalis externa nur schwerlich differenziert werden, da der Hauptstrahl das
fragliche Gebilde seiner Flache senkrecht betrifft; auf der sagittalen Aufnahme
gewinnt man einen gut differenzier!)rran Schatten (s. unten).

Das lamellen- bzw. schalenformige Os parietale erreicht der Haupt-
strahl in dieser Strahlenrichtung se ikrecht, so dall sein Schatten in den der

Abb. 10. Réntgenbild der Hirnschadelknochen des mesocephalen Hundes. Dorsoventrale
Strahlenrichtung. Erlauterungen s. bei Abb. 8
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Schéadelbasisknochen einschmilzt; beim dolichocephalen Hund kann aus-
schlielich der intensive, breite, dunkle streifenformige additionelle Schatten
der Crista sagittalis externa (Abb. 8, 3) beobachtet werden. Der Schatten der
die Fortsetzung des vorderen Endes der Crista sagittalis externa bildenden
Linea temporalis tritt auf der Rontgenaufnahme entweder nicht oder ver-
schwommen in Erscheinung; das vordere Crista-Ende bezeichnet den Anfangs-
teil der beiden Lineae temporales.

In dorsoventraler Strahlenrichtung gibt das os frontale einen schwer
analysierbaren Knochenschatten, auf dem fast alleinigem pneumatisierten
Knochen erscheint dagegen der helle Schatten des umfangreich n Sinus fron-
talis (Abb. 8—11, 34) deutl ch unigrmzt. Der Sinus dringt in alle drei Teile
des Stirnbeins und auch in den Processus zygomaticus ein (Abb. 8—11, 35).

Abb. 11. Rontgenkonturzeichnung der Hirnschadelknochen des dolichocephalen Hundes.
Dorsoventrale Strahlenrichtung. Erlauterungen s. bei Abb. 8
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Die beiderseitigen Sinus frontales sind in der Medianebene miteinander
benachbart, die beiden werden durch das Septum sinuum frontalium von-
einander getrennt. Der Schatten des grdoferen frontolateralen Sinusabschnitts
liegt auBerhalb des Schattens der vorderen Schddelwand, der Schadelbasis-
knochen und besonders des Praesphenoidale, so daR dieses Gebiet durch einen
deutlich differenzierten, auch die Septa darstellenden, hellen, pneumatischen
Schatten gekennzeichnet ist. Der Schatten des sich in den Schatten der Sché-
delbasisknochen projizierenden hinteren-inneren Teiles sondert sich eher nur
auf den von der Schédelbasis verfertigten Aufnahmen ab; der eher die Be-
zeichnung »Recessus« verdienende Schatten befindet sich an den beiden Seiten
der Medianebene.

Von der Linea temporalis ist nur der terminale Abschnitt (Abb. 8—11,
36) sichtbar; dieser bildet die hintere Grenzlinie des zum Stirnbein gehdrenden
Processus zygomaticus.

Der eine stumpfe Spitze nachahmende Schatten des Processus zygoma-
ticus (Abb. 8—11, 36) liegt vor der Schéadelhdhle, und hinter dem vorderen
Ende des Jochbogens; da der Sinus frontalis in Form eines Recessus in das
Gebilde eindringt, ist der Schatten pneumatisch.

Die Grenzlinie des vorderen Randes des Processus zygomaticus — welche
zum Teil durch den Schatten der Molaren bedeckt ist — bedeutet die Margo
supraorbitalis der Orbita (Abb. 8—11, 37).

Der sich intensiver vorwdlbende Teil der Pars temporalis des Stirnbeins
trdgt in Form einer additionalen Schattenlinie zur Bildung des Schéddelwand-
schattens bei.

Der Schatten des auf der Pars orbitalis des Stirnbeins liegenden winzigen,
mitunter doppelten Foramen ethmoideum (»canalis ethmoideus ) verliert
sich zumeist im Schatten des Sinus frontalis (auf der latero-lateralen Aufnahme
ist der Schatten deutlich sichtbar).

Beim brachycephalen Hund ist der Sinus frontalis nur in geringem Male
entwickelt, dessen ungeachtet (Abb. 9, 34) ist aber sein Schatten ausgeprégt.

Die Squama temporalis des Schlafenbeins, Os temporale, gibt den Schat-
ten der sich am meisten vorwdlbenden Wand der Sch&delhéhle (Abb. 8, 11, 38).
Da der Hauptstrahl die Schuppe tangential trifft, gewinnt man einen auf
eine dichtere Kompakte weisenden gleichm&Rig breiten, dunklen additio-
nellen Schatten. Der Schatten der Schddelwand ist an jener Stelle am breite-
sten, wo der Processus zygomaticus von der Schuppe ausgeht. Die &uBere
Grenzlinie des Schéadelwandschattens ist scharf, die in Richtung der Schédel-
hohle blickende dagegen verwaschen und ungleichmdfRig.

Der von der Squama mit breiter Basis ausgehende Processus zygomati-
cus ist frontobasilar flach, so dal der senkrecht fallende Hauptstrahl von der
Fortsatzwurzel einen hellen Schatten mit feinschaumiger Struktur (Abb. 8—11,
39) ergibt. Der vordere und hintere Rand ahmt einen Kompaktaschatten nach
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Der Fortsatz beschreibt einen etwas nach vorne gebeugten Bogen, um sich
in seiner Fortsetzung zu verschmélern und auf eine Weise zu drehen, daf
seine Flachen bereits seitwarts blicken, d. h. dall die Seite des Fortsatzes
flach ist; der Schatten ist charakteristisch. In der Néahe des vorderen
Jochbogen-Endes beim inneren Rand kommt in Form eines den Eindruck
eines kleinen Fortsatzes bzw. einer Spitze erweckenden Schattens der Joch-
fortsatz des zum Jochbein gehdérenden Processus temporalis (Abb. 8, 10, 11,
40) zum Vorschein.

Die Jochfortsatz-Wurzcl verfiigt sowohl vorne, als auch hinten Uber
einen ausgeprdagten Rand; am Ansatz des Fortsatzes sondert sich der Schatten
des stark entwickelten Processus retroglenoidalis ab (Abb. 8—11, 41). Bei
den Karnivoren lassen sich das Tuberculum mandibulare und die Fossa man-
dibularis in dieser Strahlenrichtung auf der Rdéntgenaufnahme nicht diffe-
renzieren.

Auf dem Rdntgenbild des dolichocephalen Hundeschddels breitet sich
der Schatten des wohlentwickelten Processus occipitalis — das ist der dorsal-
waérts gerichtete, hinter dem Jochbogen liegende Fortsatz der Schlédfenbein-
schuppe — uber die Grenze der lateralen Wand der Schadelhéhle hinaus
(Abb. 8, 10, 11, 42), wéhrend sich der weniger entwickelte Fortsatz des brachy-
cephalen Hundes im Schatten des umfangreichen, kugelfdrmigen Schédels
befindet.

Unmittelbar hinter der Jochbogenwurzel tritt in Form eines Vier- oder
Rechtecks mit abgerundeten Ecken der helle schattenfleckige, einheitliche,
kompakte, dunkle, massive Schatten der Pars petrosa und der Pars tympanica
in Erscheinung (Abb. 8—11, 43); lateralwdrts davon befindet sich der Schatten
des &uBeren Gehdrgangs, wahrend die hintere Grenze der dunkle, knollige
Schatten des Processus jugularis bildet. Auf der medial lokalisierten Pars
petrosa sind der sich in die Schddelhdhle erhebende scharfe Schatten der
Crista partis petrosae (Crista petrosa) (Abb. 8, 9, 11, 44) und am Ansatz des-
selben der Schatten des Foramen caroticum externum (Abb. 8—11, 14) er-
sichtlich.

Am &ufleren Rand des erwdhnten, groRtenteils massiven Schattens der
Pars petrosa, am Ansatz der Wurzel des Processus retroglenoidalis kann
der helle, rundliche Schatten des Foramen retroglenoideum (Abb. 8—11, 45)
und dahinter, einen gestrichelten Kanal nachahmend, der Schatten des
Canalis temporalis (Canalis temporalis lateralis; Abb. 8—11, 46) erkannt
werden. Der Schatten des in der N&he des Foramen retroglenoideum lo-
kalisierten Porus acusticus externus [&4Rt sich in dorsoventraler Strahlen-
richtung weniger deutlich darstellen. Im Schatten der Pars petrosa, vor dem
auffallend charakteristischen Foramen jugulare, kommt der helle rundliche
Schatten (Abb. 8—11, 47) des Porus acusticus internus zum Vorschein. Das
Cavum tympani ergibt einen longitudinalen, durch feine Septa gegliederten
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hellen Schatten (Abb. 8—11, 48) mit charakteristisch pneumatischer Struktur;
an der vorderen-inneren Grenze nimmt der Schatten der Offnung der Hor-
trompete (Abb. 8—11, 13) Platz.

2. Transversale (sinistrodextrale) Strahlenrichtung

Die hintere Grenzlinie des Schédelschattens bildet das Os occipitale,
genauer gesagt die Gelenkknorren und die Schuppe des Hinterhauptknochens
(Abb. 12, 13, 15, 1, 2). Der untere Abschnitt dieser Grenzlinie ergibt sich aus
dem das Foramen occipitale umrahmenden scharfen Rand der beiden Kondyli,
dort wo sich Gelenkflache und innere Fladche des Knorrens im Ubergangsrand
treffen. Der oberhalb der Schatten der Kondyli nach hinten gebeugte Schat-
ten ist die Projektion des oberen Randes des Foramen magnum (Abb. 12—15,
3), dessen eigentliche Basis die beiden Tubercula nuchalia bilden. Auch die
Grenzlinie des scharfen Randes der die Fossa condylaris dorsalis von hinten
umrahmenden Kondyli ist deutlich sichtbar (Abb. 12—15, 4). Der helle, kanal-
formige Schatten des Canalis condylaris — welches Gebilde beim Hund die
Kondyli durchbohrt — kann im Schatten der Kondyli wahrgenommen werden;
auf diesem Gebiet befindet sich in der Ndhe des Schattens der Fossa condylaris
ventralis auch der Schatten des Foramen jugulare (Abh. 12—15, 6). Vor dem
Schatten der Kondyli liegen die Schatten der Processus jugulares (Abb. 12—15,
7); sie haben ein kegelartig abgerundetes Ende und sind in Richtung der
Basis breiter. Die auf der &ufleren Fldche des Processus jugularis befindliche,
mit scharfem Knochenrand umrahmte, zum Muskelursprung dienende Furche
kann auf dem Rdntgenbild des Fortsatzes mitunter deutlich erkannt werden;
in den Schatten der Fortsdtze projiziert sich quer der untere Rand der Gelenk-
knorrén.

Die ungleichmé&Bige Grenzlinie der Schuppe der Pars nuchalis (Abb. 12 —
15, 8) erreicht die Grenzlinie der Pars parietalis durch die Protuberantia
occipitalis externa (Abb. 12—15, 9). Beim dolichocephalen Hund ist der
Schatten der Pars parietalis von grobschaumiger und der der Pars parietalis
von feinschaumiger Struktur. Der Genickkamm bildet eine von der Protube-
rantia occipitalis ausgehende, bilateral, anteroventral, im Schatten des Schup-
penabschnitts bis zum vorderen-unteren Ende des Felsenbeins verlaufende
Grenzlinie von unregelmdaRBiger Breite; da die beidseitigen Ré&nder einander
im allgemeinen nicht bedecken, ist diese Linie zumeist verdoppelt (Abb. 12—
15, 10). Der helle, eine schaumige Struktur aufweisende Schatten der auf der
Pars parietalis befindlichen Crista sagittalis externa sondert sich beim doli-
chocephalen Hund vom massiven Schatten des Schddeldachs deutlich ab
(Abb. 12-15, 11).

Die Facies cerebralis der Hinterhauptbeinschuppe hat einen Schatten
mit ungleichmdRiger Grenzlinie, wahrend der darauf befindliche Processus
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tentoricus (Tentorium cerebelli osseum) einen etwas verschwommenen, hellen
Schatten mit unregelmdfigem Rand und schwammiger Struktur ergibt (Abb.
12—15, 12). Oberhalb des Processus tentoricus sind die Schatten des Canalis
transversus meatus temporalis (Abb. 12 —15, 13) sowie des aus diesem Gebilde
ausgehenden und sich beiderseitig fortsetzenden Canalis temporalis lateralis
ersichtlich; der letzterwahnte Kanal 06ffnet sich durch das Foramen retro-
glenoideum.

Abb. 12. RoOntgenbild der Hirnschadelknochen des dolichocephalen Hundes. Sinistrodextrale
Strahlenrichtung. 1, Condyli occipitales; 2, Squama occipitalis; 3, Tuberculum nuchale; 4,
Fossa condylaris dorsalis; 5, Canalis condylaris; 6, Foramen jugulare; 7, Processus jugularis;
8, Pars nuchalis squamae occipitalis; 9, Protuberantia occipitalis externa; 10, Crista nuchae;
11, Crista sagittalis externa; 12, Processus tentoricus (Tentorium cerebelli osseum); 13,
Canalis transversus meatus temporalis; 14, Pars basilaris; Os basioccipitale; 15, Tuberculum
musculare; 16, Os sphenoidale; 17, Processus pterygoideus ossis ethmoidalis; 18, Foramen
alare caudale; 19, Fissura orbitalis; 20, Canalis opticus; 21, Foramen ethmoideum (Abb. 12);
22, Lamina cribrosa; 23, Lamina interna ossis frontalis (Abb. 12, 14, 15); 24, Foramina ethmoi-
dalia (Abb. 12, 15); 25, Ethmoturbinalia; 26, Addizionierter Schatten der Crista sagittalis
externa (Abb. 12,14, 15); 27, Planum temporale ossis parietalis; 28, Juga cerebralia; 29, Pars
nasofrontalis ossis frontalis (Abb. 12, 14, 15); 30, Pars nasofrontalis ossis frontalis (brachy-
cephaler Hund) (Abb. 13); 31, Innere Grenze der Kompakta der Pars nasofrontalis; 32, Lamina
interna ossis frontalis; 33, Processus zygomaticus ossis frontalis; 34, Canalis ethmoideus (fora-
men ethmoideum; Abb. 13); 35, Sinus frontalis; 36, Kaudomedialer Teil des Sinus frontalis;
37, Recessus sinus frontalis (Abb. 12, 14, 15); 38, Schatten von spongidser Struktur der late-
ralen Schadelwand (Abb. 12, 14, 15); 39, Radix processus zygomatici ossis temporalis; 40,
Processus zygomaticus ossis temporalis; 41, Grenzlinie der falschen Naht des Schlafenbein- und
Jochbeinfortsatzes; 42, Tuberculum articulare (Abb. 12, 14, 15); 43, Fossa mandibularis (Abb.
12, 14, 15); 44, Processus retroarticularis; 45, Felsenbein (Pyramidum); 46, Meatus acusticus
externus; 47, Cavum tympani
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Die Grenzlinie der aufReren Flache des flachen, kurzen, breiten Basiocci-
pitale tritt im zusammengesetzten Schatten — obwohl es durch den Proces-
sus jugularis und der Pars tympanica des Schlédfenbeins bedeckt ist — mit der
verhdltnismé&Rig dichten Kompakta (Abb. 12—15, 14) deutlich hervor; den
verschwommenen dunklen Schatten des auf dem Basioccipitale liegenden
Tuberculum musculare (Abb. 12—15, 15) findet man beim vorderen Rand der
Pars tympanica.

Abb. 13. Rontgenbild der Hirnschadelknochen des mesocephalen Hundes. Sinistrodextrale
Strahlenrichtung. Erlauterungen s. bei Abb. 12

Die &ufRere Flache des vor dem Hinterhauptbein lokalisierten os sphenoi-
dale bildet in transversaler Strahlenrichtung eine scharfe Grenzlinie (Abb. 12 —
15, 16); die pordse Substanz seines verhdltnismdRig dicken Kdrpers wird
durch die Wurzel des Jochbogens grofRtenteils bedeckt; das erwé&hnte Ge-
bilde bedeckt auch den temporalen und teils den orbitalen Flugel des Keil-
beins, der Processus pterygoideus nimmt dagegen, als auf die Knochengrenze
deutender Schatten (Abh. 12—15, 17) teilweise auferhalb des Schddelbasis-
schattens Platz. Die dorsale und zerebrale Flachen des Keilheinkdrpers um-
rahmt eine abwechselnd scharfere, dunklere oder hellere verschwommene
Grenzlinie; da der hintere Teil durch den dunklen Schatten der Wurzel des
Processus zygomaticus bedeckt ist, sind weder die Sella turcica, noch das
Dorsum sellae oder der Processus clinoidcus ersichtlich (nicht einmal auf
der Rontgenaufnahme des der Medianebene entlang halbierten Schédels).
Angesichts dessen, dall der Hauptstrahl die Ladngsachse der Jochbogenwurzel
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Abb. 14. ROntgenbild der Hirnschadelknochen des brachycephalen Hundes. Sinistrodextrale
Strahlenrichtung. Erlduterungen s. bei Abb. 12

Abb. 15. RoOntgenkonturzeichnung der Hirnschadelknochen des dolichocephalen Hundes.
Sinistrodextrale Strahlenrichtung. Erlauterungen s. bei Abb. 12
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tangiert, ist ihr Schatten dunkel und dicht. Am Ansatz der Wurzel befinden
sich die Schatten des Foramen alare rostrale und ein Teil der des Foramen
alare caudale (Abb. 12 —15, 18). Vor und oberhalb des Foramen alare rostrale
befindet sich der Schatten der Fissura orbitalis (Abb. 12—15, 19), wéhrend
Uber und vor dieser Spalte der Schatten des Canalis opticus (Abb. 12—15,
20) anzutreffen ist; die duRere und innere Offnung des Canalis opticus sondern
sich voneinander nicht ab. Das auf dem temporalen Fligel befindliche For-
amen ethmoideum gibt einen kurzen, kanalférmigen Schatten (Abb. 12, 21);
das schwach entwicklte Rostrum sphenoideum ist auf der Rdntgenaufnahme
nicht wahrzunehmen.

Der in transversaler Strahlenrichtung am deutlichsten dargestellte Teil
des die vordere Wand der Schédelhdhle bildenden Os ethmoidale ist die Lamina
cribrosa mitsamt den darauf befindlichen Lochern; die sehr feine Schatten-
linie ist nach vorne konvex, nach hinten konkav und hat einen verschwomme-
nen ungleichmé&Rigen Rand (Abb. 12—15, 22); auf dem der Medianebene ent-
lang halbierten Schéadel ist dieser Schatten ausgeprdgter. Die Schattenlinie
Ubergeht nach oben und nach hinten in den Schatten der zum Sinus frontalis
gehdrenden Lamina interna (Abb. 12, 13, 15, 23). Auf den sagittal liegenden
lateralen Teilen der Lamina cribrosa lassen sich die Siebbeinlécher (besonders
auf dem halbierten Schddel) in Form zahlreicher winziger, kreisférmiger,
heller Schatten (Abb. 12 —15, 24) beobachten.

Die Ethmoturbinalia erscheinen in Form von sich radidr von der Lamina
cribrosa etwas verzweigende, in Richtung der Nasenhdhle verlaufende feine
Linien (Abb. 12—15, 25); sie kreuzen den Schatten der Stirnhdhle; am aus-
geprégtesten sind sie auf dem Sché&del des brachycephalen Hundes.

Das Os interparietale, das beim Hund bereits vor der Geburt mit der
Hintorhauptbeinschuppe verwé&chst, hat einen gut entwickelten Processus
tentoricus; der Schatten dieses Gebildes ist sichelférmig, mit fein spongidser
Struktur und hebt sich in Form eines spitz zulaufenden Fortsatzes (Abb. 12—
15, 12) in den Schatten der Schadelhdhle hinein. Auf der Rasis des Fortsatzes
ist der helle Schatten des quer verlaufenden Canalis transversus meatus tem -
poralis ersichtlich (Abb. 12—15, 13); auf dem Schédel des brachycephalen
Hundes tritt dieses Gebilde deutlicher in Erscheinung, als beim mesocephalen
Hund.

Auf den Plana parietalia der das Schddeldach und teilweise auch die
Seitenwand des Schédels bildenden beiden Ossa parietalia gibt die in der
Medianebene liegende, méchtig entwickelte Crista sagittalis externa einen
dunklen additionellen Schatten von dicht spongifdser Struktur (Abb. 12, 13,
15, 26), der an beiden Seiten in einen hellen Schatten mit &hnlich spongidser
Struktur Ubergeht (Abb. 12—15, 11). Der Schatten des Planum parietale
setzt sich verschwommen im eine schaumige Struktur aufweisenden Schatten
des Planum temporale fort (Abb. 12—15, 27). Auf der der Schadelhdhle zu
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fallenden Fldche des Scheitelbeins sind den longitudinalen Furchen der GroR-
hirnhemisphdren entsprechend, die kréaftig entwickelten longitudinalen Juga
c'rebralia ersichtlich, welche intensiv dunkle, in parallelen Bogen verlaufen-
de linienféormige Schatten (Abb. 12—15, 28) ergeben. Auf der halbierten und
mit scharfem Licht durchleuchteten Schddelwand befinden sich die Juga
cerebralia sichtlich den zwischen den einzelnen Grofhirwindungen verlaufen-
den Furchen entsprechend; auch die SYLViussche Fissur I4Rt sich deutlich
erkennen. Der sich nach verne stufenweise verschmélernde Schatten der
Crista sagittalis externa endet beim Ausgangspunkt der beiden Lineae tem-
porales in spitzem Winkel.

Auf dem Schédel des mcsocephalen und noch eher des brachycephalen
Hundes ist die Crista sagittalis externa lediglich in der N&he der Crista nuchae
ausgepragt, an jener Stelle, wo der helle, einen kleinen Kamm nachahmende
Schatten mit fein spongidser Struktur (Abb. 13, 14, 11) zum Vorschein kommt.
Auf der dorsalen Wand des brachycephalen Schédels ergibt das Schédeldach
in der Fossa frontalis einen, einer massiven Kompakta &hnlichen, gleichmdRig
dicken, dunklen Schatten, welcher sich im Schatten der das Schadeldach bil-
denden Scheitel- und Stirnbeine befindet.

Die Pars nasofrontalis des Os frontale ist beim dolichocephalen Hund,
der Linea temporalis entsprechend, stark gewdlbt und tritt auf der Rdntgen-
aufnahme in Form eines dicken additionalen Schattens (Abb. 12, 13, 15, 29)
in Erscheinung. Auf dem brachycephalen und mitunter auch auf dem meso-
cephalen Schédel ergibt dieses Gebilde einen die Stirnhdhle kreuzenden
dicken, scharfkantigen, gleichmdRig breiten, dunklen Kompaktaschatten (s.
oben, Abb. 14, 30). Die &uBere Stirnbeinplatte erscheint auf dem Rdntgen-
bild als dicker, dunkler Kompaktaschatten mit einer nach auflen scharfer,
und in Richtung der Stirnhéhle verschwommener Grenze (Abb. 12, 13, 15,
31). Die Lamina interna des Stirnbeins, die die Stirnhdhle von unten umrahmt,
geht vom Schatten der Siehplatte aus und verlduft in Wellenlinienform nach
rickwarts (Abb. 12—15, 32).

Unter den Fortsdtzen des Stirnbeins ergibt der Processus zygomaticus,
im Gegensatz zum Processus nasalis, einen deutlich bewertbaren Rdntgen-
schatten (Abb. 12—15, 33). Der Processus zygomaticus, in den die Stirnhdhle
in Form eines Recessus eindringt, erscheint auf dem Rdéntgenbild —und zwar
besonders ausgepragt auf der den halbierten Sché&del darstellenden Aufnahme —
im Schatten der Stirnhdhle, in Form eines dreieckigen pneumatischen Schat-
tens. Der Processus zygomaticus und die Pars nasofrontalis nehmen einiger-
maRen auch in der Bildung des Schattens des Anulus orbitalis teil. In der senk-
recht fallenden Strahlenrichtung gibt die Pars orbitalis keinen abgrenzbaren
Schatten, der Schatten des an dieser Stelle befindlichen, manchmal doppel-
ten Foramen ethmoideum, genauer gesagt »Canalis ethmoideus« (Abb. 13,
34), — die einen die Pars orbitalis quer kreuzenden Kanal bildet — tritt
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jedoch in Erscheinung. Der in den Schatten der Pars temporalis projizierte
Schatten des Sinus frontalis verliert sich in der senkrecht fallenden Strahlen-
richtung.

Der Sinus frontalis gibt beim dolichocephalen Hund einen umfangrei-
chen Schatten (Abb. 12—15, 35), wdhrend auf dem mesocephalen und brachy-
cephalen Schadel der Schatten weniger umfangreich ist. Die Grenze des kau-
domedialen Abschnitts der Stirnhdhle befindet sich beim dolichocephalen
Hund am vorderen Ende der Crista sagittalis externa, heim Initialabschnitt
der beiden Lineae temporales (Abb. 12-—15, 36); die Grenzlinie, die sich aus-
schlieflich auf das Stirnbein ausbreitet, erreicht das vordere Ende der Pars
nasofrontalis auf den beiden Seiten der Siebplatte, die vordere, etwas ver-
schwommene Grenze verliert sich in dieser Strahlenrichtung gewissermalen
im Schatten der Ectoturbinalia bzw. der Nasenmuschelhdhlen. Im Schatten
des Sinus frontalis lassen sich die Schatten der die Zellen abscheidenden Kno-
chensepta beobachten. An den beiden Seiten der Medianebene projiziert sich
in den Schatten der Schédelhdhle ventral je ein Recessusschatten (Abb. 12,
13, 15, 37).

Die Schuppe des Os temporale, welche der Hauptstrahl senkrecht be-
trifft, ergibt anstatt eines selbstdndigen Schattens, einen Teil des eine spon-
gidse Struktur aufweisenden Schattens der Schadelwand (Abb. 12, 13, 15,
38). Auf dem Rdntgenbild des halbierten Schéddels 1aRt sich als Grenze des er-
wdéahnten Schattens ein unregelmalRiger, halbkreisformiger, dunkler Kondenz-
streifen erkennen. Der von der Schuppe lateralwérts ausgehende Processus
zygomaticus hat, da der Hauptstrahl seine Ldngsachse betrifft, einen dunklen,
dichten Schatten mit verwaschener Grenze (Abb. 12—15, 39), der sich vom
ebenfalls dichten, auf winzige pneumatische Hd&hlen weisenden Schatten des
dahinter liegenden Felsenbeins kaum unterscheiden I&4Rt. Auf der oberen und
unteren Kante des ausgeprégten temporalen Jochfortsatzes tritt ein Kompakta-
schatten mit feinspongidser Struktur in Erscheinung (Abb. 12—15, 40), der
sich nach vorne, wie ein spitzer Fortsatz, stufenweise verschmadlert. Der Joch-
fortsatz des Stirnbeins und der temporale Fortsatz des Jochbeins treffen sich
in einer hellen Schattenlinie (Abb. 12—15, 41). Dort wo der transversale Ab-
schnitt des Jochfortsatzes in den sagittalen Abschnitt Gbergeht, sondert sich
— insbesondere auf dem halbierten Sché&del - der ausgeprégte, hdckerartige
Schatten des Tuberculum articulare (Abb. 12, 13, 15, 42) ab. Auf dem Rd6ntgen-
bild 1a4Rt sich auch die Fossa mandibularis (Abb. 12, 13, 15, 43) erkennen,
obwohl das Gebilde bei den Karnivoren weniger entwickelt ist. Der intensive,
einen vorwdrts gebeugten Hacken nachahmende, den Schatten der Schédel-
basis uUberschreitende Schatten des Processus retroglenoideus (Abb. 12 —15,
44) tritt auf den drei Schddeltypen gleich deutlich in Erscheinung. Der Schatten
des den &uleren Gehdrgang umgebenden Processus aboralis schmilzt mit dem
dunklen Schatten des Felsenbeins zusammen und befindet sich im oberen
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Teil desselben. Die wellenfodrmige Schattenlinie der Crista nuchae passiert
anteroventral den dunklen Schatten des Felsenbeins (Abb. 12—15, 45) und
verliert sich demnach im Schatten des Processus retrotympanicus. Der Schat-
ten des &ulReren kndchernen Gehdrganges umfallt den umfangreichen, rund-
lichen, hellen Schatten des &uBeren Gehdrganges (Abb. 12—15, 46) ring-
artig. Im Felsenbein befinden sich mehrere rundliche Schatten, welche die
Offnung des inneren Gehdrganges, das Foramen stylomastoideum, den Cana-
lis temporalis und schlieBlich den pneumatischen Schatten der Paukenhdhle
représentieren; das letzterwdhnte Gebilde umrahmt in Form einer dinnen,
dunklen Schattenlinie die dinne Wand der Pars tympanica. In der Pars pet-
rosa laRt sich die Hohle des Labyrinthus osseus unterscheiden. Der verhdlt-
nismaRig umfangreiche helle Schatten der Paukenhdhle (Abb. 12—15, 47)
projiziert sich in den Schatten der die Schédelbasis bildenden Knochen;
die Hohle wird durch den Hinterhauptbeinknochen halbiert. Die untere Hélfte
der Hohle hegt auBerhalb des Schattens der Schéadelbasis, wé&hrend der hintere
Rand an den Processus jugularis stoRt.

ZUSAMMENFASSUNG

Von den Hirnschadelknochen verschiedener Hundearten (dolichoceplialer, mesocepha-
ler, brachycephaler Hunde) wurden mit weitem Fokus-Film-Abstand Rontgenaufnahmen
aus der dorsoventralen und sinistrodextralen Strahlenrichtung gemacht. In beiden Strahlen-
richtungen wurde der Fallpunkt der Zentralstrahlen bestimmt. Um die réntgenanatomischen
Verhéltnisse der Knochen besser verstandlich zu machen, wird die deskriptive Anatomie der
Schéadelknochen des Hundes unter Beriicksichtigung der rontgenanatomischen Gesichtspunkte
kurz besprochen. Die Autoren beschreiben den Réntgenschatten der Knochen aus den erwahn-
ten beiden Strahlenrichtungen und beriicksichtigen hierbei besonders jene Hirnschadelkno-
chenteile, denen vom klinischen und praktischen Gesichtspunkt Bedeutung zukommt.Réntgen-
aufnahmen und Rontgenkonturzeichnungen illustrieren die ausfihrliche Beschreibung; in
den Aufnahmen und Zeichnungen sind die im Text beschriebenen Schatten und Konturlinien
mit Zahlen bezeichnet.
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(Eingegangen am 12. Januar 1972)

Untersuchungen Uber eine in vitro-Excystation von Oocysten wurden schon seit
langem durchgefiihrt. Metzner (1903) stellte fest, daB der die Excystation auslésende Wirk-
stoff im Pankreassaft enthalten ware. Aufgrund zahlreicher weiterer Experimente wissen wir
heute, da als exogene Faktoren im wesentlichen eine Sauerstoffverminderung und eine
Kohlendioxydanreicherung sowie daran anschlieBend eine Inkubation in einem Trypsin-
Galle-Gemisch bei Temperaturen, die der Korpertemperatur der jeweiligen Wirtsart entspre-
chen, eine Rolle spielen (zusammenfassende Lit. s. bel Krieg, 1971). Eine teilweise Auflésung
und ein Herausquellen des Stieda- und Substiedakdrpers der Sporozysten nach Zusatz von
Trypsin und Galle beobachteten Roberts u. Mitarb. (1970b) bei E. callospermophili und E. lari-
merensis.

Weniger ist Uber eine aktive Beteiligung der Sporozoiten bei der Excystation bekannt.
Metzner (1903) beobachtete die Excystation bei Kaninchenkokzidien und verwies auf Eigen-
bewegungen der Sporozoiten in den Sporozysten bei der Excystation. Letztere gehe mit einer
Einschnirung der Sporozoiten einher und ruckweise vonstatten. Das zugespitzte Vorderteil
des Sporozoiten erscheine zuerst auBerhalb der Sporozyste und verbreitere sich sofort danach.
Weitere zwei bis drei Bewegungen fiihrten ihn ganz heraus. Ahnliche Beobachtungen an Kanin-
chen-, Gefligel- und Rinderkokzidien stammen von Smetana (1933), Goodrich (1944),
lkeda (1960), Doran und Farr (1962), Doran und Mitarb. (1962), Farr und Doran (1962),
Nyberg und Hammond (1964), Nyberg und Mitarb. (1968) sowie Lotze und Leek (1968),
wobei immer wieder die Uber den Korper des Sporozoiten hinweggleitende Einschniirung er-
wéhnt wird.

Zur weiteren Kldrung von Einzelheiten der Excystationsvorgénge bei
E. stiedai wurden sowohl Direktbeobachtungen als auch Filmaufnahmen her-
angezogen.

Material und Methodik

Fir die Untersuchungen wurden etwa 4—8 Wochen alte, sporulierte
E. stiedai-Oocysten benutzt, die bis zum Untersuchungszeitpunkt bei ca.
4 °C in Kaliumbichromatlésung aufbewahrt worden waren. Zur Excystation
wurden die Sporozysten durch Zermdérsern aus den Oocysten freigesetzt und
nach einmaliger Filtration durch Glasperlen von ca. 100 /n Durchmesser oder

* Mit Unterstitzung der Deutschen Forschungsgemeinschaft.
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durch Augenwatte (Krieg, 1971) in physiologischer Kochsalzldsung mit 0,25%
Trypsinzusatz (Rose, 1959) oder 8% Galle- und 0,2% Trypsinzusatz (Krieg,
1971) suspendiert. Zur Direktbeobachtung der Excystationsvorgdnge wurden
die Préparate im h&ngenden Tropfen oder im Deckglaspridparat auf einen
W armetisch mit etwa 39 °C gebracht und im Hellfeld betrachtet.

Fir die Filmaufnahmen erfolgte die Excystation im Deckglasprédparat
und Mikroskop-Heizschrank nach Heunert (1962) bei 36 °C.

Die Filmaufnahmen wurden mit einer Askania —Z — Kamera unter
Verwendung eines Zeiss — WL — Mikroskops (Objektive: Neofluar und
Planachromat 100 X, Fotookulare 5 und 6,3 X) auf 35 mm Normalfilm durch-
gefohrt. Es wurden Phasenkontrast- und Differential-Interferenzkontrast-
beleuchtung nach Normarski verwendet. Die Aufnahmegeschwindigkeit
betrug 2, 4 und 24 Bilder pro Sekunde. Die Auswertung erfolgte bei bis zu
3000-fachcr VergréfRerung.

Ergebnisse

a) Verhalten der Sporozoiten in den Sporozysten

In den Sporozysten lagen die Sporozoiten stets so, daB sich das Vor-
derende des einen Sporozoiten neben dem Hinterende des anderen befand.
Die bei Hellfeldbeleuchtung oft opaken und nur geringgradig durchscheinen-
den Sporozystenhillen begannen sich kurze Zeit nach dem Trypsinzusatz
aufzuhellen und waren nach einigen Minuten meist nur noch mit Mihe zu
erkennen. Die Mikropylen6ffnungl war durch einen in der Interferenzkon-
trastbeleuchtung kompakt aussehenden, ovoiden Kdérper verschlossen, dessen
Durchmesser in der Breite 2,3 ~ 0,1 p und in der H6he 1,5~ 0,2 p (n = 21)
betrugen. Frihestens knapp 1 Minute nach dem Zusatz der Trypsin-Galle-
Lésung begann er von der Spitze her heller zu werden und war nach einei
weiteren % Minute kaum mehr zu erkennen. Stattdessen setzten sich die Kon-
turen der Sporozystenhiille an seiner ehemaligen oberen Begrenzung nur
undeutlich fort, wahrend an seiner unteren Begrenzung eine sich konkav in
die Sporozyste hineinwdlbende Schicht in Erscheinung trat, die in kontinuier-
lichem Zusammenhang mit der Sporozystenhille stand und auch etwa deren
Struktur und Dicke aufwies (Abb. 1, 1—3 und Abb. 2, 1—2).

Nach unterschiedlichen Zeiten (s. Tab Il1), oft zur gleichen Zeit, in der
der Stiedakdrper heller wurde oder nicht mehr sichtbar war, begannen sich

1Im folgenden wird bis auf weiteres der Begriff Mikropyle fir die durch das Stieda-
Kdérperchen verschlossene Ausschlupféffnung der Sporozoiten aus der Sporozyste verwendet.
Eine Normierung dieses und anderer Begriffe entsprechend dem von Levine (1969) vorge-
schlagenen Schema erscheint erstrebenswert.
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die Sporozoiten in den einzelnen Sporozysten zu bewegen.2 Langsam begann
das spitzere, nicht den refraktilen Korper enthaltende Ende des Sporozoiten
— im folgenden stets als das Yorderende bezeichnet — an der Innenwand der
Sporozyste entlang zu gleiten. An einem der Pole angelangt, verharrte es einen

Abb. 1. Auflésung des Stiedakorpers und Verhalten der die Mikropyle verschliefenden Schicht,
1-3, Auflosung des Stiedakdrpers und Sichtbarwerden des zweiten Mikropylenverschlusses;
4, Der erste Sporozoit driickt die Verschlu3schicht der Mikropyle nach auflen; 5, Nach der
F.xcystation des ersten Sporozoiten ist der Mikropylenverschlu an der rechten Seite durch-
bohrt; 6, Der zweite Sporozoit zwangt seine Spitze durch die bestehende Offnung

Moment, um sich danach entweder unter Stumpferwerden oder mit einer sich
ausbildenden stabartigen Verdinnung abzubiegen. Weiter an der Wand
entlanggleitend wurde die Biegung des Sporozoiten immer starker. Schliel3-
lich betrug sie nahezu 180° und erfate bis zur Mitte des Sporozoitenkdrpers
fortschreitend immer groBere Teile desselben, bis sich nach Uberwindung
eines toten Punktes der ganze Kdrper in einer schnelleren gleitenden Bewegung

2 Ein Durchschnittswert 1af3t sich, ebenso wie bei fast allen folgenden Zeitangaben auf-
grund der groRBen Streubreite und der Tatsache, daB oft viele Sporozoiten selbst nach bis zu
4-stiindiger Beobachtung keine Lebenszeichen erkennen lieRen, nicht angeben.
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wieder streckte, wobei auch der hintere, den refraktilen Kdrper enthaltende
Korperteil gegen einen inneren elastischen Widerstand etwas abgebogen wurde
(Abb. 3).

Abb. 2. 1 3, Sporozyste mit einem zweiten Stiedakdrper. 1, Zu Beginn der Inkubation mit

Trypsin und Galle; 2, Der obere Stiedakérper hat sich vollstandig aufgelost, der untere beginnt

sich zu lésen; 3, Nach der Excystation des ersten Sporozoiten ist von dem unteren Stiedakdrper

nur noch die Begrenzung zu sehen; 4—D5, Gleichzeitiger Excystationsversuch beider Sporozoiten

einer Sporozyste; 6, Abknicken der verdiinnten Apikalregion des zuerst excystierenden Sporo-
zoiten; 7, Excystation eines Sporozoiten mit dem refraktilen Korper voran

Die fur eine derartige Wendung bendtigte Zeit schwankte zwischen 1
Minute und knapp 4 Sekunden. Vor dem Beginn einer erneuten Wendung
wurde hdufig eine deutliche Ruhepause eingelegt. Nur ganz selten, meist am
stumpferen Sporozystenpol, wurde eine zweite Wendung ohne Unterbrechung
angeschlossen. Die hdchste Zahl solcher Wendungen, die bei einem Sporozoiten
beobachtet werden konnten und die von nur kaum wahrnehmbaren Pausen
von 1—2 Sekunden Dauer unterbrochen waren, betrug 15 hintereinander.

Die Bewegungen erfolgten Uberwiegend in Richtung der Ld&ngsachse
der Sporozyste, seltener mehr oder weniger schrdg dazu in deren Mitte. Sie
wurden von einem oder beiden Sporozoiten, abwechselnd oder gleichzeitig,
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gegenlédufig oder hintereinander hergleitend, durchgefiithrt. Die anféngliche
Lagebeziehung der Sporozoiten zueinander wurde nicht mehr eingehalten,
sondern ergab sich aus den vollfihrten Wendungen. Der als kompaktes Ge-
bilde vorhandene oder in einzelne Granula zerfallene Sporozystenrestkdrper
geriet fast stets in Bewegung, vereinzelt begann sich die ganze Sporozyste zu
drehen. Eine Deformierung der Sporozystenwand erfolgte nicht.

Abb. 3. Wendung eines Sporozoiten in der Sporozyste; Angabe der fortlaufenden Zeit in
Sekunden

Ab und zu legten die Sporozoiten ldngere Ruhepausen ein, in denen einer
oder auch beide zusammen sich mit ihrem Yorderende dem Mikropylenver-
schluB anlegten. Mit gelegentlich leicht tastenden Bewegungen suchte das
sich. manchmal wieder stabartig verdinnende und 1—2mal abgeknickte
Yorderende offensichtlich nach einem Ausgang (Abb. 4, 1—2). In einigen
Fallen konnte beobachtet werden, wie einer der Sporozoiten sein Vorderende
durch die Mikropyle wiederholt (in einem Fall innerhalb von knapp 2 Minuten
neunmal) bis zu 2,5 f, weit nach auflen streckte und wieder zuriickzog. Es
konnte dabei nicht festgestellt werden, ob der die Mikropyle verschlieRende
Teil der Sporozystenhille bei diesem Vorgang perforiert wurde bzw. war oder
nicht. Die durchschnittliche Dauer dieses Ausstreckens betrug etwa 7 Sekun-
den, als l&ngste Zeit wurden 15 Sekunden, als kirzeste 4,5 Sekunden gemes-
sen. Im AnschluB an derartige Schlipfversuche kam es nicht immer zu einer
Excystation.
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h) Excystation

Aus dem Verhalten der Sporozoiten konnten keine Riuckschlisse auf
den Beginn der Excystation gezogen werden. Von den beiden sich in den Sporo-
zysten bewegenden Sporozoiten verweilte einer erneut etwas ld&nger am Mikro-
pylenpol. Sein Vorderende, dessen Verhalten bereits oben beschrieben wurde,
schien diesmal intensiver gegen den VerschluBR der Mikropyle zu driicken. Ganz
vereinzelt war auch zu bemerken, wie dieser leicht nach auBen (konvex) aus-
gebeult wurde. Plotzlich, ohne daR irgendein Ubergang zu sehen gewesen
ware, erschien aullerhalb der Mikropyle ein dorn&hnlicher, ca. 0,7—1,2 /i breiter
Fortsatz, der sich langsam stabdhnlich verldngerte (Abb. 2, 4 und Abb. 4, 3).
Bei den zuerst schlupfenden Sporozoiten konnte seine Lange schlieBlich bis
zu einem Viertel der normalen Sporozoitenldnge von 16,671,5,« (n = 11)
erreichen. Gleichzeitig wurde gelegentlich beobachtet, wie sich der in der
Sporozyste verbliebene Teil des Sporozoiten verdickte und gegen die Mikropyle
drickte (Abb. 4, 4).

Abb. 4. Einzelphasen des Excystationsbeginns erster Sporozoiten. 1—2, Abknicken in der
Sporozyste; 3, Herausstrecken der stabartig verdinnten Apikalregion; 4, Pressen des noch in
der Sporozyste befindlichen Sporozoitenkérpers gegen die Mikropyle und dadxirch Eindellung

der Kernregion; 5—6, Blattartige Verbreiterung der herausgestreckten Apikalregion
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In der Regel zeigte der aufRerhalb der Mikropyle befindliche vorderste
Teil des Sporozoiten keine Bewegungen, nur vereinzelt konnte ein passives
oder aktives Abbeugen beobachtet werden (Abb. 2, 6). In einigen Féllen ver-
breiterte sich dieser stabartige Fortsatz etwas und zeigte in Interferenzkon-
trastbeleuchtung das Bild eines manchmal von 1 oder 2 Rippen durchzogenen
lanzettférmigen, leicht gewdlbten Blattes (Abb. 4, 5—86).

Abb. 5. Excystationsversuche des ersten Sporozoiten durch wiederholtes Vorstrecken und
Zurickziehen seines Vorderendes durch die Mikropyle der Sporozyste; Angabe der fortlaufen-
den Zeit in Sekunden

Nach einiger Zeit begann der nach auflen ragende Stab durch nachstro-
mendes Zellplasma dicker zu werden. Erst gestielt schlank lanzettférmig nahm
er an Dicke langsam weiter zu, gewann l&nglich tropfenfdrmige Gestalt und
allméhlich war zu bemerken, daR die Zytoplasmamasse des Sporozoiten inner-
halb der Sporozyste abnahm. Wie durch eine sanduhrartige Einschnirung
floR das Zytoplasma des Sporozoiten kontinuierlich durch den engen Ring
der Mikropyle, dessen Durchmesser von ca. 1,2 /ietwa 1/4 bis 1/3 der normalen
Sporozoitendicke (4,570,? /n; n = 11) betrug. Selbst beim Hindurchgleiten
des refraktilen Kdérpers war keinerlei Verdnderung der Weite zu sehen.

Der in der Sporozystenhille verbliebene Teil des Sporozoiten nahm
von einer ldngsovalen Form Uber die einer Kugel bis zu der eines winzigen
Tropfens alle Ubergangsformen an, bis er schlieflich ganz verschwand. Der
nun auBen liegende, kommaférmig gebogene Sporozoit verweilte noch unter-
schiedlich lange direkt vor der Mikropylendffnung, bis er sich schlieRlich mit
einer meist kurzen, kaum wahrnehmbaren Bewegung von der Sporozyste
entfernte.

Die kirzeste ermittelte, fir einen derartigen Schlipfvorgang des ersten
Sporozoiten bendtigte Zeit betrug 4 Sekunden, die lédngste 13 Minuten
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Abb. 6. Reversible Eindellung der Sporozystenhulle im Verlauf der Excystation des ersten
und zweiten Sporozoiten

(s. auch Tab. I). Die zum Durchtritt des Vorderendes bendtigte Zeit war fast
stets l&nger als die fir die hintere Ha&lfte bendtigte.

Der zweite Sporozoit &nderte sein Verhalten wé&hrend des Schlipfvorgan-
ges und nach der Excystation des ersten kaum. Seltener sofort, meist nach
kurzer Zeit und ein oder zwei Wendungen folgte er dem ersten Sporozoiten
und glitt auf die bereits beschriebene Weise aus der Sporozyste hinaus. In
einigen Fé&llen bewegte er sich jedoch noch mehr als 30 Minuten lang (Ende
der Beobachtungszeit) lebhaft in der Sporozyste umher, ohne Anzeichen einer
beginnenden Excystation zu zeigen.

Die zum Schlipfen bendtigte Zeit war meist geringer als die des ersten
Sporozoiten. Sie variierte in den beobachteten Féllen zwischen 4 Sekunden
und 11 Minuten (Tab. I). In der Regel wurde auch der fliir den ersten Sporo-
zoiten nahezu typische stabartige Fortsatz nicht so deutlich ausgebildet,
sondern der aufRerhalb der Mikropyle befindliche Teil nahm eher tropfen-
formige Gestalt an.

Von dem die Mikropyle verschlieBenden Teil der Sporozystenhille war
meist bereits nach der Excystation des ersten Sporozoiten kaum noch etwas
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Tabelle 1

Excystationsdauer einzelner Sporozoiten nach Zusa'z von Trypsin
und Galle zu einer Sporozystensuspension

Zwischenzeit von

i i der Beendigun
Kleinste meR- Iixcystatlonsdauer furdezn der Excystatign les
bare Zeiteinheit ) Sporozoiten ) 1. bis zum Beginn
in Sekunden in Sekunden der Excystation des
2. Sporozoiten in
ekunden
0,25 9,5 7 5
0,5 1 10 5
0,5 20 75 0
0,5 14 8,5 0
0,5 15 (ruckwarts) — -
0,25 4 4 0
0,25 8 9 4
0,25 19,25 16,25 5
0,25 20 — >15
0,25 16 16,75 3,75

zu sehen; in zwei Fallen war die Schicht erhalten und wies an einer Seite
ein Loch auf (Abb. 1, 5). Nach der Excystation des zweiten Sporozoiten war
sie in keinem Fall mehr nachweisbar. Eine Offnung der leeren Sporozysten-
hille an der Stelle der Mikropyle war deutlich nur mit Phasenkontrastbe-
leuchtung, bei Interferenzkontrastbeleuchtung nur schwach sowie im Hell-
feld kaum zu sehen.

c) Experimentelle Variationen und von der Regel abweichendes Verhalten der
Sporozoiten

Bei einer Inkubation der Sporozysten in reiner Trypsinlésung waren die
Bewegungen der Sporozoiten in ihnen in der Regel langsamer und es wurden
weniger h&ufig Wendungen durchgeflihrt als in reiner Galle oder in einer
Trypsin-Galle-Lésung. Die Excystation begann spdter (s. Tab. Il) und der
Excystationsvorgang dauerte im allgemeinen ldnger (kilirzeste Excystations-
zeit fir den ersten Sporozoiten 49 Sekunden, fiir den zweiten Sporozoiten 11
Sekunden). Aufféallig war, daB Sporozoiten, die in Trypsinldsung durch beson-
ders lebhafte und schnelle Bewegungen in den Sporozysten auffielen, oft sehr
lange, zweitweise Uber 1 Stunde lang, beobachtet werden konnten, ohne daR
der Schliipfvorgang begann, wahrend andererseits viele Sporozoiten excystier-
ten, ohne daR irgendeine vorangegangene Bewegung zu beobachten gewesen
wére.
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In reiner Galle begannen die Sporozoiten dagegen sehr rasch mit ihren
Bewegungen, jedoch blieb die Excystationsrate minimal (Tab. Il). Erst
nach Trypsinzusatz war es ihnen maglich, die Sporozysten zu verlassen.

Erfolgten die Excystationsversuclie auf dem Heiztisch in hypertonischer
Kochsalzlésung oder nach l&ngerer Einwirkungszeit der Trypsin-Galle-Ldsung
auf die Sporozysten bei Zimmertemperatur, so wurde die zuerst nach auBen
gestreckte verdiunnte Apikalregion sowohl bei dem ersten als auch bei dem
zweiten Sporozoiten wesentlich deutlicher ausgebildet.

In verschiedenen Fé&llen war im Verlaufe der Excystation sowohl des er-
sten als auch des zweiten Sporozoiten eine fortschreitende Eindellung der Spo-
rozystenhille zu bemerken, die in dem Moment, in dem die Excystation be-
endet war, in die urspringliche Form zuriickschnellte (Abb. 6).

Die Sporozoiten cxcystierten in der Regel mit dem Vorderende voran und
ohne merkbare Eigenbewegungen. Jedoch fielen bei den Untersuchungen im
hdngenden Tropfen selten, im Deckglasprdparat hdufiger Sporozysten auf,
bei denen ein mehr oder weniger groRer Teil des Hinterendes des ersten Sporo-
zoiten auBerhalb der Mikropyle, sein Vorderende dagegen innerhalb derselben
zu sehen war (Abb. 2, 7). Dies war insbesondere dann der Fall, wenn das Deck-
glas erst aufgesetzt wurde, nachdem die Trypsinldsung einige Zeit auf die
Sporozysten eingewirkt hatte oder wenn ein geringer Druck auf das Deckglas
ausgelibt wurde. In vielen dieser Falle glitt der Sporozoit dann mit dem Hin-
terende voran kontinuierlich aus der Sporozyste heraus, wobei immer wieder
der »Mikropylenring« Uber seinen Kérper hinwegglitt. Bei langerer Beobachtung
konnte man jedoch auch vereinzelt bemerken, wie der im Freien befindliche
Teil des Sporozoiten, in einem Fall nahezu 2/3 seines Kdérpers, ganz allmé&hlich
kleiner wurde und der Sporozoit sich in die Sporozyste zuriuckzog. Hier
vollfihrte er eine oder mehrere Wendungen in der bereits beschriebenen Weise
und verlieR darauf entweder sofort oder im Anschluf an den anderen Sporo-
zoiten die Sporozyste.

Nur vereinzelt war bei den excystierenden Sporozoiten eine Eigenbewe-
gung zu sehen, die selten aus Abbeugen, h&ufiger aus Gleitbewegungen be-
stand, wobei im letzteren Falle stets die gesamte Sporozyste mitgezogen wurde.

d) Einzelbefunde

Im folgenden seien noch einige seltenere oder Einzelbeobachtungen mit-
geteilt:

Gelegentlich erschien pldtzlich neben dem auflerhalb der Mikropyle be-
findlichen stabartigen Fortsatz des ersten Sporozoiten das Vorderende des
zweiten (Abb. 2, 4—5). Im allgemeinen zog sich dieser zwar wieder zurick,
vereinzelt excystierte jedoch auch der zweite Sporozoit vor dem ersten, wobei
dieser seine Spitze entweder zurickzog oder in der bereits eingenommenen
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Tabelle 11

Reaktion der Sporozoiten in den Sporozysten auf unterschiedliche Medien bei Verwendung einer gereinigten Sporozystensuspension im
Deckglaspraparat

Mediun

erste Bewegungen in den
Sporozysten nach Min.

erste freie Sporozoiten
nach Min.

Bewegungsintensitat in
den Sporozysten nach
10 Min.

Excystationsrate nach
10 Minin %
Reaktion nach Trypsin
spaterem Zu-
satz von
Galle

Reaktion nach anschlieBen-
der Erwarmung auf 39 °C

auf dem Warmetisch bei ca. 39 °C

NaCl
physiol. Galle
nach 30 1,25
keine
nach 30 9
keine
keine sehr lebhaft in
< 30% der
Sporozysten
0 < 01
— nach 1/2 Min.
Excystations-
beginn

Trypsin

4,5

kaum

ca. 10

nach
zunehmende

Bewegung u.

Excystation

1 Min.

Trypsin u. Galle

ca. 1,5 je nach
Anwarmge-
schwindigkeit

80

bei Zimmertemperatur (ca. 25 °C)

Galle

nach 15 keine

nur ganz ver-
einzelt wu.
trage

Bewegungsrate
nach 5 Min.
kaum erhoht,
1/2 Min. nach
weiterem zu-
satzlichem

Trypsinzusatz
Beginn zahl-
reicher Ex-
cystationen

Trypsin

nach 5 keine

10

keine

nach 6 Min.
erste Bewe-

gung,
10 Min. 1
excvstiert

nach

2%

Trypsin u. Galle

nach 5 Min.
bei einem
2. Sporozoiten

5

keine

nach 1/2 Min.

lebhafte Be-
wegung, nach
1 Min. zahl-

reiche begin-
nende Ex-
cystationen

N3ILI0Z0OY0dS NOA NOILVLISADX3 dNZ NIONNLHOVAO3d

6.1



180 DURR u. Mitarb.

Lage verblieb. Einmal (bei mehreren hundert beobachteten Excystationen)
fiel ein bereits zur Hé&lfte excystierter, scheinbar »steckcngebliebener« Sporo”
zoit auf. Nach einiger Zeit erschien neben ihm der stabartige Fortsatz des zwei-
ten, sich in der Sporozyste bewegenden Sporozoiten, dieser quetschte sich heraus
und im AnschluB daran beendete auch der erste Sporozoit seinen Durchtritt.

In einem Fall entsand der Eindruck, als ob die VerschluRschicht der
Mikropyle durch einen sich heftig bewegenden Sporozoiten an den ihr gegen-
Uberliegenden Pol verschoben worden sei. Eine genauere Analyse der Einzel-
bilder des Filmes ergab jedoch, dal an dieser Stelle, offensichtlich als MiR-
bildung, von Anfang an eine stiedakdrperédhnliche Verdickung vorhanden
gewesen war. Durch die Trypsineinwirkung war diese Masse ebenfalls geldst
worden und es blieb eine dinne, sich konkav in die Sporozyste hineinwdlbende
Schicht zuriick, die zuféalligerweise erst in dem Moment deutlich in Erschei-
nung trat, in dem die eigentliche VerschlufRschicht durch die Sporozoitenbe-
wegungen so nach auflen gedriickt worden war, daB sie nicht mehr erkennbar
war (Abb. 2).

Vereinzelt wurde beobachtet, wie ein excystierter Sporozoit einen aus
der Mikropyle herauskommenden (Schleim-?) Faden hinter sich herzog, der
sich einmal regelrecht straffte. Plétzlich kontrahierte sich dann dieser Faden,
zog den daran h&ngenden Sporozoiten ein kurzes Stick zurick, rif von ihm
ab und schnurrte auf etwa ein Drittel seiner maximal erreichten Léange
zusammen. Der zweite Sporozoit excystierte im Anschlu daran, ohne daf
sich an diesem fadenartigen Gebilde etwas verdnderte. Ein anderes Mal war
bei einem zweiten Sporozoiten ein &hnlicher, von dem Restkdrper ausgehender
Strang zu sehen, der den vor der Mikropyle liegenden Sporozoiten an einer
freien Gleitbewegung hinderte bzw. ihn nach jedem Versuch dazu wieder zu-
rickzog, bis er nach etwa 4 Minuten abri und der Sporozoit auf diese Weise
frei wurde.

Diskussion

Trotz aller bisher durchgefuhrten Untersuchungen ist das Ph&nomen
der Excystation von Sporozoiten aus Sporozysten und aus Oocysten noch
nicht grundlegend gekl&rt. Alle vorliegenden Angaben basieren auf empiri-
schen Studien und erfassen in der Regel nur Teilgebiete.

Metzner (1903) gelang bereits die Excystation aus unzerstdrten E.
stiedai-Oocysten durch Inkubation in Darmsaft von Hunden oder Kanin-
chen. Seine Ergebnisse waren in der folgenden Zeit nicht immer reproduzier-
bar und heute ist bekannt, dal zur Excystation aus Oocysten eine spezielle
Vorbehandlung derselben (»conditioning« [Lotze und Leek, 1968]) notwendig
ist, die bisher nicht eindeutig geklérte Verdnderungen der Oocystenhille und
-mikropyle auslést. Als schnellere und elegantere Methode zur Gewinnung
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von Sporozoiten wird z.Zt. jedoch die Excystation aus Sporozysten bevor-
zugt, die durch mechanische Zerstérung der Oocysten (Zermdrsern eines mdg-
lichst trocken abzentrifugierten Oocystensediments [K rieg, 1971]) und an-
schlieBendes Filtrieren sowie Abzentrifugieren der Suspension leicht angerei-
chert werden kénnen. Durch Zusatz von Galle und Trypsin bei gleichzeitiger
Erwdrmung schlipfen innerhalb kurzer Zeit nahezu alle Sporozoiten, die dazu
in der Lage sind. Rose (1959) und Durr (1970/71) excystierten ohne Galle-
zusatz, letzterer mit wechselndem Erfolg, bis Krieg (1971) feststellte, daf
Trypsin ohne Galle nur solange wirksam ist, wie die Sporozystensuspension
nicht zu sehr verdinnt wird. Er schliet daraus auf bisher unbekannte excy-
station swirksame Substanzen in den Oocysten oder an den Oocystenhillen,
was in gewisser Ubereinstimmung mit der Annahme von Jackson (1962)
Uber die Aktivierung eines Enzymsystems im Oocysteninhalt von E. arloingi
durch einen im Pansen befindlichen Faktor stehen wirde. Ein Zusatz von
Galle zu der Trypsinlésung beschleunigt und verbessert sowohl das Excysta-
tionsergebnis als auch die Bewegung der Sporozoiten in den Sporozysten er-
heblich (Tab. 2; Roberts und Mitarb., 1970h; Krieg, 1971). Auch in reiner
Galle findet unter gewissen Voraussetzungen eine Excystation statt, nur ist
sie erheblich langsamer (Tab. 2; Hibbert und Mitarb., 1969; Krieg, 1971),
wéhrend Gallensalze auf die Sporozoiten nur bewegungsstimulierend wirken
(Roberts und Mitarb., 1970r).

Die von einigen Autoren berichtete Aktivierung der Sporozoiten in in-
differenten Medien bei Zimmertemperatur allein durch die Einwirkung von
Licht hzw. durch eine Zerstérung der Oocysten (Metzner, 1903; V. W asielew-
ski, 1904; Marquardt, 1963; Roberts und Mitarb., 1970h) wurde hei E.
stiedai bisher nicht beobachtet. Hibbert UNd Hammond (1966, 1968) stellten
bei verschiedenen Eimena-Spezies ein Temperaturoptimum zwischen 39
und 41 °C fur den Excystationsvorgang fest.

Auller von Metzner (1903), der eine ruckweise Excystation schildert,
wird von keinem der Autoren auf eine in dieser Art sichtbare Beteiligung der
Sporozoiten hingewiesen. Smetana (1933) betont allerdings noch einmal, daR
die Excystation nach der passiven Zerstérung der Mikropylensubstanz aktiv
von den Sporozoiten selbst vollendet werde. Eine von D oran (1966) zundchst
angenommene, excystationsférdernde enzymatisch wirksame Sekretion der
Sporozoiten wird in einer spéteren Publikation (Doran und Vetterting,
1969) jedoch abgelehnt.

Der Excystation voraus ging in jedem Falle, in dem darauf geachtet
wurde, eine Auflésung des Stiedakdrpers, u.U. nach einem Anschwellen des-
selben (Doran und Farr, 1962; Farr und Doran, 1962; Nyberg und Ham-
mond, 1964; Hammond und Mitarb. 1970; Roberts und Mitarb., 1970a;
Roberts Und Mitarb., 1970b). Die Sporozoiten begannen mit ihren Bewegungen
in den Sporozysten bereits vor oder auch erst nach dem Verschwinden des
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Stiedakorpers (Doran uUnd Farr, 1962; Farr uUnd Doran, 1962; Nyberg
und Flammond, 1964; Roberts und Mitarb., 1970b). Hammond und Mitarb.,
(1970) sowie Roberts und Mitarb. (1970b) berichten (ber einen zusdtzlich
vorhandenen Substiedakdrper bei E. callospermophili, E. larimerensis und E.
utahensis, der nach dem Verschwinden des Stiedakdrpers und vor der Excy-
station der Sporozoiten aus der Mikropyle herausquillt. Bei E. sliedai konnte
keine eindeutige Beziehung zwischen dem Bewegungsbeginn der Sporozoiten
in den Sporozysten und dem Verschwinden des Stiedakdrpers gefunden wer-
den. An Stelle des Substiedakdrpers war eine gelegentlich leicht verdickte
Schicht zu sehen, die von den Sporozoiten offensichtlich perforiert werden
muflite. Ihr genauerer Aufbau wdre durch elektronenmikroskopische Unter-
suchungen zu kléren.

Metzner (1903) spricht bei E. stiedai als Einziger von einem »pfriemen-
artigen Fortsatz« bzw. einem »&uflerst zugespitzten Vorderteil« der Sporozoi-
ten bei den Bewegungen in der Sporozyste und bei der Excystation. Dieses
Gebilde entspricht vermutlich dem bei den eigenen Untersuchungen gefundenen,
als stabartiger Fortsatz bezeichncten Gebilde der Apikalregion, das auch bei
anderen Eimeria-Arten bisher nicht beschrieben wurde.

In zumindest teilweiser Ubereinstimmung mit den obigen Angaben lieRe
sich fur das Excystationsgeschehen von E. stiedai-Sporozoiten aus freien
Sporozysten bei in vitro-Versuchen die nachfolgende Hypothese aufstellen,
die durch die bisher mitgeteilten Befunde erhértet werden kann. Es muf}
jedoch beachtet werden, dal SchluBfolgerungen und Vergleiche aus den ein-
zelnen Literaturangaben aufgrund der fast bei jeder Arbeit anderen Methodik
(Excystation aus freien Sporozysten oder aus unterschiedlich vorbehandelten
Oocysten in den verschiedensten Medien und bei unterschiedlichen Temperatu-
ren) nur mit duBerster Vorsicht gezogen werden kdnnen.

Das Excystationsgeschehen ist ein komplexer Vorgang, der in der Reged
durch das gemeinsame Einwirken mehrerer, verschiedenartiger Faktoren
ausgeldst wird, jedoch schon durch ein oder zwei Faktoren ausgeldst werden
kann. Es kommen in Frage: Die Anwesenheit von Trypsin und Galle, eine
gewisse Mindesttemperatur, eine bisher nicht definierte chemische Substanz
im Oocysteninhalt, eine aktive mechanische und eventuell auch enzymatisch-
sekretorische Beteiligung der Sporozoiten sowie in Einzelféllen ein von auflen
auf die Sporozoiten einwirkender Druck.

Trypsin l6st im wesentlichen den Stiedakdrper auf und aktiviert zusam-
men mit der Galle und dem unbekannten System im Oocysteninhalt die Sporo-
zoiten zu Eigenbewegungen. Inwieweit der Galle oder einzelnen Gallensalzen
auBer ihrer bewegungsstimulierenden Wirksamkeit eine Beeinflussung des
Stiedakorpers zuzuschreiben ist, mufl vorldufig offenbleiben. Ungekl&rt
bleibt bisher auch, warum bei Verwendung einer reinen Trypsinldsung viele
Sporozoiten trotz ihrer manchmal lebhaften Bewegungen nicht excystieren.
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Als Hauptfunktion der Wé&rme wadre eine Abkilrzung sowie eventuell
erst eine Ermdglichung der stattfindenden enzymatischen Reaktionsabldufe
anzusehen.

Einen Hinweis auf eine aktive mechanische Beteiligung der Sporozoiten
bei der Excystation geben neben der deutlichen Ausbildung der stabartig
verdinnten Apikalregion des ersten Sporozoiten die F&lle, in denen Vor-
und Ruckwdrtsbewegungen der Sporozoitcnspitze in der Mikropylenéffnung,
Suchbewegungen vor Beginn der Excystation in der Sporozyste sowie das
W iederhineingleiten von Sporozoiten in die Sporozyste nach einer zufélligen
unvollstindigen Ruckwartsexcystation beobachtet wurden.

Die Annahme einer enzymatischen Sekretion der Sporozoiten muf} bis zu
einer weiteren elektronenmikroskopisch-histochemischen Untersuchung vor,
wahrend und nach der Excystation eine Hypothese bleiben.

Ein von auBen auf die Sporozyste ausgelbter Druck (bei in vitro-Ver-
suchen durch das Deckglas, in vivo durch die Darmbewegungen und den Darm -
inhalt) kann zu einer passiven Excystation fihren, die in auffélligster Weise
rickwérts erfolgt. Einzelbeobachtungen (Duarr, 1970/71), die sogar auf einen
in der Sporozyste herrschenden Uberdruck schlieRen lassen, bediirfen erst
weiterer Untersuchungen.

Ein von lkeda (1960) bei E. tenella zeichnerisch dargestelltes Ausbeulen
der Sporozystenhille durch die sich bewegenden Sporozoiten wurde bei E.
stiedai nicht beobachtet. Dagegen kam es im Verlauf der Excystation gelegent-
lich zu reversiblen Eindellungen der offensichtlich elastischen Sporozysten-
wand, die sich durch ein zu schnelles Hinausgleiten der Sporozoiten und da-
durch gleichzeitigen hermetischen AbschluB der Mikropyle erkldren lieBBen,
was zu einem Unterdrick in der Sporozyste fuhren wirde.

Die in der Literatur fliir die Excystation der Sporozoiten verschiedener
Eimeria-Arten (Metzner, 1903; Smetana, 1933; Nyberg und Hammond,
1964; Nyberg und Mitarb., 1968; Roberts und Mitarb., 1970b) angegebenen,
von 2 bis 70 Sekunden schwankenden Zeitspannen stimmen unter Beriuck-
sichtigung der sowohl methodisch bedingten als auch individuellen Streu-
breiten mit der Mehrzahl der fur E. stiedai gefundenen uberein.

Im Gegensatz zu Roberts Und Mitarb. (1970b), die Uber eine langsamere
Excystation des zweiten Sporozoiten im Vergleich zu dem ersten bei E. callo-
spermophili und E. larimerensis berichteten, excystierte bei E. stiedai der
zweite Sporozoit bis auf wenige Ausnahmen stets wesentlich schneller als der
erste. Welche Faktoren fir diesen unterschiedlichen Befund verantwortlich
sind, kann nicht gesagt werden. Ob die von Roberts und Mitarb. (1970b)
gefundenen Relationen zwischen der relativen GroBe des Substiedakdrpers
und der Excystationsgeschwindigkeit fiir andere Arten ohne Substiedakdrper
modifiziert werden kénnen (z.B. bezogen auf die Weite der Mikropyle (?)),
miBRte in weiteren Untersuchungen geprift werden.
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AuBerdem wére zu Uberprifen, ob die fiur verschiedene Eimeria-Arten
berichteten wunterschiedlichen Excystationsraten bei in vivo- (Fanr und
Doran, 1962) und in vitro- (Roberts und Mitarb., 1970b) Versuchen wirklich
artspezifische Eigenschaften und, wie von Farr und Doran (1962) angenom-
men, vom Ansiedlungsort im Darm abhé&ngig sind. Die Ergebnisse von Ro-
berts und Mitarb. (1970b) bei den beiden, sich etwa an der gleichen Stelle
entwickelnden Arten E. callospermophili und E. larimerensis (Todd und
Hammond, 1968a, b) wirden eher gegen diese These von Farr UNd Doran
(1962) sprechen.

Die gleichzeitige Excystation zweier Sporozoiten, wie sie bereits von
Nyberg Und Hammond (1964) bei E. bovis sowie Doran und Farr (1962)
bei E. acervulina beschriiben wurde, scheint trotz der von letzteren Autoren
festgestellten relativen Haufigkeit eine Ausnahme zu sein. Die von Roberts
und Mitarb. (1970b) berichtete Excystation einiger E. larimerensis-SpoTO-
zoiten in U-Form mit der konvexen Seite voran durfte eine bisher nicht
festgestellte Abnormitdt sein, die u.U. durch die bei dieser Art relativ weite
Mikropyle ermdéglicht wird.

Elektronenmikroskopische Untersuchungen an E. stiedai-Sporozoiten
liegen bisher nicht vor. Eine fundierte Korrelation zwischen den beobachteten
Rcwegungs- und Excystationsmechanismen und der Feinstruktur der Sporo-
zoiten soll daher erst erfolgen, wenn die entsprechenden, derzeit in Gang
befindlichen Arbeiten (D arr und Schortyseck, in Vorbereitung) abgeschlossen
sind.

ZUSAMMENFASSUNG

An Hand von Lebendbeobachtungen und Filmaufnahmen wurde die in vitro-Excystation
von Eimeria stieda('-Sporozoiten aus Sporozysten untersucht. Bei Inkubation in einem Tryp-
sin-Galle-Gemisch bewegen sich die Sporozoiten vor dem Beginn der Excystation in den Sporo-
zysten in der Regel lebhaft. Die Excystation wird durch Suchbewegungen des Sporozoitenvor-
derendes an der Sporozystenmikropyle eingeleitet. Die auffélligste Erscheinung im Verlauf
der Excystation ist eine stabartig aus der Mikropyle herausragende Verdinnung der Apikal-
region des zuerst excystierenden Sporozoiten, die eine L&nge von fast 4 u erreichen kann. Die
Excystation des ersten Sporozoiten nimmt fast stets mehr Zeit in Anspruch als die des zweiten.
Vereinzelt wurden Sporozoiten beobachtet, die mit dem Hinterende voran excystierten oder
die beide gleichzeitig versuchten, aus der Sporozyste zu schlipfen.
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Canine virus hepatitis was first described as an independent disease by
Rubarth in 1947. Subsequently, post mortem diagnosis of the condition
was reported from several parts of the world and detailed studies were carried
out on its incidence and gross and microscopic lesions.

Several authors have dealt with the clinical course of both natural (Bischoff, 1952;
Coffin and Cabasso, 1953; Schulze and Hauke, 1955) and experimental canine virus hepa-
titis (Gartner, 1955; Larin, Skulski and Orbell, 1958; Lindblad and Persson, 1962);
Scheu (1953) even reported the detection of subclinical cases by serological tests (CF).

Descriptions of the symptoms are fairly uniform, but opinions have been divergent
about whether the fever runs a uniphasic or biphasic course. In complementary laboratory
tests, Bischoff (1952), Coffin and Cabasso (1953) and Gartner (1955) determined the blood
picture, clotting and bleeding times, erythrocyte sedimentation rate as well as serum non-
protein nitrogen, blood sugar and serum bilirubin levels, and abnormal urine components.
Hoe (1961) and Lindblad and Persson (1962) measured SGOT, SGPT, alkaline phosphatase
and the changes of serum protein fractions in different stages of experimental Rubarth’s
disease. According to Gartner (1966) fever, debility, sensitivity of the syphoid region, leuco-
penia, prolongation of bleeding and clotting times and proteinuria are pathognomonic for the
early phase. Schulze and Hauke (1955) recommended liver biopsy as the diagnostic method
of choice.

Clinical observations and laboratory findings have seldom been correlated however,
and information is particularly scanty about the early diagnosis of the condition. Opinions
are also divergent about the effective therapy. Gartner (1955) established that treatment
with specific immune serum is advantageous in all stages of the disease, but others (Kirk,
1968; Rohrer, 1968) regard its effect doubtful, on the grounds that the virus soon disappears
from the blood stream and once it has become established intracellularly, itis no longer neutral-
izable by the serum. Christoph (1962) remarked that caution be exercised with serum therapy,
because large quantities of exogenous protein burden the liver cells and thereby exacerbate
the disease. Most investigators have proposed a complex symptomatic treatment.

As numerous cases of Rubarth s disease have been encountered recently
in this clinic, detailed studies were carried out to obtain more information on
its symptoms and the diagnostic usefulness of routine laboratory tests.

Experimental

Thirty-six clinically ill dogs served as subjects. Six of the 36 dogs were
younger than one year, two of them only 4 months old. The 14 dogs between
one and two years old formed the largest group; 10 dogs were three years old,
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six dogs older. Diagnosis was established on the basis of both symptoms and
laboratory tests. Clinical examinations included, apart from temperature
measurements, inspection for mucosal haemorrhages, liver enlargement and
icterus, which we regard as the main symptoms. In a few cases liver biopsy was
also performed, using the Yim-Silvermann needle or Manghini’s aspiration tech-
nique, but later it was om itted owing to its often fatal consequences (blood loss).

Leptospirosis and toxoplasmosis were excluded by serological and his-
tological examinations. In fatal cases, gross lesions were studied and nuclear
inclusions were demonstrated to reinforce the diagnosis.

Detailed laboratory examinations could be carried out in 19 of the 36
cases. Quantitative blood cell counts, differential count, clotting time, serum
bilirubin, GPT and GOT levels, and abnormal urine components were regular-
ly determined. Blood sugar level was additionally measured in nine dogs and
alkaline phosphatase activity in six.

The results are tabulated along with the main clinical observations. The
severity of icterus, mucosal haemorrhage and liver swelling as well as the
amounts of protein, bilirubin and blood in the urine are graded on a scale
|- +-1--)-' The day of illness on which the measurement was made is speci-
fied along with the data. The febrile course was uniphasic. At the beginning of
observation, the temperature of six dogs had already normalized, while the
rest showed various degrees of temperature elevation. All dogs showed a sen-
sitivity of the xyphoid region.

Leukocyte counts fluctuated between the levels characteristic of leuko-
penia and leukocytosis, depending on the duration of the condition. The eryth-
rocyte count usually fell. The differential count indicated a slight neutro-
philia. The clotting time of blood samples taken after the 3rd—4th day of the
disease was prolonged, and SGOT, SGPT, serum bilirubin and alkaline phospha-
tase levels rose considerably. All but one of the nine dogs whose blood glucose
level was determined showed a notable hyperglycaemia. The urine was yellow
coloured from the high bilirubin concentration and it contained protein and
often also blood. The urine sediment comprised white and red blood cells,
renal epithelial cells and cylindrical casts of renal tubules.

Twenty-two of the 36 dogs died, including both the very young puppies
and the dogs more than 4 years old. Recovery rate was highest between
1/2—11/2 years of age.

Discussion

The certain diagnosis of canine virus hepatitis requires athorough knowl-
edge of the nature and symptoms of the disease and several differential
examinations. However, the latter are not always possible in clinical practice,
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as dogs are often brought in when in the moribund stage of an acute disease
and many of them die while still being examined. Several such cases were
identified as Rubarth’s disease at post mortem examination. This, and the
relatively large number of clinically recognizable cases encountered in this
clinic during the past two years suggest that Rubarth’s disease is next in fre-
quency to canine distemper.

Of the 36 dogs examined 31 were from 6 months to 3 1/2 years old. This is
in conformity with the general opinion that Rubarth’s disease chiefly affects
young dogs, although the former view that the highest incidence is between
2 and 4 months of age needs revising.

Three forms of the disease can be distinguished: hyperacute, acute and
subacute. As the hyperacute form kills the dog within 24—72 hours after the
onset of symptoms, such cases are rarely encountered by the veterinarian.
Dogs apparently healthy in the evening are not infrequently found dead next
morning so that the dog’s owner usually suspects poisoning. The hyperacute
course is characterized by an abrupt rise of temperature to 40—41 °C, extreme
debility, repeated vomiting and increasing thirst. The mucous membranes
appear slightly pale and the swollen tonsils exhibit reddening. The liver hyper-
trophies considerably, owing to serous inflammation, and its margins become
rounded. The most typical laboratory finding is leucopenia: leukocyte counts
may fall to 4,500 or even as low as 1,800. Other routine laboratory tests usually
show no abnormality; the urine occasionally contains small amounts of protein
and bilirubin and the clotting time may be slightly longer.

The acute course takes 3—5 days. The dogs are extremely listless, stu-
porous, and suffer from vomiting, diarrhoea and thirst. Temperature elevation
is mostly medium-high, less often high, although infrequently there may be
no fever at all. Icterus is first noticed on the sclera and conjunctiva and occasi-
onally also on other mucous membranes; it usually becomes distinct by the 5th
day. Haemorrhages often appear on the conjunctiva and oral (Fig. 1) and
pharyngeal mucosa. The often yellow integument exhibits petechial haemor-
rhages or even suffusion particularly in the inguinal region and scrotum. Some
animals show an oedematous swelling in the throat or inguinal region. The
tonsils are swollen and pink to vivid red. Other characteristic symptoms are
sensitivity of the xyphoid region and liver hypertrophy, the liver parenchyma
becoming so friable that even a cautious palpation may cause it to rupture.
Three dogs of our material died from spontaneous liver rupture. Exsangui-
nation is indicated by a porcelain whiteness of the conjunctiva. Respiration
is quick and slightly laborious, the pulse quick, but weak. Bradycardia de-
velops if there is a distinct icterus. The intestines contain fluid and gas, and
occasionally tonic-clonic convulsions set in.

The urine takes on an ochre yellow colour from the large amount of ex-
creted bilirubin. Proteinuria may be very marked and leukocytes and renal
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and laboratory examinations

SGPT  SGOT Serum Alkaline Urine
bili- Blood  phospha-
S o ol o e _
1. U 9%) Protein rﬁgzn Blood Sediment
30 10 0.3 0.1 107 — + + o+ — Negative
19 39 0.9 0.4 62 — + + + — Negative
51 23 11 0.8 - — + o+ + + — Negative
27 30 0.6 0.1 - — o+ 4+ + — Negative
76 75 195 10.3 71 v+ v+ + 4+ + — Few renal and bladder
epithelial cells
109 102 1.9 13 137 e + Many RBC, few leuko-
cytes, 1—3 renal cells
90 29 8.7 5.1 151 — 4+ o+ o+ o+ o+ - Negative
52 36 2.6 15 107 —  F 4+ o+ 4 Many RBC and
leukocytes, renal cells
60 70 2.7 11 — — + o+ + o+ — Negative
53.5 45 0.9 0.6 —_ 240 + 4 + + + + — Renal cells, bacteria
83.0 20.5 18 1.3 128 —  ++ + + + ‘b~ Many RBC, renal and
bladder cells
69.0 71.0 4.8 1.2 130 190 + o+ + + — Few renal cells and
leukocytes
51 31 1.2 0.9 — —  + 4+ 4+ ++ 4+ - Negative
450! 380! 7.1 3.8 — — +++ +++ +++ Many RBC and renal
cells
535 475 252 220 135 168 + 4+ + + + + Many leukocytes and
t RBC, tubular casts and
renal cells
105 87 6.8 5.7 120 160 + 4+ 4+ + + + + 4—5 leukocytes, 4—5
RBC, bacteria
50 18 9.4 5.6 — 120 + + + — 2-3 RBC, few renal
cells
11 22 0.7 0.1 - - + + + + - Negative
160 152 9.2 5.8 132 164 + 4+ + ++ + + Leukocytes, RBC, renal
cells

3.7+ 9.4+ 0.5 01 70-80 20-50 — — —
2.7 5.9 — — — — — — _
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epithelial cells may be present in the urine sediment. The red blood cell
count is usually indicative of anaemia (4—5 million cells). The leukocyte
count is as a rule low, with the differential count suggesting neutrophilia.
The clotting time is slightly prolonged (5—8 minutes). After 1—5 days the
serum bilirubin rises to moderately or extremely high levels (19 mg%), owing
chiefly to an increase of direct bilirubin. SGPT and SGOT activities also
reach levels considerably above normal. Alkaline phosphatase activity rises
to about 100 I.U./ml. All dogs but one had a blood sugar level above 100 mg%.

The subacute course is characterized by a gradual progression of the
symptoms. It lasts 6—14 days. The sick dogs become listless and lose appetite,
their temperature at first rises slightly, if at all, but during the moribund
stage falls slightly below normal. There is as a rule a severe icterus, but the
degree of anaemia is varied. Both cutaneous and mucosal haemorrhages are
distinct and extensive (Fig. 2). Liver enlargement is initially considerable but
later regresses; occasionally the liver may have returned to its normal size by
the end of the disease. The sick animals are stuporous, uncontrollable vomiting
and severe diarrhoea are frequent, and ataxia is often observed. The red blood
cell count falls to a greater or lesser extent. There was an extreme elevation
of leukocyte count in three cases, but in the rest it rose only moderately or not
at all. The differential count indicates neutrophilia. Clotting time is prolonged
markedly.

Serum bilirubin, particularly the direct bilirubin, rose to a very high
level, in some cases up to 10 mg%. Elevation of SGTP and SGOT levels was
of similar degree in the acute course. Blood sugar level rose above normal.
The urine contained a large amount of protein, blood and bile, the latter im-
parting a yellowish green colour. Red blood cells were often found in the urine
sediment. In its acute and subacute forms, canine virus hepatitis also causes
distinct ophthalmological symptoms. The diseased dogs may develop irido-
cyclitis, with photophobia, suffusion into the anterior chamber of the eye,
or inner ophthalmy. The unilateral or bilitérai parenchymatous keratitis gen-
erally associated with milder cases and responsible for the so-called “hepatitis
blue eye” could be cured by appropriate treatment within 1—2 weeks
(Fig. 3).

The characteristic symptoms stem from thi fundamental pathophysio-
logical changes associated with the condition. The main changes are the im-
pairment of vascular endothelium and liver cells (Larin, Skulski and
Orbernt, 1958). Liver hypertrophy, mucosal haemorrhages and prolongation
of the clotting time form a trial of constant symptoms. Kirk (1968) regards
the prolongation of clotting time as a typical coagulopathy brought about by
heparin release from the impaired liver cells; nevertheless disturbances in the
synthesis of hepatic clotting factors (prothrombin, etc ) may also play a role.
The cutaneous and mucosal haemorrhages correspond with vascular purpura.
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Fig. 1. Jaundice and haemorrhages on oral mucosa

Fig. 2. Jaundice and cutaneous haemorrhages

Fig. 3. The so-called “hepatitis blue eye”
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Laboratory tests show changes typical of liver dystrophy and the
prolongation of the clotting time results in the elevation of plasma GOT,
GPT, alkaline phosphatase and bilirubin levels. Rise of the blood sugar
level indicates increased glycogenolysis in the damaged liver. Of the abnormal
urine components, bilirubin increases in consequence of hepatocellular icterus:
proteinuria, haematuria and abnormality of the urinary sediment are initially
due to kidney degeneration, later to nephritis.

On the basis of the above symptoms and laboratory tests, Rubarth’s
disease can easily be recognized, especially if it takes an acute or subacute
course.

We regard liver biopsy as a dangerous method of early diagnosis. In the
first 2—3 days of the disease the liver is in a state of serous inflammation,
with its capsule taut and liable to rupture and exsanguination on even slight
trauma. The risk is much less in the semi-acute stage but then there are fewer
inclusion bodies so that biopsy is unlikely to be worthwhile. At this stage
the clinical symptoms are already obvious enough to serve as a basis of diag-
nosis.

As to the diagnostic differentiation of Rubarth’s disease from other
conditions, canine distemper is initially manifested by catarrhal symptoms,
later by nervous signs, but there is no liver involvement. Clinical differentia-
tion from toxoplasmosis is more difficult; indeed, the pictures are sometimes
so similar that only additional catarrhal changes suggest the protozoan cau-
sation. Serological evidence is as a rule necessary to arrive at unequivocal
conclusions. Differentiation from non-infectious diseases may be made pri-
marily on the basis of the high fever occurring during the acute stage, later
by haemorrhages, icterus, clinical course and laboratory tests.

Specific antiserum treatmentis indicated during the acute stage. Repeat-
ed blood transfusions are absolutely necessary because recovery can scarcely
be expected without them. Complementary treatment with roborants such
as B-vitamins (above all B12), pantothenic acid, vitamin K, glycocorticoids,
calcium preparations and cardiactive compounds, as well as prevention of
secondary bacterial infection(s), and application of broad-spectrum antibiotics
are all important. Weakened animals should receive an easily digestible diet,
rich in carbohydrates and lipotropic substances. A liver-sparing diet is neces-
sary during illness, convalescence and for an period after recovery.

Recovery depends on the nature of the disease and on the speed of
veterinary intervention, but the prognosis is usually doubtful. Hyperacute
cases are hopeless and even with very careful treatment 60% of the dogs show-
ing an acute or subacute disease died in our clinic.

Treatment with a modified live viral vaccine seems to be the best pro-
phylactic measure. In immunization experiments, the Rubarth disease vaccine
conferred a lasting protection on 77—95% of the vaccinées.
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SUMMARY

Clinical studies and laboratory tests of Rubarth’s disease are reported. Thirty-six
naturally infected dogs, most of which were % —1% vyears old, were observed, and detailed
laboratory examinations were carried out in 19 cases. Hyperacute, acute and subacute forms
of the disease were distinguished. Hyperacute cases are rarely encountered by the veterinarian
because of their extremely rapid course. The characteristic symptoms are marked liver en-
largement, listlessness, vomiting and high fever; blood tests reveal leucopenia. The acute course
takes 3—5 days during which icterus, mucosal haemorrhages and liver enlargement develop
and the liver region displays sensitivity to palpation. The serum GPT, GOT, alkaline phosphatase
and bilirubin as well as the blood sugar level rise, while the red blood cell count falls. The urine
contains protein. The subacute course takes 6—14 days. There are usually severe icterus and
extensive haemorrhagic diathesis of mucosa and skin. The clotting time is markedly prolonged
but otherwise the laboratory findings resemble those of the acute form. Blood appears in the
urine and certain components of the urine sediment are indicative of nephritis. Characteristic
ophthalmological symptoms (iridocyclitis, parenchymatous keratitis) may already appear in
the acute stage, but they are commonest in the subacute form.

The prognosis of the disease is doubtful, even with complex therapy (specific immune
serum, hepatoprotective agents, glycocorticoids, blood transfusion, etc.); of the 36 dogs treated
in this clinic, 22 died. Chances of survival are poor if the dog is less than 6 months or more than
4 years old.
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The effect of ionizing radiation has already been studied on several species of parasitic
organisms, including some nematode parasites of the poultry, such as Ascaridia galli (Babebo,
1952; Shikhobalova et ah, 1958; Varga, 1964a; Ruff et ah, 1965; Ruff and Hansen, 1967),
Ascaridia columbae (Casarosa et ah, 1966), Heterakis gallinarum (Ostlind and Hansen,
1966), Syngamus skrjabinomorpha and/or S. trachea (Shikhobalova and Paruzhinska'ya,
1962; Varga, 1964b; Ziegler, 1966).

Since similar work relative to Amidostomum anseris (Zeder, 1800) has not been encoun-
tered in the literature, an experiment was designed to investigate the effect of irradiation on
the eggs and infective stage larvae of this gizzard-dwelling parasite of geese. The primary
objective of the study was to determine what dose level of irradiation would suitably reduce
the pathogenic effect of the larvae so that they might be used for immunization experiments
without endangering the health of the host animals.

Material and methods

Eggs of A. anseris were obtained from the faeces of artificially infected
geese. Fresh faecal samples were well mixed with about five volumes of a solu-
tion (made of equal volumes of saturated magnesium sulphate and sodium
thiosulphate solutions mixed with tap water to give a specific gravity of 1300),
strained through a sieve of 300 /t mesh, and the suspension was centrifuged
for 3 minutes at approx. 1200 rev. per minute. The supernatant fluid was poured
off into a 1 litre beaker, diluted with approx. 10 parts of tap water, and allow-
ed to sediment for 15 minutes. The supernatant fluid was slowly poured into
another beaker and replenished with tap water while the sediment was poured
into a Petri dish. This sedimentation procedure was repeated three times,
and the whole lot of eggs collected in the Petri dish was further cleaned by
repeated sedimentation and removal of the supernatant with the aid of a
pipette, using a dissecting microscope, until the egg suspension became free
of debris.

Since the eggs of A. anseris reach the first larval stage as soon as in 12
hours at 30 °C (Kobultej, 1956), they were immediately irradiated (within
3 hours after being passed with the faeces) or kept at room temperature over
4 days to reach the infective (third larval) stage. Petri dishes containing
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the third-stage larvae swimming about in the water were cooled to -f-1 °C
and the temporarily immobile, sedimented larvae were quickly collected with
the aid of a Pasteur pipette under a dissecting microscope to obtain adequate
larval concentrations.

A Gamma 3500 Irradiation Unit (Noratom) with a dose rate of 0.338
kilorad (krad) per sec. was used as the source of gamma rays. The eggs (ap-
prox. 500 eggs per 1 ml of water) or infective stage larvae (approx. 4000 larvae
per 1 ml of water) were kept in 8 X50 mm glass tubes placed in a vacuum flask
containing tap water during the irradiation.

After irradiation the eggs were transferred into small Petri dishes and
allowed to embryonate at room temperature. The rate of development of eggs
and larvae was recorded by examining 200 eggs and/or larvae in each culture
every 24 hours over 5 days. Arbitrarily, three stages of in vitro development
were distinguished: 1. eggs containing a small blastomere morula or “tadpole”
form; 2. larvae inside the eggs; 3. hatched larvae.

Development of the larvae irradiated at the infective stage was followed
in the host. On the first post-hatching day, groups of four Rajna breed gos-
lings were each inoculated into the crop with 500 irradiated or normal larvae.
From day 13 of the infection, droppings of the birds were examined for the
presence of Amidostomum eggs, using both the common concentration method
and the standard McMaster egg-counting technique. Embryonic development
of eggs collected from faeces of these goslings was also followed. The animals
were killed four weeks after infection and the gross pathological changes in
the gizzard of birds from the various groups were compared. The worms re-
covered by teasing the mucosa of gizzard into small pieces under a dissecting
microscope were sexed and the fertility of the females examined. The length
of worms was determined by measuring 30 male (if possible) and 30 females
selected at random from each gosling.

For statistical analysis Student’s t-test was applied.

Results

Exposure of A. anseris eggs to various doses of irradiation caused a dose-
dependent deleterious effect on their development. This resulted in a smaller
percentage of eggs capable of completing segmentation and reaching the in-
fective larval stage. Final developmental stages obtained five days after the
exposure are shown in Fig. 1. Although cleavage proceeded for a while in
nearly all irradiated eggs, it ceased before the tadpole stage was reached in
most affected eggs; the bulk of eggs with such an arrested development ex-
hibited irregular differentiation, the abnormal morula frequently containing
one or more vacuoles (Fig. 2). Variable numbers of eggs treated with different
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Fig. 1. Development of eggs of Amidostomum anseris irradiated at various dose levels
(N morula, 7 larvae inside the eggs, O hatched larvae)

Fig. 2. Egg of A. anseris showing ab- Fig. 3. Hatched larva unable to cast off the cuticle
normal cleavage and large vacuole (X 630) of the second moulting at the anterior end (X 1000)
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doses df radiation reached the larval £t:ge, but many of the larvae were unable
to hatch and soon disintegrated inside the eggs. Some larvae managed to leave
the egg, were normal in appearance or showed somewhat reduced mobility as
compared to the lively movement very characteristic of normal third-stage
larvae of Amidostomum, while others could not complete the first and/or
second moulting (Fig. 3).

Amidostomum eggs could not be detected in the faeces of goslings which
were infected with larvae previously exposed to a dose of 20 krad or more at
the infective stage. Some eggs were, however, demonstrated in the faeces
of goslings from the 10 krad group on days 23, 26 and 27 after infection, and
egg-counts comparable to those in the control group (range: 75—675 eggs
per gram of faeces) were regularly found in the faeces of goslings of the 5 krad
group from day 19 onwards. Eggs collected from faeces of the latter group of
goslings showed a reduced capacity for segmentation: 98 per cent of these eggs
failed to complete segmentation, as compared to 11 per cent in the control group.

Gross patho-morphological changes characteristic of Amidostomum
infection were found in the gizzard of every bird infected with normal larvae
or with larvae which had been exposed to radiation dosages of 5 to 40 krad.
Although the changes were most prominent in animals infected with normal
larvae, serious damage to the gizzard mucosa was also seen in goslings which
were given larvae irradiated with 5, 10 or 20 krad (Fig. 4). In birds receiving
larvae treated with 40 krad, only slight alterations were noticed, consisting of
a few haemorrhagic patches and curly tracts produced by a few parasites in
the mucosa. None of the goslings which were infected with larvae exposed to
a dose of 80 krad of radiation contained any lesion in the gizzard. A gizzard
representing lesions of medium severity for the specified group is shown in
Fig. 4.

Infectivity of the larvae, as measured by worm burdens at autopsy,
decreased as the dose of irradiation increased (Table I). The males exhibited
a higher radiosensitivity than the females. Apart from the females in the 5
krad group, and individual worms in 20 and 40 krad group, respectively, the
mean length of worms developing from the irradiated larvae decreased as
compared to the controls. Roughly one out of four females arising from the
20 krad group had only a rudimentary uterus and complete lack of eggs
(Fig. 5), while sterile eggs were found in the rest of the worms.

Discussion

The effect of irradiation on the embryogenesis of A. anseris is essentially
similar to that reported for other nematode parasites of poultry: the higher
the dose of radiation the smaller the percentage of eggs reaching the larval
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Table |

The effect of various levels of larval irradiation upon the take (worm conuts expressed as

percentage of larvae inoculated), sex ratio and length of worms recovered from goslings

which were each infected with 500 Amidostomum anseris larvae at the age of 2 days and
killed 4 weeks later

Length of worms ir mm (mean + S.D.)

g’;‘gl'i nogs Irr(zil((agﬁ)ion Mean take  SD. Worm ’\ze:xF ratio N
4 0 777 = 59 1 1.172 13.5+0.8 18.9+1.7
4 5 64.2 +£30.0 1 1.442 13.2+0.9* 19.4+1.2
4 10 437 =+ 61 1: 2203 11.0+1.1b 17.3+1.4b
4 20 252 + 44 1:471.0 15(1 < 14.9+1.6b
4 40 0.05+ 0.0 1°? 0 16 (19)
3 80 0 — — _

Level of significance: a, p < 0.05; b, p < 0.001

stage. Although a certain number of irradiated eggs developed into larval
stage at each of the dose levels applied in the experiment, many of them
failed to hatch. Apparently less affected larvae, however, hatched even after
an exposure to as high a dose as 160 krad, and were morphologically indis-

Fig. 4a—f. Gross pathological changes in the gizzard of goslings infected with larvae of
A. anseris after exposure to various levels of irradiation: a, unirradiated; b, 5 krad; c, 10
krad; d, 20 krad; e, 40 krad; f, 80 krad
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tinguishable from normal infective stage larvae of Amidostomum. It was only-
some of the free larvae that could not cast off the cuticle of first and/or second
moultings and therefore two additional larval sheets were readily recognised.
Unfortunately, the infectivity of such larvae was not investigated.

Fig. 5. Posterior end of a normal mature female of A. anseris (a) compared with a sterile
female, (b) developing from a larva irradiated at 20 krad (x125)

Irradiation of third-stage larvae at so krad renders them non-infective, as
neither signs of earlier lesions nor parasites could be detected in the gizzard of
goslings inoculated with such larvae. Lower irradiation levels resulted in a dose-
dependent reduction of infectivity of larvae and growth inhibition of worms. The
remarkable shift in the sex ratio indicates that, as with males of Ascaridia galli
(Shikhobalova and Paruzhinska'ya, 1958; etc.) and some other nematode
parasites of mammals, male larvae of A. anseris are more sensitive to radia-
tion than females. Though no alterations in the males were discovered under
light microscopic examination, some damage to the male gonads at low dose
of irradiation (5 krad) may perhaps account for the high proportion of infer-
tile eggs produced by normal-looking females. The complete lack of eggs in
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females is not regarded as a unique feature of post-irradiation effect on this
parasite, since similar changes were invariably observed also with other nema-
tode species.

The extension of lesions in the mucosa of gizzard is in close relationship
with the number of burrowed worms. Thus, it is inferred from the present
radiation effect titration study that an exposure amounting to about 40 krad
of irradiation may be necessary to achieve suitable attenuation of A. anseris
larvae for use in immunization experiments. This is approximately four times
the dose required for attenuation of Ascaridia galli larvae (varga, 1964a;
Deo et ah, 1971) or those of Syngamus trachea (Varga, 1964b; Ziegier,
1966).

Acknowledgements. Thanks are due to Prof. Gy. Koczkas and Mrs. Z. Parady,
“Frédéric Joliot Curie” National Research Institute for Radiobiology and Radiohygiene,
Budapest, for providing the facilities for irradiation.

SUMMARY

Eggs of Amidostomum anseris exposed to various doses of gamma rays, ranging from
5 to 160 kilorad, were arrested at different stages of development. In proportion to the dose
increase, more and more eggs remained at the stage of an irregular morula showing abnormal
cleavage and containing vacuoles. A considerable number of larvae were unable to hatch,
whereas others could not cast off completely the cuticle of first and/or second moulting. Irradi-
ation of third stage larvae reduced their infectivity for goslings, resulted in development of
sterile females or ones producing infertile eggs, and caused a remarkable shift in worm sex
ratio. A significant decrease in the size of worms was also noted. The pathogenic effect of A.
anseris can be greatly reduced by exposing the infective larvae to a dose of approx. 40 krad
of gamma irradiation.
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Introduction

An adequate plane of nutrition is recognized as an essential factor for
reproduction of poultry. Unfortunately, nutritional requirements for semen
production have been far less intensively studied than those for egg production
and hatchability, even though the fertility of the individual cock isundoubtedly
more important than that of the hen.

The need for research on this subject is especially topical in countries
such as India, where nutritionists — in the attempt to minimize competition
with man for certain cereal grains — are striving hard to exploit newer sources
of feed for poultry, as it is equally imperative on the nutritionists’ part to
consider what effects new feed ingredients will have on breeding stock. Two
agroindustrial byproducts which seem to have great potential application in
India are sal seed cake, which is the residue remaining from seeds of the tree
Shorea robusta after the fat content has been removed to make butter; and
damaged wheat, that is, grain that has deteriorated due to fungal and insect
infestation and is no longer suitable for human consumption but still accept-
able for animal nutrition.

Utilization of sal seed (Panda, 1969) and sal seed cake (Verma and
Panda, 1970) has been found to give satisfactory results in White Leghorn
cockerels, although the studies were conducted only up to 8 weeks of age.
Feeding of damaged wheat, however, has only been investigated in broilers
up to 11 weeks of age (Thakur and Panda, 1971). With both products there
is no information whatsoever about their effects on semen characteristics.
It was therefore felt that if feeding of these ingredients to breeding cockerels
is to be advocated, it would be necessary to obtain pertinent data on any
possible disadvantageous effects they might have on performance.
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Review of literature

Even disregarding the lack of data about the effect of feeding sal seed cake and damaged
wheat, the literature dealing with the relationship between nutrition and semen characteristics
of cocks is very limited.

Breneman (1941) observed that restriction of the diet of young male chicks causes a
retardation of testicular growth, but whether this was related to lower fertility was not studied.
Parker (1943) and Lorenz (1959) further observed that the body weight of the cocks was
reduced and showed that inanition decreases the level of fertility. Semen volume, number of
spermatozoa per collection and fertilising capacity of the males were all adversely influenced.

Lack of protein or essential amino acids in the diet of laboratory animals may lead to
inhibition of the development of the male reproductive organs and lowered fertility. Experi-
ments with rats conducted by Moustgaard (1959) have shown that pronounced calcium de-
ficiency may cause infertility in both sexes. Feeding of an extremely low phosphorus diet to
prepubertal rats caused inhibition of the development of testes and arrested spermatogenesis.

Perek (1966) demonstrated a relationship between thyroid activity and spermatogene-
sis in birds by feeding thyroprotein. He assumed that the process of sperm production and
fertility are closely related to the body’s general metabolism.

Cooper (1968) established that breast width and body weight of turkeys could be
correlated with fertility in males. Extremely heavy toms may be responsible for some of the
problems of fertility. He pointed out that lighter weight males may be more agile and hence
able to complete more matings. He conducted experiments to find means of reducing the body
weight of turkey males and to determine if fertility could be improved when lower weight
males were used in natural matings.

Kuhns and Arscott (1969) showed that vitamin E restored fertility and sperm con-
centration in White Leghorn males fed a diet high in linoleic acid but low in vitamin E. The
fertility ofthe adult male chicken is a sensitive measure of deficiency of this vitamin, but neither
its nutrient nor its antioxidant effects on male fertility have been clarified. In absence of vita-
min E and ethoxyquin, fertility and sperm concentration were reduced.

Materials and methods
Mixing the ration

The ingredients were ground to a granular consistency and thoroughly
mixed to produce a uniform mash. Micro-ingredients were first mixed in a little
quantity of mash and this premix then mixed in the bulk mash. All the experi-
mental mashes were prepared in accordance with their gross composition.
Representative samples were drawn from every mash and stored in clean,
dry, tightly stoppered plastic bottles for analysis.

Experimental birds

Thirty White Leghorn cocks, 8 months of age and of uniform size, vigour
and body weight were obtained from the Institute’s Experimental Poultry
Farm. The cocks were wingbanded, weighed individually and distributed
randomly into three sets of 10 cocks, each composed of two replicate groups.
The replicate groups were randomly allotted to commercial finishing battery
compartments in which five cocks could be comfortably housed. The three
groups were put on different experimental mashes with the gross compositions
shown in Table 1.
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Table 1

Gross composition of the experimental diets
(on wt. % basis)

Ingredients Diet 1 Diet 2 Diet 3
Maize 60 50 —
Whate bran 20 20 20
G. N. Cake 10 10 10
Corn gluten meal 4 4 4
Sal seed cake — 10 —
Damaged wheat — — 60
Fish meal 2 2 2
Meat meal 1 1 1
Mineral mixture 3 3 3

Vitamins added/100 kg of diet: Vit. A 1.5 g; Vit. B20.5 g; Vit. D3 0.4 g

Feeding

The three groups were fed the different diets during the entire period of
experiment. The dry mash system was followed. The quantity of mash offered
was adjusted according to consumption to avoid wastage.

Watering
Clean, fresh drinking water was available to the birds at all time, the
water containers were thoroughly cleaned daily.

Experimental period

The experiment was started on 3rd June 1971 and terminated on 7th
August 1971. The first period of 6 weeks was assigned only for feeding of the
birds. After this period was over, collection of semen from individual cocks
was started from 14th July 1971 and was continued every week till 7thAugust
1971. The cockerels were weighed individually at the start and at the termi-
nation of the experiment.

Collection of semen

The semen was collected from the cock by the abdominal massage tech-
nique suggested by Burrows and Quinn (1937). The bird was stimulated to
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ejaculatory responses by massaging the soft sides of its abdomen, between
the gizzard and the pelvic bones. During these responses, the copulatory organ
erects and is rapidly thrust out and withdrawn. The semen was caught in a
small beaker held under the vent with the left hand. The semen was taken to
the laboratory for examination immediately after collection.

Semen samples were restricted to those as free as possible from contami-
nating fluids such as “the clear watery fluid”, while urates, faeces and visible
foreign material were avoided.

Counting of spermatozoa

The semen was diluted to 1:200 with 0.85% normal saline solution con-
taining a few drops of formaldehyde, employing the standard procedure used
for counting of red blood cells (Taneja and Gowe, 1961).

Percentage of living spermatozoa

Immediately after collection, one drop of semen from each sample was
mixed with 5 drops of stain (0.6 g nigrosin and 0.16 g eosin in 10 ml 3.55%
sodium citrate dihydrate) and 15 minutes later two smears were made on
glass slides. The air-dried smears were examined under oil immersion lens
(1000 X magnification). The live sperms were differentiated from dead sperms
by the presence of a clear nonstaining sperm head, dead sperms having a vio-
let-stained head (Mukherjee and Singh, 1968).

Metabolic activity of sperms

A reliable and quick method is the “Methylene blue reduction time”
(MBRT). Equal quantities of 0.885% sodium chloride diluent and fresh egg
yolk were mixed. To 13.5 ml of this mixture, 1.5 ml of methylene blue was
added from a stock solution containing 50 mg methylene blue per 100 ml
distilled water and thoroughly mixed. The MBRT determinations were made by
mixing 0.05 ml undiluted fresh semen with 0.45 ml of the yolk diluent-
methylene blue solution (pH 6.5, measured by Philips pH meter). After stir-
ring, several drops of liquid paraffin were added to the surface of each
mixture. All the test tubes were immersed simultaneously in a water
bath at 40 °C and the time required for the appearance of a definite yellow
colour was recorded.

Methods of analysis

For proximate analysis of the feed samples, the procedures were adopted
according to ISI recommendations.
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Gross energy

The gross energy of the feeds offered during the experimental period
was determined by measuring the heat of combustion of the material in an
adiabatic Toshniwal Bomb Calorimeter, following the procedure recommended
by ISI (1968). The water equivalent of the apparatus was determined with
pure benzoic acid.

Results and discussion

The results of chemical analysis of the experimental mashes used in this
experiment are presented in Table Il, and the summarized findings of the
examinations of the birds in Table III.

Table 11

Chemical composition of the experimental diets
(Expressed on D. M. basis in %)

Ingredients Diet 1 Diet 2 Diet 3
Dry matter 87.84 87.85 87.64
Total ash 7.0 8.3 8.9
Insoluble ash 0.817 1.120 2.227
Calcium 1.12 1.14 1.10
Phosphorus 0.94 0.93 0.93
Ether extract 3.9 4.3 3.1
Crude fibre 5.3 6.1 5.8
N.F.E. 66.17 64.73 64.42
Uric acid 0.092 0.170 0.091
Crude protein 17.63 16.57 17.78
Gross energy 4096 4016 3887

Table 111

Summary of results

No. of
Control Sal seed cake Damaged wheat _observations
in each group

No. of spermatozoal 1.20+0.11 1.18+0.10 1.16+0.10 30
Live% 93.96 + 1.10 94.43+ 1.10 93.56+0.98 30
MBRT?2 7.10 + 0.57 7.00+0.49 7.13+0.61 30
Testes weight3 0.675+ 0.087 0.830+ 0.078 0.660+0.090 10
Initial body weight4 1634.3+22.4 1616.0 + 30.8 1569.3 + 106.3 10
Final body weight4 1695.0 + 45.6 1742.0 + 34.0 1596.0+73.7 10

Note: 1, niilkon/d: 2, methylene blue reduction time in min.; 3, % of final body weight;
4, in gram
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It may be seen from the data that the diets contained recommended
levels of protein and crude fibre. The nitrogen-free extracts of all the mashes
indicate that they were well certified with energy. The percentage of calcium
is on the ISI recommended level and phosphorus is well above the recommended
level. The diets were reasonably balanced to meet the nutrient requirements
of the breeding cockerels. No reduction in body weight of the cockerels was
noted under any treatment, indicating that there was no inadequacy in the
diets offered. The cockerels fed on sal seed cake and damaged wheat diets
exhibited no deficiency symptoms. The results show that the inclusion of in-
gredients viz. sal seed cake and damaged wheat in no way lowered the nu-
tritive value of the rations. This experiment agrees with those of Yerma and
P anda (1970), who observed satisfactory growth in White Leghorn cockerels
by feeding sal seed meal at 10% level up to 8 weeks of age.

Recently in some experiments conducted on broilers, Thakur and Panda
(1971) have shown that damaged wheat up to 60% level could be used in
broiler diets by replacing completely the normal maize and the growth ob-
served in broilers was also quite satisfactory. In the present investigation also,
damaged wheat proved quite promising as a substitute for normal maize in
the diets of breeding cocks.

Semen quality

Semen quality was assessed on the basis of the sperm concentration,
metabolic activity of sperms and percentage of live sperms, which are close-
ly related to fertility (Lorenz, 1959; Cherms, 1968). Semen volume was not
included because it shows no relationship to fertility (Crawford, 1964).

Sperm concentration

There was no marked difference in the sperm concentration of cocks fed
sal seed cake (1.18 million//d) or damaged wheat (1.16 million/jul) from the aver-
age concentration of 1.20 million sperms//R found in the control group (60%
maize). These values are somewhat lower than the values cited in the literature
(Wheeler, 1943). However, the latter are averages for the whole year, and if
the variation due to seasonal effects is considered the values reported here
are in close agreement with the figures reported by Parker (1943), who ob-
served a decline in sperm concentration during July, when the present exami-
nations were made. Similar observations have been reported in turkey by
Carson (1955).

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



EFFECT OF SOME AGRICULTURAL BYPRODUCTS 211

Testicular weight

The results obtained in the present studies are in agreement with the
analysis of data on testes weight and sperm concentration carried out by
Burrows (1939), who showed that there was a significant correlation between
these two characters (correlation coefficient 0.78), indicating that about
61 percent of the variation in semen production was due to difference in testes
size.

Percentage of live sperms

The percentages of live sperms were 93.96, 94.43 and 93.56 in groups
fed diets 1, 2 and 3, respectively. There was thus practically no difference in
the live sperm percentage due to feeding the cocks on damaged wheat and sal
seed cake diets. The results are quite satisfactory when compared with the
results obtained by Bajpai (1963) whose findings are about the same as our
control diet values. The spermatozoa exhibited a completely normal morpholog-
ical picture, showing none of the deformations, viz. head “bent” in loop or in
a “C” form, broken heads, swelling at base of head, coiled or broken tails,
that are correlated with the sterility in cocks (Sampson, 1939).

Methylene blue reduction time

There was no noteworthy difference in the MBRT of the different groups.
The results of the present investigations are quite in agreement with those
reported by Bogdonoff (1954).
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SUMMARY

Practically no differences in weight gain or semen characteristics (sperm concentration
and viability, and sperm metabolism measured by the methylene blue reduction time) were
noted on the basis of the values for a control group in two groups of 10 eight-month-old White
Leghorn cockerels kept for three months on diets containing 10% sal seed cake or 60% damaged
wheat partially or wholly in place of the 60% maize of the control diet. In view of the absence
of adverse effects and their cheapness relative to maize, the utilization of both foodstuffs in
the diet of breeding cocks can be advocated at the indicated levels, and these new feed re-
placers help keeping the cost of feeding at considerably lower level.
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Several workers have shown that massive doses of corticosteroids can
be beneficial when given to animals or man in E. coli endotoxin shock. The
successful administration of hormones can be explained by the well known
physiological and pharmacological effects of glucocorticoids, such as corti-
costerone (l11-dehydrocorticosterone) and cortisol (17-hydroxycorticosterone,
hydrocortisone). In large doses, these hormones have anti-inflammatory and
antiallergic influences and block the systemic effects of bacterial toxins.

The literature contains several observations on the effect of glucocorticoids in the
treatment of diseases associated with E. coli infection. The lethal effect of lipopolysaccharide
endotoxins can be reduced or prevented with prednisolone (Berték and Téth, 1963). Resistance
of 2 to 3-week-old ratlings to E. coli endotoxin fell by a factor of 27 following adrenalectomye
Administration of cortisol and adrenalin led to a significant rise of their resistance (Belo-
krylov and Ostrovsky, 1968). As Namioka et al. (1968) have reported, glucocorticoids are
effective for the treatment of piglet scours (3-week enteritis). The hormone therapy seems to be
reliable if administered in the earlier stages of the illness. The lethal effect of E. coli endotoxin
on 10 to 11-day-old chick embryos was prevented by the administration of cortisol (Grunin-
GER and Howe, 1969). Adrenal corticosteroids have also been used to help neutralize the cellu-
lar action of endotoxin in calves with colibacillosis (Larson and Bull, 1970).

According to the general opinion, stress factors may contribute to an increase in the
intestinal haemolytic E. coli population, consequently they have a negative role in the patho-
genesis of enteric colibacillosis (Miniats and Roe, 1968; Thomlinson, 1969). On the basis of
data reported in the recent literature, a further and perhaps more interesting consideration
arises concerning the relationship of stress and colibacillosis. In the experiments of Gross
and Siegel (1965), subjection of cockerels to various degrees of social interaction markedly
affected their resistance against infectious agents. A high degree of social stress induced in-
creased resistance to E. coli infection. The resistance seemed to be correlated with relatively
high levels of plasma corticosteroids in socially mixed cockerels (Gross and Colmano, 1967).
When ACTH was administered, the relative plasma values of corticosteroids were greatly
increased, and the birds were also more resistant to E. coli infection than the controls. These
experiments clearly demonstrate that the host response to E. coli infection is conditioned by
prior exposure of the host to certain kinds of stress. The mechanism by which previous stress
affects resistance to endotoxin, however, is not completely understood. Ravin and Fine (1962)
pointed out that the reticuloendothelial system is the common pathway between E. coli
endotoxin and stress. Animals conditioned to certain forms of stress develop some tolerance
to endotoxin, because their reticuloendothelial cells more efficiently take up endotoxin and
detoxify it.

Several workers have shown that the pituitary-adrenocortical system is not fully devel-
oped during the early stage of postnatal life (Jailer, 1950; Kemény et al., 1964). As compared
with that of the adult, the response of neonatal animals to stressors is inadequate. Schapiro
et al. (1962) termed this early stage of development, the “stress non-responsive period”.
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The present study was intended to answer the question of whether the
hormonal immaturity of young animals has any role as a predisposing factor
in the pathogenesis of colibacillary diarrhoea. Have the moribund piglets
some degree of adrenal insufficiency or are their adrenal glands still function-
ing in the advanced stages of the disease? The functional state of adrenal
cortex was characterized by the determination of the circulating glucocorti-
coid level.

Materials and methods

Experimental animals and procedure

A total of 27 crossbred pigs (Large White X Danish Landrace) from a
closed herd was used in this study. The 3—5 days old animals were housed
and managed in the same way. With the exception of the moribund piglets,
they sucked their dam until the time of examination.

Among the animals studied, 16 piglets from four litters were affected
with naturally occurring enteric colibacillosis. At the time of examination,
they had showed profuse diarrhoea for 12—24 hours. None of them had been
treated by veterinarians during their illness. At the same time, 11 healthy
piglets from three litters served as controls.

In view of the diurnal rhythm of cortisol secretion, the examinations
were carried out similarly in case of each animal. The piglets were removed
from their dam and transported to the laboratory in the late morning hours.
The blood samples were drawn anaerobically from the anterior vena cava for
the determination of pH, standard bicarbonate and plasma protein values.
The relevant laboratory methods were published in an earlier paper (Kutas
and Szabos, 1971). After this, the animals were sacrificed by severance of the
cervical blood vessels. The heparinized blood samples collected in this way
were centrifuged and the plasma was used for determination of glucocorticoid
level.

Determination of corticoids in blood plasma

The corticoids were determined by the method of Bush (1961). One part
of 0.2 N NaOH solution was added to 20 parts of heparinized blood plasma.
The corticoids were then extracted three times with about 3 volumes of chloro-
form. After filtration, the chloroform was evaporated in a water bath at
55—60 °C. The dry extract was dissolved in 1.5 ml of chloroform and chro-
matographed on Whatman No. 1 paper. At the same time, standard amounts
(2, 5 and 10 p,g) of cortisol were run similarly.
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The descending paper chromatograms were developed in the A system
of Bush (100 ml light petroleum, 80 ml methanol, 20 ml water). After running,
the chromatograms were removed from the tank and dried. For the separation
of steroid fractions, the strips were chromatographed at 37 °C in the B. system
of Bush (100 ml benzene, 50 ml methanol, 50 ml water).

The dried paper strips were sprayed with an alkaline solution of blue
tétrazolium and the formazans were eluted with 7 :3 mixture of ethylacetate :
methanol. The optical density was read in Spectromom 360 photometer at
560 mfi.

Post-mortem findings

All diarrhoeic and control piglets were necropsied, and bacteriological
examinations were carried out for confirmation of the diagnosis established
in vivo. The diarrhoeic piglets showed catarrhal inflammation of the stomach
and intestine. Haemolytic strains of E. coli were isolated in pure, or almost
pure culture from the small intestine of all piglets in the diarrhoeic group.
In contrast, no pathological changes were observed at necropsy of the control
animals. The bacteriological examination of small intestine was negative for
haemolytic E. coli in these piglets.

The data were analyzed statistically employing Student’s t test.

Results

At the time of examination, each animal belonging to the diarrhoeic
group showed the well known clinical symptoms of baby piglet enteritis. The
faecal material from the affected pigs was semi-fluid in consistency and yellow-
ish in colour, having a characteristic fetid odour. A loss of turgor and elasticity
was noted, the extremities were cool and cyanotic. The most severe form of
colibacillosis was observed in piglets No. 1, 4, 5 and 15. These animals were
unable to walk and their comatose condition indicated the terminal stage of
illness.

The clinical status of the piglets is described with the same laboratory
parameters used in our earlier work (Kutas and Szabos, 1971). For the assess-
ment of the acid—base status we used the pH and standard bicarbonate values
in blood. The water balance of the animals was characterized by the plasma
protein level. Table | presents the data obtained for venous blood of the diar-
rhoeic and control piglets. The elevation of plasma protein level in piglets with
enteric colibacillosis indicates a decline of plasma volume caused by rapid
dehydration. The parameters of acid—base balance showed severe metabolic
acidosis in each diarrhoeic animal.
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The chromatographed samples yielded two ultraviolet-absorhing and
tetrazolium-reducing fractions. Since its mobility was the same as that of
standard cortisol chromatographed simultaneously (RF 0.40), Fraction | was
considered as cortisol concentration. The plasma of piglets with enteric coli-
bacillosis contained over ten times as much cortisol as did the plasma samples
from control animals (see Table 1I).

Attempts failed to identify Fraction Il with the following standards:
cortisone, corticosterone, DOC, 6/3-hydroxycortisol, 17-hydroxy-ll-deoxy-
corticosterone. The unidentified fraction was especially high in the blood
plasma of diarrhoeic piglets.

Table 1

Concentrations of blood constituents in diarrhoeic and normal piglets

Plasma Blood Plasma

Piglet Age wBe?gKt Total Standard .
No. Sex protein oH HCOJ cortisol
days g 9/100 ml mEqg/1 /j.9/100 mi

| 3 3 830 9.5 7.08 10.0 16.6

2 ? 3 910 — 6.83 6.1 28.5

3 ? 3 1050 9.0 6.73 6.8 25.0

4 3 3 920 10.5 7.04 7.3 27.7

5 3 3 900 8.4 7.07 9.4 62.5

6 9 3 1105 7.5 6.99 8.5 42.0

7 9 3 1090 7.8 7.15 11.8 20.8

8 9 3 1185 7.5 7.19 13.2 23.0

9 9 3 1070 8.3 — 13.2 25.0
10 9 3 1130 7.3 7.00 8.6 17.0
11 3 5 1030 6.8 7.09 9.6 14.0
12 9 5 1750 7.9 6.99 9.1 50.0
13 3 5 1460 9.0 6.99 7.4 42.5
14 3 5 1440 6.7 7.03 9.0 15.3
15 3 2 1125 10.8 6.98 8.8 46.1
16 9 2 1140 7.2 7.17 135 16.0
Mean and S.E. in diarrhoeic 8.28 7.02 9.52 29.50
piglets +0.33 +0.03 +0.58 +3.66
Mean and S.E. in controls 6.36 7.30 22.86 2.81
(n = 11) +0.34 +0.02 +0.55 +0.27
p <0.001 <0.001 <0.001 <0.001

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



PLASMA CORTISOL CONCENTRATION 217
Discussion

The studies reported here demonstrate a significant rise in the cortisol
level of piglets with severe enteric colibacillosis when compared with values of
control animals. Although the haemoconcentration of the dehydrated animals
may have some role in this phenomenon, the relatively smaller change in
plasma volume cannot be responsible for the tenfold rise of circulating hor-
mone level. The high cortisol concentration is an index of increased adreno-
cortical activity and characteristic of a stress condition. It would he of interest
to examine the nature of the stressors responsible for stimulation of the pitui-
tary-adrenocortical system. The findings of the present study and the literary
data referred here would seem to indicate a pathomechanism of stress condi-
tion along the following lines:

It has been suggested that the primary events in the pathogenesis of
diarrhoea are caused by “enterotoxin”, a toxin or group of toxins produced
by enteropathogenic strains of E. coli (Smith and Harrs, 1967). Enterotoxin
appears to be distinct from classical lipopolysaccharide endotoxin, which is
involved more in the terminal events of disease. It is just possible that entero-
toxin makes the intestine more permeable to the passage of endotoxin. It is
known that endotoxin derived from E. coli strains is absorbed continuously
into the blood stream in shocked animals (Ravin and Fine, 1962). Yet, the
organism is not defenceless against endotoxin; this can be removed from the
blood by the cells of the reticuloendothelial system. However, if the reticulo-
endothelial system is injured by hypoxia, deficient blood flow, etc., as in
piglets with enteric colibacillosis, its ability to detoxify endotoxin is reduced.
Consequently, a significant part of the endotoxin absorbed remains free in
the circulation to exert its effects on other host tissues. Among these is the
very characteristic response of adrenal cortex to endotoxin. Recent studies
(Davis and Colmano, 1971) have demonstrated that plasma corticosterone
increases in weanling pigs after injection of E. coli endotoxin. Since hypo-
physectomy abolishes the stressing effect of endotoxin, the endotoxin does
not appear to act directly upon the adrenal cortex. It is most likely that endo-
toxin causes an increase of plasma corticosteroids by acting on the hypo-
thalamic-pituitary-adrenal axis at the level of the nervous system (Moberg,
1971).

In addition, it should be emphasized that change in the “internal en-
vironment” of the cells (hypoxia, acidosis, hypovolemia, etc.) may also act as
stressing agent, stimulating the secretion of corticosteroid hormone. Thus, it
seems possible that the increased cortisol concentration in diarrhoeic piglets
is a consequence of both endotoxin absorption and imbalance of homeostasis.

Judging from the results of the present investigation, it appears that
there is no reason to suspectthat the rapid and fatal course of illness is connect-
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ed with adrenal insufficiency of the affected piglets. The adrenal cortex of the
neonatal pig secretes substantial quantities of cortisol, even at the terminal
stage of illness, indicating that the adrenals are still functioning at normal lev-
el. Most recently a similar observation has been made on diarrhoeic calves:
the significantly elevated plasma 17-hydroxycorticosteroid level was suggestive
of raised adrenocortical activity (Dvorak, 1971). It is hardly to be expected
that exogenous hormone administration would be very effective in the treat-
ment of the severe form of baby piglet enteritis.

SUMMARY

The level of circulating cortisol hormone was measured in plasma of 16 piglets, 3—5
days of age, affected with a severe form of naturally occurring enteric colibacillosis. At the
same time, 11 clinically healthy piglets of the same age served as controls. Tenfold higher
cortisol levels were noted in the plasma of diarrhoeic animals than in that of controls. This
rise is an index of increased adrenocortical activity at the terminal stage of illness.
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Introduction

The observation that 2,6-dihydroxybenzoic acid-4’-bromanilide (Terenol, Farbwerke
Hoechst AG, Frankfurt/M) possesses vigorous paramphistomicidal properties is of fairly
recent origin. Preliminary critical tests conducted by the manufacturer on sheep and calves
as well as later experiments by Lammler et al. (1969) on kids have demonstrated that
in a dose of 65 mg/kg body weight the drug can almost completely eliminate both juvenile
paramphistomes living in the small intestine and adults established in the rumen.

The present paper is a report on the efficiency of Terenol in the treat-
ment of cattle with natural ruminal paramphistome infestations.

Material and methods

The experimental group of 80 infested animals was set up on the basis
of single individual coprological examinations carried out during December
1970 in a large herd of 250—400 kg heifers and adult cattle located in an en-
demic area of paramphistomosis. In January 1971, a randomly selected half of
the group received 65 mg/kg Terenol, the remaining half being left untreated
for control purposes. The drug was administered individually to the chosen
animals as a drench, in the form of an aqueous suspension.

The efficiency of treatment was judged by three successive coprological
examinations performed on each animal on February 18—19, March 16—17
and April 7—8. The procedure employed was as follows: On the days in
question, the morning faeces excreted by each of the experimental animals
was collected and mixed with a little water to an even consistency. From
this mixture two 5 g samples were taken and examined parallelly in different
laboratories by sedimentation technique (straining across a fine silk screen
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Table 1

Trial of the efficacy of Terenol in ruminal paramphistomosis

Treated group Untreated group
Result of coprological examination Result of coprological examination
Animal 1st 2nd 3rd 4th Animal
(before 1st 2nd 3rd 4th
treatment) (after treatment)

| + — - - 41 + + + +

2 + — - — 42 + - + +

3* L — + — 43 + + + +

4 + — - — 44 + + +

5 + — — — 45* + - — +

6 + — - — 46 + + + -

7 + — - - 47 . + + +

8 + — - — 48 + + +

9 + — - - 49 + + + +
10 + — - — 50 + + + +
11* + — - — 51 + — + +
12 + — - — 52 4- — — b
13 + — — — 53* “r + + +
14 + — - 54 ~r + + +
15 + — — — 55 4- + - +
16 + — — — 56 + + + +
17 + — - — 57 + + + +
18* + — - - 58 + + + R
19 =+ — - — 59* + + + +
20 + - — 60 + + —

* Animals later inspected at slaughterhouse

into a conical flask under a thin water-jet, sedimentation, then spreading on
a microscope slide of 1 ml sediment taken by pipette from the bottom of the
flask). A treatment was taken to be successful if in none of the three copro-
logical control examinations a single Paramphistomum egg was found.

During the summer of 1971, 10 of the animals from the experimental
group (6 treated and 4 untreated) were sent for slaughter, thereby providing
an opportunity to check on the efficacy of treatment by counting the worm
burdens.

Results

The outcome of the investigations is summarized in the two tables.
The data presented there attest to the exceptionally powerful paramphisto-
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of cattle: results of coprological examinations

Treated group Untreated group
Result of coprological examination Result of coprological examination
Animal 1st 2nd 3rd 4th Animal
(before
treatment) (after treatment)

21 n — — — 6i
22 + — — — 62 +
23 " — — — 63 +
24 + — - 64 + + + +
25 + — — — 65 4- +
26™ + + — — 66> +
27 + — — — 67 + + +
28 + — — — 68 +
29 + - — — 69 + +
30 + —_ —_ — 70 + +
31 + —_ — — 71 +
32 + - — - 72 + +
33 + — — — 73 +
34 + — — — 74 +
35 + — — — 75 + + +
36 + — — — 76
37 + - - — 77 + +
38* + + + b 78 + + +
39 + - — — 79 + +
40* + + + - 80 + +

inicidal action of Terenol in 65 mg/kg dose.* From the results of the coprological
examinations it may be concluded that a single therapeutic intervention rid
90.0% of the medicated animals of their worm burdens. Even the figures for
the four animals (Nos 3, 26, 38 and 40) found to be still infected at coprological
examination do not spoil this excellent result, for inspection at the slaughter-
house demonstrated that in these, too, the ruminal worm burden had been
substantially reduced. Thus whereas an average of 45.2 worms was recovered
from these four animals at slaughter, the average number found in four un-
treated animals at much the same time was 288.5 (see Table Il). It seems

* Species determination was carried out on worms deriving from a few randomly
selected hosts only, but in all cases the parasites proved to be Paramphistomum microbothrium.
As all the cattle used in the experiment originated from the same area, it is presumed that this
was the only species involved.
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Table 11

Trial of the efficacy of Terenol in ruminal paramphistomosis of cattles
results of P.M. investigation

Animal Time of slaughter No. oianPngnfound

Treated group

3 5. 5. 1971 30
" 5. 5. 1971 0
18 10. 6. 1971 0
26 10. 6. 1971 121
38 23. 7. 1971 96
40 18. 6. 1971 41

Untreated group

45 29. 4. 1971 56
53 7. 7. 1971 632
59 2. 6. 1971 406
66 30. 6. 1971 60

that in these cases the treated animals did not receive a dose of Terenol cor-
responding to their body weight.

No undesirable side-effects were noted among the medicated animals,
and appetite and milk yield were undisturbed.

Discussion

The results summarized in the tables confirm the observations made in
the manufacturer’s preliminary trials (Dawel, personal communication,
1970), and by Lammuer et al. (1969) that Terenol has a powerful action against
both young and adult paramphistomes. The preparation therefore promises
to be an effective instrument in the hands of the practising veterinarian for
combating a helminthosis that in practice has proved resistant to hitherto
known anthelmintics.

Various drugs have been recommended in the past for use against param -
phistomes, but the number of those which could claim to have led to more or
less successful cures is relatively small. Gretit1at and Daumas (1955) applied
dispersed Na alkyl sulphate against adult flukes, while Bosman et al. (1961)
reported on obtaining some success with hexachlorophene. In investigations
with Freon, Freon BU (du Pont De Nemours), hexachlorophene, Promintic
[2-(/1-methoxyethyl)pyridine] and Lintex [N-(2’-chlor-4-nitrophenyl)-5-chlor-
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salicylamide] against bovine and ovine paramphistomosis, Horak (1962,
1964) found that although all the preparations, with the exception of Freon,
had a paramphistomicidal effect, this action was in no case at a level sufficient
to meet the demands put on a modern anthelmintic.

Freon BU acts on adult paramphistomes alone, while a single applica-
tion of hexachlorophene or Promintic can be expected to have only 43—45%
efficacy, and Lintex has a satisfactory effect only on paramphistomes in the
small intestine and abomasum.

SUMMARY

2,6-dihydroxybenzoic acid-4’-bromanilide (Terenol, Farbwerke Hoechst AG , Frank-
furt/M.) proved an effective treatment for ruminal paramphistomosis of cattle. Applied
orally in a dose of 65 mg/kg body weight, the drug completely eliminated the paramphistome
burdens out 36 of of 40 (90.0%) naturally infested animals.
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3APAXEHUME LUECAPOK BUPYCOM WVH®JTKO3HLUbI TUMA-A

A. TAHN

OnucaHbl 3HAEMUYECKNE BCNbILWKN — fABe B 1969-0M 1 ofHa B 1970-0M rogax — UHQt0-
3HUbI cpeay uecapok. lMepBbIX ABa M30M15ATa MOKasblBaiM aHTUrEHHOE CPOACTBO C BUPYCHbLIMM
wrammamm Duck (England) 62 n Quail (ltaly) 65, a TpeTuin M30nST ¢ MOCNEAHUM LUTaMMOM.
B nabopaTopHbIX maccaxax MnepebiM M30NMPOBaHHbIV LITAMM MOCTENEHHO Tepsn CPOACTBO CO
wrammom Duck (England) 62 n HakOHeL, CTa/l HEOT/MYMMbIM OT TPETLEro W30/IMPOBAHHOIO
LITaMma.

OnpefieneHne BUPYCHbIX LUTAMMOB OCYLLLECTB/IANOCH B TeYeHWe 14 MecALeB Ha TeppuTopum
O/HOW XO3AMCTBEHHOM 34MHNLbI PagnycoM B 8 KM. Bo Bpems 3TUX NOVMCKOB 3@ BUPYCHBLIMM LLITaM-
MaMy PerucTpuMpoBaHbl BCMbILLIKX 3200/10BaHWS B MOr0OM0BbAX HECYLUEK W MONOAHAKA Mo 4—b6
ThICAY LWITYK. 3a60n1eBaHNe CONPOBOXAANOCh MOHWXEHWEM NPOAYKLUUU U MALEXEM XMUBOTHbIX.
Y 6eccMNTOMHO MOrM6LIMX XMBOTHBLIX MPU BCKPLITUM O06HapYXWBANUCL TMNepUMUs, KPoBO-
TeyeHus, BOCMaIeHNe U MEPepoXKAeHe BHYTPEHHUX OpraHoBs, PUOPMHO3HOE BOCMANEHVe BO3AY-
XOHOCHbIX MELLKOB W CepOo3HbIX 060n04eK. Mpu ABYX 3HAEMMAX NPOBGOA TOPMOXEHMA Tem-
arrflTMHaUMKM Bo BCeX 06pasLiax KPOBU OBHapYXXeHbl aHTUTena.

Mocne 4-x naccaxewn NepBsblil N30/IMPOBAHHbIA BUPYCHBbIV LITaMM Oblfl NaTOreHeH TO/bKO
[0NA [AHEBHbIX Liecapyar M MHAIOLWAT Y MONOAHAKA Liecapku. Ho 3aT0 B pasHbIX rpynnax 60/b-
LUIMHCTBO WMCKYCCTBEHHO W NYTEM KOHTAKTa 3apaXXeHHbIX XXMBOTHbIX, KakK TO, Kypax, YyTKax,
MHAeWKax, LecapKax, MbIlaX U MOPCKMX CBMHKAX, aHTUTena 06Hapy>XMBaiuch.

UyBCTBMTENbHOCTb BMPYCa K TemnepaType W Apyrue CBOWCTBA HaNOMUHAKOT CBOWCTBA
POACTBEHHBIX BUPYCOB.

370 Nep.bIvi CNyyaii B MMPe N301ALUN BUPYCA MHANIO3HLBI U3 LieCapoK M MepBblil ciyyail
M30M1ALMK BUPYCa NTUYbEN MHGIO3HLBI B BeHrpuu.

KONMNUECTBEHHbIE UBMEHEHUA CPEAV KULLIEYHBIX KAOCTPUANM Y PAHO
OTBATbIX, BOJIEROLWNX KOMNBALUWNANIE3OM MOPOCAT

Au™ LWMHKOBWY

CpaBHMBAIOTCS HEKOTOPbIE METOAbI M30MALMU HECKOMbKMX aHadpOGHbLIX MUKPOBOB KU-
LUeYHOI (hropbl MOPOCAT. B KONMMYecTBe CMOPOBOW 1 BEreTaTMBHOW (HOPM M30/AMPOBaHHbIX
pasHbIMU MeToZamu KNOCTPUAWA Y 3[40POBbIX MOPOCAT UMeNach PasHWLA TOMbKO B TOICTOM
OTAeNe KULLIEYHWK], TOTfa KaK TakOi pasHuLbl B KOIMYECTBE 3TUX ABYX (DU3MONOTMYECKUX (a3 B
TOHKOM OTZENe KULLIEYHUKA He 0GHapYXXeHO.

Mpu  KoNMBauWNNe3HON 3SHTEPOTOKCUMUM HABMIOAAETCS  MOGUAM3ALMS  KNOCTpUANiA
TOHKOTO OTZeNa KWLLEYHUKA, [JOKAa3aTe/lbCTBOM YEro sBASETCSH YBE/MUYEHWE KO/MYECTBA BeEre-
TaTMBHbIX OPM 3a CUeT crop. [laHHoe siB/ieHWe HaBMIOAAETCS TOMbKO B TOHKOM OTAe/e KULLey-
HUKA U UCCMELOBAHNEM UCMPAXHEHUI 3TOI PasHULbl HEMb3s BbIABUTL. ABTOP CUMTAET BO3MOX-
HbIM, YTO 06Pa3YHOLLMIACS NPY PA3MHOXEHWN KNOCTPUANIA TOKCUH YCYTy6nsieT KonmbauuiesHyto
3HTEPOTOKCUMUIO.



PEHTFEHAHATOMMWSA KOCTEW YEPEMA COBAKMW
Ab. KOBAY, /1. TNOC n M. TEPTHEP

Mpwn (hpoHTO6a3aIbHOM U CUHWUCTPOAEKCTPAIbHOM HaNpaBneHUAX lyyeil NPUroTOB/eHbI
PEHTTEHOBbIE CHUMKM C [Y/IMHHBIM (DOKYCHBIM PAacCTOSIHMEM KOCTEA uepena [OSMXOKedasibHbIX,
Me30Ke(hasbHbIX 1 BpaxnkedaibHbIX Co6aK. Mpu 0601X HANPABNEHUAX SyUei ONpedeneH NyHKT
NafieHna UEHTPaIbHbIX Nyyeid. Pagy mydilero NoHUMaH1A PEHTTeHOaHaTOMUYECKOTO MOJOXEHNS]
KOCTelA yepena [aeTcst X KpaTKoe aHaTOMMUYECKOe OMUCaHIe C YYETOM PEHTTeHOaHATOMUYECKOV
TOYKY 3peHUs. ABTOPbI OMUCHLIBAIOT F/1aBHbIM 06Pa30M Te KOHTYPbI KOCTeld uepena, KoTopble 0Co-
GEHHO BaXKHbl C KNMHNYECKOHA TOUKM 3DEHNS. PEHTTEHOBLIMM CHUMKaMU N PUCYHKaMU KOHTYPOB
UNNIOCTPUPYETCS AeTanbHOe ONM1caHne KOCTel Yepena: Ha HUX ONKCaHHbIe B TEKCTE TEHW W KOH-
Typbl 0603Ha4eHbl LMgpaMu.

HABNHOAEHWA MO BbIAYMNEHNKO CIMOPO3OUTOB Y KOKUMAHOIO BWAA
EIMERIA STIEDAI

Y. LIOPP, T.-I. XOWMHEPT, 6. MUNTAJIEP u I-K. TANN3

Mp1 NOMOLLM KMHOCHEMKM BEMUCH in Vitro HabNoAeHUs NO BbINYMAEHMIO XUBbIX CMOPO-
30MTOB M3 cropouuct Buga Eimeria stiedai. Mpu MHKy6aLum B CMecU U3 TPUMCUHA U XKENuu
HabnofaeTca XNBOE [BMKEHWE CMOPO30MTOB B CMOPOLMCTaX ele 40 Hadvana BblaynieHus.
MocnefHee HAUYMHAETCA Pa3blCKMBAHMEM MUKPOMMW/3 CMOPOLMCTbI MEPESHUM KOHLIOM CMOPO30MTa.
Hawnspue 6pocatoLeecs B rfasa fBneHne npu BblAynaeHun —a3To BbICOBbIBAOLLEECH U3 MUKPO-
MUN3 YTOHYEHWE anuKasbHOro KOHLA BbINYMNAAKOELLErocs Cropo3omTa, LOCTUraloWEero vHorga
AnHbl 4 /. BblnynneHue nepeoro Crnoposouta Bcerja AAnMTca fofblue BTOporo. Habnioganuch
€[VHNYHbIE CMOPO30WTbI, BbINYNIAIOLWMECS 38[HMM KOHLOM W Clyyaun, Korga o06a crnopo3ouTbl
MbITa/MCb BbINYMUTLCA U3 CMOPOLMCTbI OAHOBPEMEHHO.

K KJIMHWKE BOJIE3HW PYBAPTA
3. XOPBAT, ®. KAPWAW un N. NAMM

PestloMmupytoTca HabnofileHWs aBTOPOB MO K/WMHWKE W N1abopaTopHbIM WUCCNeA0BaHNAM
6onesHn PybapTa.

TwaTenbHO U3yyeHa KNMHuKa 6one3Hn Ha 36 cobakax Bo3pacta 1/2—1 1/2 roga, 3apa3us-
LLUMXCA B €CTECTBEHHbIX YCNOBUAX, Ha 19 >KMBOTHLIX CPeAy HUX NPOBOAUANCL W nabopatop-
Hble VcCnefioBaHNsA. ABTOPbI PasfvyaloT MOAOCTPYHO, OCTPYIO M MNOAYOCTPYHO (hopMbl GONE3HW.
MogocTpas (hopma 13-3a 04eHb bLICTPOrO TEUEHNS BETEPUHAPHBIM BPAYOM PEAKO PErncTpupyeTcs.
Ona KAVMHUKK 3TOV (hOpMbl XapaKTepHbl CUMbHOE YBESMYEHUE MeYeHW, YrHeTeHwe, pBOTa, Bbl-
CoKaa Temnepatypa; 1abopaTopHbIM UCCIEA0BAHNEM BbIABNAETCA IEMKONEHUA. TeueHne ocTpoit
thopMbl 60ne3HN annuTes 3—5 AHel NpU HaMMYMKM XKEeNTYXU, KPOBOTEUEHUIA Ha CAN3UCTbIX 060-
JI0UKaX, YBEJIMUEHNI NeYeHn 1 YyBCTBA 6ONE3HEHHOCTN B 06/1aCTY NeyeHn. Cpeay CYLLECTBEHHbIX
n0Ka3aTene|/| nebopaTopHbIX VICCﬂe%OBaHVIVI MMeeTCA MoBblleHne akTuBHOCcTM SQPT, SGOT,
LLenoYHom ocatasbl, KonmMyecTsa 6unnpybmHa n caxapa B CbIBOPOTKE U YMeHbLUEHWE Konnye-
CTBa 3puTPOLUTOB. B Moue nossnsieTca 6enok. TeyeHMe NOMyoCcTPoOli POpMbI amTes 6—14 aHein.
B 60/bLUVHCTBE ClyYaeB MMEETCS CUbHAA XKENTYXa, UHTEHCVBHbIE KPOBOTEYEHUS Ha CIIM3UCTBIX
060/104Kax 1 B KOXe (KPOBAHON auates). B KpOBAHOW KapTuHe npeobriafaeT HelTpoduama
NeKoLMTO3; BMpoYeM pe3y/bTaT NabopaTopHbIX WCCMEAOBaHWA TakoB XK€ KakK ¥ Npu OCTpOi
(hopme. B Moye NOSIBNSETCA M KPOBb, COCTAB XKe 0CafKa HanoMWHaeT HepuT. XapakTepHas
K/IMHUKA CO CTOPOHbI 1133 (MPUAOLMUKINT 1 NapeHXMMATO3HbIA KepaTuT) UMEeTCs ke B OCTPON
(hopme, HO Yallle B MOAZOCTPOMN TaKOBOM.

Bonpekn KOMMMeKCHOW Tepanuu (aHTMCbIBOPOTKA, MeYeHb 3aluuiiatolime CpeAcTBa,
T7IIOKOKOPTUKON B!, NepesinBaHne KpoBy 1 T. N.) MPOrHo3 6one3Hn comHuTeneH. Cpeay 36 cobaxk,
60/1bHbIX 60M1e3HI0 PybapTa, nornéno 22. Ocob6eHHO YyBCTBUTESbHBLI K 60/1e3HM c0BaKu MOoXe
Mon rofa n ctapble TakoBble.



SOPEKT OBNMYYEHNA HA 3MBEPUOHAJ/IBHOE N MOCTOMBPNOHABHOE
PA3BUTUE AMIDOSTOMUM ANSERIS (ZEDER, 1800)

A. B. YK n WN. BAPTA

Passutue any, Amidostomum anseris 661710 NPUOCTAHOB/IEHO HA PasHbIX CTagmuax 06.y-
YeHVieM pa3HbIMKM f03aMu Nlyyell ramma — oT 5 4o 160 kunopad. MponopuMoHaibHO € NOBbILLEHU-
€M [103bl BCe 60/bLUE ANL, 0CTAHABNMBAIOCh HAa CTafuW HEMPaBWUIbHON MOPY/ibl, MOKa3bIBalOLLEN
HenpaBunbHOe ApobneHWe ¥ cofepxalleid Bakyonu. 3HaunTenbHOe KOMMYECTBO JIMYMHOK He
BbI/TyNMNOCh, OCTaNbHbIE e He bl CMOCOBHBLIMM NOHOCTLIO COBEPLLUMTL BTOPYHO IMHLKY (CM.
CH. 3). O6nyyeHue NWLWIANO MHBA3WOHHbLIX SIMYMHOK WHBA3UPYIOLLEA CrnocoBHOCTW, M3 COBep-
LUABLIMX WHBA3MIO BbIPacTaan CTepU/bHblE CaMKU 1 B NOMYNALMM YepBell Habnogancs peskuin
COBWr B N0OMb3y caMoK. Habntoganoch TOXe 3amMeTHOe YMeHblUeHWe pa3mMepoB YepBeld. [aToreH-
HbI (KT A. anseris MOXHO CYLIECTBEHHO CHU3UTL 06/yYEHMEM WHBA3VNOHHbIX SIMYMHOK
L0301 npnbn. 40 Kpag ramma nyyden.

BJIMAHVME HEKOTOPbLIX MOBOYHbLIX MPOAYKTOB C- X MPOMbIWAEHHOCTN
HA CEMA METYXOB

Ob. NEHYEL

MpakTuyeckn He 6bIN0 pasHWLbl B MpUBECaX W XapakTepa CeMeHW (KOHUEeHTpauus u
XKN3HEHHOCTb XXMBYMKOB, OBMEH XXVMBUYMKOB Ha OCHOBaHUW BPEMEHW PeAyKuMW MEeTW/IEHOBOW
CVHbW) NETYLIKOB KOHTPO/IbHOM M AABYX 3KCMEPUMEHTaNbHBIX FPYNM, COAEPXXaBLUMXCA B TeUeHe
10 mecALeB Ha pauuoHax, cofepXaBwnx 10% >XMbIXa CEMEHW WMHAMACKOro pacTeHus Shorea
robusta 1 60% 4YacTUYHO WM NOMHOCTHIO UCMOPYEHHON MLUeHULBI BMecTO 60% KYKypy3bl KOH-
TPO/ILHOIO paLMoHa, COOTBETCTBEHHO. Ha OCHOBaHWM MOMYYeHHbIX flaHHbIX aBTOP MPUXOAUT K
3aK/II0YEHNI0 PEKOMEHJ0BATb MPUMEHEHWE YNOMAHYTblE [elleBble KOpMa B MOKAa3aHHOW KOH-
LieHTpaLym BMECTO JOPOTrOii KyKYPY3bl B KOPMEHUW NAEMEHHbIX METYX0B. 3TO CHU3UT cebecTom-
MOCTb MPOAYKLMW B NMTULEBOACTBE.

KOHUEHTPALNA KOPTW3O/IA B CbIBOPOTKE KAK TMNOKASATEJ/Ib ®YHKLUWU
KOPbl HAAMOYEYHMKOB Y TMOPOCAT C KUMWEYHbIM KOJIMBALUWNANE3OM

®. KYTALL, MAPA KO3MA, W. CABO n TNaNA KOBATLU

YpoBeHb LIMPKYNMPYIOLLEro ropMoHa KOpPTM30Ha onpedensncad y 16 nopocat 3/ 5-aHeBHO-
ro BO3pacTa, CTPaJatoLLMX OT TAXKENOro KIMHUYECKOro Konnbauunnesa. KOHTPOMbHbIMU CNyXK-
m 11 KAMHWUYECKM 3[10POBbIX NMOPOCAT TAKOro Xe Bo3pacTa. B CbIBOPOTKE MOPOCAT C MOHOCOM
06Hapy>XeH B ieCATb Pa3 BbICLUMIA YPOBEHb KOPTW30/1a, YeM B CbIBOPOTKE KOHTPOJIbHLIX XWUBOT-
HbIX. Takoe MOBbILLIEHNE YPOBHA TOPMOHA AB/AETCA NOKasaTenemM YCUIEHWUs afpeH0-KOPTUKO-
WAHON aKTUBHOCTY Ha MOC/efHeld CTagnm 60nesHu.

SOPEKTUBHOCTb TEPEHONA TMPW AEFEJbMUWHTU3AUWW ECTECTBEHHOIO
PYBLIEBOIO MNMAPAM®UVCTOMOS3A KPYTIHOIO POIrATOINO CKOTA

T. KOBYNEW n . YABAPXENN

2,6-aMrnapoKcM6eH30MHOKNCbIA-4’-6poManunng (TepeHon, A. O. XacT, ®paHKdypT)
ABNAETCA 3PEKTUBHLIM CPEACTBOM NPOTUB XPOHNYECKOr0 NapaMgrcToMo3a KpYMHOro poratoro
cKkoTa. Pa3oBbiM BBefieHMeM 65 MI/Kr npenapaTa yepes poT aBTopbl fo6ununck 90,0%-Hoi 3. 3
Cpefy KMBOTHBIX, MHBA3MPOBABLUMXCA NapaMpUCTOMaMN B eCTECTBEHHBIX YCNOBUSAX.
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EIMERIA MRIGAI N. SP. (EIMERIIDAE: SPOROZOA)
IN RLACK BUCK (ANTELOPE CERVICAPRA)

By
B. P. Pande, P. P. S. Chauhan, B. B. Bhatia and G. S. Arora

U. P. College of Veterinary Science and Animal Husbandry, Mathura, India
(Received May 15, 1971)

The first eimerian species described from an antelope is Eimeria antelocaprae Huizinga
1942 (from Antilocapra americana). Subsequently, E. antelocervi Ray and Mandai, 1960 was
recorded in the black buck (Antelocervus caprae/Antelope cervicapra). Oocysts identical to E.
cheetali Bhatia, 1968 in Axis (Cervus) axis were recovered from this host (Bhatia, 1968) and
have subsequently been found in Gazella gazella. In these three species, the oocysts, though
possessing a micropyle, lack a polar cap.

Of the species described from wild cervidae and bovidae, the oocysts in twelve lack a
micropyle, in twenty-four others a micropyle is present and in two cases a micropylar cap is
also present (Pellérdy, 1965). To this list E. tragocamelis has to be added. This species has re-
cently been described from nilgai (Boselaphus tragocamelus) in which the thin narrower end of
the oocystic wall was suggestive of a micropyle (Bhatia, 1968).

The rectal sample available from an antelope (black buck), shot on
28. 10. 1968, yielded numerous oocysts which, after study, proved to belong to
a new species described as Eimeria mrigai n. sp. The nematodes that were
available, included 23 specimens of Haemonchus contortus, 36 of Bunostomum

trigonocephalum and 12 of Trichostrongylus colubriformis.

Materials and methods

The alimentary tract of the black buck, examined some hours after the
hunt, exhibited signs of postmortem changes though the thickened and severe-
ly congested patches yielded the oocysts and gametocytic stages. The smears
from the rectal contents were examined directly and after centrifugation. A
small quantity was, after straining, left in 2.5% potassium dichromate solution.
Examination of scrapings from the lesioned patches in the jejunum vyielded
oocysts and some of the other endogenous stages. A few pieces were fixed in
10% formalin for histologic study. The 5—6 p thick serial sections were stained
with Erhlich’s haematoxylin and eosin. Drawings were made with the help of
a Spencer’s camera lucida under oil-immersion objective of an Olympus phase-
contrast microscope with 15 X eyepiece. Morphological details of the sporo-
cysts and the sporozoites, liberated after treatment of the sporulated oocysts
with 5% trypsin (pH adjusted between 7—8) followed by gentle pressure with
the needle on the coverslip preparations, were observed.

Constant examination of the sporulating oocysts enabled an appraisal
of the sequence in the sporulation process of the sporont.
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226 FANDE et al.

Observations
Eimeria mrigai n. sp.

The ellipsoidal/ovoidal oocysts (50 measured), with a double-contoured
wall, measured 39—55 p in length (mean 48.5 p) and 26—32 p in width (mean
29.6 p). The length-width ratio was 1.4—1.8 (mean 1.6) (Figs 1 to 7). The
smooth oocyst wall, of 1.6—2.3 p (mean 1.6 p) thickness, had a light yellowish-
green outer layer of 1.2 —1.6 p thickness and a thin inner yellowish-brown layer

Fig. 1—4. 1, Unsporulated oocyst. 2, Sporulating oocyst with large refractile globules at ihe
periphery and the two daughter nuclei. 3, Sporulating oocyst showing the beginning of cleavage
lines. 4, Sporulating oocyst with four round protoplasmic masses
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of 0.4 —0.7 //thickness. A micropyle of 5—8// in width (mean 6.5 /x), carried a
prominentbuttransparentandasomewhat helmet-shaped cap 0f13—18 /xx2 —3/x
size (mean 15.6 /iX 2.6 /x). A tenue body present as an irregularly-shaped clump
of dark but large refractile granules lying just beneath the micropyle, both in
the unsporulated and sporulated oocysts. Oocyst residuum absent. Sporula-
tion completed in seven days under room temperature. Sporocysts ellipsoidal,
with the narrower end capped by a thin darkStieda body measured 19—23 /x
in length (mean 21 /x), 9—10 Kin width (mean 9.8 /X)and with the length-width
ratio of 2.0—2.4 (mean 2.2) (Figs 7 and 8). Sporocyst residuum present as
dark granules dispersed around the sporozoites or occurring in small clumps
at the poles and/or in the centre. Sporozoites elongate, of 16—18 /tx3.9 //
(mean 17 /xX 3.9 /X) size, with one end pointed and the other broad — the broad-

Fig. 5—9. 5, Sporulating oocyst with the pyramidal shape of the four developing sporoblasts.
6, Sporulating oocyst with four ellipsoidal sporoblasts. 7, Sporulated oocyst with four sporo-
cysts — each with two sporozoites and a sporocystic residuum. 8, Sporocysts. 9, Sporozoites
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er end carrying a large refractile globule, with one or two smaller refractile
globules present towards the other end, and the nucleus situated nearly in the
centre between the two globules (Fig. 9).

In the division of sporont, the initial stage consisted of a large central
and coarsely granular mass of an almost spherical or ovoid shape and with a
prominent vesicular nucleus occupying a lighter area in the middle (Fig. 1).

Fig. 10—12. 10, Microgamétocytes: a, youngest; b, immature — both with host-cell nucleus;
¢, mature with rod-like microgametes. 11, Macrogametes. 12a, Capped oocyst inside an epi-
thelial cell with its pushed nucleus; b, Capped oocyst detached from the lining

W ith its subsequent contraction, large refractile globules appeared along the
periphery and the nucleus had divided into two daughter nuclei (Fig. 2).
Following the appearance of the lines of cleavage, the sporont produced four
protoplasmic masses — each carrying a number of refractile globules (Fig. 3).
Later, four rounded sporoblasts, with many globules of different sizes (Fig. 4),
developed and subsequently assumed a pyramidal form with the narrower
angle carrying a dark point the precursor of the Stieda body (the body of
Schneider, accordingto Vetterling, 1968; Fig. 5). Further differentiation of the
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sporoblasts resulted in their ellipsoidal shape and carrying numerous globules
(Fig. 6). With the development of a membrane around these sporoblasts, two
sporozoites and a granular residuum had appeared in each sporocyst (Fig. 7).
Two or three large refractile globules and a small nucleus in the centre became
distinct in each sporozoite.

In addition to the characteristically capped oocysts, microgamétocytes
and macrogametes occurred in different developmental stages inside the villar
epithelial cells of the jejunal region of the small intestine. In numerous sections
studied, these include: a mature microgamétocyte of 33 X 31 /i and full ofnumer-
ous rod-like and 2.0—2.5 long microgametes (Fig. 10c) — many immature
microgamétocytes ranging between 25—30 fiX20—30 (i (Fig. 10b) including
the youngest of 10.9x7.3 4 in dimensions (Fig. 10a); macrogametes of24—38 p
X 18—27 p (mean 27.5 pX 22.2 p) size and with prominent plastic granules
and a central nucleus (Fig. 11); and oocysts of 30—50 p X M —30 p in size
(mean 37.5 /iX21.0 p) (Fig. 12). Hypertrophied nuclei of the attacked host
cells were observed in all these stages.

Discussion

On account of the shape and the general colour of the oocysts and the
presence of a micropyle, a polar cap and the sporocyst residuum, our oocystic
material shows some resemblance to the three eimerian species (known from
wild cervidae and bovidae as also domestic ruminants); E. sordida Supperer
and Kutzer, 1961 (from Cervus elaphus, red deer); E. yakimoffmatschoulskyi
Supperer and Kutzer, 1961 [from Rupicapra ( = Capella) rupicapra, chamois];
and E. brasiliensis Torres and Ramos, 1939 (from Bos taurus and Bubalus
bubalis, cattle and buffalo). The present oocysts are, however, distinguishable
from all the three species. Though the elliptical oocysts are smaller in size in
E. sordida and E. yakimoffmatschoulskyi and have a shorter sporulation time,
the description of these two species appears incomplete as particulars about the
size of the sporozoites, the presence or absence of a Stieda body and a tenue
body are lacking. From the available accounts, E. sordida appears distinct
because the outer oocystic wall is rough ‘sordid’; a polar granule is present,
and the sporozoites are smaller. In E. yakimoffmatschoulskyi, the differences
relate to a comparatively thinner character of its oocystic wall, the easily
detachable nature of the polar cap and a much smaller size of the sporocysts.
The oocysts and its contained structures, in E. brasiliensis, have slightly smaller
sizes, the oocystic wall is thinner and the tenue body consists of a homogeneous
and granular protoplasmic mass. Accordingly, the present material is assigned
to a new species, Eimeria mrigai which, because of the capped character of its
oocysts, is distinguishable from E. antelocervi and E. cheetali, described from
the Indian antelope. The other distinctive features in E. antelocervi, are: the

Acta Vcterinaria Academiae Scicntiarum Hungaricae 22, 1972



230 PANDE pt al.

cylindrical shape and the smaller size of the oocysts (28—34 mx12—16 u),
the piriform shape and the smaller size of the sporocysts (10.9 fix 6.6 /i) (the
measurements of the sprozoites have not been given) and a shorter sporulation
time. E. cheetali, described from Axis (Cervus) axis, was not differentiated
from E. antelocervi. The former, with the smaller dimensions of the oocysts,
was also encountered in the black buck. The oocysts in this species, though
within the same size-range, are ellipsoidal in shape, have a thinner oocystic
wall, a wider micropyle and are with ovoidal sporocysts. Thus, the three species
in our black buck are: E. antelocervi, E. cheetali and E. mrigai.

SUMMARY

The sample of rectal contents from a black buck (Antelope cervicapra), during the post-
mortem examination, yielded characteristically capped eimerian oocysts which, as studied on
unsporulated and sporulated characteristics and in the serial sections of invaded jejunum
including the earlier gametocytes, have been described and determined as belonging to a new
species. Eimeria mrigai which has been differentiated from the allied forms hitherto known
from the wild cervidae and bovidae and the domestic ruminants. To the two eimerian species
so far described from Antelope cervicapra, a third species has been added.

*

Acknowledgement. — Thanks are due to Principal of the College for the facilities provided and
to Dr. L. Pellekdy of the Hungarian Academy of Sciences for his suggestions.
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A NEW GENUS AND SPECIES OF CRYPTOSPORIDIID
COCCIDIA FROM INDIA

By
B. P. Pande, B. B. Bhatia and P. P. S. Chauhan,

U. P. College of Veterinary Science and Animal Husbandry, Mathura, India

(Received May 15, 1971)

The asporous and tetrazoic coccidian oocysts are known in the genus Cryptosporidium
Tyzzer, 1910 (Cryptosporidiidae Poche, 1913) [Wenyon (1965-facsimile of 1926 edition: Le-
vine, 1961)]. Hoare (1956) has, however, reduced Cryptosporidiidae to a subfamily status
under Eimeriidae (Minchin, 1912) Poche, 1913. This classification has been followed by Davies
et al. (1963) and PellErdy (1965). Five species so far described under this genus are included
in the important compilations of Wenyon, Levine, Davies et al. and PellErdy. Besides,
oocysts assignable to this genus have also been recorded in Canis dingo (Bearup, 1954) and
Felis chaus (Dubey and Pande, 1963). In these reports, measurements of the oocysts and the
contained sporozoites have alone been appended.

Four 13—25 day pups, maintained for administering helminthic infection,
were found to harbour, on autopsy, an interesting cryptosporidiid infection
which proved to be distinct from Cryptosporidium and is described below under
a new genus designated as Hoareosporidium after Dr. Cecil A. Hoare F. R. S,

with H. pellerdyi as its type species.

Material and methods

The rectal contents of the four pups slaughtered at intervals and, in two
cases, the scrapings from jejunum which had revealed a slight degree of con-
gestion were examined directly and after centrifugation. Typical cryptospori-
dial oocysts were encountered during these examinations. Small pieces of the
suspected lesions were immediately fixed in 10% formalin and the 5—6 /i
thick serial sections stained with Ehrlich’shaematoxylin and eosin. The oocysts,
from different locations, were studied and sketched with the aid of Spencer’s
camera lucida under the oil-immersion objective of an Olympus phase-contrast
microscope with 15 X eyepiece.

Observations

Hoareosporidium pellerdyi g. n. et sp. n.

The ellipsoidal oocysts (50 measured), in the faeces and fresh scrapings,
measured 12—17 /xX8.5—10.5 p (mean 14.8 /1X9.14 p) with the length-width
ratio of 1.2—1.8 (mean 1.55) (Figs 1 and 2). The 0.5 p thick oocystic wall was
double-contoured, homogeneous, colourless and transparent but with a light
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Fig. 1—3. 1,2, Sporulated oocysts from rectal contents and fresh smears from scrapings of
jejunum. 3, Sporozoites

Fig. 4—6. 4, An entire sporulated oocyst in a section. Observe the four sporozoites and the

pushed out host-cell nucleus. (This stage has not taken up the stain). 5, Sporulated oocyst cut

in a section showing the contained parts. Observe the nucleus in the sprozoites. 6, A complete
sporozoite from an oocyst in section
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yellowish-green hue. A micropyle or a knob-like attachment was absent. An
oocyst residuum consisted of a prominent mass of large-sized granules. The
four naked sausage-shaped sporozoites, with one end pointed and the other
broader — the broad end carrying a large refractile globule and with a small
nucleus towards the centre, were 9—10.5 4 X 2.6 —3 p in size (mean 9.3 pX 2.7 p)
(Fig. 3). In fresh smear preparations of the intestinal scrapings, some of the
oocysts occurred inside the attacked cells.

In the numerous sections, oocysts were detected inside the epithelial
and subepithelial cells of the villi — an attacked cell harbouring a single sporu-
lated oocyst of 12—17 pX 7 —10 p in size (Figs 4 and 5) (mean 14.2 pX 8.8 p,
of 25 oocysts) and with the contained sporozoites, of 6—10.5 pX 2—25 p
(mean 8.2 px2.4 p), revealing the central nucleus (Fig. 6).

From the presence ofthe oocysts, a mild pathological picture was evident
in the sections. Aggregations of red blood corpuscles inside the core of the villi
and at the tips were suggestive of congestion of the mucosa in the attacked
region. A few eosinophils were observed at different places. In most of the
sections, the villar tips had exhibited a denudation of the surface epithelium.

Discussion

Besides its oocystic characteristics, Cryptosporidium is distinguishable
on account of the extra-cellular habitat of its endogenous stages, the presence
of an attachment organ on the oocystic and schizontal surfaces and in the
non-flagellate character of its microgametes.

On account of intra-cellular position of the oocysts (as revealed in the
smears and sections), the present oocystic material cannot be included under
Cryptosporidium which has thrice been recorded from wild carnivores. Though
the dimensions given for the oocysts in C. vulpis Wetzel, 1938 (from common
red fox) are well within the range encountered in our material, the oocysts
in this species, accordingto Petterdy, could possibly be the freshly-shed sporo-
cysts of some known or as yet unknown isosporan species. Petlerdy has also
quoted Hoare that the complete life cycle must be known before a final classi-
fication was possible.

The finding of typically sporulated cryptosporidian oocysts inside cells
of the jejunal lining establishes beyond any doubt the intra-cellular localisation
ofthe mature stage — a character fundamentally different from that known for
Cryptosposidium and Isospora. We have to await work on the morphology of
all the endogenous stages recovered in cases ofnatural infections or studied after
infecting laboratory-raised clean pups with the infective oocysts of this new
species for an accurate appraisal of the details of its life history. This will
enable a fuller concept of the new genus. Possibly, the oocysts from the three
wild carnivores included under Cryptosporidium might prove to belong to thij
new genus, Hoareosporidium.
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SUMMARY

During autopsical work with four of the 13—25 day old pups, the rectal contents and
smears of the jejunal scrapings and stained serial sections in two cases with evidence of slight
congestion, revealed asporous and tetrazoic oocysts resembling those of Cryptosporidium
which, however, is extra-cellular in habitat. On account of the detection of the typical oocysts
inside attacked cells, in some of the smear preparations and in numerous sections of the in-
vaded intestinal region, the present oocystic material warrants the establishment of a separate
genus, herein named as Hoareosporidium, which, on this character, is distinguishable from
Cryptosporidium. Further studies on the various endogenous stages of this new species (designat-
ed as H. pellerdyi sp. n.), presently based on its oocysts, is emphasised.

Acknowledgement: — Acknowledgement is expressed to Messers G. S. Arora and R. K. Garg
for technical assistance. Thanks are due to the Principal of the College for the facilities provided.
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INVESTIGATIONS INTO THE MAGNESIUM SUPPLY
OF CATTLE HERDS IN HUNGARY

By
Gy. Tolgyesi, Gy. Baré6csay and |I. Horvath

Department of Animal Nutrition (Head: J. Markus) University of Veterinary Science, Buda-
pest and PHYLAXIA Veterinary Vaccines and Nutriments Co. (Dir.: J. Molnar), Budapest

(Received November 20, 1971)

Mineral feed additives are seldom required under conditions of extensive
management and feeding. The raising of plant and animal yields, however,
often results in short supply of one or another important feed component. The
increased requirements of highly productive animals are usually satisfied by
supplementation, although it would probably be a more correct approach to
arrange for alteration of the fodder plants and agricultural technology (Tos1-
gyesi, 1971). The mineral supplements available in Hungary need improve-
ment in several respects. Routine determinations of feed compositions are still
limited to only a few components, the few specialized laboratories cannot cope
with the task, and management failures are often responsible for wide fluctua-
tions of the levels of certain vitally important elements in rations.

Many authors have dealt with magnesium tetany, to mention only the comprehensive
revieny of Allcroft and Burns (1968) and Breirem and Hvidsten (1966). The incidence of
the disease is 0.5—2% in more rainy countries of the moderate climatic zone. In Hungary, i{
was important to ascertain whether or not cattle need a regular magnesium supplementation
under the conditions of present feeding technologies.

Information on the extent of magnesium depletion can be obtained from
the frequency of occurrence of magnesium tetany and from the magnesium con-
tents of feeds and blood, urine and hair of the animal. For physiological and
metabolic considerations and for the sake of simplicity, the urine test was
chosen about the magnesium supply of cattle herds in Hungary.

It has often been shown that the urinary magnesium level is proportional to the amount
of ingested and absorbed magnesium (Field, 1964; Ender et al., 1957; Meyer and Grand,
1963; Simesen, 1963; Markus and Tolgyesi, 1972, etc.). As in the case of magnesium depletion
the urinary level may fall 20— 100 times compared to normal, this seems to be more conclusive
than the serum levels. With an appropriate analytic method, atomic absorption photometry
(Trudeau and Freier, 1967), and fresh urine samples, several hundred tests can be carried out
daily in an economic manner.

Preliminary examinations on groups of 8—10 cows from each of 10 herds suggested
that individual deviation from group averages varies between 10—46% (average: 26%). This
value is low compared to the difference between the urinary magnesium levels of appropriately
supplied and magnesium-deficient cows.
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A general survey of the magnesium supply of Hungarian cattle herds
was performed during the summer season of 1971, the PHYLAXIA Co. and
the Department of Animal Nutrition, University of Veterinary Science, Buda-
pest.

Material and methods

Samples were collected from large herds with the assistance of the region-
al Veterinary Institutes and Veterinary Services. Spontaneously excreted
urine from 8—10 cows per herd was pooled in a bottle sealed with paraffin
coated cork and immediately sent to the laboratory along with an accompany-
ing letter specifying the quantity and quality of diet fed during the preceding
week. The fresh urine samples, if free of sediment, were appropriately diluted
and examined with a type 290 B Perkin-Elmer atomic absorption spectrophoto-
meter. Samples which arrived after some delay or contained a sediment were
acidified prior to examination, to dissolve any magnesium present in the sedi-
ment.

Urine, milk, blood and faecal samples were additionally procured from
10 large herds. Blood magnesium content was determined directly after dilu-
tion of the sample, milk and faecal samples were treated with perchloric and
nitric acid. Statistical evaluation of the results was carried out according to that
of svab (1967).

Results

Regional (county) averages of urinary magnesium levels are shown in
Table I. The national average for the total of 775 samples received was 491 ppm
compared to the regional average of 452 ppm. Evaluation was made for a dual
purpose: first of all, to establish the frequency of herds with suspected magne-
sium depletion and, secondly, their regional distribution. In clinically manifest
cases of magnesium deficiency the urinary level falls to 5—10 ppm. On the other
hand, the magnesium content of the serum does not fall to the level of subclini-
cal depletion (2.0 mg%) as long as the urinary concentration persistsat 100 ppm.
Y et, instead of the figures, the more reliable value of 200 ppm was taken as
minimal limit. According to our experience, group averages above 200 ppm
indicate absence of magnesium depletion in the herd. Fifty-nine samples (7.6%)
were segregated from the total on this basis, but even these did not meet the
criteria of depletion. To put it more correctly, 719 samples (93.4%) could be
judged as definitely not originating from a magnesium-deficient herd. To check
the reliability of our procedure, second samples were asked for from those
herds in which group averages were less than 200 ppm. The fact that this time
27% ofthe samples had magnesium contents below this level proved the effec-
tiveness of our screening. Seasonal fluctuations were, of course, frequent: in
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some herds, urinary magnesium was low during summer, but it rose above the
critical level in the autumn. Thus relatively low magnesium excretion was
measured at both screenings in few herds only (0.9%).

Geochemical correlations were also sought in the evaluation. Dixon’s
test was used to sort out extreme values, but none such were found among the
20 county averages. The latter were uniformly distributed in relation to the
national average. A relationship was then sought between county averages of
urinary Mg and acreage of acid soil. It is known that soils regarded as having a
low magnesium content from the agricidtural point of view are usually acid.
As can be seen from Table I, no such tendency emerges from the comparison

Table 1

County averages of urinary magnesium concentration of cattle

No. of samples

No of samples County av. Acid soil containing

County examined (ppm) (@) less than

200 ppm
1. Baranya 6i 605 21.7 I
2. Vas 7 604 85.5 0
3. Somogy 34 552 31.1 6
4. Zala 23 539 69.1 2
5. Fejér 73 531 6.3 6
6. Gyér-Sopron 67 518 37.2 3
7. Heves 91 512 74.8 4
8. Szabolcs-Szatmar 28 505 60.8 0
9. Bécs-Kiskun 40 505 0.8 2
10. Borsod-Abauj-Zemplén 42 503 72.1 1
11. Veszprém 39 502 37.0 2
12. Tolna 67 487 0.8 0
13. Pest 8 454 9.1 1
14. Nograd 15 442 66.4 4
15. Békés 69 412 41.6 12
16. Komarom 43 403 12,4 9
17. Budapest 1 400 11.3 0
18. Hajdu-Bihar 6 342 64.2 0
19. Csongrad 23 358 12.6 3
20. Szolnok 38 349 54.4 3

National average for the 775 samples 491 ppm
County average 452 ppm j

Rank correlation coefficients for relationship between acreage of acid soil and urinary Mg levels:
Percentage of highly acid soil — Mg less than 200 ppm :r = —0.180

Acreage of highly acid soil (kh) — county average Mg: r = -f-0.094

Acreage of acid soil (kh) — county average Mg: r = —+8.003

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



238 TOLGYESI et al.

of either absolute values or frequencies. Surprisingly, the urinary Mg levels were
found even to exceed the national average in certain counties with large acre-
ages of acid soil (Borsod-Abauj-Zemplén, Heves, Somogy, Szabolcs-Szatmar,
Vas, Zala). Later feed analyses revealed that this apparent contradiction is
due to a lesser leaching of magnesium from acid Hungarian soils than from
similar areas in the more humid W estern European Countries.

The result of a complex analysis also performed on sets of urine, blood
serum, milk and faeces from 10 herds are shown in Table Il. In conformity
with earlier observations of Markus and Tosi1gyesi, herd differences in magne-
sium supply, as expressed in term of variation coefficients, decreased in the
sequence urine (53.0%) milk (24.7%) serum (7.1%) faeces (6.8%). Thus dif-
ferences can be best assessed from urinary Mg levels. No correlation was found
between the Mg contents of the four test materials; even the comparison of milk
and faecal levels suggests no trend (r = 0.38).

Table 11j
Average magnesium contents in faeces, urine, milk and serum of cattle from herds in September,
1971
Cattle farm Faeces Urine Milk
(kg ™) (mg>) (mg/l) K /0
Als6péli State Farm 9.4 860 50 42.4
Balatonnagyberek State Farm 9.4 480 58 43.2
Lajtahansag State Farm I. 10.6 740 52 45.8
Rakéczi Cooperative, R-falva 7.0 680 50 40.0
Magyarnandor State Farm 8.8 300 57 41.7
Kiskunsag State Farm 11.8 260 61 39.2
Komarom State Farm 14.0 158 51 39.6
Hajdananéas State Farm 9.4 480 62 40.2
Lajtahansag State Farm IlI. 12.4 1000 94 38.9
Béacsalmas State Farm 12.8 580 82 34.9
Average 10.5 514 60 40.6
St. deviation 0.7 272 14.8 2.9
Variation coeff. 6.8 53.0 24.7 7.1

Hank correlation coefficients according to Spearman:

Faeces — Urine: —0.15 Urine — Milk:  0.03
Urine — Serum: 0.09 Faeces — Milk: 0.38
none of these correlations is significant

Discussion

The reconsideration of Hungarian premix formulas required a decision
as to the amount of magnesium that should be included in mineral supplements
for cattle. General information on the magnesium supply of herds was obtained
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from measurements of magnesium content in 775 pooled urinary samples,
each representative of a herd average. The number of samples and the regional
distribution of their sources permitted general conclusions. Taking the lower
limit of urinary Mg level very rigorously as 200 ppm, only few herds (about
0.9%) can be said to have regularly low levels. On this basis, magnesium supple-
mentation seems to be at most a regional rather than a general problem of
cattle feeding in this country. In the case of a clinically manifest Mg depletion
(magnesium tetany), the urinary Mg falls to as little as 10—20 ppm, or 10—20
times less than the value taken by us as the minimal limit. In this light our
general conclusions are also regarded as valid for the early spring season, when
dietary Mg levels were indeed lowered but still reached about half of the sum-
mer maximum concentration. Given the known correlation between dietary
and urinary Mg concentrations, the national average of urinary Mg is unlikely
to fall below 200 ppm, even in the early spring. In some of the herds coming
under the low-level category (0.9%), magnesium deficiency may occur in the
early spring owing to grazing on pastures heavily treated with fertilizers con-
taining potassium and nitrogen. Such problems, however, should be resolved
locally, because sporadic local incidence is not sufficient to justify a policy of
preventive Mg-supplementation on the national level. Excess magnesium affects
the utilization of calcium and phosphorus (Gunther, 1966) and interferes with
metabolic processes in general owing to increased earth alkaline alkalinity.

SUMMARY

A total of 775 pooled urine samples, each collected from a representative group of 8— 10
cows per herd, were examined for magnesium content. The national average was found to be
491 ppm, the regional (county) average 452 ppm. No extreme values were found with Dixon’s
test. There was no correlation between the county acreage of acid soil and the urinary Mg levels.
Only 0.9% of the 775 herds had urinary Mg concentration less than 200 ppm, which was re-
garded as the rigorous established lower limit. From this it was concluded that magnesium
supplementation of cattle feed is not necessary on a national level, and the rare occurrence of
clinical magnesium deficiency during early spring could be prevented by purely local measures.
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Tanner reported in 1952 that out of 98 bovine udders discovered at a Stockholm abat-
toir to be showing actinomycosis-like microscopic lesions, 84 contained Staphylococcus aureus
or Staph.albus, 12 mixed saprophytic microflora and 2 Pseudomonas aeruginosa. Later Mora
and Cavrini (1959) isolated pathogenic staphylococci from 15 and Ps. aeruginosa from one of
16 similar cases in Italy. Chronic mastitis morphologically resembling actinomycosis, was ob-
served by Fuchs, Hornich and Walter (1969) in six cows of a large German herd and Ps.
aeruginosa was isolated from each case. , i

In the abattoir and emergency slaghterhouse of Pécs, 28 cases of acti-
nomycosis-like bovine mastitis were identified histologically over the period
1968—71. Bacteriological examinations performed in duplicate Ps. aeruginosa
was isolated from 19 udders, Staph, aureus from five, a mixed saprophytic
microflora from one, while the remaining one udder proved bacteriologically
sterile.

History and clinical observations

Fourteen ofthe 19 cows with Ps. aeruginosa-mastitis had been emergency
slaughtered while the other five cases (?) been detected at normal slaughter.
Eight of the 14 cows had been emergency slaughtered for mastitis and six
through an erroneous diagnosis. Emong the 14 emergency slaughtered cows
originating from large herds there were 5 animals from the same herd during
two years. ‘P

On the basis information obtained from the veterinarians attending
the cattle farms, the course and symptoms of the disease can he characterized
as follows: The udder abruptly became swollen and painful and the body tem -
perature rose. A dilute serum-like substance was discharged from the affected
quarters at milking, and within a few days many nodules, varying in size
from that ofa hazelnut to a walnut, appeared. The nodules were easily palpable
and in some cases even visible. The healthy quarters dried off with the pro-
gression of the nodular change, the animals lost flesh and their general condi-
tion worsened as the condition gradually become chronic. All therapeutic
attempts failed once the nodules had established. Occasionally fistulae ap-
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peared on the skin of the affected quarters and decubitus wounds developed on
bony areas of the body surface. Emergency slaughter is usually necessary several
weeks or months after onset.

Macroscopic lesions

Generally two quarters of the udder were affected, either both hind-
quarters or the fore- and hind quarter on one side; involvement of a single
or more than two quarters was rare. The diseased quarters enlarged up to
twice original size. Occasionally the surface appeared uneven, carrying pro-
trusions or, less often, fistular openings, other cutaneous changes were noticed;
the subcutaneous connective tissue was slightly oedematous.

Fig. 1. Gross appearance of actinomycosis-like chronic mastitis caused by Pseudomonas
aeruginosa. Foci of proliferative tissue are surrounded by connective tissue capsules of varying
thickness

The affected quarters were compact and resisted cutting. The teat chan-
nels, milk sinus and larger lactiferous ducts contained either retained milk or
a thick pus-like exudation. This change usually involved the entire quarter,
but small intact areas were sometimes present. Many growths, consisting of a
soft, yellowish-white tissue and varying from rice-grain to hazelnut size, appear-
ed in the udder parenchyma. The growths were surrounded by a greyish-
white fibrous capsule of variable thickness, which extended process into the
surrouding tissues (Fig. 1): they bulged above the plane of the udder’s cross-
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section and in places penetrated the lumina of lactiferous ducts (Fig. 2). Larg-
er growth were often suppurative, transforming to “actinomycotic” abscesses,
with thick yellowish or yellowish-green, pus-like contents. The abscess walls
were lined inside by a soft layer, outside by a tough layer of greyish-white
connective tissue (Fig. 3).

The mammary lymph node Mas usually swollen, sometimes to two or

Fig. 2. Gross-section of an affected udder. The actinomycosis-like growths bulge above the
plane of section and penetrate a minor lactiferous duct

Fig. 3. Larger, partly suppurated actinomycosis-like abscesses in chronic mastitis caused by
Pseudomonas aeruginosa
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three times its original size and become soft and medullary on the affected
side. Some animals had a swollen, pale and friable liver.

Seven cows also showed lesions indicative of a concurrent disease, such
as lamellar adhesions between the second stomach and mural peritoneum, due
to injury by a foreign body, serous inflammation of the fetlock and knee joint,
focal interstitial nephritis and renal amyloidosis.

Microscopic lesions

The udder, mammary lymph node and occasionally also changed parts
of other organs were fixed in formalin, embedded in paraffin, and sections were
stained with haematoxylin and eosin or PAS-haematoxylin.

Fig. 4. Micro-abscess comprising actinomycosis-like flocculi (pus stops) inside a proliferative
tissue in Pseudomonas aeruginosa-mastitis. (Haematoxylin and eosin, 80 X)

Fig. 5. Pus stops from Fig. 4 at a higher magnification. (Haematoxylin and eosin, 200 X)
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The microscopic appearance of the lesions corresponded with that of an
extensive granulomatous mastitis (Figs 4,5 and 6). The granulomas caused by
Ps. aeruginosa differed from staphylococcal (Staph, aureus) granulomas in
certain fine histological details (Tanner, 1952; Fuchs et ah, 1969); the latter
contained Gram-positive cocci, the former Gram-negative flocculi or *“pus
spots”. The aim of this study was to seek similarities rather than dissimilari-
ties between the two kinds of granulomatous process: pictures of staphylo-
coccal (Staph, aureus) mycosis-like mastitic lesions from our material are
therefore presented for comparison (Figs 7, 8 and 9).

Fig. 6. Pseudomonas aeruginosa-mastitis. Note the distinct PAS-reaction of pus stops. (PAS-
haematoxylin, 80 X)

Fig. 7. Actinomycosis-like granuloma of tKe udder caused by Staphylococcus aureus: small
abscess with a typical pus centre and surrounding polymorphous proliferative cell reaction.
(Haematoxylin and eosin, 80 X)

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



246 SZAZADOS, KADAS

The diffuse or confluent granulomas contained a pus centre in which
focal pus spots (flocculi) of various sizes and with typical morphological and
staining properties could be seen. In certain cases the pus spots had already
become necrotic or sclerotic. The abscesses containing the pus spots were en-
cased by fibrous tissue. The proliferative tissue consisted of hystiocytes, pseu-
doexanthoma cells, multinucleated giant cells (Langhans or foreign-body
giant cells), plasma cells and lymphocytes.

Fig. 8. Actinomycosis-like granuloma of the udder caused by Staphylococcus aureus: pus
centre of the abscessns shown in Fig. 7 at a higher magnification. (Haematoxylin and eosin,
200x)

Fig. 9. Actinomycosis-like granuloma of the udder caused by Staphylococcus aureus: PAS-
reaction. (PAS-hacmatoxylin, 90 X)
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Bacteriological examinations

Bacterial isolations were attempted from spleen, liver, kidney, two muscle
samples, praescapular and contralateral popliteal lymph node, udder and
mammary lymph node. The udder examinations usually included separate
inocula from abscess wall, abscess contents, connective tissue separating the
abscesses and preserved udder parenchyma.

The applied media were: common broth (pH 7.4) agar containing 10%
bovine blood, 5% serum agar, Drigalszky agar with bromthymol blue; Preuss’
potassium tetrathionate agar for salmonellae; Kitt-Tarozzi’s liver broth for
isolation of anaerobic organisms.

Gram-negative rods were isolated from all udder samples and from sev-
eral mammary lymph nodes as well. Flat colonies with characteristic arom at-
ic odour grew on the serum and blood agar; colonies growing on serum agar
caused a greenish discoloration ofthe surrounding medium, while those grow-
ing on blood agar were haemolytic. Broth cultures assumed a green colour
extending downward from the surface, and membranaceous fragments float-
ed on their surface. Fresh cultures exhibited a blue colour change on shaking
with chloroform. The isolated organisms moved actively, did not form hydro-
gen sulphide or indole, did not decompose urea, showed positive catalase and
oxydase reactions, and caused the coagulation and peptonization of milk.

On the basis of colony morphology, staining properties, biochemical
and serological tests, the isolates were identified as Ps. aeruginosa. Serological
examination showed that three randomly picted strains belonged to type 04
and one to type O01.

Discussion

In human medicine, the fungus Actinomyces bovis is still regarded as the
exclusive causative agent of actinomycosis (Anderson, 1966), whereas in
veterinary pathology various agents (Corynebacterium israeli, Actinobacillus
ligniéresi, Staph, aureus, etc.) are known to cause actinomycosis-like granu-
lomas in domestic animals (Jubb and Kennedy, 1970).

According to the veterinary terminology, the disease caused by C. israeli
is called actinomycosis, that by Act. ligniéresi actinobacillosis while the gra-
nulomatous process due to Staph, aureus a staphylococcal granuloma.

As a rule Staph, aureus is responsible for the so-called mammary acti-
nomycosis of cows. Lesions of this kind very seldom contain Act. ligniéresi
and never C. israeli (Heidrich and Renk, 1963); previous reports on isolation
of Ps. aeruginosa from such cases were cited in the introduction of this paper.

The observations of Tanner (1952), Mora and Cavrini (1959), Fuchs,
Hornich and Walter (1969) as well as our own experience suggest an aetio-
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logical relationship between certain cases of bovine mammary actinomycosis
and Ps. aeruginosa.

It should be noted in this context that Ps. aeruginosa is a well known
causative agent of various forms of bovine mastitis; according to Heidrich
and Renk, apart from actinomycosis-like mastitis, it may cause mild catarrhal,
severe acute and chronic purulent inflammations of the udder.

In contrast to the findings of Tanner (1952), Mora and Cavrini (1959),
in our hands isolations of Ps. aeruginosa were much more frequent than those
of Staph, aureus (19 :5) and the general incidence of Ps. aeruginosa mastitis
was particulary notable compared to that of other forms of udder inflammation
in the same period. Formerly, isolations of Ps. aeruginosa were chiefly made
from cases emergency slaughtered for severe acute mastitis (Forray and Sza-
zados, 1968), but since 1968 the incidence of this form has fallen markedly.
During the last two years, not a single case has been observed Ps. aeruginosa
is exclusively responsible for actinomycosis-like chronic forms of mastitis.

It seems remarkable that we have not encountered the chronic purulent
form of Ps. aeruginosa-mastitis described by Gardiner and Craig (1961) sev-
eral years ago either by histological or by parallel bacteriological examina-
tions. However, since Gardiner and Craig did not histologically examine the
udder itself but only other organs (kidney, adrenals), it does not seem improb-
able that the cases they observed in fact corresponded to an actinomycosis-
like rather than a purulent mastitis. In our view, the actinomycosis-like form
might well be the only manifestation of chronic Ps. aeruginosa-m astitis.

As to the aetiological relationships between the different forms of
actinomycosis-like mastitis, Fuchs et al. concluded that in view of the micro-
biological antagonism between Staph, aureus and Act. ligniéresi, a cross-in-
fection seems improbable, but they did not suggest which might have the
primary causative role.

In our hands, Ps. aeruginosa was regularly isolated in pure culture not
only from the purulent contents of the abscesses, but also from their walls,
from the connective tissue between the abscesses, and from normal appearing
glandular tissue as well. No other bacteria were isolated in any case. We agree,
however, with Fuchs et al. that further detailed examinations are required to
affirm the causative role of Ps. aeruginosa in actinomycosis-like bovine mastitis.
Acknowledgements. The authors are indebted to Dr. |I. Pataki (Chief Veterinarian, Veterinary
Meat Inspection Service, Pécs) for assistance in collecting the material, and to Dr. B. Lanyi

(Senior Bacteriologist, National Institute of Public Health, Budapest) for performing the sero-
logical examinations.

SUMMARY

Over a four-year period (1968—1971) pure cultures of Pseudomonas aeruginosa were
isolated from the udders — walls and purulent contents of abscesses, connective tissue between
abscess and normal appearing of glandular tissue of 19 cows with histologically verified
actinomycosis-like mastitis after normal or emergency slaughter.
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Since first Watts (1940), Atkinson (1941), then Gledhill (1945) divided Erysipelo-
thrix rhusiopalhiae strains into two serological types by means of the agglutination test, many
authors have dealt with the serological properties of this organism. The research workers were
lead in their investigation by different respects. It was of cardinal importance to find a suitable
method for the isolation of highly antigenic strains suited for swine erysipelas vaccine produc-
tion. Thus the attention was directed to the hemagglutination-capacity of the organism, be-
cause the investigators (Dinter, 1949) came to the conclusion, that swine erysipelas strains
preserved their good antigen character even in a killed state can be found among those which
are able to hemagglutinate chicken erythrocytes at high dilutions.

After Dedié’s (1949) observation that good vaccine strains belonged to only one of the
two formerly identified serotypes, interest was centered again on the serological behaviour of
E. rhusiopathiae. By means of the precipitation test Dédié set up a third type, designated N
for those strains which showed no reaction with either A or B specific sera.

In the meantime, a relationship was searched between the serological type of erysipelas
strains and the development of different pathological lesions, and attempts were made to clas-
sify the serotypes of bacteria isolated from different animal species and man. Heuner (1958),
using different methods for antigen extraction, was the first to identify new serotypes (A,, B C,
D) within the group of strains not belonging to serotypes A or B. Subsequently Muhase et ah
(1959, 1960) determined new special serotypes (C, D, E, F) by agglutination and precipitation
tests.

The success of the initial typing efforts initiated further investigations along this line
and additional types have been described under the designations E (Kucsera, 1962, 1963),
P (Truszczynski, 1963), G (Kucsera, 1964), H (Ewald, 1967), I., I, I11., resp. I, J, K (Castro,
1969, 1970), and I, J, K, L, M and O (Kucsera, 1971). Unfortunately by these descriptions
the researchers failed to compare their strains to be suspected new serotypes with other ones
described so far. The main reason being that the identification of many of the new types was
carried out practically simultaneously in distant parts of the world, which hindered exchange
of information among investigators.

Murase et al. (1959, 1960), for example, did not refer to the findings of Heuner (1958)
and very probably did not compare his C and D types with the similarly named types of
Heuner. | myself was unaware of Muhase’s work when | first used the designation E for an
E. rhusiopathiae strain isolated from fish (Kucsera, 1962); at that time | had only Heuner’s
type strains for comparison. Truszczynski (1963) performed his examinations in possession
of Murase’s strains (C, D, E, F) but for the lack of Heuner’s Cand D and Kucsera’s E strains.
When later | determined a new serotype | designated it G (Kucsera, 1964) knowing about
Murase’s work and choosing the letter symbol as successive in alphabetic order to Murase’s
types. Ewald (1967) segregated the new serotype H in possession of Heuner’s (C, D) and
Kucsera’s (E, G) type strains, but without comparing it to Murase’s types. In 1968 Castro
sent me for typing three E. rhusiopathiae strains isolated in Brazil and | typed them along with
other strains isolated in Hungary. The outcome of this work was the description of six sero-
types, designated in alphabetic order as I, J, K, L, M, O, the letter N being omitted so as to leave
the original designation for E. rhusiopathiae strains not possessing an acid-soluble, thermostable
antigenic component (Kucsera, 1971). These examinations were performed without Muhase’s
and Truszczynski’s type strains, then not available. In the meantime Castro had himself
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typed his three isolates and described them first in his thesis (1969) as types I., I1., I11., and the
following year (Castro et al., 1970) as types I, J, K; whereas my own designations for the cor-
responding strains had been M, L and I.

These circumstances have resulted in confusion of the serological type
designations of E. rhusiopathiae strains. Evidently, a precondition for compar-
ison of the incidence and importance of various serotypes isolated in different
parts of the world, is the standardisation oftyping methods and nomenclature.
This entails a comparative study of all serotypes described at different times
in different parts of the world, investigated partially by different methods and
described by various designations, by a uniform method. | have undertaken
this task in possession of type strains collected for years and others not form-
erly available (Murase’s and Truszczynski’s types) and | hoped that the
complementary examinations will have clarified the misunderstandings and
justify the nomenclature proposed for the existing types.

Materials and methods
1. Strains

The original culture was always obtained by inoculating into broth a
separate S-type colony from a 48-hour agar-plate culture. This ensured the
uniform serological behaviour of the cultures. E. rhusiopathiae strains isolated
both here and abroad were freeze-dried after culturing in horse meat broth
containing 20% horse serum for 24 hours at 37 °C. All but four strains of the
home isolates have been described in previous papers (Kucsera, 1962, 1963,
1964, 1971). The strains Pécs 4586 and Pécs 4587, isolated by Forray in 1971
from tonsils of healthy pigs, were found to belong to serotype L, one of the six
new types reported previously (Kucsera, 1971), while strains Pécs 3596 and
Pécs 3597, from the same source, did not react with precipitating antisera to
any other E. rhusiopathiae strain and antisera prepared with them in rabbits
reacted exclusively with the homologous antigen.

The strains used in the examinations and the data of their origin are
summarized in Table I.

Type strains from abroad were kindly supplied by Dr. Wellmann, Dr.
Heuner, Dr. Ewald, Dr. Truszczynski, Dr. Castro and Dr. Murase and
the author wishes to take this opportunity to express his appreciation for their
courtesy.

2. Preparation of antigen

a) Autoclaved antigen for precipitation tests was prepared from cultures
grown in horse meat broth containing 10% horse serum for 48 hours at 37 °C.
After centrifugation at 5000 r.p.m. for 30 minutes the cultures were washed

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



SEROTYPES OF ERYSIPELOTHRIX RHUSIOPATHIAE 253

three times in an equal volume of saline, then the bacterial sediment was re-
suspended in 1/30 of the original volume of distilled water. The bacterial sus-
pension was heat-treated in autoclave for 1 hour at 120 °C, and after adding
merthiolate in 1:10.000 endconcentration, for preservation, stored in the
refrigerator until used.

It should be noted that the broth medium was always prepared from
horse meat; experiences of many years have shown that this is important for
obtaining a good antigen. Addition of 10% horse serum to broth prepared from
other species, never has the same effect, although recently W hite and Ver-
wey (1970) have presented convincing proof of the stimulatory action of horse
serum on synthesis of the protective antigen of E. rhusiopathiae. Use of a basal
medium other than horse meat broth can easily frustrate the typing of certain
weak antigen producing strains.

b) Two types of antigen, formol-killed and live bacteria, both were used
for the preparation of precipitating sera. The formol-killed antigen was pre-
pared as follows: the culture washed three times as described in the foregoing
was made up to a density of Brown degree 4 in saline containing 0.2% formalin,
placed in the incubator for 24 hours and, after sterility tests in solid and liquid
media, stored in the refrigerator until use. The live antigen was prepared simi-
larly, except that the washed bacteria were suspended in plain saline.

3. Preparation of precipitating sera

Formalin-inactivated antigen was administered intravenously to rabbits
weighing 2.5—3 kg on four occasions at 4-day intervals, using doses rising
from 1to 4 ml. Subsequently the animals were treated with live antigen on the
same schedule. The rabbits were killed by bleeding eight days following the
last antigen administration, after starvation for the last 24 hours. Sera collect-
ed after clotting were preserved with 1% merthiolate in saline to an endcon-
centration of 1 :10.000 and stored in the refrigerator. Sera no longer reacting
with the homologous antigen at dilutions of 1 : 32—1 : 64 were excluded from
the examinations.

4. Precipitation tests were carried out by the double agar gel diffusion
method of Ouchterlony (1949). Fifteen ml melted agar was poured into each
10 cm diameter Petri dish and after solidification 7 mm diameter wells, spaced
equidistantly 6 mm from one another, were cut into the agar plate to held se-
rum and antigen. Plates were read after incubation for 48 hours at 37 °C and
again after being allowed to stand at room temperature for three further days.
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Designation of strain

422/1

NF 4

EW 2
EW 24
MEW 22
Seelachs
Wittling
Doggerschabe
Heilbutt
Kuniyasu
A-l

P-190
P-32

P-43

P-92

P

G-4 (S-52)
JAC-10 (S-66)
4-PH (S-4)
T 131

A 360

Isolated by

Unknown
Unknown
Gladhill
Gr.ADJIILI.
Gladhill
Wellmann
Wellmann
Wellmann
Wellmann
MURASE
Murase
MURASE
Murase
Murase
Murase

T ruszczynsk
Castro
Castro
Castro
Ewald
Unknown

Table 1

Data of strains examined

Country

USA
USA
U.K.
U.K.
U.K.
GFR
GFR
GFR
GFR
Japan
Japan
Japan
Japan
Japan
Japan
Poland
Brazil
Brazil
Brazil
GFR

unknown

unknown
unknown
unknown
unknown
unknown
fish

fish

fish

fish

pig

pig

fish

fish

fish

fish

Origin of strain

Species

ground squirrel

pig
pig
pig
pig
unknown

Described by

Heuner
Heuner
Heuner
Heuner
Heuner
Heuner
Heuner
Heuner
Heuner
Murase
Murase
Murase
Murase
Murase
Murase
Truszczynsk
Castro
Castro
Castro
Ewald

Dedie

Year

1958
1958
1958
1958
1958
1958
1958
1958
1958
1959
1959
1959
1959
1960
1960
1963
1969—70
1969-70
1969—70
1967
1949

Type
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H
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Szentes-2
Kiskunlachéaza
Toétkomlés
Kaparék
1V.12/8
Pécs 52
Pécs 100
Pécs 9

M 2

Pécs 18
Pécs 56
Iszap-4
Pécs 67
Pécs 4586
Pécs 4587
Tazok

Vadkacsa

M 1
Pécs 110
Pécs 112
Goda

Pécs 3596
Pécs 3597

Unknown
Kemenes
Kemenes
Kemenes
Csontos
KUCSERA
Forray
Forray
Forray
Forray
Forray
Forray'
Kemenes
Forray
Forray
Forray

Kemenes

Kemenes

Forray
Forray'
Forray'

Kemenes

Forray

Forray'

unknown
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary
Hungary

Hungary

Hungary
Hungary
Hungary
Hungary

Hungary
Hungary

unknown

goose

goose

goose

fish

pig

pig

pig

pig

cow

Pig

Pig

from mud of Zoo pond
Pig

Pig

Pig

Zoo great bustard
(Otis tarda)

Zoo mallard

(Anas platyrhynchos)
cow

Pig

Pig

Zoo black-tailed godwit
(Limosa limosa)

Pig

Pig

Dedik

KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA
KUCSERA

KUCSERA

KUCSERA
KUCSERA
KUCSERA
KUCSERA

KUCSERA
KUCSERA

1949
1971
1971
1971
1962
1964
1970
1970
1970
1970
1970
1970
1970
1970
1971
1971
1970

1970

1970
1970
1970
1970

1971
1971
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Designation
of strain

A 360
Kuniyasu
EW 2

Szentes—2

B4

A—1

NF 412
Wittling
Doggerschabe
MEW 22

P -190

JAC 10(S-66)
Pécs—67
P-32

G—4 (S—4)
Tazok
P—143

T 131

P 92

Goda
Kaparék

P

V. 12/8

4 PR (5—4)
Pécs—9

P écs-56
Iszap—4

Pécs 3596

Antigens

Described by

Dedié
MUuRASE
Heuner
KUCSERA
Dedié
MURASE
Heuner
Heuner
Heuner
Heuner
Murase
Castro

Kucsera

Murase
Castro

Kucsera
Murase
Ewald
Murase
Kucsera

Kucsera
Truszczynski

Kucsera
Castro

Kucsera
Kucsera
Kucsera

Kucsera

Year

1949
1959
1958
1970

1949
1959
1958
1958
1958
1958
1959
1970
1970
1959
1970
1970
1960
1967

1960
1970

1962
1963
1964

1970
1970
1970
1970

1971

KUCSERA

Type

A2 +

A2 +

111, (K)
i

o d

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972

Kuniyasu

EW 2

Szentes—2

Table 11

Results of agar gel diffu-

Precipitatins

S

_ <

' [18

0o < Z2
+ + +
+ + +
+ + +

1 Wittling
Dogger
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Table 111

System and type designation proposed for serologica

Type 1 Type 2
Designation of strain Described by Year Type Dg?'gﬂgﬁ'r? " Described by Year Type
A 360 Deédié 1949 A B, Dédi¢ 1949 B
EW 2 Heuner 1958 A, NF 4 Heuner 1958 B.
Kuniyasu Murase 1959 A A-l Murase 1959 B
Type 5 Type 6
P-190 Murase 1959 Cc P-32 Murase 1959 D
Jac-10 Castro 1969 1l G-4 Castro 1969 |
(S-66) (1970) (J) (8-52) (1970) (1)
Pécs-67 Kucsera 1970 L Tazok Kucsera 1970 M
Type 9 Type 10
Kaparék Kucsera 1962 E p Truszczynski 1963 P
Type 13 Type 14
Pécs-56 Kucsera 1970 1 Iszap-4 Kucsera 1970 K
Results

The precipitation tests were set up in a checkerboard-like system, using
antigens and precipitating sera produced by means of home and foreign strains.
Each test was carried out in at least two replicas. The results are summarized
in Table 2. To facilitate orientation, only one representative strain has been
included for each serotype described by the different authors and identical
results obtained with other strains of the same type have been omitted.

As can be seen from Table Il, the types described by Murase et al.
(1959) as C and D do not correspond with Heuner’s (1958) identically denoted
types established earlier, but do correspond with Kucsera’s L and M (1971)
as well as Castro’s 11(J) and 1(1) types. Murase’s type E strain (1960) is not
identical with Kucsera’s type E, but it shows a cross-reaction with Ewald’s
type H (1967). Murase’s type F corresponds with Kucsera’s type O (1971),
while Castro (1969, 1970) used the designation Ill (K) for the type described
by Kucsera (1971) as serotype |. The differentiation of the remaining sero-
types is reasonable, because their specific antisera reacted exclusively with the
homologous antigen.
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classification of E. rhusiopathiae strains

259

Type 3 Type 4
Designation of strain Described by Year Type DS?'%{‘,%E‘S“ Described by Year Type
W ittling Heuner 1958 C Dogger-
schabe Heuner 1958 D
Type 7 Type 8
T-34 Murase 1960 E P-92 Murase 1960 F
P-131 Ewai.d 1967 Goda Kucsera 1970 0
Type 11 Type 12
1V.12/8 Kucsera 1964 G 4 PR Castro 1969 111
(s 4) (1970) (k)
Pécs-9 Kucsera 1970 1
Type 15
Pecs-3596 Kucsera 1971

The irregular serological inactivity of strain G-4 (S-52) from Brazil was
already described in a previous paper (Kucsera, 1971).

To facilitate understanding, type identities and differences are tabulated
in Table I1l. From this it can be easily seen which strains belong to one and the
same type, despite their dissimilar designations, and which represent different
types, despite their identical designations.

Discussion

W ith autoclaved, merthiolate-preserved antigens and high-titre precipi-
tating sera, the agar gel diffusion precipitation test proved to be a reproducible,
simple and reliable method for the standardization of serological typing of E.
rhusiopathiae strains. The use of this method for comparative studies of E.
rhusiopathiae serotypes deriving from different parts ofthe world and described
by various authors, permitted a revision of type differentiation, e.g. revealed
the discrepancy of strains originally designated similarly and the identity of
strains previously designated differently. Thus it was possible to fit E. rhusio-
pathiae strains of different origin in a uniform serological system.

3* Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972
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The decision now remains to be taken as to what final system of symbols
should be adopted for type designation, with special regard to avoid difficulties
in the identification of existing and forthcoming erysipelas types.

Although the use of successive letters of the alphabet has been the accept-
ed practice for almost a quarter of a century, insistence on this scheme does
not seem fortunate because on the one hand it would be very difficult to es-
tablish within it the correct chronology of type descriptions, while on the
other hand the alphabet might become exhausted sooner than types still to
be identified. The serial numbering of the serotypes used in Table 11l seems to
be a more reasonable approach, allowing, as it does, not only an unlimited
extension of the system, but also chronological sequence of type-descriptions.

To designate variations of antigenic pattern within a given serotype, as
in A and B postfixion ofa small letter to the type numbering is proposed
(e.g., la, Ib, 2a, 2b for types Ax, A2, B15 B2respectively). Frequent variations
within certain serotypes should also be taken into consideration — but this
will be the subject of a subsequent paper.

Apart from the proposed serial numbering, the letter N should be retain-
ed for the designation of those strains which either have no type-specific
antigen at all or possess one in such a low amount for it to be undefinable by
the usual methods. A further criterion of classification into type N should
be the absence of antibody stimulation after inoculation into rabbit, viz. the
absence of a precipitation reaction even with the homologous antigen.

SUMMARY

Comparative serological studies by means of the agar gel precipitation test using auto-
claved antigens of 45 Erysipelothrix rhusiopathiae type strains isolated in Hungary and abroad
are reported.

It was found that certain types designated with an identical letter are serologically
unrelated, whereas several types having different designations belong to one and the same
serological group. Among others, the strains described by Murase et al. as types C and D
differ from Heuner’s C and D types, but correspond with Castro’s Il (J) and | (1) and Ku-
CSERa’s L and M strains. Murase’s strain E is not identical with Kucsera’s similarly designated
type, but it gives a crossreaction with Ewald’s type strain H. Mtjrase’s type F and Ku-
csera’stype O represent a single serological group, as do Castro’stype Ill (K) and Kucsera’s
type |. Differentiation of the other examined serotypes [A, B (Dédi¢); A2 B2 C, D (Hedner);
P (Truszczynski); E, G, J, K, without designation (Kucsera)] still seems justified. A new
serotype, isolated from the tonsils of a healthy swine, was also established.

In aview of the present nomenclatural confusion of E. rhusiopathiae serotypes, described
by different authors, a uniform scheme of type designation by serial numbering is pro-
posed. The known serotypes would be numbered from 1to 15, with as much consideration as
possible being given to the chronological sequence of type descriptions, and intratypic variations
of antigenic pattern would be designated by a small letter postfixed to the serial number.
The designation N should be retained from the alphabetic system for those strains which do
not possess atype-specific antigen and consequently do not even stimulate homologous antibody
production. Using the proposed form of terminology, designation of forthcoming serotypes
would fail any difficulty.

The proposed serological classification of the E. rhusiopathiae strains is, accordingly, as
follows: Type la = A360 (A, Dedi¢), Type 1D = EW2 (A2Heuner), Type 2a= B4 (B, Dé-
di¢), Type 2b = NF4 (B2Heuner), Type 3= Wittling (C, Heuner), Type 4 = Doggerschabe

Ac\,a Veterinaria Academiae Scientiarum Hungaricae 22, 1972



SEROTYPES OF ERYSIPELOTHRIX RHTISIOPATHIAE 261

(D, Heuner), Type 5 — P-190 (C, Murase), Type 6 = P-32 (D, Murase), Type 7 = P-43 (E,
Murase), Type 8 = P-92 (F, Murase), Type 9 = Kaparék (E, Kucsera), Type 10 = P (P,
Truszczynski), Type 11 = 1V 12/8 (G, Kucsera), Type 12 = 4 PR (S4) (111, viz. K, Castro),
Type 13 = Pécs-56 (J, Kucsera), Type 14 = Iszap-4 (K, Kucsera), Type 15 = Pécs-3596
(undesignated, Kucsera).
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BY TISSUE CULTURE TECHNIQUE
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Science, Budapest
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The intensification of livestock farming and above all the specialization
of herds and flocks has imposed new tasks on veterinary laboratories. Among
others, the frequent outbreaks of viral disease — and their often serious con-
sequences — require fast and reliable routine diagnostic methods to facilitate
detection and prevention of latent infections in seemingly healthy stock and,
in the long run, the establishment of “clean” herds and flocks. Owing to the
speedy expansion of intensive farming, however, veterinary institutions can
rarely cope with more than a fraction of diagnostics, through the lack of train-
ed personnel and facilities. The traditional diagnostic methods of virus isola-
tion and demonstration of specific antibodies in convalescent sera are laborious
and time-consuming procedures as long as tissue cultures grown in tubes are
employed for the purpose.

Schmidt (1966) has described a technique with which he was able to demonstrate
neutralizing antibodies to parainfluenza viruses by means of monolayers grown in the U-shaped
wells of Takatsy’s microtitrator plates (Takatsy, 1955). A similar method was elaborated
for titration of swine adenovirus strains by KwoN and Spradbrow (1971), while Bibrack
and McKercher (1971) has determined neutralizing antibodies to adenoviruses in cattle sera
by means of a microtest procedure.

In this institute a simple, reliable microtechnique has been elaborated
for the qualitative and quantitative determination of specific antibodies to
cytopathic viruses. This method not only enables the diagnostic determination
of manifest and latent viral infections but can also be used for titration of vi-
ruses treated with desinfectants or virocidal agents. Its principal advantage is
that it increases working efficiency 10—20 times over that for tube culture
assays, while the material requirements (cells, tissue culture medium, glass-
ware) are 20—40 times less.

Apparatus and material:

a) Plastic titrating plates of Takatsy’s Microtitrator Set*, each plate
containing 96 (8 X 12) U-shaped wells of 0.2 ml useful volume.

* Supplied by Labor Mfszeripari M(ivek, Budapest.
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b) Dropper pipettes of 0.025 ml volume;

¢) Takatsy’s diluting cups of 0.025 ml volume

d) Primary tissue cultures or cell lines plus media required for their
maintenance;

e) Virus strains of appropriately high titre and sera of known antibody
content;

f) Other equipment: incubator (37 °C), pipettes, flasks, plastic boxes
with tightly fitting lids or a suitable incubator to preserve a C02enriched at-
mosphere, inverted microscope for readings.

Apparatus and materials are prepared as follows:

The titrating plates are thoroughly in distilled water and sterilized with
UV radiation from 30 cm distance for 30—60 minutes. Plates prepared by
injection moulding and packed at the factory need no additional sterilization.
Dioppers must not be heat-sterilized; they should be soaked in a disinfectant
easily removed by washing (e.g. 2% losan solution) and left to stand in distilled
water for 1—2 days after disinfection. Dilution cups are flamed prior to use.
W ashing and sterilization of the glassware are carried out according to the
procedures commonly employed in virology.

Cells grown on the plates require the same media as tube cultures. They
are prepared by the usual procedure; though cells from primary cultures or
cell lines should be used for preference, because freshly trypsinized suspensions
may contain many injured elements.

Virus inocula and aliquots of serum are both diluted with Hanks’ solu-
tion containing 0.5% lactalbumin hydrolysate.

As the tissue cultures grown in the wells are not airtight, it must be
arranged for the surrounding air to contain 5—10% CO02. For this purpose,
the plates should either be placed in boxes with airtight lids or in a special
incubator automatically supplying the required concentration of CO.,.

Virus neutralization tests can be performed in the wells containing the
cell culture to determine the antibody titres in terms of either the neutraliza-
tion index, or serum dilution.

For serum dilution tests the wells of the plates should have an U-shaped
cross section. First 0.025 ml diluting fluid is placed in each well by means of
the dropper pipette. The serum samples to be tested, along with positive and
negative control sera, are then diluted in twofold serial steps, each in a separate
row of wells, by means of the diluting cups. One or more rows on each plate
should be left clear for virus controls. Dilution ranges are 1 :2—1 :256 in
short rows (8 wells) and 1:2—1 :4096 in long rows (12 wells). After dilution
of the serum, 20- 100 TCID® virus in 0.025 ml volume is added to each dilu-
tion step and the plates are incubated for one hour at 37 °C, to allow neutrali-
zation to take place.

For the virus dilution (neutralization index) procedure the serum sample
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is prepared as usual and 0.025 ml, diluted 1:2 or 1:5, as required, is placed
in each well of a horizontal row. Virus dilutions in the range of 10(—107 are
then dropped in the wells of a vertical row, likewise 0.025 ml volume per well.
The serum-virus mixture is incubated for one hour at 37 °C, during which the
plates should preferably be kept in a moist airtight chamber to prevent evap-
oration.

After incubation, two drops (0.05 ml) of cell suspension are placed in
each well; cell counts vary between 15—50 thousand depending on the type of
cell.

Fig. 1. Uninoculated Secondary bovine testicle tissue culture, 36 hours 35X

At this stage of the test each well contains 0.025 ml test serum, 0.025 ml
virus and 0.05 ml cell suspension, making a total volume of 0.1 ml. To control
wells a corresponding amount of diluent is added for whatever ingredient was
omitted.

The plates are then piled on top of one another, the topmost one is cov-
ered with an empty plate, and the pile is placed in a box with an airtight lid.
Prior to closing the lid, wet cottonwool should be placed in the box to prevent
evaporation and about 5—10 per cent by volume C02added to the atmosphere.
During subsequent incubation at 37 °C, the cells multiply, and where active
virus is present the wrells will show cytopathic changes (Figs 1, 2, 3). The cyto-
pathic effect (CPE) is read with an inverted microscope at low (25 X ) magni-
fication. Reading times are the same as for neutralization tests in tube cultures.
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Fig. 2. Secondary bovine testicle tissue culture inoculated with Aujeszky virus. Early cyto
pathological changes. 35X

Fig. 3. Secondary bovine testicle tissue culture inoculated with Aujeszky virus. Total de
struction. 35X
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Aujeszky virus

Bovine adenovirus type ]

Virus of Bovine Viral
Diarrhoea

IBR virus

Bovine adenovirus type 8

Control uninoculated tissue
cultures

Fig. 4. Estimating the titre of different viruses

Cell cultures can be fixed for reading by the usual methods (e.g. by plac-
ing the plates in 10% formalin solution, which has the advantage of killing
the active virus). Fixed cultures can be stained either by the common tech-
niques or with simple aniline dyes. Changes can be read with the naked eye, be-
cause cells not affected by the virus form a coherent layer, where asunneutral-
ized virus causes the cell layer to detach or break up (Figs 4, 5). Fixed and
stained plates can be stored and used to document the results at a later date.

Another way of carrying out the micro-neutralization test is first to
place the cell suspension in the wells and, after the cell sheet has grown 1—6
days later to remove the growth medium by a powerful knock of the plate
against blotting paper and then replace it with preincubated serum-virus
mixture. Pre-cultured cell sheets can also be used for virus titration in the
w ells.
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Serum dilutions 1:

100 TCID5YmI Aujeszky virus

Hyperimmune serum
against Aujeszky virus +100
TCIDS/mI Aujeszky virus

Sera to be determined

Control uninoculated tissue
cultures

Fig. 5. Estimating the neutralizing antibodies against Aujeszky virus in swine sera

The plate-titration method is suitable for detecting of the viruses surviv-
al in resistance tests to various agents (heat, disinfectant, antiviral substances,
cations, pH, etc.). For this purpose the virus material is diluted in tenfold
serial steps. Dilutions can be prepared directly on the titrating plate, as follows:
Two plates are used. Four drops (0.1 ml) of diluent are placed in each well of
the first (auxiliary) plate and one drop (0.025 ml) in the wells of the second
(working) plate. Undiluted virus is then taken up with the titrating cup
(0.025 ml) and swirled with the contents of the first well of the auxiliary plate
to dilute the virus 1:5. The cup is then flamed to remove the adherent virus,
allowed to cool and used to take up 0.025 ml of 1:5 diluted virus from the
auxiliary plate. The contents of filled cup are then transferred to the second
well in the first row of the working plate and rotated to dilute the virus 1 : 10.
This dilution is transferred to the second well of the auxiliary plate in which a
1 : 50 dilution is obtained by swirling the cup. The latter isagain flamed, cool-
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ed, and filled with 1 :50 diluted virus for transfer to the third well of the
working plate, in which the 1 :100 dilution is prepared. The procedure is
continued until the required series of dilutions is obtained. Flaming of the cup
after auxiliary dilutions is important, because it corresponds to a pipette
change. Errors can be prevented by colouring the diluent used in the working
plate with phenol red and leaving the fluid auxiliary dilutions colourless. Sev-
eral cups can of course be utilized simultaneously, if required.

The method is suitable for the examination of all viruses causing easily
recognizable cytopathic changes. The unprecedented economy of materials and
work offered by the microtitrator set permits very rapid, but precise, perform-
ance of mass examinations. The technique is so simple that even laboratories
not equipped for virological investigations can join in mass diagnostic work
provided they receive adequate support from a specialized laboratory.

SUMMARY

A very rapid, exceptionally economic and reliable micro-method has been elaborated
for the diagnostic demonstration of virus-neutralizing antibodies. The method uses monolayer
cell cultures established in the U-shaped wells of titrating plates of Takatsy’s Microtitrator Set
in place of tube cultures, the results of the neutralization tests performed with micro-cell cul-
tures being read with an inverted microscope. The procedure is suitable for neutralization tests
of all viruses which cause easily recognizable cytopathic changes and is especially valuable for
the screening of herds or flocks for latent viral infection.
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Nearly one hundred avian influenza virus strains of eight serological types have up to
now been isolated from more than ten bird species. About 20 of these belonging to 6 serotypes,
have been isolated from respiratory diseases of several weeks old ducklings since 1953.

Five influenza virus strains, representing three different serotypes, were isolated from
growing and adult duck flocks in Hungary in 1970—71. This paper is a report of the clinical
flock histories and of the identification and typing of the strains.

Materials and methods

Virus isolation, agar-gel diffusion precipitation test, haemagglutination
(HA) and haemagglutination inhibition (HI) tests as well as the preparation
of sera for the examinations were carried out according to the usual techniques
(Beard, 1970; Pereira et al., 1966, 1967). Reference antigens and antisera
were obtained from the World Influenza Centre (London), through the com-
petent department of the World Health Organization (Geneva).

Specific antisera to the new isolates were prepared by immunization of
experimental animals.

Epizootology, clinical picture and gross lesions of the natural disease

Outbreak 1 (Farm H). A duckling flock, consisting of 20,000 birds, the
age of 3—14 days a virologically verified duckling hepatitis accompanied by
disorders resulting from a feeding error, pulmonary mycosis and mild slight
salmonellosis. More than 20% of the birds died in this outbreak. Losses fell
off for a few days at two weeks of age, but still remained unusually high. Six
to eight days later the mortality rate rose again, then it dropped to 0.5—1%
daily and persisted at that level for several weeks. By 5—6 weeks of age
scarcely more than half of the flock was surviving and development was une-
ven. A minor part of the birds showed general (listlessness) and respiratory
symptoms (dyspnoea, cyanosis). Most affected birds died shortly after the
onset, usually without showing other signs; sick, cachectic ducklings were
seldom seen. Flock therapy with sulphaquinoxaline, Erra-6 and Neo-te-sol
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in succession decreased the losses temporarily by about 20%, but they rose
almost to the same extent after medication was discontinued. At post mortem
examination of birds above two weeks old, partial or general airsacculitis and
changes indicative of fowl cholera were found. The two pictures were usually
manifested simultaneously, either of them alone was rare. In bacteriological
and mycological examinations, pasteurellas were isolated from many of the
carcases and aspergillus from some changed air sacs.

Outbreak 2 (Farm P). A respiratory disease affecting ducklings 10 days to
6 weeks old was observed in a large flock consisting of about 60,000 birds. The
outbreak started with general sneezing and shaking of the head followed by a
distinct rise of losses in some groups of the about 10-day-old birds. Some duck-
lings died shortly after the onset of the upper respiratory symptoms, hut 3—6
days after the beginning of the outbreak, the course became slower and the
birds sinusitis and cachexia for several days before they died. The cases tended
to decrease in number at about 4 —5 weeks of age, but sudden deaths occurred
among well developed, healthy-appearing ducklings. Losses persisted above
the usual level throughout the period until marketing at 8 weeks.

Gross lesions found in the carcases of birds that died when 10—12 days
old were almost exclusively a delicate fibrinous airsacculitis and serositis; a
sporadic occurrence of sinusitis was also noted. Some ducklings dying at 16—21
days of age additionally showed changes indicative of fowl cholera. From the
age of 21 days, lesions of the respiratory disease and fowl cholera were usually
present simultaneously, and from 4 —5 weeks, the latter became predominant,
while respiratory lesions tended to diminish until they became quite rare by
6—7 weeks.

Bacteriologically, pasteurellas were isolated from lesions indicative of
fowl cholera, whereas bacteriological and mycological isolations from the
changed air sacs were both negative. The results of flock therapy for fowl chol-
era were variable but in general prevented major losses.

There was a history of an abrupt fall of egg production in the breeder
flock (5,000 birds) several months prior to the outbreak. The egg yield of the
layers, then at the height of the egg producing period, had fallen precipitately
to 10% in about one week and, after persisting at that level for 3 weeks, had
risen to the expected level again. The hatching rate of the eggs laid during the
low-production period had been less than 60%, contrasted to the annual mean
of 70%. Of the poorly hatching eggs 21% had been infertile while the numbers
of cullings at the first and second candling and stuck embryos likewise sur-
passed the average. Ducks in the breeder flock had shown no signs of disease
either before, or during the fall of egg yield. Scarcely more than average losses
occurred among them, and the carcases showed only a general haemorrhagic
diathesis, then attributed feed toxicosis. The layers had been marketed as
table ducks prior to our examinations.
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Outbreak 3 (Farm K). Adult, but not yet laying birds developed three
days after re-grouping and transfer to new premises a disease manifested by
loss of appetite and listlessness, which killed 3% of the flock, originally con-
sisting of 6,000 birds. The outbreak ceased as suddenly as it appeared. General
organic hyperaemia and visceral uric acid disease were found at post mortem
examination of the carcases.

Outbreak 4 (Farm Pa). The egg-laying period of this breeder flock had
been prolonged beyond the usual time, with the result that moulting coincided
with an abrupt chilly turn of weather in early winter. Losses rose slightly for
a few days, with 3—5 birds dying daily instead of the usual one. At post mor-
tem examination, a general organic hyperaemia and fibrinous air sac inflam-
mation were found.

Outbreak 5 (Farm P). Half a year after the observation of outbreak 2 in
this farm on abrupt, under very variable winter conditions, but slight increase
of losses was observed among the by then non-laying breeders for a period of
about one week. Grossly the carcases revealed a general hyperaemia and a
fibrinous aerosacculitis.

Yirological examinations

These were performed with each outbreak as follows: Organ suspensions
prepared from the respiratory tract (sinus, trachea, lung, air sacs) of fresh
carcases were inoculated into the allantoic cavity of 10-day embryonated
hen’s eggs. Embryonic death occurred within 2—6 days and the allantoic fluid
and chorioallantioc membrane produced a precipitation reaction with known
type A influenza antisera in the agar-gel diffusion precipitation test. The allan-
toic fluids also displayed haemagglutinating activity. Antigenic relations
demonstrated by HI test, using positive reference sera and inactivated anti-
gens, are shown in Table 1.

1. The isolate from outbreak 1 (Farm H), further on referred to as Duck
(Hungary)l/70, was found to be closely related antigenically with the type 6
Turkey (Wisconsin) 66 prototype strain. On re-examining the isolate at our
request Dr. G. C. Schirtd ofthe World Influenza Centre (London), was able to
confirm this and also established that the neuraminidase activity of the strain
is closely related with those of the Turkey (Wisconsin) 66 and the human in-
fluenza virus A2 strains (natural influenza hybrid).

2. The strains responsible for outbreak 2 among growing ducks and
outbreak 5 among adult ducks on Farm P did not differ antigenically from one
another and both were closely related with the strains Duck (England) 56
and Duck (Czechoslovakia) 56 (types 3 and 4). These isolates received the
designations Duck (Hungary) 2/70 and Duck (Hungary) 71, respectively.

4 Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



274 TANYI

Table 1

Examination of avian influenza virus isolated from

Immune sera
Antigens |

D(H)II70 D(H)2/70 D(H)3/70 (DH)4/70 D(H)71
Duck(Hungary)l/70 1 256 <i 8 <1 8 <1 8 <1l 8
Duck(Hungary)2/70 <1 8 1 256 1 16 1 16 1 64
Duck(Hungary)3/70 <i 8 1 32 1 128 1 64 1 32
Duck(Hungary)4/70 <i 8 1 32 1 64 1 128 1 32
Duck(Hungary)71 <i 8 1 64 1 i6 1 16 1 128
Fowl plague virus <i 8 <i 8 <1 8 <1 8 <1l 8
Duck(England)56 <i 8 1 32 <1l 8 <1 8 1 32
Chicken(Scotland)59 <i 8 <i 8 <1 8 <1 8 <1l 8
Duck(England)62 <i 8 1 32 1 32 1 64 1 32
Quail(ltaly)65 <i 8 <i 8 <1l 8 <1l 8 <1l 8
Turkey(Wisconsin)66 1 64 <i 8 <1 8 <1l 8 <1 8
Newcastle Disease Virus (NDV) <i 8 <i 8 <1 8 <1 8 <1 8
Normal allantoic fluid <i 8 <i 8 <1l 8 <1l 8 <1l 8

Figures in the Table correspond with the reciprocal values of the highest serum or antigen dilu-
tions still capable of 50% inhibition of haemagglutination. Apart from the new isolates and their
specific antisera, all inactivated influenza antigens and reference sera were supplied by the World
Influenza Centre (London), through the Veterinary Public Health Department of the World
Health Organisation (Geneva).

3. The isolates from outbreak 4 (Farm Pa) and outbreak 3 (Farm
proved to be antigenically related with the type 4 strain Duck (Czechoslova-
kia) 56, and have been designated as Duck (Hungary) 3/70 and Duck (Hunga-
ry) 4/70, respectively. The strain Duck (England) 62, formerly regarded as a
prototype, had to be utilized instead of the approved prototype Duck (Cze-
choslovakia) 56, because only standard antigen and positive serum of the for-
mer were available.

Haemagglutination inhibition tests

Forty individual blood samples each from outbreaks 1 and 2, and 20
such samples from outbreaks 3 and 4 were examined by HI test, using 8 haem-
agglutinating units of the homologous virus. A substantial part of the sam-
ples inhibited haemagglutination in a titre range of 1 :8—1 : 256.
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ducks by haemagglutination inhibition test

pfggﬁ'e D(E)56 Ch(S)59 D(E)62 Q(1)65 T(W)66 NDV Norm.
<1: :8 <i 8 <i :8 <1 :8 <1:8 1:128 <i :8 <i 8
<1 8 1 128 <i :8 1:128 <1:8 <1 :8 <i :8 <i 8
<1 8 <i 8 < i 8 1:64 <1:8 <1 :8 <i :8 <i 8
<1 8 <i 8 <i :8 1:64 <1:8 <1 :8 <i :8 <i 8
<1 8 1 64 8 1:64 <1:8 <1 :8 <i :8 <i 8

Infection experiments

Twenty one-day-old chicks, 20 guinea-fowls about 3—6 weeks old, 20
ducklings about 4—14 days old and several turkey poults 2—4 months old
were infected intranasally and intraconjunctivally with 0.2—0.5 ml undiluted
allantoic from embryonated hen’s eggs infected with strains Duck (Hungary)
1/70 or Duck (Hungary) 2/70; the virus content of the fluids was 10fELD3J
0.1 ml and 1065ELD30/0.1 ml, respectively.

1. On infection with Duck (Hungary) 1/70, the chicks showed no symp-
toms, while birds of the other three species temporarily lost appetite.

Two chickens each killed at intervals of 3 days had no gross lesions,
ducklings and guinea-fowls a slight fibrinous airsacculitis at 3—6 days after
infection displayed but not later. Chicks, ducklings, guineafowls and turkey
poults not exterminated within 3 weeks of the infection scarcely differed from
the non-infected controls in respect of development and general condition.
H1 antibodies appeared in the serum of all four species 9 days after infection.
Titre values soon (after 15—18 days) rose to a high level in most guinea-fowls
and turkeys, with considerable individual variations, but remained low
throughout in the ducklings.

2. Infection with the strain Duck (Hungary) 2/70 caused loss of appetite
and decrease of weight gain only in the ducklings, but after ailing for 8—10
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Table 11

Haemagglutination inhibition tests with the influenza virus strain A/Duck(Hungary)l/70
(Data supplied by Dr. Schild)

Titre of haemaggluti-
nation inhibition

Immune seru
Homologous Duck(Hun ary,
(J./70g )

strain
1 FPY (Dutch) 320 <10
Turkey(England)63 160 <10
2. “N” (Germany)49 640 <10
Quail(ltaly)l 117/65 320 <10
Pheasant(ltaly)647/66 640 <10
3. Duck(England)56 120 <10
4. Duck(Czechoslovakia)56 240 <10
Duck(England)62 120 <10
5. Chicken(Scotland)59 320 <10
Tern(South Africa)6l 160 <10
6. Turkey(Canada)63 80 40
Turkey(California)64 160 <10
Turkey(England)66 240 40
Turkey(Massachusetts)65 320 80
Turkey(Wisconsin)66 640 80
7. Duck(Ukraine)l/63 160 <10
8. Turkey(Ontario)6118/67 320 <10
Newcastle disease virus 320 <10

days, these too began to gain weight so rapidly that at 3 weeks they scarcely
differed from the controls. Two ducklings died between 4 and 6 days after
infection, showing changes of fibrinous airsacculitis and serositis. Pairs of
ducklings killed every third day from the day of infection to 18 days all had a
fibrinous inflammation of air sacs and serosa; the change was most pronounced
between 3 and 6 days. The virus strain used for infection could be recov-
ered from the respiratory tract lesions of both spontaneously and slaughtered
ducklings. HI1 antibodies appeared in the serum of the infected birds after 8
days, the serum of in-contact control birds after 12 days; but titres were low
in all four species.

Discussion

Five influenza virus strains, reacting with immune serum of three sero-
types, were isolated from five outbreaks of respiratory disease among flocks
in the period 1970 —71. Along with three other influenza virus strains isolated
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from guinea-fowls in 1969—70, the number of avian influenza virus isolations
in the eastern part of Hungary during this two-year period new totals eight
strains belonging to four serotypes (Tanyi, 1972; Table I11).

Table 111

Antigenic relationships of avian influenza virus strains isolated at th¢ Veterinary Institute
of Debrecen in the period 1969—71

1. FPV (Dutch)

2. “IV” (Germany)49
Quail(ltaly)1117/65— gl
Guinea-FowlI(Hungary)1/70
(adult guinea-fowl layers:

strain 130/70)

Duck(England)56

\' Duck(Hungary)2/70
(ducklings: strain 265/670)
Duck(Hungary)71

—Guinea-FowlI(Hungary)1/69
(guinea-fowl layers:
strain 148/69)

— Guinea-Fowl (Hungary)2/69
(adult guinea-fowl:
strain 237/69)

j  (adult ducks: strain 144/71)

4. Duck(Czechoslovakia)56
Duck(England)62
Duck(Hungary)3/70
(adult ducks: strain 349/70)
Duck (Hungary) 4/70
(adult ducks: strain 350/70)

5. Chicken(Scotland)59

6. Turkey(Canada)63
Turkey(Wisconsin)66
Duck(Hungary)1/70
(ducklings: strain 235/70)

7. Duck (Ukraine) 1/63

8. Turkey (Ontario) 6118/67

Prototype strains are underlined; those of serotypes 2, 4 and 6 were not available, thus
antigens and antisera prepared from strains serologically identical with the prototype were
used instead. With the new isolates, the species, age and use of the bird together with our own
reference number for the strain are indicated in brackets. Two isolates each from guinea-fowl
and duck are antigenically related with two serotypes (transitory types).

The findings of experimental infections performed with two of the iso-
lates were similar to those reported by Ar1en et al. (1970), Homme et al. (1967),
Roberts (1970) and Schettier (1968). The observations suggest that infected
ducks and with serotype 6 strains also guinea-fowl develop a fibrinous inflam -
mation of air sacs and serosa, which subsides mere rapidly if the agent belongs
to type 6 than ifit belongs to types 3 or 4. Sporadic losses may occur even under
relatively good conditions of management markedly increased if by feeding
errors and management failures. The fact that virus could be reisolated from
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birds with low antibody levels, if they had gross lesions (up to 18 days after
infection) and was demonstrable in carcases of adult birds when flock mor-
tality was relatively low, suggests a durable, often symptomless carrier state.
Avian influenza, like many other diseases, depends greatly on predisposing
factors, and since the elimination of the latter is likely to be a lengthy process
the presence of influenza viruses in flocks and their extraordinary susceptibil-
ity to variation constitute a notable economic danger. The observation of
concurrent infections (fowl cholera, aspergillosis) appears to be coincidental,
but the possible activating role of influenza infection cannot be excluded. The
fact that type 6 avian influenza virus strains possess a neuraminidase compo-
nent in common with that of human A2 influenza virus is of hygienic
importance, as it suggests that certain avian species may play a direct or
indirect role in the transformation of human influenza virus strains.

SUMMARY

A total of five avian influenza virus strains, two from growing ducks, three from adult
birds outside the laying season, were isolated in eastern Hungary. The growing ducks had been
respiratory symptoms and grossly they showed fibrinous airsacculitis, serositis and sinusitis.
Among the adult ducks, isolations were made from minor outbreaks and sporadic individual
cases.

The five isolates were found to belong to three serological types:

Type 3—4 Duck (Hungary) 2/70
Duck (Hungary) 71

Type 4 Duck (Hungary) 3/70
Duck (Hungary) 4/70

Type 6 Duck (Hungary) 1/70

The type 6 strain possesses a neuraminidase component identical with that of human
type Aginfluenza virus.

Infection experiments with two of the isolates demonstrated that chicks, young guinea-
fowl and turkey poults were also susceptible, but it was concluded the establishment and se-
verity of the clinical disease depend not only on the bird species, but also on certain predispos-
ing factors, above all on the conditions of feeding and management.
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Papers dealing with the analysis of mother’s milk proteins have mostly been content
to describe the amount and amino acid composition of casein fractions in colostrum and in so-
called “mature milk”. Using paper electrophoresis, Schafer (1951) demonstrated 4—5 differ-
ent protein fractions and found that the fraction with the fastest electrophoretic mobility
and heaviest staining intensity is /S-lactoglobulin. He examined the proteins of cows’ milk for
the sake of comparison. Furthermore, Schafer defined that the slowest, altogether flat, faintly
staining zones are immunoglobulins.

W ith filter paper electrophoresis of various milk samples taken from various stages of
the lactation period Sager (1959) established that immunoglobulins are at peak concentration
in the colostrum while /1-lactoglobulins are present in comparatively smaller amounts, but that
beginning from the eighth day of lactation the amount of immunoglobulins reduced whereas
the /1-lactoglobulin concentration increased.

For the present study both these protein fractions were examined in
mother’s milk on the hasis of a quite numerous population, using different
starch gel electrophoretic procedures.

Material and methods

Altogether 157 milk samples were examined, of which 137 were from the
Obstetrics Department of the Istvan Hospital, Budapest, while 20 originated
from the department of Gynaecology at the City Hospital, G6doll§. Each
agglutination tube contained before sampling three drops of an EDTA-con-
taining preservative solution and the samples were stored in -f-5 QC until use.
Before electrophoresis the samples were centrifuged to remove fat. The 11 X
14x0.3 cm gels consisted of 13% starch, hydrolysed in our laboratory.

The following buffer systems were employed: for determination of the
fast-moving /3-lactoglobulin fraction a Tris-citric acid gel buffer and H3B 03
LiOH vessel buffer (Meyer, 1966), and for the slow-moving immunoglobulin
fraction Poutik’s (1957) discontinuous Tris-citric acid gel and H3B 03—NaOH
vessel buffer system. With the first system electrophoresis was carried out
horizontally at about 10 V/cm output voltage for 4—4.5 hours, while in the
second 12 ¥/cm output voltage was used until the borate boundary had mi-
grated 10 cm from the insertion line. After electrophoresis the gel slices were
stained with Amidoblack 10B dye solution.

Biochemical identification of these proteins examined was possible with-
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out knowing their amino acid compositions, etc. Their characteristic could,
however, only he concluded from their electrophoretic behaviours on the basis
of the descriptions in the above mentioned papers.

Results

Polymorphism was found in the fast-moving protein fraction of mother’s
milk, which was identified with /1-lactoglobulins. Its two homozygous variants
were designated LgA and LgB; and heterozygous variants were present in the
form of the AB phenotype and as the combination of the B band with a sub-
stantially slower LgC alleles (Fig. 1). LgA was comparatively rare (Table 1),

Fig. 1. /S-lactoglobulin phenotypes of mother’s milk and cows’ milk
Table 1

The phenotypical distribution of /5-lactoglobulin phenotypes and the frequencies of the alleles

R3-lactoglobulin

Numbelr of

samples

P A % B % ¢ AB % BC %
157 10 6.3 134 85.3 10 6.3 3 2.1

LgA= 0.096; LgB= 0.895; LgC = 0.009
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occurring in only 6.3% of the samples examined, in contrast to the 85.3%
phenotypical frequency of LgB. The frequency of the AB phenotype is conse-
quently also low. The homozygous C phenotype was not found in this material.
Polymorphism was also observed in the slowest-moving protein fraction,
classified as immunoglobulin (Fig. 2). The three homozygous variants, Ig
IgB and Ig , migrated at different rates and each exhibited a diffuse protein
band. Furthermore, two of the three possible heterozygous phenotypes were
also found: AC and BC. With respect to the percentual distribution of the va-

riants, the most frequent were the homo- and heterozygous forms of the 1gC
allele (Table 11).

BC B AC BC BC C B AC

A B C AC BC AB

Fig. 2. Immunoglobulin phenotypes of mother’s milk

Table 11

The phenotypical distribution of immunoglobulin phenotypes and the frequencies of the alleles

Number Immunoglobulin
of samples 1 o ) % c % A % BC %
157 8 5.1 838 18 11.5 42 26.8 75 47.8

IgA= 0.185; IgB = 0.328; IgC = 0.487
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Discussion

The fast moving, intensively staining fraction was classified as /3-lacto-
globulin on the basis of Schafer’s paper (1951), although the technique ap-
plied in our studies, including the electrophoretic technique and the buffer
system, was quite different. The /3-lactoglobuhn bands of cows’ milk obtained
with the present method had a considerably faster electrophoretic mobility
than the corresponding fractions of mother’s milk (Fig. 1), but the bands
stained to the same extent.

The immunoglobulin bands were likewise identified following Schafer
the slowest fraction after electrophoresis. It is very easy to follow from the
variation of staining intensity of the electrophoretic bands the quantitative
changes of this protein described by Ssager (1959). The staining intensity of
the protein hands in this region also sheds light on the immunoglobulin con-
centration of the milk samples, although different stages of the lactation
periods were not tested during sampling.

Determination of the genetical background is a very difficult problem in
these protein polymorphisms. Although theoretically possible, the obstacles
to the collection of an adequate number of milk samples from mother-daugh-
ter pairs, sisters, half-sisters or sib-pairs and perhaps, the samples of female
twin pairs are practically unsurmentable. Genetical conclusions must therefore
here be confined to a comparison of th? corresponding polymorphism of the
cows’ milk in the case of (J-lactoglobulins.

SUMMARY

Among 157 samples of mother’s milk examined by starch gel electrophoresis, three
variants were observed in /3-lactoglobulin (Lg) region, the allelles being designated with the
letters A, B and C. Polymorphism was also found in the immunoglobulin (lg) region: three
homozygous phenotypes, A, B and C, with different electrophoretic migration rates, and further
two heterozygous phenotypes, AC and BC, were ascertained. The AB phenotype did not occur.
The genetics of these polymorphisms were confined — on account of the practical difficulty of
obtaining samples from mother-daughter pairs, sisters, half-sisters or twin pairs — to a com-
parison with the /1-lactoglobulin polymorphism of cows’ milk.
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Histological examination of the central nervous system is a common
diagnostic means for the differentiation of infectious diseases, above all of
viral conditions. Since 1962 periarteriitis-nodosa-like wall-lesions of cerebro-
spinal vessels have often been observed in specimens from swine that died or
were emergency slaughtered showing nervous or even cerebral symptoms.

Literature

Though vascular wall lesions of swine have been widely studied, most authors have
centered investigations only on the aorta, main arterial branches and coronary arteries. Krieg
(1968) established that proliferative processes of the arterial wall may appear in relatively
young pigs and becoming more severe with advancing age they may eventually give rise to
arterio- or atherosclerotic lesions in the aorta and coronary and cerebral arteries. The incidence
of such changes does not notably differ in domestic swine and wild boar, except that severe
lesions are more frequent in aged domestic swine. Mainguet (1964) has explained the greater
frequency and severity of lesions in the domestic pig as due to greater susceptibility ensuing
from domestication. Quiet life, overfeeding and genetic factors have also been considered as
predisposing to vascular wall disease (Grunbebg, 1965; Vastesaegeb, 1965).

Histological lesions of the superficial and deep cerebral arteries of swine were examined
in more detail by Bebg (1966), French et ah (1965), Luginbuhl (1966) Luginbuhl and
Jones (1965). Next to the aorta, atherosclerotic lesions were most frequently found in the wall
of intracranial arteries, about two-thirds of the examined swine showing stenotic thickening
of the intima of brain vessels. The morphogenesis and nature of the cerebrovascular changes
corresponded essentially with arterial lesions in other parts of the body, except that the inti-
mai thickenings of the cerebral vessels usually contained less lipid and underwent a fibrosclero-
tic rather than an atheromatous transformation. Cases of cerebrovascular lesions giving rise
to ulceration, thrombosis or haemorrhage were never reported. The atherosclerotic change of
intracerebral vessels in swine is characterized by an increase of collagenous fibres in the adven-
titia or other layers of the vessel wall. In advanced fibrosis the vascular adventitia widens
markedly, smooth muscle cells of the media are replaced by collagenous fibres and fibre
synthesis causes the thickening of the intima. Vascular wall fibrosis seems to appear most
frequently in arteries of the basal ganglia immediately after their entry into the cerebral
parenchyma. No hyaline change, nor amyloid deposition has been observed in cerebral arterie*

f this species. Necrotizing arteritis, occasionally thrombosis in arteries and malacic areas weie
observed by Corner and Jericho (1964) in the brains of 11 pigs, while Harding (1966) hi s
described a cerebral angiopathy manifested by nervous symptoms in 66 swine from different
sources. The greater part of the animals examined by Harding exhibited the symptoms as
( rly as 5 weeks after weaning. Microscopically the small arterioles of the central nervous
syst m were found to be thickened, the smooth muscle cells of the media showed swelling and
alteration, the subendothelium underwent a hyaline degeneration and infiltrating cells appeared
in the perivascular area. Several animals had similar lesions in some vessels of the tongue,
small intestine, pancreas, liver and eye.
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A cerebrospinal angiopathy of unknown origin has recently been reported also from
Belgium (Hoorens and Thoonen, 1967); Germany (Freese and Sandersleben, 1968) and
Austria (Koehler et al.,, 1971). In these cases a fibrinoid degeneration of the intima and media
of arteries and arterioles and subsequent regressive changes of the central nervous system
(oedema, malacia, cavitation), necrosis of brain cortex and vascular and perivascular cell in-
filtration were observed first in growing pigs showing signs of visual disturbance. Kshler et al.
(1971) held the view that the aetiology of this condition as well as its relation to Harding’s
cerebrospinal angiopathy, Corner and Jericho’s necrotizing arteritis and periarteriitis nodosa
remain to be clarified.

The incidence of periarteriitis nodosa in animals was first observed by LUPKE (1906)
among axis deer kept in the Favorite Park in Ludwigsburg where it consistently reappeared
year after year. Occurrence of this lesion in other than cerebrospinal vessels of swine was re-
ported by Harzer (1920), Joest and Harzer (1921), Kilschperger and Stunzi (1946),
Oberhausen (1933), Swoboda (1940) and Pallaske (1943). In Hungary periarteriitis-nodosa-
like lesions of renal vessels were detected in the course of abbatoir examinations (Szazados
and Nador, 1971).

At a congress held in 1954 in Stockholm periarteriitis nodosa was classified as a collagen
disease.

Materials and methods

The examined specimens were mostly submitted to this institute for
histological diagnosis of the cause of unusual and severe cerebral symptoms
or on suspicion of Aujeszky’s disease. The latter could always be excluded on
the basis of animal experiments and virological and histological examinations.

Brains and spinal cords from a total of 98 swine were examined, most of
which had been emergency slaughtered. Specimens were always secured from
the same sites and cut in identical planes.

The Medulla oblongata, pons, corpora quadrigemini and the dorsolateral
part of one hemisphere above the Ammon’s horn were cut along the frontal
plane, the Ammon’s horn from one side was cut longitudinally, the cerebellum
was excised in the median line along the plane of the longitudinal cerebral
fissure and the cervical and lumbar intumescences of the spinal cord were cut
transversely.

Brains from 12 swine were also examined in whole sections cut along the
frontal plane. Whole brain sections were cut from the direction of the frontal
lobe along the plane of the olfactory lobe, in the median line of the saeptum
pellucidum anterior to the optic chiasma across the diencephalon in +he plane
of the pituary gland behind the optic chiasma across the mesencephalon in
the plane of the Ammon’s horns. Whole sections were also cut to examine the
pons -f- cerebellum, the open (cranial) part of the medulla oblongata -f- cere-
bellum and the closed (caudal) part of the medulla oblongata. The lumbar and
cervical intumescences of the spinal cord were examined in three different
planes.

Specimens of brain and spinal cord were fixed in a 10% formalin solu-
tion to prepare frozen and paraffin-embedded sections. The sections were stain-
ed with Mayer’s haemalaun and eosin staining technique for general exami-
nations, collagenous tissue was demonstrated with Farkas Mallory’s or Cross-
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mon’s technique, elastic fibres were visualized with Weigert’s resorcin-fuchsin
staining while Sudan 11l and Fettrot staining were used for lipids. Fibrinoid
necrosis was studied with Masson’s trichrome staining method, medullary
sheaths of nerve fibres were stained by the Fleidenhain-Woelcke or Kliiver-
Barrera procedures and nerve cell structure was examined after Nissl staining
as modified by Woight.

Incidence of the disease

All but one of the affected animals examined came from large herds.
Incidence was sporadic; single cases of disease occurred at intervals of several
days to months over periods of several months to one and a half years. We
were able to examine a number of diseased swine on the spot in five herds and
learned details about the clinical history of the herds. The number of cases in
these herds was the following:

18 of 350 sows affected overa period of 4 months
6 of 80 sows affected overa period of 7months
5 of 101 sows affected overa period of 6 months
12 of 200 sows affected over a period of 16 months

49 of 14-000 fattening pigs affected over a period of 2 months

In four herds exclusively one-year-old or older sows developed the dis-
ease: Some of the affected sows were pregnant, others were suckling. In one
herd there had been an outbreak of Aujeszky’s disease two months earlier
which ceased only after repeated vaccination. In another herd swine fever
vaccination had been carried out with a lapinized vaccine one month prior
to the onset of this disaese. In the third herd vaccination against leptospirosis
was performed two weeks after the first two cases of the vascular disease had
been manifested. No vaccination was carried out in the fourth herd. In two
herds widespread occurrence of corynebacillosis, involving phlegmon of the
fetlocks, periarthritis and ulceration in various parts of the body was noted
simultaneously with the vascular disease.

In the fifth herd consisting of fattening pigs the vascular wall disease
affected 8—10 months old animals in 41 of the 173 fattener groups.

Symptoms

Affected swine usually showed no fever, their behaviour was dull or
contrarily excited and the head was held in an oblique, drooping or rigid up-
ward position. When moving, the animals either staggered or performed
distinct compulsive movements. Other not infrequent symptoms were circu-
lar gait, disturbance of vision, tremor of muscles and eyes, retracing movements
fits of convulsion and cutaneous hypersensitivity. The restless animal moved
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aimlessly, at times stopping in the corner of the pen or leaning its head against
the wall. Attempts were occasionally made to climb on the wall of the pen;
some animals even succeeded in clearing it. Retracing and the upward position
of the head sometimes made the pig to fall on its back, and prostrate animals
were often bitten by their mates. Not infrequently it was because of such in-
juries that attention was paid to the disease. Sick animals lost their appetite
partly or entirely. Severely ill swine were unable to stand but made vain at-
tempts to rise or performed swimming movements and refused all food; some-
times they were dull to the degree of somnolence. These symptoms generally
did not respond to drug therapy (antibiotic, vitamin or symptomatic) and
had a fatal outcome in 4—6 days at the earliest or after a protracted course
lasting up to 5—6 weeks; in the latter case many swine had to be emergency
slaughtered. Occasionally, antibiotic or other treatment brought on a tempo-
rary improvement and even apparent recovery, but recidivated after a few
weeks leading to death or emergency slaughter or normal slaughter during
the period of temporary improvement.

Macroscopic pathology

At post-mortem examination the visceral organs either appeared nor
mal, or chronic inflammation of serous membranes, liver cirrhosis and icteru
were found. Occasionally the meninges were thickened and showed a smoky
opacity. One swine each from two of the five herds under observation, one
sow, the other a 3-month-old growing pig, had in addition scabies of the ear
and a deeply extending inflammation of the auditory meatuses.

Pathohistological lesions

Vascular wall lesions reminiscent of periarteriitis nodosa lesions were
present in the central nervous system of the examined animals. As a rule there
was a pronounced mononuclear cell infiltration around the adventitia of the
changed vessels. Wall lesions were shown above all by small arterioles and
muscular-type arteries. They had no site of preference, usually appearing
asymmetrically. Vascular injury was most frequent in the leptomeninx en-
veloping the brain and spinal cord (Figs 1, 2 and 3) though relatively rare in
the spinal cord itself (Fig. 2). Lesions often occurred in the medulla oblongata
(Figs 4, 5 and 6), pons and mesencephalon (Fig. 7) and in the pre- and post-
chiasmal diencephalic areas (Figs 8, 9, 10, 11), usually at the basal parts.

The vascular lesions were of sclerotic or fibrotic rather than atheromatous
type. Necroses of various extent (Figs 5, 7 and 8), fibrinoid mural necrosis of
the vascular wall (Fig. 1), fresh and organized thrombosis (Figs 5 and 8) and
stenosis (Figs 10 and 11) or complete obliteration (Fig. 8) of the lumen were
often seen.
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Fig. 1. Detail of cerebellar pia mater from an 18-month-old sow. Note the infiltrating cells

and aseverely degenerated artery in the leptomeninx. The arterial intima has degenerated and

fibrinoid necrosis has become established in the degenerated media. Many mononuclear cells
can be seen infiltrating the adventitia. (Haemalaun and eosin stain, 45 X)

Fig. 2. Detail of lumbal intumescence of spinal cord from a 14-month-old sow. Several arteries
passing in the septum close by the right dorsal horn show wall degeneration and a marked mo-
nonuclear cell reaction are visible between them. (Haemalaun and eosin stain, 45 X)
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Fig. 3. Detail of leptomeninx from brain base in the chiasmal area, from a 17-month-old sow.

The large artery shows signs of a regressed vasculitis. The thickened intima has become fibro-

tic in consequence of endarteriitis, while the media is narrowed. (Haemalaun and eosin stain,
95 X)

Fig. 4. Detail of medulla oblongata from a 13-month-old sow. Small arteries with degenerated
walls are surrounded by a marked cellular reaction. (Haemalaun and eosin stain, 95 X)
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Different degrees of cerebrovascular injury were encountered. The mild-
est lesions occurred in the small arterioles; these showed degeneration, pykno-
sis and desquamation of endothelial cells, confluence of the border between in-
tima and media, and different degrees of lymphocytic infiltration in the peri-
vascular area (Fig. 6).

It was generally the lymphocytic infiltration which attracted the atten-
tion to the disease. The two inner layers of the vessel wall were characteristi-
cally oedematous, the elastic elements became obscure and the internal elas-

Fig. 5. Left arteriole from Fig. 4 at a 600 X magnification. Thrombosis and mononuclear cell
infiltration in the necrotic wall of the vessel

tic lamina appeared torn in places. In some small arteries, the necrotic intima
and media had transformed to a homogeneous, structureless, slightly acido-
philic tissue (Fig. 7); such arteries contained no elastic elements.

In case of more severe injuries the intima had thickened and transform -
ed to a scar tissue rich in collagen elements and fibroblasts (Fig. 3). Intimai
thickening was as a rule uneven, forming in places cushion-like protrusions
which reduced the lumen and deformed the vessel wall (Figs 10 and 11). The
smooth muscle cells of the media degenerated and became oedematous, cell
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Fig. 6. Right small artery from Fig. 4 at a 600 X magnification. The endothelium is necrotic,
smooth muscle cells of the media are degenerated and 10- 12 layers of infiltrating mononuclear
cells can be seen ii the adventitia

Fig. 7. Detail of mesencephalon from an 18-month-old sow. The necrotic arterial wall is
surrounded by infiltrating mononuclear cells, the adjacent brain tissue is oedematous. (Hae-
malaun and eosin stain, 240 X)
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Fig. 8. Detail of diencephalon from a 14-month-old sow. An artery with necrotic wall is oc-
cluded by a thrombus arid the surrounding brain tissue is oedematous. (Haemalaun and
eosinstain, 95x)

Fig. 9. Whole brain section from an 18-month-old sow cut in a frontal plane along the median

line of the saeptum pellucidum. Cavities of various size are visible in the areas of the lentiform

nucleus and external capsule on both sides of the brain base. (Masson’s trichrome strain. Hand
magnifying lens.)
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margins and structure were indistinct, the nuclei were shrunk or puffed and
showed signs of lysis (Fig. 6). In such vessels the smooth muscle cells of the
media often underwent necrosis and transformed to a homogeneous, highly
acidophilic substance which proved to be a fibrinoid necrosis by Masson’s
staining (Fig. 1). Amyloid necrosis could be excluded by examination in polar-
ized light after staining with 1% Congo red. The vascular adventitia became
wider and many infiltrating mononuclear cells appeared in it, above all round

Fig. 10. Detail of Fig. 9 at a 45 X magnification. Note the marked mononuclear cell infiltra-
tion around the adventitia of the severely injured artery and the large cavities, filled with exu-
dation, in the surrounding brain tissue. (Haemalaun and eosin stain.)

cells, histiocytes, fibroblasts and occasionally a variable number of eosinophilic
granulocytes (Figs 1,4, 5,6, 7,8, 10 and 11). Chiefly fibroblasts migrated into
the necrotic areas of the media from the adventitia. Fragmentation or disap-
pearance ofelastic elements was seen in the wall of such arteries on staining with
W eigert’s resorcine-fuchsin. The internal elastic lamina either became smooth
or disappeared altogether, depending on the degree of injury, in contrast to
the intact vascular areas, in which it was continuous, uniformly thick and
undulating (Fig. 12).
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All layers of the wall became oedematous and undifferentiable in some
arteries, thus their contours and structure disappeared. The vascular wall
thickened markedly causing a notable reduction of the lumen. In addition
to the wall lesions described in the foregoing, necrosis of the intimai endothe-
lium and thrombus formation took place.

Fig. 11. Detail of Fig. 9 at a 45X magnification. Two arteries with degenerated walls are
visible; a cavity filled by a gelatinous substance is present in the brain tissue around one ar-
tery. (Haemalaun and eosin stain.)

Occasionally severe haemorrhages were seen in the perivascular area of
certain arteries. In other cases previous haemorrhage was indicated by the
presence of many haemosiderocytes among other infiltrating mononuclear
cells in the perivascular area and in all layers of the vessel wall. Infiltrating
haemosiderocytes were also seen in perivascular brain tissue. Wall lesions of
various extension were present along with acute or chronic perivascular haem -
orrhages.

Healed inflammatory processes were suggested by the presence of fi-
brotic or sclerotic lesions chiefly in certain larger arteries of the meninges (Fig.
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3). Some layers of these vessels varied in width. The intima was broad and of-
ten also the media was traversed by fibrotic scar tissue (Fig. 3). The internal
elastic lamina was in places thin and smooth, in placesundulating, but thicken-
ed, while in other areas it exhibited elastosis. In some vessels the elastica
was absent over large areas.

Fig. 12. Detail of grey matter from occipital lobe of a 12-month-old sow. Inflammatory cellu-
lar reaction is seen in the thickened meninges. The internal elastic lamina is smooth and shows
a short discontinuity at one side of a large artery. (Resorcin-fuchsin stain, 240 X)

In the surroundings of severe vascular injuries the brain tissue was usu-
ally also involved to judge from the variable degree of regressive nerve cell
changes in these areas. Impaired nerve cells either showed chromatolysis or
became pyknotic. In other cases, brain damage was indicated by rarefaction
and porous structural alterations of the parenchyma or the appearance of
smaller or larger cavities, filled by a serous or gelatinous substance, in the
corpus striatum, internal and external capsule and lenticular nucleus (Figs
9, 10 and 11).

Occasionally the vascular changes were accompanied by a diffuse lepto-
meningitis of the serous type (Fig. 1), characterized by a marked cellular re-
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action consisting of round cells, polyblasts, histiocytes, fibroblasts and eosi-
nophilic granulocytes. The greater meningeal vessels in places showed severe
wall lesions, occasionally even necrosis. Highly acidophilic serum was deposit-
ed in certain areas of the meninx while a delicate meshwork of fibrin was seen
here and there in the leptomeninx.

Branches of the aorta and larger arteries and vessels of the viscera (liv-
er, spleen, kidney, heart) were examined in only a few instances. Apart from
slight fibrotic changes of the aortic intima, the visceral and other large arteries
showed no lesions despite the severe concurrent damage to cerebrospinal
vessels.

In none of the cerebral vascular wall lesions was neutral lipid demon-
strable by lipid stain, nor crystalline Cholesterol by polarisation microscopy.
In every case the lesions were of a fibrotic, sclerotic or necrotic nature rather
than atheromatous. Since a marked mononuclear cell infiltration was always
seen in the adventitia or in the perivascular area of the injured vessels, the
wall lesions were regarded as periarteriitis-nodosa-like changes, which are
vascular injuries characteristic of collagen diseases. The vascular changes prob-
ably arose by autosensitization, on an allergic basis.

Discussion

The above described wall changes of cerebrospinal vessels of swine are
very reminiscent of periarteriitis nodosa lesions and cause nervous symptoms.
The disease always involved the wall of small arterioles or muscular-type ar-
teries. Although the wall lesions did not seem to have any site of preference,
they occurred more often in certain brain areas than in others, such as before
and behind the chiasma in the diencephalic area, chiefly at the basal part of
the brain, in the arteries of the cerebral and spinal pia mater, as well as in the
medulla oblongata, pons and mesencephalon. The injured vessels showed
oedema, fibrinoid degeneration or necrosis of the wall and severe impairment
of elastic elements. Above all the intima and media became involved, over
areas of varying size. The injured vessels were surrounded either by a marked
mononuclear cell infiltration reminiscent of periarteriitis nodosa or by acute
and chronic perivascular haemmorrhages or signs indicative of an early phase
of haemorrhages. Thrombosis regularly occurred in the injured vessels. These
changes correspond not so much to a simple arteriosclerosis, progressing with
age, as to a hyperergic periarteriitis-nodosa-like vasculitis. Corner and Jeri-
cho (1964) arrived at similar conclusions. Although wall lesions are often
found in the sites characteristic of arteriosclerosis, these might well be attri-
buted to the haemodynamic factors operative in the basic cerebrospinal disorder.
Moreover, vascular injuries may also be found in the diencephalon, pons,
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medulla oblongata and cerebellum, viz. in areas never involved by arterio-
sclerosis, to judge both from literary data and our own experience.

Cerebrospinal wall lesions differ from arteriosclerotic vascular injury
not only in their site of localization, but also in the frequent occurrence of wall
haemorrhages and thrombosis. We never saw necrosis of brain tissue in asso-
ciation with arteriosclerosis, but often observed injuries of perivascular nerve
tissue, above all nerve cell changes probably due to circulation disorders. If
the injury was extensive, the nerve tissue became porous, and the appearance
of cavities filled by a liquid or gelatinous substance can probably be explained
by lysis of nerve tissue. Post-vasculitis changes comprise stenosis reminiscent
of chronic endarteriitis, and a marked fibrotic and sclerotic lesion of usually
all vascular wall layers.

The varied herd history data permit no conclusion as to the nature of the
factors responsible for eliciting this probably hyperergic vasculitis of the ce-
rebrospinal vessels.

Human pathologists have advanced two theories to explain the aetiol-
ogy of periartcriitis nodosa. One of these theories suggested by Serye and
Pentz (1943) is based on the plentiful evidence that the organism responds
to various stimuli by an alarm reaction, marked in part by increased secretion
of adrenocortical hormones. Since repeated stimuli resultin an adaptive thicken-
ing of the adrenal cortex, the consequent excessive hormone production, ac-
cording to Serye and Pentz, elicits periarteriitis nodosa. Similar vascular
lesions can in fact he elicited in rats by overdoses of adrenocortical hormone.

According to the other hypothesis, periarteriitis nodosa is a hyperergic
vasculitis(RossLE, 1937; Gertach, 1923). Rich and Gregory (1943) were able
to reproduce the disease by repeated administration of horse serum to rabbits
sensitized with horse serum. Kielschperger and Stunzi (1946) established
that repeated infections with Erysipelothrix rhusiopathiae might play a role
in the development of cerebrospinal vascular disease.

Apart from onset, course and symptoms, the microscopic cerebrospinal
lesions of the disease are also characteristic and differ from the encephalitic
and meningeal changes elicited by infectious diseases (Aujeszky’s disease,
swine fever, infectious polioencephalomyelitis, etc.) or other causes (e.g. NaCl
poisoning). Nevertheless, differentiation from the latter diseases always re-
quires microscopic examination of the brain.

SUMMARY

Periarteriitis-nodosa-like vascular wall lesions, causing distinct nervous symptoms,
were observed in the central nervous system of above 1-year-old sows and 8 to 12-month-old
fattener swine. Incidence of the disease was sporadic; but losses were notable (8—49 adult
swine per herd) over periods of 2—16 months. The course of the disease was either rapid, last-
ing a few days, or prolonged over several weeks, sometimes with temporary improvement,
but the outcome was usually fatal or emergency slaughter had to be performed.

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



CEREBROSPINAL VASCULAR WALL LESIONS 297

The lesions consisted of serous and cellular infiltration of the vessel wall, fibrinoid de-
generation and necrosis of intima and media, injury or disintegration of their elastic elements,
or chronic sclerotic processes, often accompanied by thrombosis and stenosis, or complete
obliteration of the vascular lumen. Above all small arterioles and muscular-type arteries be-
came involved. The lesions did not seem to have a site of preference, but they occurred most
frequently in arteries of the cerebral and spinal leptomeninx, in the brain and much less often
in the spinal cord. Other frequent sites of localisation were vessels of the medulla oblongata,
pons, mesencephalon and diencephalic areas anterior and posterior to the chiasma, usually at
the base of the brain.

In cases of severe vascular injury, the surrounding nerve tissue also became involved;
the nerve cells showed regressive changes of different degrees, the brain tissue became rarefied
and porous, while oedema and cavities of various sizes, filled by serous or gelatinous substance,
appeared in the area of the corpus striatum and internal and external capsule. The cerebral
processes were occasionally accompanied by a serous or cellular infiltration of the pia mater.

No similar changes were found in the aorta and visceral (splenic, hepatic, renal and
cardial) vessels of the examined animals.

The cerebrospinal vascular wall injury has been regarded as a collagen disease and its
causation has been attributed to an acute vasculitis of allergic origin.

REFERENCES

Berg, R.: Arch. Exp. Yetmed. 20 (1966), 1070. Corner, A. H. and Jericho, K. W. F.:
Canad. J. Comp. Med. Yet. Sei. 28 (1964), 224. Freese, K. and Sandersleben, J. v.: Berl.
Minch. Tierarztl. Wschr., 1968, 197. French, J. E., Jennings, M. A. and Florey, H. W.: Ann.
N. Y. Acad. Sei. 127 (1965), 780. Gerlach, W.: Virchows Arch. 245 (1923), 123. Griinberg,
W.: Minch. Med. Wschr., 1965, 151. Harding, J. D. J.: Pathol. Vet. 3 (1966), 83. Harzer, J.:
Thesis. Leipzig, 1920. Hoorens, J. and Thoonen, H.: Vlaams Diergeenesk. Tijdschr. 36 (1967),
553. Joest, E. and Harzer, J.: Beitr. Path. Anat. 69 (1921), 85. Kielschperger, G. and
Stunzi, H.: Schweiz. Arch. Tierheilk. 88 (1946), 359. Koéhler, H., Herceg, M. and Glawisch-
nig, E.: Dtsch. Tierdrztl. Wschr., 1971, 39. Krieg, K.: Zbl. Vetmed. Reihe A 15 (1968), 386.
Luginbahl, H.: Symposium on Swine in Biomedical Research, Battele-Northwest, Richland,
Washington, 1966, 347. Luginbihl, H. and Jones, J. E. T.: Ann. N. Y. Acad. Sei. 127 (1965),
763. Lupke, F.: Verh. dtsch. path. Ges. 10 (1906), 149. Mainguet, J.; Acta cardiol. (Brux)
19 (1964), 274. Oberhausen, P.: Thesis. Leipzig, 1933. Pallaske, G.: Tierdrztl. Rsch. 49
(1943), 8. Rich, A. R. and Gregory, J. E.: Bull. Johns Hopkins Hosp. 72 (1943), 65. Rossle,
R.: Virchows Arch. 299 (1937), 358. Seeye, H. and Pentz, E. |.: Canad. Med. Assoc. J. 49
(1943), 264. Stunzi, H.: Thesis. Zurich, 1947. Swoboda, H.: Thesis. Leipzig, 1940. Szazados,
I. and Nador, A.: Magyar Allatorvosok Lapja (MAL), 1971, 125. Vastesaeger, M. M.
Ann. N. Y. Acad. Sei. 127 (1965), 709.

Address of the authors: Dr. Antal Széky, dr. Istvdn Szabé, Budapest XIV, Tabor-
nok u. 2, Hungary

Acta Velerinaria Acadcmiae Scientiarum Hungaiicae 22, 1972






Ada Veterinaria Academiae Scientiarum Hungaricae, Tomus 22 (3). pp. 299—306 (1972)

TOXICITY TESTING OF ENTEROCOCCUS STRAINS
RESPONSIRLE FOR FOOD POISONING

By
S. Pusztai, F. Vetési and V. Hoch

Department of Food Hygiene (Head: Prof. V. Csiszar), Department of Pathological Anatomy
(Head: Prof. A. Kardevan), University of Veterinary Science, and National Institute of Nu-
trition (Director: R. Tarjan), Budapest

(Received February 12, 1972)

W ith the incidence of enterococcal food poisoning showing a rising trend
of late, D-serogroup streptococci are beginning to acquire a growing impor-
tance in food hygiene. One sign of this is the recent classification of entero-
coccal components of the intestinal flora of man and animals with the indica-
tor flora of certain food products, on account of their high resistance. The
presence of large numbers of enterococciin food products directly after freezing,
drying or mild heat treatment usually suggests a high degree of bacterial con-
tamination prior to processing, yet the pathogenicity of these organisms is
still a matter of dispute.

Clarification of the problem is hampered by the inconsistent results of feeding experi-
ments performed on volonteers with isolates from reported cases of food poisoning (Moore,
1955; S1anetz et ah, 1963; Deibel and Silliker, 1963; Hartman et ah, 1965; Sedova, 1970).
The probable explanation is that the establishment of food poisoning depends on several factors
rather than one, like all other diseases caused by facultatively pathogenic microorganisms
(Pusztai, 1967).

Certain authors have postulated a similarity between the mechanisms of staphylococcal
and enterococcal food poisoning and toxin of similar action to staphylococcal enterotoxin has
in fact been demonstrated from two strains of Streptococcusfaecalis var. zymogenes (Fujiwara
et ah, 1956).

The conflicting findings of feeding experiments on humans and the various difficulties
of their performance and evaluation initiated our previous experiments aimed at an assessment
of the frequency of occurrence in food products of enterococcus strains pathogenic for mice.
We found that 18.8% of mice died after being inoculated intraperitoneally with 2 ml of 24-hour
glucose broth cultures of D- streptococcus strains isolated from various foods (Pusztai and
Biro, 1965). The toxic action of several bacterial strains was demonstrated in a further series
of experiments. Out of 50 enterococcus isolates, eight elicited well defineable microscopic le-
sions’ indicative of hepato-toxic action after intraperitoneal administration to mice (Pusztai
and Vetési, 1971).

A substantial contribution to the elucidation of certain aspects of enterococcal food
poisoning has been made by phage typing (Bekerich and Haudroy, 1922, Bagger, 1926;
Dutton, 1926; Ciuca et ah, 1959; Beloiu et ah, 1964; Brock, 1964; Birzu et ah, 1966; H och
and Herman, 1971). This technique has already considerably extended the possibilities of
detecting the source of an infection and increased the efficiency of prevention by enabling
follow-up of the path of infection, and the good results obtained with certain Hungarian phage
isolates promise a further broadening and refinement of its applications (Herman and Hoch,
1971).
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Material and methods

The experiments reported in this paper were carried out with the aim of
establishing whether certain enterococcus strains isolated from cases of food
poisoning in Hungary are toxic for mice.

Nineteen strains, all originating from the collection of the National
Institute of Nutrition, were examined. The majority (17 strains) had been
cultured as presumed causative agents of food poisoning on the grounds that
the food product responsible for the poisoning had contained them in a high
concentration and also the course of the toxicosis seemed characteristic of
these facultative pathogens. The remaining two strains had been isolated from
cases in which the pathogen was present not only in the incriminated food
product, but also in gastric contents obtained from the patient by stomach-
pump. Two additional enterococcus strains originated from cases in which they
represented only one component of a mixed flora in the toxic food product, in
these cases the involvement of the enterococci was of course open to doubt.

W ith each strain 2 ml of a 1% glucose broth culture was inoculated intra-
pcritoneally into two mice, weighing 35—40 g. Ten mice each inoculated by the
same route with 2 ml sterile glucose broth and saline, respectively, served as
controls.

Mice that died spontaneously or were killed in extremis during the exper-
iment were autopsied, and their heart blood and various organs were examined
bacteriologically. Infected animals showing no signs of disease and controls
were killed after 72 hours for post mortem and bacteriological examination.

Livers from one of each infected pair and from several control mice were
processed for histological examination. The liver specimens were fixed in a 8%
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pathogenic and toxigenic for mice

24
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S S 9 e = S £5
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2 S = £ 3 SEL & S
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— — + + + + 670 Sir. faecium
963
— + — — + + 41 Str. faecalis v. lique-
fac. iens
— + — — + + 4 Str. faecalis
— + — — + + NT str. faecalis
+ + — — + + 1,5 13,41  str. faecalis
-+ + + +

1,2 10, 13, str. faecalis
41

Symbols used: S, sausage; SG, gastric rinsing fluid after ingestion of sausage; V, venison; CN,
cooked noodles; NSE, noodles with crambled egg; NT, untypeable

neutral formaldehyde solution, embedded in paraffin and cut into about 6 u
thick sections. Sections were stained with haematoxylin and eosin, and some by
the PAS, Gram and Gdémdri’s silver impregnation techniques. In every case,
frozen sections were also prepared for lipid staining with Sudan 111.

Results

The 19 strains studied could be divided into three groups on the basis of
the experimental observations. Six strains caused a lethal disease in mice
within 24—48 hours after intraperitoneal administration, 11 strains caused
a non-lethal disease, and two strains produced no observable symptoms.

The six enterococcus strains of the first group had originally all been iso-
lated as the unequivocal causative agents of food poisoning. The mice that died
after infection with these strains displayed acute hyperaemic inflammation of
the spleen, congestive hyperaemia of various organs, and acute heart dilatation
on autopsy. The cultural and biochemical properties as well as the phage types
of the bacteria reisolated from the carcases corresponded with those of the
strains used for infection.

Four of the six strains (E1? E10, E12, E13 in Table 1) caused liver cell
changes indicative of toxic damage. The nuclei of the impaired cells varied
greatly in shape and size. Many were considerably enlarged, others elongated
and deformed. Some cell bodies shrank and stained dark red with eosin (liver
cell collapse). This latter change was especially pronounced in the liver of the
mouse infected with strain E12. Occasionally parenchymal cell necrosis was
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Table 11

Characters of enterococci pathogenic
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noticed, and in one case thrombus formation took place in the hepatic vessels.
W ith another strain, E6, which had originally been isolated from the gastric
washings of a person suffering from food poisoning, we observed signs of the
activation of RES cells and the appearance of neutrophilic granulocytes in the
liver of the inoculated mouse.

The 11 enterococcus strains of the second group caused an illness of vary-
ing severity hut without fatal outcome. Animals killed 48 —72 hours after infec-

Table 111

Characters of enterococci
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but not toxigenic for mice
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Symbols used: S, sausage; SS, smoked sausage; SCh, sheep cheese; FC, fermented curd; NC,
noodles with curd; YCF, various cooked foods; NT, untypeable

tion did not show any characteristic gross lesions, but cocci could be reisolated
from the carcases and they corresponded in every respect with those used
for the infection (Table 1l). Microscopic examination of the livers of mice in
this group revealed no toxic parenchymal cell damage, but, unlike in mice of
the first group, there was often an acute fibrinous peritonitis.

not pathogenic for mice
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The two enterococcus strains forming the third group had originally
been isolated from food products having high total germ counts (107g) cover-
ing a mixed bacterial flora. These strains produced no symptoms on intraperi-
toneal administration to mice. When killed 72 hours after inoculation, the ani-
mals showed only the acute dilatation of heart and lung resulting from exter-
mination. Attempts to reculture the strains from organs, however, were suc-
cessful (Table Il11). No toxic hepatic damage was seen on histological exami-
nation.

Control mice inoculated with sterile broth or saline showed no symptoms
over a 72-hour period of observation, when the animals were exterminated.
Post-mortem and bacteriological findings were negative, and no toxic paren-
chymal cell damage was seen during microscopic examination of the livers.

Discussion

The causative agents of food poisoning and food contamination are either
toxin-elaborating microorganisms or else organisms producing pathogenic
effects by an unknown mechanism (Thatcher and Clark, 1968). To judge
from both home and foreign statistics the facultatively pathogenic organisms
belonging to the latter group are frequently responsible for what are called
non-specific food poisonings. Orders regulating the reporting of such cases,
however, differ from country to country. (In Hungary, all confirmed and even
suspect cases must be compulsorily reported.) In the absence of an obligatory
pathogen, any microorganism occurring in the incriminated food product at a
sufficiently high concentration should be regarded as such, if there is evidence
in literature of its causative role in food poisoning (Ormay and Novotny,
1970).

Investigations conducted during recent years have thrown much light
on several aspects of non-specific food poisoning and infection. We now know
that Clostridium perfringens and Bacillus cereus must be added to the list of
proven agents of food toxicosis or infection (WHO, 1968). The role of other
facultatively pathogenic microorganisms, including enterococci is, however,
still a matter of dispute; feeding experiments on human volunteers have not
helped to clarify this problem. Quite new research suggests that certain strains
of Str. faecalis var. liquefaciens and Str. faecalis v. zymogenes have enteropatho-
genic properties (Sedova, 1970). It has also been demonstrated that the bacte-
rium-free culture filtrates of pathogenic enterococcus strains do not cause
disease. Ingestion of a large amount — several millions — of live germs is
required to elicit the condition, as has also been affirmed by our previous find-
ings.

Food poisoning elicited by facultatively pathogenic microorganisms as
a rule takes a mild course, and recovery can be expected to be rapid. Ormay
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and Novotny (1970) nevertheless report that a greater part of the patients
affected by Str. faecalis food poisoning require hospital treatment.

Earlier studies in this laboratory had been performed to clarify whether
enterococcal toxins having an action similar to staphylococcal enterotoxins
can be demonstrated by inoculation of experimental animals. Certain entero-
coccus strains were found to cause hepatotoxic-like changes on intraperitoneal
administration to mice. The present experiments were carried out to check the
suitability of this model for toxicity assay of enterococcus strains. According
to the histological examinations, four of the 19 strains studied caused hepato-
toxic-like parenchymal cell damage in the liver of mice. No evidence of toxic
property could be obtained for the remaining 15 strains, although these also
had been isolated from food products responsible for poisoning. Lack of toxin
production might have been due to the loss of this capacity during the several
months that elapsed between isolation and experimental use. Our own expe-
rience, and that of other authors have been that enterococcal isolates from a
given test material often contain several strains of which usually only one can
be found after the subsequent transfers. It may be that this phenomenon was
responsible for the lack of toxic property of several of the strains even through
some of them caused disease or death of the experimental animals.

Determination of the biochemical properties and phage typing of strepto-
coccal isolates from the patient’s body and/or from the incriminated food can
contribute greatly to an understanding of the aethiology of enterococcal food
poisoning. Identification of the reisolated strains with the original ones on this
basis can provide positive confirmation of their causative role in food poison-
ing. The importance of phage typing is further underlined by the fact that Str.
faecalis and Str.faecium are often simultaneously present in the sampled mate-
rials.

Current studies with temperate phages of the transferability to non-
pathogenic enterococcus strains of the genetic factor conferring pathogenicity
(Herman and Hoch, 1971) are expected to throw more light on the problem of
enterococcal pathogenicity.

SUMMARY

The present studies were carried out to investigate the toxicity for mice of enterococcal
strains isolated in connection with human cases of food poisoning.

Of the 19 type-D streptococcal isolates used only two originated from cases in which
the causative organism could be demonstrated not only in the incriminated food, but also in
the gastric contents of the patient. Four of the strains were found to cause toxic degenerative
changes in the liver cells of infected mice, to judge from histological evidence. Thirteen strains
caused an illness of varying degrees of severity and some of them even death but without any
indication of toxic action, while the remaining two strains were non-pathogenic for mice.

In view of these findings it seems important that biochemical testing and phage-typing
of isolates from food and patient be performed whenever there is a strong suspicion of entero-
coccal food poisoning, especially as Str. faecalis and Str. faecium are often simultaneously
present in sampled material though in the majority of cases only Str. faecalis is the causative
agent.
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EINIGES UBER DIE ALLOPLASTIK
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K. Somogyvari

Chirurgischer und Ophthalmologischer Lehrstuhl (Leiter: Prof. A. B. Kovacs) der Veterinér-
medizinischen Universitat Budapest

(Eingegangen am 25. Marz 1972)

Zusammenfassung

Nach Bestimmung des Begriffs der Alloplastik werden die gegenwaértig gebréuchlichen
alloplastischen Substanzen kategorisiert sowie die die weitlaufige Anwendung der metallenen
alloplastischen Materien hemmenden Faktoren und die vorteilhaften Eigenschaften der Kunst-
stoffe bzw. die den ,,gewebefreundlichen” Substanzen gegeniber gestellten Anforderungen dar-
gelegt. Unter den aufgearbeiteten 400 Literaturangaben werden einige grundlegende bzw.
zusammenfassende Mitteilungen eigens hervorgehoben.

Im Rahmen der Erlauterung der eigenen Untersuchungen werden die Gber die bei 430
Versuchstieren und etwa 200 klinischen Patienten mit den Mitarbeitern gemeinsam durchge-
fuhrten experimentellen und Klinischen Untersuchungen berichtenden Publikationen zusam-
mengefalBt. Die im Zusammenhang damit aufgearbeiteten Themen beziehen sich auf die vor-
teilhaften Eigenschaften der Polyester-Nahféden, die ginstigen histologischen Ergebnisse der
unter Anwendung von Tantalklammern verfertigten maschinellen N&ahte, die neuen Opera-
tionsverfahren, bei denen anlaBlich von Magen-Darmtrakt-, Blutgefd3-, Urogenitalapparat-
und Gallengang-Eingriffen der Gewebeklebstoff Histoacryl verwendet worden war, die An-
wendungsmadglichkeiten der filmbildenden Substanz Plastubol in der veterindrmedizinischen
Chirurgie und die Vorteile des fibrinhaltigen Wundstreupulvers. In der Folge werden die Ergeb-
nisse der sich auf das Gewebeverhalten und die Absorption der Bioplaste beziehenden Unter-
suchungen sowie die Antigeneigenschaften der Bioplaste ausfuhrlich beschrieben.

Unter Alloplastik versteht man die zum Ersatz der zerstorten oder feh-
lenden Gewebe des Organismus mit fremden leblosen Substanzen dienende
Methode. Hierbei kommen Materien zur Anwendung, die der Organismus tole-
riert und die sich zur Versorgung verschiedener schitz- bzw. statisch-mecha-
nischer Aufgaben eignen.

Diese Bestrebungen blicken auf eine ziemlich lange Vergangenheit zuriick. Schon die
alten Agypter haben zum Ersatz von Schéddeldachdefekten Edelmetall angewandt. Petro-
Nius implantierte in den Organismus 1565 Metall. Zur Vereinigung der geschadigten GefaRen-
den habenNiTZE 1897 ein Elfenbeinrohr, Wardz 1908 ein Gummirohr, Tuffier ein paraffiniertes
Silberrohr und Carrel Glas-, Aluminium- bzw. Goldrohre angewandt. Der Erfolg dieser Ver-
fahren erwies sich aber nur als provisorisch. Frankel war der erste, der 1894 zum Ersatz von
Schéadeldachdefekten einen Kunststoff — und zwar Zelluloid — angewendet hat, aber auch die-
se Methode bot keine endgultige Losung. Die Ursache der Erfolglosigkeit dieser ersten Versuche
lag darin, dal die verwendeten Materien nicht gewebefreundlich waren.

Nach der Jahrhundertwende hat sich die Zahl der ohne Schadigung des Organismus an-
wendbaren, sog. »gewebefreundlichen« Substanzen bereits in bedeutendem MaRe erhdht.
Dies ist in erster Linie nicht einmal der stets zunehmenden Produktion der gewebefreundlichen
Metalle und Metall-Legierungen zu verdanken, sondern vielmehr der sich in verh&ltnis-
maRig kurzer Zeit vollzogenen Verbreitung der gewebefreundlichen Kunsstoffe, welche der
riesigen Entwicklung der chemischen und biochemischen Forschungen zufolge auf dem Markt
erschienen.

Die gegenwartig gebréuchlichen alloplastischen Materien kénnen in zwei groBe Gruppen
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eingeteilt werden: Metalle bzw. Metallegierungen und Kunststoffe. Das wichtigste Anwendungs-
bereich der Metalle ist die Knochenchirurgie, Metallnetze finden beim VerschluB von Bauch-
brichen eine Verwendung. Metallklammern sind Bestandteile von Magen-, Darm- und GefaR-
nahmaschinen. Die Metalle werden entweder in unlegierter (z. B. Tantal) oder in legierter Form
(z. B. Vitallium) verwendet. Die meist gebrauchlichen Metallegierungen sind die aus Eisen
verfertigten rostfreien Stdhle, die Nickel- und Chromhaltige Edelstahllegierung, das Chrom,
Molibden und Kobalt enthaltende Vitallium und schlieBlich die Titannickel-Legierungen.

Auf dem Gebiet der Alloplastik nehmen die Kunststoffe allmahlich die Stelle der friuher
allgemein angewandten Metalle ein. Dies ist mit den bekannten nachteiligen Eigenschaften
der Metalle zu erkldren: Einerseits sind einige von ihnen toxisch (Kupfer, Magnesium, Eisen,
Aluminium, Bronze), anderseits melden sich bei ihrer Anwendung Korrosionsprobleme, aufier-
dem erleiden einige Metalle eine Elektrolyse (Gold, Silber, Aluminium); hierzu kommt noch der
hohe Preis gewisser Metalle und die Aufarbeitungsschwierigkeiten. In der Knochenchirurgie
und zur Verfertigung verschiedener Exoprothesen gibt es aber trotzdem auch heute noch kein
besseres Material als Metall.

Der bei der Herstellung angewandten Grundsubstanz entsprechend lassen sich die
Kunststoffe in zwei groRe Gruppen — natirliche und kinstliche Kunststoffe — einteilen. Un-
ter die letzterwdhnten gehéren die bioplastischen Substanzen, deren Grundsubstanz aus natir-
lichem Eiweil besteht, die aber in ihrer aueren Erscheinung kunststoffartige Produkte sind.

Die Vorteile der Kunststoffe — gegentiber den Metallen — kdnnen im folgenden zu-
sammengefalBt werden: niedrigeres spez. Gewicht, schlechtere Warmeleitfahigkeit, di-
elektrische Eigenschaft, sie verursachen keine Metallose im Organismus; die meisten von ihnen
verfugen Uber eine bedeutende Reif3-, Stof3- und Biegefestigkeit bzw. eine gute Farbbarkeit und
tolerieren sogar die wiederholte Wé&rmesterilisierung; Transport und Speicherung der Kunst-
stoffe sind einfach, ihr Preis ist niedrig.

Den hinsichtlich der Gewebe indifferenten, sich zu chirurgischen Zwecken eignen-
den Kunststoffen gegenliber werden laut Bornemisza (1960, 1963, 1964, 1968) folgende An-
forderungen gestellt: Der Kunststoff darf keine Fremdkdrperreaktion im Organismus ausldsen,
keine allergische Reaktion bzw. Tumorbildung verursachen, Sterilisierung und Bearbeitung
sollen einfach sein. Zumeist wird gewiinscht, dafl der Kunststoff seine urspringliche Form bzw.
seine mechanischen usw. Eigenschaften andauernd beibehalte, in anderen Falle ist es jedoch
vorteilhaft, wenn die alloplastische Substanz mit der Zeit resorbiert wird und sich die Resorp-
tionsdauer bedarfmé&Rig regulieren lant.

Die wichtigsten, bei der Auswahl der in den Organismus eingepflanzten, der stdndigen
Einwirkung der Gewebesafte ausgesetzten, kdrperfremden, leblosen Implantate organischen
oder unorganischen Ursprungs bericksichtigenden biologischen Anforderungen sind nach
Auber und Antal (1962), dall das eingepflanzte Material keine Gewebeschadigung verursache,
von chemischem Standpunkt aus widerstandsfahig sei und von physischem Standpunkt aus
den Anforderungen der Inanspruchnahme entspreche.

Durch die kérperfremden Substanzen wird — selbst wenn sie von gewebefreundlicher
Natur sind — von ihrer Quantitat und Qualitat abh&ngig, im Organismus eine gewisse Umge-
bungsreaktion ausgeldst, wichtig ist nur, daB sie den HeilprozeR nicht hemmen und Uber eine
geringe gewebereizende Wirkung verfigen.

Die weitlaufige Verbreitung der alloplastischen Substanzen warf eine ganze Reihe theo-
retischer und praktischer Fragen auf. Obwohl die Ergebnisse der alloplastischen Methoden
auf dem Gebiet der Gewebevereinigung bzw. des Gewebsersatzes als vorzuglich zu bezeichnen
sind, gibt es immer noch zahlreiche ungeldste Probleme. Nach der Ansicht von Petrowskij
und Wenediktow (1967) vermag die Alloplastik den Ersatz der verletzten bzw. zerstdrten
Gewebe gegenwartig noch nicht ideal zu I8sen, d. h., daB Mé&ngel und Kontraindikationen auf
diesem Gebiet keine Seltenheiten sind. Heinze hat in seiner 1955 erschienenen Mitteilung
darauf hingewiesen, daB bisher noch keine, sémtlichen Gesichtspunkten, vor allem der Toleranz
und der Belastungsfahigkeit der Gew”ebe entsprechende kdrperfremde Substanz entdeckt wor-
den ist.

Im Laufe der vergangenen 15 Jahre erschienen sowohl in der einheimischen (Auber
und Antal, 1962, Bagdy und Mitarb., 1963, Bornemisza, 1960, 1963, 1964, 1968, Csillag
und Jellinek, 1958, Furka, 1967, Gyurké, 1967, 1969; Kovacs, 1959; Nemes, 1970; Sipos,
1956) wie auch in der auslandischen (Gottlob und Blumel, 1965, 1966, 1967, 1967; Grits-
man, 1964, 1966; Gritsman und Mitarb., 1968; Haring und Mitarb., 1966; Heinze, 1955;
Hudeman, 1959; Inou und Mitarb., 1962, 1965; Matsumoto und Mitarb., 1967, 1967, 1967,
1968; Ota und Mitarb., 1965; Petrowskij und Wenediktow, 1967) Literatur zahlreiche, die
Problematik der Alloplastik behandelnde grundlegende oder zusammenfassende Mitteilungen.
Im Laufe der Untersuchung alloplastischer Materien haben auch wir mehr als 400 Literatur-
angaben aufgearbeitet (Somogyvari, 1971).
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Eigene Untersuchungen

Unléngst erschien eine unserer Mitteilungen tUber die Untersuchung der
allo- und hioplastischen Substanzen. Das Ziel dieser Arbeit war die experimen-
telle und klinische Erprobung der anldRlich einiger chirurgischer Eingriffe in
der letzten Zeit angewandten bzw. experimentell verwendeten alloplastischen
M aterien (Nd&hmaterial, Klebstoffe, zur Wundbedeckung dienende filmbil-
dende sowie bioplastische Prédparate) ferner die Analyse des Gewebeverhaltens
dieser Substanzen. Aufgrund der Gegenuberstellung der klassischen und neuen
chirurgischen Ersatz- bzw. Hilfsmaterien trachteten wir der humanmedizini-
schen und veterindrmedizinischen Chirurgie neue experimentelle Angaben und
pathohistologische Beobachtungen zu liefern.

Im Laufe dieser Untersuchungen wurden bei 430 Versuchstieren (Pferd,
Rind, Schwein, Hund, Kaninchen, Meerschweinchen und Albinoratte) Ope-
rationen durchgefiuhrt, Beobachtungen ermittelt, auBerdem wurden mit eini-
gen alloplastischen Materien etwa 200 zum Krankengut der Klinik gehdrende
Tiere behandelt. Die Operationsergebnisse wurden mit Hilfe von zahlreichen
Rontgenaufnahmen kontrolliert und das Sektionsmaterial der experimentellen
Eingriffe anhand von etwa 5000 pathohistologischen Pré&paraten bewertet.

Unsere Untersuchungen sowie die die ausfuhrliche Erlduterung derselben
enthaltenden Mitteilungen umfassen die Vergleichsuntersuchungen der Poly-
ester-Kunststoff- und der herkémmlichen N&hmaterialien (B. Kovacs und
SomogyvAri. 1969, 1969, 1969), die Bewertung der bei den Magen-Darm-Néh-
maschinen verwendeten Tantal-Metallndhte (Egry und Mitarb., 1969), die
operative Erprobung des Histoacryl-Gewebeklebstoffes bei verschiedenen Ein-
griffen (Verdauungskanal: Egry und Somogyvari, 1970, 1971; Somogyvari
und Egri, 1971; BlutgefdRe: Dubecz und Mitarb., 1971, Szentgalti und Mitarb.,
1969, 1971; Urogenitalorgane: Breier und Mitarb., 1971, 1971; Gallengénge:
Somogyvari und Mitarb., 1972), die veterindrmedizinische Anwendung von
Plastubol (zur Wundbedeckung dienendes synthetisches Prdparat) (B. Kovacs
und Mitarb., 1969, 1970), die experimentelle Untersuchung eines fibrinhaltigen
Wundstreupulvers (B. Kovacs und Mitarb.. 1969, 1970), die Resorption der
Bioplaste aus dem subkutanen Bindegewebe (B. Kovacs und Mitarb., 1965,
1965) sowie aus der Markhdhle der Rdhrenknochen Horvath und Somogy-
vari, 1971, Somogyvari und Horvath, 1971), die sich auf den Bioplast-
Schwamm (Gerendas und Mitarb., 1966) und auf die nahtstirkende Bio-
plast-Kndpfe (B. Kovacs und Mitarb., 1967) beziehenden Angaben und schliel3-
lich die Ergebnisse der zwecks Kl&rung der Antigeneigenschaften der Bioplaste
vorgenommenen Untersuchungen (Horvath und Mitarb., 1969, 1969).
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Folgerungen

Die im Laufe der Untersuchungen ermittelten Folgerungen lassen sich
in folgendem zusammenfassen:

Das einheimische Polyester-Nahtmaterial (Rico-Verbandwerke) verfiigt
im Vergleich zu den bishergebrduchlichen Nahtmaterialien Uber manche vor-
teilhafte Eigenschaften: Es toleriert sogar mehrere Sterilisierungen im Auto-
klav ohne Sché&digung, wegen seiner geringen Kapillaritdt ist die Drainage-
wirkung unbedeutend, die Dehnung ist geringer als die von Polyamid, die
ReilRfestigkeit dagegen ausgezeichnet; das Produkt kann mit den meisten
allgemein gebrduchlichen Chemikalien behandelt werden, industrielle Verun-
reinigungen lassen sich leicht und restlos entfernen.

Der entsprechenden ReiRfestigkeit und Knotenfestigkeit zufolge sichert
das Polyester-Nahtmaterial selbst im Falle einer bedeutenden Spannung einen
zuverlalRlichen WundverschlufR, welcher Umstand sich in der veterinarmedizi-
nischen Chirurgie als besonders vorteilhaft erwies.

Laut der Ergebnisse der histologischen Vergleichsuntersuchungen, wobei
es sich um die gleichzeitige Prifung der herkdmmlichen Ndhmaterialien (Catgut,
Seidenfaden) handelte, waren die besten Ergebnisse in bezug auf das Polyester-
Nahtmaterial zu erhalten. In der Umgebung dieser Ndhte hérten die entzind-
lichen Prozesse rasch auf und auch die Reparationserscheinungen schritten
unbehindert voran. Das im Laufe der Reparation gebildete Angio-Fibroblast-
gewebe drang in die Substanz der aus mehreren Fdden zusammengedrehten
N ahte ein, teilte diese in Rindel, sodann in einzelne, alleinstehende Féaden;
in den spéteren Prédparaten lieR sich bereits beobachten, dal das Gewebe die
Fadensubstanz vollkommen umsponnen (organisiert) und in das anstelle des
Eingriffs gebildete Narbengewebe eingebaut hat. In der Umgebung der kontroll-
halber untersuchten klassischen N&hmaterien entwickelte sich in samtlichen
Féllen eine umfangreichere Gewebereaktion, auBerdem waren sogar mehrere
Wochen nach der Operation — obwohl sich die Fdden teilweise bereits abgekap-
selt haben — entzindliche Zellelemente vorzufinden, welche fir die h&ufig
beobachtbaren operativen Spéatkomplikationen (Fadeneiterung, AufstoBen
der Ndhte, Fistelbildung) verantwortlich sind.

Die hei den menschlichen Operationen gebrduchlichen Magen-Darin-
N&hmaschinen haben wir im Hundeexperiment, anldRlich von Magenresektio-
nen und Darmanastomosen geprift: Die angewandten Tantalklammern sicher-
ten — im Vergleich zu den klassischen Ndhmaterien — eine genauere Wund-
vereinigung und lésten eine geringere Gewebereaktion aus; diesen Umstédnden
zufolge sind nach Anwendung von maschinellen N&hten die Wundheilung
beschleunigt und die Reparationsvernarbung geringer.

Wie darauf die histologischen Untersuchungen hingewiesen haben, be-
steht zwischen den Reparationsprozessen der operativen Wunden, davon
abhé&ngig, ob maschinelle Ndhte oder klassische Methoden angewandt worden
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waren, ein wesentlicher Unterschied. In den mittels Ndhmaschine vereinigten
Operationswunden bildet sich in der Umgebung der Tantalklammer in Kirze
ein definitiver Zustand aus (bindegewebige Abkapselung), wéahrend sich rund
um die mit dem klassischen N &hmaterial vereinigten Wundrdnder noch in der
postoperativen Spdtphase eine entziindliche Reaktion abspielt und die Abkap-
selung mit der Bildung einer bedeutenden Bindegewebemenge einhergeht.

Das Problem der Gewebevereinigung kann, obwohl im Uaufe der Zeit
sowohl was die Qualitat der Nahmaterien, wie auch was die Nahttechnik anbe-
langt, groBe Fortschritte zu verzeichnen sind, auch heute noch nicht als geldst
betrachtet werden. Die Entdeckung der Zyanoakrilate trug anscheinend dazu
bei, daR die Gewebevereinigung ohne Naht, d. h. das Gewebekleben eine zu-
gangliche Methode geworden ist. Heute wird bereits eine sich stets erweiternde
Skala der Zyanoakrilat-Derivate hergestellt. In unseren Versuchen kam Butyl-
2-zyanoakrilat — ein unter dem Namen Histoacryl in den Handelsverkehr
gebrachtes Produkt der Firma BRAUN Melsungen — zur Anwendung. Die
histologische Untersuchung der Gewebeklebungen verschiedener Organe hat
es bestédtigt, dall sich Histoacryl als gewebefreundliche Art verhdlt und lang-
sam (im Verlauf von 5—7 Monaten) resorbiert wird. Die Umgebungsreaktion
des in diunner Schicht aufgetragenen Klebstoffes ist gering, genauer gesagt
geringer als die der bisher angewandten Ndhmaterialien, so daR auch die Repa-
rationsvernarbung verschwindend klein ist.

Die in den oben angefuhrten Mitteilungen beschriebene Darmanastomose-
Operation ist eine neue, einfache, etwa eine 50%ige Zeitersparnis ermdgli-
chende Methode. Ein, besonders vom Standpunkt der Asepsis aus, wesentlicher
Vorteil des Verfahrens liegt darin, dal die Anlegung der Seit-zu-Seit-Anasto-
rnose durch eine kleine Inzisions6ffnung gelingt, d. h. daB sich die Eréffnung
des Darmlumens auf einem grofReren Abschnitt erubrigt.

Mit der in den diesbezliglichen Arbeiten beschriebenen Technik kann die
zur Vereinigung der BlutgefédRe dienende End-zu-End-Anastomose mit der
Kombination von Richtungsnédhten und Kleben angelegt werden. Die Anzahl
der Richtungsndhte h&ngt von verschiedenen Faktoren — MaR der Spannung,
Typ der GefdBRe, Dicke der Gefdlwand, Weite der Gefdle und intravaskuldre
Druckverhéltnisse ab. Der Verschlu der longitudinalen Inzisionen kann ent-
weder mit Stitzn&dhten und Kleben, oder nur mit Kleben oder durch Anlegung
eines Venenflecks bzw. Fasziastreifens leicht, rasch und strikturfrei geldst
werden.

Bei Ureteroperationen sichert das biologische Kleben sowohl beim Ver-
schluB der Ureterotomien, wie auch bei der End-zu-End-Vereinigung der Ure-
terstumpfe ein befriedigendes Resultat. Die Entwicklung der nach Anwendung
der herkémmlichen Methoden in der postoperativen Phase auftretenden Kom-
plikationen (Nahtinsuffizienz, Fistelbildung, Harninfiltration) kann durch das
biologische Kleben vermieden werden. Die Vereinigung der Wundré&nder bei,
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die Harnblasenwand betreffenden Eingriffen (Zystostomie, Resektion) laRt
sich sogar unter ungunstigen Operationsverhdltnissen (z. B. Cystitis haemor-
rhagica) durch kombinierte Anwendung von Stitzndhten und Klebstoff, ein-
fach l6sen.

Zur chirurgischen Versorgung der extrahepatischen Gallengédnge hat sich
das biologische Kleben gut bewdhrt; der wesentliche Vorteil der Methode liegt
darin, daf die Entwicklung von Gallensickerung-bedingter postoperativer
Peritonitis, Gallenfisteln bzw. der VerschlulR des Lumens der G&dnge mit ihrer
Hilfe zu vermeiden ist.

Laut unserer Erfahrungen hat sich Plastubol zur Bedeckung der mit N&h-
ten vereinigten Operationswunden vorziglich bewé&hrt. Wie darauf die histo-
logischen Untersuchungen hingewiesen haben, verlaufen Wundheilung und
Kruspenbildung unter der Filmschicht ungestort.

Zur Bedeckung von groBeren Hautdefekten, mit N&hten nicht verei-
nigbaren offenen Gewebeverletzungen bzw. sekunddr heilenden Wunden
kann Plastubol nicht oder nur mit gewissem Vorbehalt empfohlen werden.
Bei der Behandlung eitriier Wunden, Verbrennungen Il. und I1l. Grades
sowie Hautplastiken ist Plastubol kontraindiziert. Die gemeinsame Anwen-
dung von Wundstreupulvern und wundhedeckenden Spray-Préparaten ist nicht
zweckméRig.

Im Laufe der Erprobung des fibrinhaltigen Wundstreupulvers zeigten
die klinischen und histologischen Untersuchungen, dal das unter dem Namen
Fibrofurin in den Handel gebrachte Wundstreupulver (welches in einem
Fibrin-Thrombin-Vehikel die antibakterielle Verbindung Furidin enthélt) Uber
mehrere vorteilhafte Eigenschaften verfugt: Es fordert die rasche Entwick-
lung des die Wundhohle ausflllenden Fibrinnetzes, beschleunigt seiner leuko-
taktischen Reizwirkung zufolge die Krustenbildung und die Entwicklung des
Granulationsgewebes, auBerdem schitzt es die Wunde von der Infektion und
fordert die Heilung der infizierten Wunden.

Unsere histologischen Untersuchungen ergaben, daR die Bioplaste von
gewebefreundlicher Natur sind und verhdltnismé&Rig rasch bzw. restlos resor-
biert werden. Die Resorption der verschiedenen Préparate — aus dem Blut-
plasma von Mensch und Rind stammendes Fibrin und Albumin sowie Muskel-
myosin — vollzieht sich unter identischen Gewebeerscheinungen, am friihesten
wird Myosin resorbiert, sodann das Fibrin und zuletzt das Albumin. Resorp-
tionsprozell und -dauer werden durch die angewandte PrefRtechnologie (plasti-
fizierende Mittel, Druck- bzw. Temperaturwirkung) nicht beeinfluflit, von der
Dauer der Formaldehydvorbehandlung abh&ngig, 4Rt sich aber die Resorp-
tionszeit beliebig regulieren.

Im Resorptionsprozel spielen die Leukozyten, vor allem die neutrophilen
Granulozyten, sowie die sich vermehrenden Histiozyten und Fibroblasten eine
Rolle. Der Abbau und der Transport der abgebauten Substanzen ist das Ergeh-
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nis der fermentativen (Lyse) und zelluldren (Phagozytose) Prozesse. Die Begleit-
erscheinung der Resorption ist die Entwicklung der inneren zellreichen und
&uBeren faserreichen Reaktionszonen. Anstelle des resorbierten Bioplasts
bleibt als Ergebnis der Reparation etwas Bindegewebe zuriick.

Die Bioplast-Knopfe eignen sich zur Verstdrkung der N&hte. Wir haben
diese Formstiicke zum VerschluR der Bauchwand von Schweinen, Rindern und
Pferden angewandt; mit Hilfe der in »U«-Form eingelegten lockernden Nahte
und Bioplast-Knépfe konnten auch erweiterte Bruchpforten verschlossen wer-
den, die mit der klassischen Methode, ohne Rezidivgefahr nicht zu vereinigen
gewesen waéren.

Zur Ausfillung von Wundhoéhlen oder irgendeiner anderen Ursache zu-
folge enstandenen Hdhlen hat sich der Bioplast-Schwamm gut bewdhrt. Laut
der histologischen Ergebnisse dringen die Mesenchymzellen in die Schwamm-
struktur ein, und der Schwamm wird in kurzer Zeit resorbiert.

Im Laufe der Untersuchung der in die Markhdhle der Réhrenknochen
angebrachten »Né&gel« konnte festgestellt werden, dal die den Resorptionspro-
zell begleitenden Erscheinungen dieselben sind wie die im Zusammenhang mit
dem Abbau der in andere Gewebe des Organismus eingepflanzten Bioplaste
beobachteten Vorgdnge. Die Untersuchungen ergaben ferner, daR in der Gewe-
bereaktion der sog. rasch resorbierbaren Bioplaste die Zellelemente bereits
vom Anfang an eine intensive Tatigkeit ausiiben, wahrend im das sog. lang-
sam resorbierende Bioplast umgebenden Angio-Fibroblastgewebe die Faser-
bildung in den Vordergrund tritt, so dal zu Beginn eine bindegewebige Demar-
kation entsteht. Dies bedeutet, daB es eine l&ngere Zeit in Anspruch nimmt, bis
die Substanz der langsam resorbierenden Bioplaste durch die Gewebesafte und
die Leukozyten in einen, zur Resorption geeigneten Zustand gebracht wird.

Die Bioplaste 16sen im Organismus, als natiirliche EiweiBe eine immuno-
logische Reaktion aus. Laut unserer experimentellen Resultate enthalten die
keiner vorangehenden Warmebehandlung unterworfenen Bioplastprédparate
die einzelnen Antigen-Determinanten des Fibrinmolekels in einem Zustand, der
es ermdglicht, daB sie im artfremden Organismus eine Antikdrperproduktion
auslésen. Wie darauf die Untersuchungen hingewiesen haben, meldet sich
diese Wirkung anldRlich der Anwendung wéarmebehandelter Bioplaste nicht.
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It was demonstrated in a previous paper (Kemény et al.,, 1966), with the aid of 3H,
that the rate of biosynthesis of corticosteroids in the adrenal cortex of the domestic fowl showed
significant differences according to age. The rates of incorporation of 3H-pregnenolon as pre-
cursor into corticosterone were as follow: 4.1 (day-old chicken), 3.0 (adult cock), 1.5 (laying
hen) per cent, respectively. The result of this in vitro experiment indicated that the adrenals
of the laying hen utilized considerably less labelled pregnenolon than those of chicken or cock.
What appears to be the most likely explanation of the observed differences is that the biosyn-
thesis of corticosteroids is inhibited during the laying cycle. The inhibition may be caused ei-
ther by the decreased activity of enzymes responsible for synthesis or by the inadequate pro-
duction of precursor. The latter assumption is supported by the findings of several authors
(Laskowski, 1935; Hosoda et ah, 1955; Mclndoe, 1959; Mukhebjee and Bhose, 1968).
These authors demonstrated that ostradiol inhibited the hepatic biosynthesis of cholesterol.
On the other hand, the same hormone stimulated the synthesis of a special phospholipopro-
tein, named serum vitellin, in the liver.

As a step toward the understanding of the mechanism, further experi-
ments were carried out to answer the question, whether is there any change in
cortical cholesterol level as well as plasma corticosterone concentration when
vitellin appears in the sera of laying hens. The cholesterol and corticosterone

values were compared to those of non-laying hens and day-old chickens.

Materials and methods
Animals

The investigations were carried out on forty-five 5 to 7-day-old chickens,
six pullets aged 4 months, two adult cocks and nineteen hens of 2 years old.
Nine of the 19 were laying. At the time of investigation, an egg with calcified
shell was present in the uterus and the ovaries had mature follicles in large
quantity.

Collection and preparation of samples

The birds were sacrificed by the severance of the cervical blood vessels
and heparinized blood samples were collected. After centrifugation, the blood
plasma was used for hormone assay. Since at the accurate determination of

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



316 KOZMA, KEMENY

corticosterone at least 10—20 ml of plasma is needed, the blood samples of
15—155 to 7-day-old chickens were mixed and the hormone level was measured
from this pool. Consequently, each value in this age group represented the mean
of 15 chickens. The corticosterone concentration in the plasma of older birds
was determined individually. After extermination, the adrenals were removed,
weighed and homogenized with known volume of 0.9 per cent saline, then cen-
trifuged at 2000 r. The supernatant was used for the determination of choleste-
rol concentration.

Analytical procedure

The corticosterone was extracted from plasma by the method of Bush
(1961) and the tétrazolium blue reaction was performed according to the de-
scription of Chen et al. (1963). The optical density of formazan developed was
read in Spectromom 360 typ. photometer at 560 m/i.

The aliquots of supernatant were assayed for cholesterol as described by
Boutwell (1964). The colorimetric method measures the total (free -(- esteri-
fied) cholesterol concentration.

Serum vitellin was determined by the serological test of Hosoda et al.
(1955). Adult rabbit was immunized with the plasma of laying hen: 1 ml of
plasma was added to equal volume of Freud adjuvant and this mixture was
injected subcutaneously in rabbit every seventh day for 4 weeks. On the 28th
day, the rabbit was exterminated and the immune serum obtained was mixed
with 1 :10 diluted sera of cocks, laying and non-laying hens.

For the determination of serum proteins, electrophoretic analyses were
carried out in acryl-amide gels by the method of Ornstein (1964) and D avis
(1964).

The data were evaluated for statistical significance by conventional
methods (“i test”).

Results

Table | presents the data of plasma corticosterone concentrations. The
highest levels were found in young chickens. Lower values were observed in the
plasma of pullets aged 4 months. The concentration of plasma corticosterone
in non-laying hens was about one-third, in laying hens about one-fifth than that
of young chickens. The differences according to age are statistically significant
(P < 0.01).

Since it is known that the cholesterol is the precursor of corticosteroids,
the changes of cholesterol concentration were also measured in the adrenals.
The results shown in Table Il indicate that no differences were observed be-
tween the cholesterol levels in adrenals of young chickens and non-laying hens.
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Table |
Changes in plasma corticosterone concentration of domestic fowl according to age

Sto cﬂ}‘éﬁ{;?'d Pullet Non-laying hen  Laying hen

Corticosterone (/xg per 100 ml of plasma)

18.0* 9.2 5.1 4.4
15.0* 8.0 4.4 4.6
13.0* 10.7 5.0 4.6
8.2 5.8 1.2
14.0 5.9 2.8
8.5 6.2 1.3
6.0 2.6
6.3 3.0
6.8
5.8
Mean dz S.E. 15.0 9.7+0.93 5.7+0.24 3.1+0.48

* The value was determined from the mixed blood samples of 15—15 chickens.

Table 11

Cholesterol concentration of adrenal glands in 5 to 7-day-old
chickens, non-laying and laying hens

Chicken Non-laying hen Laying hen
Cholesterol (mg per 100 irg of wet tissue)

1.8 0.9 0.6
24 1.6 0.5
15 1.8 0.7
13 1.2 0.7
2.0 2.1 1.2
15 2.4 13
14 1.0 11
15 2.2 0.8

0.8

Mean i S.E.
1.7+0.12 1.6+0.20 0.8+0.03

In contrast, the cholesterol concentration was significantly (P < «.01) lower
in laying hens than that either in young chickens or non-laying hens.

A serological test was used for detecting the presence of serum vitellin.
There was no agglutination observed when the sera of cocks or non-laying hens
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Fig. 1. Acryl-amid gel electrophoretic pattern of serum proteins a, Non-laying hen; b Lay-
ing hen; ¢, Cock

were mixed with the immune sera. In contrast, in case of laying hens a highly

positive (+ + +) vitellin response was found, indicating the presence of serum

vitellin during oviposition.

Figure 1 shows the result of the acryl-amide gel electrophoresis of sera
obtained. It can be seen that there was an increase in the /3-globulin region of
the laying hens compared to that of non-laying hens and cocks. This observa-
tion also confirms the presence of serum vitellin in the actively laying fowl,
since vitellin is related to the /3-lipoprotein fraction.

Discussion

Our earlier finding that the rate of incorporation of precursor is highest in
the adrenal cortex of day-old chickens (Kemény et al., 1966) has been confirm -
ed in this study by measuring the data of circulating corticosterone. The ele-
vated corticosterone level in the plasma of young chickens indicated a very
active hormone synthesis. By advancing age, a gradual decrease in the plasma
corticosterone concentration could be observed. On the other hand, with the
exception of the laying hen, no changes were detected in cholesterol content of
adrenals according to age. The mean levels of cholesterol in young chickens
and non-laying hens (1.6 —1.7 mg, 100 mg of wet tissue) seem to be sufficient
to satisfy an adequate rate of hormone synthesis. It is most likely that the rela-
tively low cholesterol content in adrenal cortex of the laying hen may have
contributed to the decreased rate of hormone synthesis.

Pioneer studies by Laskowski (1935) have shown that the serum of the
laying hen is characterized by the presence of phosphoprotein, named serum
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vitellin, because of the similarity of its chemical properties to the ovo-vitellin.
Later it has been demonstrated by Hosoda et al. (1955) that the sera of chicks
treated with diethylstilboestrol also contain serum vitellin. Mclndoe (1959)
analyzed by electrophoretic method the sera of laying hens and chicks injected
with oestrogens. In both sera a significant rise in the /1-lipoprotein fraction was
observed. This fraction which contains serum vitellin is characterized by a rela-
tively low cholesterol and very high triglyceride content. Mukherjee and
Bhose (1968) reported that the rate of cholesterol biosynthesis in the liver
decreased after oestradiol treatment. It was demonstrated that the site of this
action was the decreased conversion of acetate to mevalonic acid, an important
intermediate of cholesterol biosynthesis. It seems probable that the increased
oestrogen release from the ovaries in the laying hen (Mathur and Common,
1966) supresses the conversion of acetate to cholesterol in the adrenal gland
too. Since cholesterol acts as precursor in the biosynthesis of corticoids, its
reduced level in the laying hen (0.8 mg/100 mg) is insufficient to produce a
plasma corticosterone concentration similar to that of the non-laying hen.

The decreased corticosterone level in the plasma of laying hens is an indi-
cator of the hypofunction of the adrenal cortex. In this condition, a decreased
resistance to a variety of environmental stressors, such as changes of tempera-
ture and humidity, etc. can be observed. Judge et al. (1968) demonstrated in
mammals that the animals with inadequate production of corticoids were in-
capable of maintaining physiological homeostasis when subjected to mild
stressors. Welter et al. (1967) found that White Leghorn hens when exposed
to temperature stress produced eggs with reduced shell thickness.

SUMMARY

A total of 72 domestic fowls, selected according to age and physiological status, were
studied to follow the biosynthesis of corticoids. The groups of birds were as follow: 5 to 7-day-
old chickens, pullets, aged 4 months, adult cocks, non-laying and laying hens. Plasma corti-
costerone, adrenal cholesterol and serum vitellin were determined.

It was observed that plasma corticosterone concentration gradually decreased by ad-
vancing age. The lowest levels were found in the plasma of laying hens. The concentration of
cholesterol, precursor of corticosterone, was of the similar order and magnitude in the adrenals
of different age groups studied. The only exception was the adrenal gland of the laying hen,
where the level of cholesterol was about half than that of the other groups (P < 0.01). The
presence of a phosphoprotein, named serum vitellin, was also characteristic of the laying hens.

The decreased plasma corticosterone concentration in laying hens is the indicator of
stress condition. The decreased rate of corticosterone biosynthesis can be explained with the
reduced level of precursor cholesterol in the adrenal cortex. It seems probable that the inhibi-
tory effect of oestrogens is responsible for the inadequate cholesterol production in the laying
hen.
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Etlis, P. Leonard: Orthopedic Surgery of the Dog and Cat. 2nd Edition. B. Saunders
Company, Philadelphia, London, Toronto, 1971. Bp.

The four parts and eighteen chapters of this book cover all aspects relating to the sur-
gery of orthopedic disorders. The first part (four chapters) goes over the fundamental ground,
dealing with the anatomy of the skeleton, the normal course of bone-fracture repair, and the
materials and equipment employed in orthopedic operations. The techniques of dressing and
fixing limbs, including the various types of splints and pins and the manner in which they are
applied, are discussed next, while the part ends with a consideration of prostheses of the fe-
moral head and detailed comments on internal and external modes of fixation.

The subject of the second part (three chapters) is the surgical treatment of fractures.
Especially ample space is devoted to an account of the different forms of femoral fracture,
though this is not to the detriment of the coverage on handling of fractures to the pelvis, spine,
skull and mandibula.

The third part (three chapters) is an account of luxations. Detailed descriptions are given
of various techniques of treating luxation of the hip, but equal space is devoted to patellar
luxations and there are plentiful data on luxations of the mandibula and vertebral spondyles.

The remaining miscellany of orthiopedic disorders receives due attention in the final
part. First to be discussed are traumas to soft tissues that are concomitant with bone-fracture
(e. g. lesions of nerves, blood vessels, tendons) and the consequent need to pay appropriate
surgical attention to them. A separate chapter reviews techniques of limb and digit amputa-
tion, while the chapter on disorders of the vertebral disks is outstanding and the detailed syn-
opsis of hip dysplasia particularly topical. The last chapters deal with osteochondritis, ulnar
dysplasia, osteochondritis dissecans and osteoarthropathia.

Special mention should be made of the 286 excellently reproduced illustrations which
supplement the text and of the exceedingly useful summaries of literary data closing each
chapter. The book should prove a valuable addition to the bookcase of the general veterinary
surgeon and is an indispensable reference work for all concerned with small animal orthopedics.

L. Tamas

Pinniger, R. S. (ed.): Jones's Animal Nursing. Pergamon Press, Oxford—New York—
Toronto —Sydney—Braunschweig 1972. 471 pages, 127 illustrations.

The amazing affection of British people towards their pets is a matter of common know-
ledge although a pet population explosion has recently been noted also in some other countries.
The love of animals is well reflected in high standard requirements regarding the treatment of
animals in the approved veterinary hospitals throughout the United Kingdom. Some ten years
ago, the Council of the Royal College of Veterinary Surgeons (RCVS) introduced a scheme for
the recruitment, training and registration of Animal Nursing Auxiliaries (ANA), who would
be employed by veterinary surgeons mainly in the small animal practice. The ANA is not allow-
ed to carry out practice of veterinary medicine and surgery but is expected to do nursing of
animals under the supervision of a veterinary surgeon or practitioner, to make the preparations
for operations, to assist with anaesthesia, side-room tests, radiography, etc.

This amplified second edition of a first highly successful work covers the syllabus of
subjects in ANA examination courses, thus it is regarded as most comprehensive text and
reference book for trainees who wish to pass examinations to qualify for Registered Animal
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Nursing Auxiliary (RANA). The book combines the work of twenty distinguished authors. It
is divided into ten chapters covering a fairly wide range of topics on small animals, mainly on
dogs, cats, cage birds and other small animal species, in a depth necessary for RANA.

The first chapter of this book on nursing deals with the anatomy and physiology stress-
ing the relationship and interdependence of these two disciplines. The chapter is a fine example
of conveying many informations in a nutshell and so enabling the students to understand the
normal structure and function of the animal body.

Chapter two devoted to principles of animal management, hygiene and feeding gives
useful advice on the restraint and handling of small animals, and offers a basic knowledge on
the housing, nutrition, administration of medicaments to patients in the small animal practice.
A subchapter on genetics and animal breeding is also included; the latter has a rather aca-
demic scope.

The third chapter discusses the first aid. The treatment of haemorrhage, wounds frac-
tures, dislocations, sprains, strains, loss of consciousness, poisoning, etc. are covered in this
section.

Chapter four presents a guide line how to run a diagnostic laboratory and describes di-
agnostic aids, methods of simple routine laboratory tests on the blood, urine and faecal sam-
ples. Unfortunately, the quality of the few microphotographs included in this chapter are not
up to the general high standard of other illustrations.

In the next three most extensive chapters, the theory and practice of medical (Chapter
5), surgical (Chapter 6), and obstetrical as well as paediatric nursing (Chapter 7) is dealt with.
In addition to some more general subchapters, such as dispensing, administration of various
medicines, anaesthesia, general care of in-patients, post-operative and post-partum activity,
etc., an extensive cover is given to the specific duties of RANA in cases of most common dis-
eases or other conditions. All necessary instructions are incorporated in the text well represent-
ing the advance in small animal practice, still the compendium does not go beyond the needs
of the auxiliaries.

The eighth chapter is concerned with radiography. Although the adjustment of the X-
ray apparatus and the exposure of the film is usually carried out by the veterinary surgeons,
the nursing staff may be called on to assist in this work, to process the exposed film and later
to care and file the radiographs. How to do this work efficiently is described in this chapter.

In the ninth chapter, the legal position of RANA under the Veterinary Surgeons Act
of 1966 is summarized, and chapter ten gives a short cover to the veterinary profession, in-
cluding its history, the veterinary training, the veterinary surgery as a career, veterinary hos-
pitals, etc.

For students who may wish to get information in a greater depth book references are
provided at the end of some chapters. Though this book on nursing is comprehensive indeed,
the reviewer wonders if it were worth of consideration to amplify the next edition by adding
one more chapter on the recognition of the various breeds of species which the auxiliary is
bound to meet in the small animal practice.

The book is a storehouse of valuable practical informations for ANA trainees, and may
also be useful for veterinary students attending the practice. As a reference book, it may be of
interest for postgraduate veterinary surgeons, although it is unlikely the practising veterinary
surgeon who will gain much from it. Some selected chapters may deserve attention of the breed-
ers of small animals, pet-shop personnel, and owners of kennels and catteries.

l. Varga

Hofmann, W.: Entziindliche Erkrankungen des Myokard der Tiere. Ferdinand Enke
Verlag. Stuttgart, 1971. 176 pages, 69 illustrations. DM 49.80

Myocardial disease is a subject to which veterinary science devoted rather scant atten-
tion until quite recently, yet its claims for special interest are considerable, as it is manifested
in no small measure as an economic problem in modern animal husbandry. Hofmann has there-
fore done us avery valuable service by producing this exceptionally absorbing monograph. His
work basically falls into two parts, on the one hand thoroughly covering the literature relating
to the incidence of myocarditis, and on the other presenting findings from a series of histologi-
cal investigations on hearts from 250 animals of 14 species that had died from various causes,
as well as from experiments conducted on white mice with foot-and-mouth disease and rabies
viruses to study myocarditis of viral origin.

The basis for the detailed descriptions of the different myocardial lesions is a well-
arranged table summarizing the various forms of inflammatory processes in this tissue. As
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classification of the changes is made for nosological convenience, this means that comprehen-
sive pictures can be built up of myocarditides of bacterial, viral, fungal or parasitic causation,
and also those arising in consequence of toxicosis or allergy or appearing as concomitant phe-
nomena. Where Hofmann can give an account of his own work in the the course of his masterly
summary of the literature, he assesses it in detail against the available evidences and does not
hesitate to commit himself to standpoints on disputed questions. He sometimes finds it use-
ful and even necessary to include insights that have been gained from human medicine, so the
reader also acquires a view of approaches from the angle of comparative pathology. Of interest
in this connection is the particular emphasis laid on the significance of oedema of the hypolem-
mal cavity, the interstitial spaces, capillary endothelium and the cell nucleus in the pathoge-
nesis of virally caused myocarditis.

One topic to which Hofmann pays special attention is the elucidation of the nature of
the muscular nuclei with linear arrangement and Anitschkow’s cells. He convincingly resolves
the long-debated question of whether Anitschkow’s cells are of myogenic or mesenchymogenic
origin by arguing that in fact two cell forms are concerned. His conclusion is that the cells in
muscle fibre correspond to myocytes with altered nuclei, whereas Anitschkow’s cells of the
interstitium are essentially histiocytes.

This work, with its 69 excellent, well-chosen light and electron micrographs, can be
recomended to anyone involved in pathological research, because no more succinct yet still

comprehensive survey of myocarditis in animals is known to the reviewer.
A. Kardevan
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VARIA

THE FIRST ISSUE OF A NEW QUARTERLY PERIODICAL
World Animal Review,

has recently been published by the Food and Agriculture Organization of the United Nations.

This periodical surveys, reviews and reports on the various aspects of animal production,
animal health and animal products (meat, milk and milk products, eggs, wool, etc.) with spe-
cial reference to developments in these spheres in the developing countries. Itis believed, there-
fore, that the publication of such a review will serve a very real purpose in disseminating
useful and usable information to those concerned with the livestock industry in developing
countries.

World Animal Review is written primarily for a technical audience, but also for the
livestock policy maker and the decision taker in the developing countries and for the university
teacher, research worker, and international expert. The articles will be illustrated and will
normally be about 2500 words in length. In addition there will be a few pages of news, notes,
book notices, etc. Three separate editions are available — in English, French and Spanish.

Annual subscription: US $ 3.00 or £ 1.20

Single issue: US $ 1.00 or £.0.40

Rates can be paid in local currencies when orders are placed through the authorized
sales agents.
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ACTA VETERINARIA

TOM 22-Bbl. 3

PE3IOME

EIMERIA MRIGAI SP. N. (EIMERIIDAE: SPOROZOA)
M3 ANTELOPA CERVICAPRA

b. M. NAHAS3, M. N. C. YAY3H, b. b. BATUA n . C. APOPA

Mpn 13yyYeHNU COAEPXKMMOro NPAMOI KULWKK Antelope cervicapra 06Hapy>XeHbl Xapak-
TEPHbIE O0OUNUCTLI C LIJaI'IO'-IKOVI, KOTOpPblE Ha OCHOBaHUU MOp(bOI'IOFI/I'-IeCKVIX NPMU3HaKoOB U Xapak-
Tepa cnopynauvun, panblle, MOp(bOI'IOFI/II/I PaHHNX TaMETOUNTOB B TUCTONIOITMYECKNX Cpe3ax
aBTOpbI BblAeNnnn B HOBBbII BWA Eimeria mrigai sp. M. aTor BMA XOpOoLWwo OoTan4Ynum ot 6/M3KNX
eMy BUOB M3 AMKUX Cervidae M Bovidae M [JOMALUHMX XXBa4HbIX.3TO TPeTUiA BUA pofa Eimeria,
OMuncaHHbIA M3 Antelope cervicapra.

HOBbIN POJ W BUJA KPUMTOCMOPUAUAHBIX KOKLUWAWA U3 MHAWN
B. N. NAHAS3, b. b. BATUA un M. M. C. YAY3H

Mpn BCKpbITUM 4-X LWeHAT 13—15-AHEeBHOro BO3pacTa B COAEPXXMMOM MPSIMON KULLIKK,
cocKobax 13 ToLlel KULIKKM W cpe3ax TOW Xe KULIKM C YYacTKOB C rMnepuMmen 06Hapy»XeHbl
00UWCTbI, HamoOMWHaloWye npefcTaBuTeneil Cryptosporidium  (acrnopoBble, TETPa3OMUHbIE),
NOKanu3aumna KoTopbiX 0fHaKO Oblia BHe KNeToK. M0oCKOMbKY TUMUYHBIE 00LMCTLI 0O6HapYXuBa-
JCb N B Ma3Ka3 1 CPe3ax Tex XK€ XMBOTHbIX, aBTOpbl Y4 060CHOBaHHbLIM BbIeNNTb A1 3TUX
00LWCT HOBbIA pog Hoareosporidium, KOTOPbIA Ha OCHOBaHWM BblLLECKA3aHHOTO OT/INYaeTcs OT
pofa Cryptosporidium. ONUCLIBAIOTCA pasHble 3HAOrEHHble CTaguu pasBUTUSA 3TOMO0 HOBOrO
Bnga — H. pellerdyi sp.n.

M3YUYEHWUE CHABXEHHOCTW TOro/I0BbEB BEHIEPCKOIO KPYTHOIO
POFATON0 CKOTA MAIHMEM

Ob. TENJEWW, Ob. BAPOYAN u WN. XOPBAT

M3yyancsa obwumii obpasey Moy oT 8—10 XMBOTHbIX M3 775 CTaj KPYMHOro poraroro
CKOTa Ha cofepxaHue mMarHusa. CpegHWii mokasaTeflb MarHus Ha rocygapctBo paBHsnoch 491
ppm, OH e OTAe/bHbIX KoMUTaToB — 452 ppm. Ha ocHoBaHuM npobbl JnKcoHa cpeay nokasa-
Teneil HeT c3amMeTHOI pasHuLeid. HeT koppenauuu B TeppuTOpuasbHOM pacnpefeneHn KUCbix
MOYB 1 KOHLEHTpauum Mg B MOYe KPYMHOro poratoro ckota. OueHb CTPOTWiA HYXHUIA Npeaen KOH-
LUeHTpauum — 200 ppm — NpU NOBTOPHbIX UCCNEAOBAHNSX He 06HapyxeH Tonbko B 0,9%-08
X039UCTB. W13 3TOT0 MOXHO 3aKNOUYUTb, YTO B MUHepasbHble KOPMOA06aBKM [/ KPYMHOro
poratoro CKoTa He HY>XHO [06aBnATb B YCNOBUAX BeHrpum marHusa. OueHb pefko Habnrogae-
MbliA BECEHHWIA HeAOCTAaTOK B MarHWM MOXHO NPeKpaTUTb MeponpuUATUAMU Ha MecTe.
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PO/Ib PSEUDOMONAS AERUGINOSA B XPOHUYECKUX MACTUTAX
AKTUHOMNKOTUYECKOIO XAPAKTEPA Y KOPOB

N. CASALOLW n N. KAJALL

3a Bpems 4-x neT (1968—1971) cpean y6OMHBIX M BBIHYXAEHHO YOMTbIX KOPOB 06Hapy-
KEHO 19 c/ly4aeB XPOHWYECKOTO MacTwTa, KOTOpble B FUCTOMOTMYECKMX CPEe3ax MOKasbiBau
aKTUHOMWKOTUYECKMI XapakTep. Mpu 0fHOBPEMEHHOM 6aKTEPUONOrMYECKOM M3YUYEHUN BbIMSH
(rHoit abcueccos, CTeHKW abCLecCoB, COeAMHUTENbHAA TKaHb MEXAY abCLeccammu, Kaxyulancs
HeMnoBpPeX/|eHHON )KeNnesncTas TKaHb) M30/MMPOBaHbl YUCTbie KYNbTypbl Pseudomonas aeru-
ginosa.

CPABHWTE/NNIbBHOE WM3YYEHWE BEHIEPCKUX W S3APYBEXHbIX OCOBOIro
CEPOTUNA POXWNCTbIX LUTAMMOB

AOb. KYYEPA

ABTOPOM MPOBEIEHO CPaBHWUTENbHOE Ceponormyeckoe usydeHue 20 3apy6exHbix n 25
BEHIePCKMX TUMOBbIX POXMCTbIX LUTAMMOB NpW MOMOLLM MPo6bl ABOMHONA arap->kenb-andidy3nm
1 NpeumnuTaummn npu UCrnonb3oBaHWM aBTOKNaBUPOBAHHOIO aHTUreHa.

[aHHble M3yyeHWa nokasanu, 4To B TUNWU3aLUK LUTAMMOB Erysipelothrix rhusiopathiae
13 pasHblX Yro/KOB MUpa, MMEeTCs He Manas NyTaHuLa: OKas3blBaeTcs, YTO LITaMMbl TOW e
METKW OT/IMYAOTCA CEPOTUMNOM, UMW LUTaMMbI, MO-Pa3HOMY 0603HauYeHHble, OfHOro cepotuna. Tak,
wTammbl Mypase, oTMeyeHHble Kak C, D He cootBeTcTBytOT WTamMmam C, D XoiiHepa, HO TOX-
[eCTBeHHbI C Wrammamu 1. (J) u 1. (1) Kactpo u ¢ wrammamun L, M Kyuepa.LLItamm Mypase E He
COOTBETCTBYeT wWTaMmMmy E Kyuepa, HO faeT nepekpecTHyto peakuuio co wrammom H HKOBang.
LLtammbl Mypase F 1 Kyudepa O npefcraBnatoT oguH cepotun, nogobHo Kactpo 111 (K) u Ky-
yepa .

P O60CHOBAHHLIM ABMIAETCA OT/IMYATL CRefylolne n3yyeHHble cepotunbl: A, B (Jegwe);
A.,, B2 C, D (XoitHep); P (TpywuHckn); E, G, J, K n 6e3metkn (Kyuepa).

Kpome 3710ro aBTOp M30/MPOBA U3 MUHZAINH 3[0POBOA CBUHbU POXWCTBIA LUTAMM
HOBOMO CEPOTMMA, OT/NHAIOLNIACA OT M3BECTHBIX CEpOTMIIOB.

Pagu npekpalleHus 3TOV NyTaHWLpbl Ha3peno Bpems YHUQMKaLWUU Ceponormyeckoro
TUMNOBOIO 0603HAYEHWA POXMCTBIX LUTAMMOB. YUWTbIBAA MOCNEf0BATENLHOCTL OMUCAHUA OT-
[leNlbHbIX CEpoTUNOB (ECNIM 3TO BO3MOXHO), aBTOP PEKOMEHAYeT OTAuYaTb MX He BykBamu, a
apabekumu updpamy moka ot 1 go 15. OTAMuMe LUTaMMOB TOFO HKe CepoTuna B aHTUreHHOM
CTPYKTYpe PeKOMeHAYeTcs OTMeyaTb ManbiMu OykBamu. Ceposiornyeckyro NpUHaLIeXHOCTb
POXMCTbIX LITaMMOB, He 061afatoLL X TUNOBO-CNELMBMUYECKUM aHTUTEHOM W, TaKUM 006pasoM, He
BbI3bIBAIOLLNX 06pa308aHVIF| aHTUTeN B KPO/JMKe AaxKe npoTuB cebs, COrnacHo npeasoXeHnto
MOXHO 6bl 1 B AafibHelweM 0603HavaTh 6ykBoii N. 3Ta cucTema 0603HaqeHNst POXUCTLIX Cepo-
TWNOB 06ecneynBaeT yA06HY0 PerncTpaumio Ans HoBbIX, B OyAyLleM 06HapYXXeHHbIX CEpOTUMOB.

CornacHo cka3aHHOMY Ceponoruyeckas TUnu3awms 6au,vu1nos POXW CBWHel MOKasblBaeT
CNeaytoLLy0 KapTuHy: Tun la = A360 (A, [lease); Tun lb = EwW2 (A2 XoiiHep), Tun 2a =
B4 (B, Hegbe); Tvn 2b = NF4 (B2 XoiHep); t™n 3 = Butamur (C, XoliHep); Tvn 4 =
[Jorrepwa6e (D, XoiiHep); Tvn 5= P—190 (C, Mypase); Tun 6 = P-32 (D, Mypase); Tun 7 =
P-43 (E, Mypase); Tvn 8 = P-92 (F, Mypa3e); TMn 9 = kaparék (E, Kyyepa); Tn 10 = P
(P, TpywuHbCckM); T™"N 11 = = 1V 12/8 (G, Kyuepa); ™mn 12 = 4 PR (S4). (111 v K,
KacTpo); tmn 13 = Pécs-56 (J, Kyuepa); Tmn 14 = Iszap-4 (K, Kydepa); Tmn 15 Pécs-3596
(6e3 meTkK, Kyuepa).

MPOCTOW, TAK HA3bIBAEMbIA MUKPOTECT ANA BbIAB/EHUS
BUPYCHEUTPANN3INPYOWWX AHTUTEN W OMPEAENEHVNA S3HAYEHWA TUTPA
BVPYCOB

KUWAPU A. n BAPTA A

ABTOpamu paspaboTaH OuYeHb ObICTPbI W fellieBbiii_MUKPOMETO/ BbIIBEHUS BUpYC-
HeWTPanM3VNpPyOLLMX aHTUTEN Ha MAacTMAccoBOl MiacTUHKe Takauu. OAHOC/OWHbIE TKaHEBble
KyNbTypbl B U-00pa3HbIX BbleMKax MAacTUHKN OKa3ainCh YAOGHBIMW ANA KyNbTUBALN BUDY-
COB 1 OLEHKN BUPYCOM BbI3BAaHHBIX LMTONATOrEHHbIX M3MEHEHWiA Mpu MOMOLN MHBEPTHOIO
MuKpockona. Mpy NoMoLLM MUKPOMETOZA NpW Manoli 3aTpaTe TPyZa U CPeacTB MOXHO onpefe-
NUTb COfEMKaHNE aHTUTEN B OUEHb GO/bLLIOM KOMMYECTBE 06PasLIOB KPOBY.
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OBEHAPYXXWBAEMOCTb BUPYCA MH®TFO3HLbI A CPEAV YTOK BEHIPUW
(Twnbl 3, 4 1 6 BUpYCa NTUYLEIA NHKDHOSHLbI)

A. TAHU

3 yTOK BOCTOUHOI BeHrpuu 13011poBaHo 5 LITaMMOB BUPYCA NTUYLEI UHGIO3HLBI: 1Ba
U3 YTAT, TPW 13 B3POC/bIX NTUL, BHE CE30HA KNAAKU. Y yTAT Hab/l0AanmMch pecnmpaTopHble CUMM-
TOMbI, @ NPU BCKPLITUM Hab0AaNNCL (BUGPUHO3HOE BOCMAEHNE BO3AYXOHOCHBIX MELLKOB, CEpo-
3UT 1 CKHY3MT. Cpeau B3pOC/bIX YTOK CUMMTOMbI HaG/HOAINCE TONMBKO CNOPajWNyecku.

301MpoBaHHbIX NsATb LITAMMA MPUHAAIEXAT K TDEM CEPOIOrMYecKMM TUNam:

Tun 3—4 Duck EHungary; 2/70
Duck (Hungary) 71

Tun 4 Duck (Hungary) 3/70
Duck (Hungary) 4/70

Tun 6 Duck (Hungary) 7/70

LLitamm Tna 6 cofgepXXuT HellpaMUHMAA3HbIA KOMMOHEHT, MAEHTUYHbIA TaKOBOMY BMpYyCa
yenoBeybe MH(M3HLL! TUna A2

JKCnepMMeHTaMM M0 3apaXKeHUI0 [10Ka3aHo, YTO K BOYM Cpeay MATW LUTaMMOB BOCMpU-
MUMYMBbI LIbINAATA, MOMOAble LeCapku M WMHAKOLWATA, HO 3apakeHWe W KIMHWYECKOoe MnposBie-
HWe 60Me3HN 3aBUCUT He TO/bKO OT BUAA MTULbI, & OT HaNMYKs CreumanbHbIX npegpacnonarato-
LWMX (hakTOpOB, B NEPBYIO OuYepesb OT YC0BWUIA KOPM/IEHWS U COLEpXaHums.

MOJIMMOP®U3M BETA-JTAKTOTTOBY/IMHA N UMMYHOI TTIOBYJIMHA MOJIOKA
XEHLW NHbBI

N. XOPBAT, N. WOW n MAPUA KAPAOLL

3nekTpothope3oM Ha KpaxManbHOM XKene aBTopamu wn3ydyancs nonumopusm 6Geta-
rno6ynnmHa u UMMYHOT106y/IMHOB MONIOKA XeHLLMHbI. Benku oToxaecTBunmnch cornacHo LLedepy
(1951) n 3arep (1959). B 6era-nakrornobynuHe Kpome ABYX FOMO3UIOTHbIX nosfoc (A v B)
BblfiBNEHa U KOMOMHauua AB. MNpegnonaratoT, YTO cyllecTByeT BapuaHT C, HO MOCKO/bKY 3TO
pesKnii BapnaHT, B OTHOCUTENIbHO HEDO/bLIOM KOMYeCcTBe 06pa3Li0B MOIOKa ero He 06HapyXunu.
BbisiBneH 1 NonnMopgmn3M UMMYHOTI06yIMHOB. Tpu, pasHO CKOPOCTbIO MOCTYMaoLLiMe roMo-
31roTbl 0603Ha4eHbl GykBamMu A, B 1 C; KpoMe 3TUX 0OHapyXeHbl elle fBe reteposunroTHble —
AC n BC — kombuHaumun. KombuHauus AB He o06HapyXeHa.

PaclungpoBKa reHeTUYecKoro (oHa nosmMMopdm3Ma n3yyeHHbIX 6enkoB — 13-3a2 HEBO3-
MOXXHOCTW OHOBPEMEHHOTO M3y4eHWs 06pasLioB MOJIOKa MaTePUHCKNX—A04YepHUX Nap — orpa-
HMYMBaNacb Ha CpaBHeHWE C NOJO6HbLIM MOMMMOPKHN3MOM 6eNIKOB MOMOKA KOPOBbI.

M3IMEHEHNA CTEHOK KPOBEHOCHbLIX COCYAOB MO3IrA CBWHbLW,
COMPOBOXAAKOWNMECA KINHWYECKNMU CUMITTOMAMU
(LEPEBPOCMMNHANBHAA AHIMOMATUA XAPOWHIA)

A. CEKN n N. CABO

B ueHTpanbHOW HEpBHOW cUCTeMe MAEMEHHbIX CBMHOMATOK M 8—12-MecsuHbIX 0TKOp-
MOYHbIX CBMHe aBTOpamMu OGHAapY)XXeHbl WM3MEHEHUs CTEHKW COCYf0B, HanoMuHalolve peri-
arteriitis nodosa, KoTopble COMPOBOXAANUCL KAMHWUYECKMMU MNpu3Hakamu. 3abonesaHue
perncTpupoBanoch Cropajuyecku, HO B HEKOTOPbLIX MOMIOTOBbAX 3a Bpems 2—16 MecsLes Bce-
Taku 06yCn0BAMBaIN 3HAUNTENbHbI 0TX04 (8—49) B3pOC/bIX CBUHER. B0Ne3Hb Noc/e HeCKO/b-
KOHZIEBHOTO MW'HEieNIbHOT0 TeYEHMS MpW NOCTENeHHOM 060CTPEHUM MPU3HAKOB UK MEPeXoLHOM
YAYULIEHUN COCTOAHMA 3aKaHuMBanacb 06bIMHO TMOENbI0 WKW BbIHYXEHHbIM YO0eM XMWBOT-
HOro.

3T0 M3MeHeHMe CTEHKWM COCYAOB LEHTPaIbHON HEPBHOW CUCTeMbl aBTOPbl BKNOYAlOT B
rpynny g)onnareHHblx 3a60/1eBaHN N X UCTOCHHUKOM CHMTAIOT OCTPOE BOCMANEHVe Ha annepru
4eCKoM (hoHe.
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M3meHeHNs XapakTepu3ytoTcsl (PUOPUHO3HOM, KNETOUHOW MH(MAbTpauueld CTEHKM cocy-
0B, (OVOPUHOMAHBLIM NEpepoXAeHNEM Y HEKPO3OM UHTUMbI U MeAuM, NOBPEXAEHNEM UM pacna-
[IOM 31aCTUYECKNX BONIOKOH UM XPOHUYECKMMU CKNEPOTUYECKMMM NpoLeccaMu. AnTepaTuBHbIE
M3MEHEHWS1 CTEHKW COCYAOB 4acTO COMPOBOXZJAIOTCS TPOMBO30OM, CYXXEHMEM WM 3aKyMOpKOW
npocBeTa. O6bLIYHO NOBPEXAAKTCA Masble apTepuonbl M MbILLEYHOTO TUNa apTepun. HeT onpe-
[eneHHol NoKanu3auuyM W3MEHEHW; OHWM OGHapyXWBalOTCH B MEpBYHD O4epefb B apTepusx
NenTOMEHWHKCA FOMI0BHOTO U CMMHHOTO MO3rOB, B FO/IOBHOM MO3TY W PeXe B CMMHHOM MO3TY.
Kpome 3TOro n3MeHeHWsi 06HapYXXM1BatOTCA B NMPOAOArOBaTOM MO3TY, B MOCTY, B CPEJHEM MO3rY,
nepes X1asMoi v nocne Hee, 06bIYHO Y OCHOBaHUS MO3ra.

Mpn TSXXKeNbIX Cny4vasx B OKPECHOCTM M3MEHMBLUMXCA COCYAOB HabnofaloTcs pasHom
CTEMEHN PerpeccuBHble M3MEHEHUsS HEPBHBIX KNETOK, NPOpeXeHne TKaHU M0o3ra, Ha TeppuTopum
corpus striatum U capsula interna U externa WMMEETCA OTEK, NOABASIOTCSA MOMOCTM, HAMOMHEH-
Hble CEPO3HON WUNK CTyAeHMCTOl Maccold. [pouecchl B MO3ry MHOTAa COMPOBOXAAOTCS CEPO3HOI
WM KNETOYHOW MHQUAbTPaumMeid MArKoi Mo3roBoii 060/104KM.

A0pTa 1 KPOBEHOCHbIE COCYAbI APYTVX OPraHoB (CENE3eHKM, MeueHW, MoueK U cepaua)
M3Y4eHHbIX CBMHEW NOAO0GHbLIX M3MEHEHUI He MOKa3blBaI.

M3YYEHNE TOKCUYECKOIoO 3®®PEKTA 3HTEPOKOKKOBbLIX LUTAMMOB,
BbI3bIBAIOLW WX AIMMEHTAPHOE OTPABJIEHNE

. NYCTAW, ®. BETEWWWN un P.-H3 XOX

CI'IOpHOI/I ﬂBI‘IﬂETCﬂ PO/SIb CTPENTOKOKKOB CepOI‘IOFI/I‘-IeCKOI/I rpynnbl D B aTnonorum aI'II/I-
MeHTaprIX OTpaBl'IeHVIVI B PaHbLINX 3KCNEPUMEHTAX aBTOPbI Ha6mo,qanm TOKCU4eckoe ,CI,EVI-
cTBUE OAHOVI 4aCTu 3HTEPOKOKKOBbIX LWITaMMOB, W30/IMPOBaHHbIX 6e3 0T6opa N3 pasHblX BNAOB
MULLEBbIX NPOAYKTOB, NPpU BHYTPUGPIOLLIHOM BBEJEHWN 3KCMEPUMEHTANbHLIM MbillaMm. B HacTos-
mem pa60Te Mn3y4vanocb TOKCMYECKOE ,IJ.eI/ICTBI/Ie 3HT€‘p0KOKKOBbIX LUTaMMOB Ha MblLlax, N301npo-
BaHHbIX B Cny4daax a/IMMEHTapHbIX 0TpaBneva|

Cpeay 19 cTpenTOKOKKOBbIX LUTaMMOB D, BBOAMBLUMXCA BHYTPUOPIOLLHO MbILLIAM, TOIbKO
ABa nponcxoannn n3 Taknx cnyqaeB Korga I'IaTOFeHHbIe MI/IKp06bI yAanocb N301MpoBaTb KakK U3
MbIlLbl, TaK N U3 )Keny,qquom NoI0CKaTeNbHOM XNAKOCTH 60/bHOrO0. Cpe,ql/l 19 LUTaMMOB,
yI'IOTpeﬁl'IFIBLIJVIXCFI ana nNpuBUBKW, TUCTONOTMYECKM MaTOreHHOCTb [AOKa3aHa TO]'IbKO y 4X
CTPENTOKOKKOBbLIX LUITaMMOB D MNeYeHOUHbIE KNETKN 3KCMEPUMEHTa/IbHbIX MblLLel nokasblBann
PerpeccmMBHbIE U3MEHEHUA.

13 CTPENTOKOKKOBbIX LLUTaMMOB DBbIBbIBa]‘II/I TO cna6oe TO TsXenoe 3a60neBaHV|e MHorga
faxe rméenb Cpean aKCnepuMeHTa/lbHbIX MbIUJE'VI HO He Bbl3biBa/1N I/I3M€‘H€HI/IVI YKa3blBalOLWKUX Ha
TOKCUYECKUIA S(queKT 2 WTaMMa OblIM HEMaToreHHbIMU ana MbILLIEHA.

Ha OCHOBaHWM CBOUX Pe3ynbTaToB aBTOPblI MOAYEPKMBAKT, UTO MPW MNOAO3PEHUN Ha
OTpaBI‘IEHI/Ie IHTEPOKOKKaMn — €C/in 3T0 BO3MOXHO — HeOﬁXO,CI,I/IMO onpeaennTb Brnoxmmm-
yecKune CBOMCTBA M TUN q)ara KaK 13 nNuumn, Tak N N3 KOH3yMeHTa U30/INPOBaHHbIX CTPENTOKOK-
KOBbIX LUTAMMOB. 3TO 060CHOBaHO YXe W NoToMmy, 60 MUKPOOLI Str. faecalis U faecium 4acTo
06Hapy)KI/IBa}OTCFI BMeCTe B npo6ax, HO a@/MMEHTapHOE OTpPaBNIEHNE BbI3bIBAET 00bIYHO Str.
faecalis.

MPOBJIEMbI ANTNOMNACTUKN
K. LWOMOJbBAPU

OnpefenseTcad MOHATME annonaacTUKW, TPYNnUPYIOTCA COBPEMEHHbIE  afifioniacTu-
yeckue Mmatepuanbl, 06CYXAAOTCA (aKTOPbl, TOPMO3SLIME LUIMPOKOE PAcnpoCTpaHeHne MeTa-
JIMYECKUX aNNIoNAacTUYECKNX BELLECTB M BbIrOAHbIE CBOMCTBA Maactmacc. [lpuBogsatcs Tpebo-
BaHWA, NpeabaBfseMble K «TKaHeApY>XHbIM» MaTepuanam.

Co6CTBEHHbIE M B COaBTOPCTBE BbIMO/HEHHbIE WCCMEA0BaHWUS  OXBATblBAOT [JaHHble
aKcnepmumMeHToB Ha 430 akcnepumMeHTanbHbIX M 200 >KMBOTHBIX, IEUMBLUMXCA HA KINHUKE.
B cymmapHOM pe3tOMUPOBaHUM [aHHbIX MCCMEefOBaHWIA yKa3blBaeTCA Ha CBOWCTBA LUBENHbIX
HUTEA 13 MonmacTepa U 61aronpuUATHbIE TMCTONOTMYECKME Pe3yNbTaTbl MpU yNoTpe6neHun Ma-
LUMHHbIX LUBOB W3 TaHTa/IOBbIX CKOGOK. [pMBOAMTCS OMbIT YMOTPEBAeHNs FMCTOaKPUIOBOrO
TKaHeBOr0 CK/IeMBAIOLLEro Martepuana npy onepaumax Ha Xenyfke, KMLIKaX, KPOBEHOCHbIX
cocyfiaX, MOYenosioBbIX Cocyaax, XenyHom npoxoge. OLeHWBaeTCA BO3MOXHOCTb NMPUMEHeHUs
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B BETEPUHApPHO Xmpyprum obpasytollero ¢uabM Matepuana — [nacty6ona. MpuBogsTes
nonesHble CBOMCTBA (PUBPMH CoAepXallnX AyCTOB Ha paHbl. OBCYXa0TCs AaHHbIE UCCe0Ba-
HWIi MO MOBEJEHWIO U PAcCacbiBaHWIO B TKaHAX. HakKoHeL AWCKYTUpYeTcs 06 aHTWUreHHbIX
CBOICTBaxX GMOMMAcTOB.

M3IMEHEHVA KOHUEHTPAUWWN KOPTUKOCTEPOHA B TJIASME W EIO
B3ANMOCB#A3b C OBPA3SOBAHVMEM BUTE/IJIMHA B CbIBOPOTKE HECYLUEK

MAPVA KO3MA n A. KEMEHb

Ha 72 ronosax Kypbl AOMallHei, NofobpaHHbIX COrfacHO Becy W (K3MOI0rMyecKomy
COCTOAHMIO, M3y4anacb MOCnefoBaTe/IbHOCTb GMOCUHTE3a KOPTMKOMAOB. XKMBOTHBLIX pasbuiun
Hacnegytouve rpynnbl: Ubinasta 5—7-AHEBHOTO BO3PacTa, MONOAHSK 4-MECcSUHOro Bo3pacTa,
B3pOC/ible NeTYXW U Knagyline v HeknagytoLme Hecylwku. Onpefensnncs: CbiIBOPOTOUHBIW KOp-
TUKOCTEPOH, XONECTEPON HaAMOYHUKOB W CbIBOPOTOUHBIA BUTENH.

OG6Hapy»XeHO, YTO KOHLIEHTpaLMs KOPTUKOCTEPOHA B CbIBOPOTKE C BO3PACTOM MOCTEMEHHO
YMeHbLUIAEeTCA. HauMeHblle KOPTUKOCTEPOHA BbISB/IEHO B CbIBOPOTKE KMAAYLIUX HECYLLEK.
KoHueHTpauusa xonectepona B HafnoyeyHnKax, NpeALlecTBEHHMKA KOPTUKOCTEPOHA, B Pa3HbIX
BO3pACTHbIX Fpynnax MokasblBana NOAO6HbLIA XapakTep W3MeHeHWs. VICKNYeHWeM SBWUWCH
TOMIbKO HAfMOYeYHUKN KNafywmnx Hecyllek, FAe YpOBeHb XO/IeCTeposia He NpeBsblllan faxe
MONOBUHbI €ro ypoBHS Apyrux rpynn (P < 0,01). Hannume ogHoro docdopnpoTenHa, MMeHyemo-
ro CbIBOPOTOYHbLIM BUTENTMHOM, ObUI0 TOXKE XapaKTEPHbIM Y KNafyLUNX HECYLLIEK.

[MOHMXKEHME KOHLEHTpaLMW KOPTU30HA B CbIBOPOTKE KMaAyLMX HeCyLleK fBnseTcs
MoKasaTefleM CTPECCHOro COCTOAHWA. [MafeHne Temna B OMOCUHTE3e KOPTMKOCTEPOHA MOXHO
06BACHUTL MOHVKEHWEM YPOBHA €ro NpefLIecTBEHHNKA — XO/IECTEPOSia — B KOPEe Hafnoyey-
HWKOB. He WCKNIOYEHO, YTO OTBETCTBEHHBLIM 3a HECOOTBETCTBEHHYIO MPOLYKLMIO X0NecTepona y
HecyLLeK ABNSeTCA TOPMO3ALLMIA S(GeKT 3CTPOreHOB.
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THE GUT BACTERIAL FLORA
OF HEALTHY EARLY WEANED PIGLETS,
WITH SPECIAL REGARD
TO FACTORS INFLUENCING ITS COMPOSITION

By
F. Kovacs, B. Nagy and G. Sinkovics

Institute of Animal Hygiene (Head: Prof. F. Kovacs),
University of Veterinary Science, Budapest

(Received November 18, 1971)

Many studies have been made of the modifications in the intestinal flora of young
pigs brought about by certain factors, and above all by early weaning, a practice that is now
becoming widely adopted (e.g. Soyka, Lloyd and Sweeney, 1960; Smith, 1961, 1965; Tadd
and Hurst, 1961; Pesti, 1962a,b; Kenworthy and Crabb, 1963).

Similar examinations have been conducted in this institute, though we
have chosen to pursue the alterations of the gut flora in early-weaned, clinic-
ally healthy, rather than in diseased animals, in order to fill the gaps in our
knowledge about their relation to weaning at different ages.

Material and methods

The litters farrowed by five Large White sows from a breeder herd were
observed until the piglets reached 54 days of age. A total of 36 of the piglets
were killed for complete bacteriological assay of the intestinal tract. Three
of the five sows (A—C) were removed for farrowing to the climatic chambers
of the institute, in which an optimal room temperature of 16—18 °C and a
relative humidity of 70—80% were provided. In the creep, the temperature
was raised to 26—32 °C and air flow maintained at 0.1—0.2 m/sec until
weaning. After weaning, the infrared lamps were no longer used, and the
animals were kept at a room temperature of 24—26 °C, with a relative
humidity of 60—75%. Air quality was satisfactory throughout the experi-
mental period.

The offspring of the remaining two sows (D, E), a total of 18 piglets,
were farrowed and reared on the farm, at a farrowing pen temperature of 10—
15 °C, a relative humidity of 85—90% and exposed to a higher air flow than
was permitted in the climatic chambers, viz. under essentially poorer environ-
mental conditions than the first three groups.

Piglets of litters A, B and C were weaned at the ages of 14, 21 and
28 days, respectively, the farm-reared piglets at 21 and 28 days. Animals of
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all groups were thereafter fed the same bacteriologically checked pig starter
formula (PHYLAXIA). No prophylactic or therapeutic medication was admin-
istered during the experimental period.

The sequence of exterminations for bacteriological study is shown in
Table I. (Animals marked with contracted E. coli infections during the
experiment and the observations made on them are not considered here; the
changes in their intestinal flora corresponded broadly with those described
elsewhere in the literature). The animals were stunned and killed by bleeding,
then following abdominal incision their stomach and intestines were removed
under conditions of surgical sterility. Before the bowels were excised, both
ends as well as the centre of the stomach were ligated to separate the cardiac
and pyloric regions.

Table |1

Experimental arrangement

Age of
Groups weaning Age of exterminated pigs (days)
(days)
14 10 13 15 18 24 44
Climatic B 21 17 20 22 25 31 44
chambers ¢ 28 24 27 29 32 34 44
. 21 17 20 22* 25 28 31 34 36 39 44
arm
E 28 24 27 29 32 34 36*  40*  44*

Samples of gastro-intestinal contents, collected so as to contain about
one-quarter mucosal scrapings, were taken from the cardiac and pyloric
regions of the stomach, duodenum, jejunum, anterior and posterior ileum,
caecum, colon and rectum, and immediately transferred to appropriate bac-
teriological media; pH was determined with a Calmann—Grahnert (Dresden)
MV-11 electric pH-meter. One gram of each sample was ground in 9 ml Mitsou-
ka buffer (Mitsouka, 1965), the suspension diluted in serial tenfold steps and
0.1 ml from each dilution step was inoculated into the different media. The
media used, the times and conditions of incubation, and the primarv isolates
obtained are summarized in Table Il. Anaerobic culturing conditions were
furnished in glass jars, utilizing NaOH and pyrogallol, following the technique
of Pelzar (1957). Readings of cultures were complemented by microscopic
examir; ion and, occasionally by further culturing.

Numerical data for bacterial counts are presented as arithmetic means
calculated from the base 10 logarithms of the counts of each component.
Statistical analyses of the correlation between bacterial counts and the dif-
ferent factors were checked by Student’s t-test.
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Table 11

The culture media, primarily isolated bacteria and incubation methods

Incubation’s
Culture media Isolated bacteria
condition temp. tim

Nutrient agar Aerobic sporeforming aerobic 37 °C 48 h
Nutrient blood agar haemolytic coli aerobic 37 °C 48 h
Crystalviolet-lactose brom-

thymolblue agar coliforms aerobic 37 °C 24 h
Edward’s agar (modified by

Nyiredy, Szab6 1968) D streptococci aerobic 37 °C 48 h
AGAT medium (Raibaud

et al. 1961) D streptococci aerobic 37 °C 48 h
Tomato juice agar lactobacilli aerobic 37 °C 48 h
SA medium (by Takacs 1968) spores of clostridia anaerobic 39 °C 72 h

inoculated with heat treatment

samples (at 80 °C; 10"
SA medium with 1000 y/ml clostridia (vegetative anaerobic 39 °C 72 h

D-cycloserine tartrate (FUZI et forms)

al. 1968)
KCM agar (Fuller —Lev, 1964) bacteroides, clostridia anaerobic 37 °C 4 days

Results

Though the stomach ligation technique permitted separate sampling of
the pyloric and cardiac regions, the results presented in Table IIl revealno
significant differences between the bacterial flora and pH in the two areas.
It should be noted, however, that the variance coefficients were fairly high

Table 111

Bacterial flora in the oesophageal
and pyloric parts of the stomach

log 10/g Stomach | Stomach 11
Lactobacilli 7.74 7.18
Streptococci 5.93 5.44
Coliforms 2.96 2.39
Clostridia 3.03 3.06
Clostridium spores 2.75 2.50
Aerobic sporeformers 4.40 4.46
pH 4.18 3.85
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(fc = 3—30%). Since the flora components had originally been expected to
differ considerably, especially with regard to counts at different pHs, an
attempt was made to identify whether, among the 60 samples available, there
was any indication of an association of particular bacterial flora compositions
with pHs (Fig. 1). The histograms indeed suggest a clear inhibitory effect on
coliforms in the pH range 0.5—2.5, hut such conditions were only encountered
in six instances. In most cases (36 samples) the pH lay between 2.5 and 5.4.
There was a less marked effect of low gastric pH on streptococci, but the count

Fig. 1. Bacterial flora of the stomach at different pH ranges. 1, lactobacilli; 2, streptococci:
3, coliforms; 4, vegetative cells of clostridia; 5, spores of clostridia; 6, aerobic sporeformers
bacteria; n, number of samples

of acid-tolerant lactobacilli hardly varied and the counts of aerobic and an-
aerobic spore-formers behaved irregularly at different pHs.

In four cases, the volume of gastric contents was very low; average
bacterial counts calculated from eight samples were:

lactobacilli 6.32; streptococci = 5.15;
coliforms = 3.20; clostridia = 2.20;

sporogenic aerobes = 4.00 (pH 5.02)

Thus lactobacillus and clostridium counts were lowered with respect to the
mean values presented in Table IIl, while the pH was significantly above
average.

The experiments were so designed that the effect of time of weaning
on the gut flora could be established. Nevertheless, it was found that where
all piglets of a group remained healthy in the weaning period, as was the case
with all but litter D, no significant displacements could he detected in the
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relative proportions of the different flora components; individual variations
of the flora composition were minimal and not generally characteristic of the
piglets studied. It appears, therefore, that the bacterial flora components
investigated do not reflect at all the radical dietary change undergone at
weaning.

Although the gastric contents of farm- and chamber-reared piglets con-
trasted in macroscopic appearance, the former being greenish-grey with an
admixture of litter straw, the latter consisting purely of grain meal, there were
no statistically verifiable differences at the microscopic level.

Small intestine

The bacterial counts determined in luminal contents taken from the duo-
denum, jejunum and the two segments of the ileum are shown in Table IV.
The tendency they display to rise nearer the large intestine is especially con-

Table IV

Bacterial flora of the small intestine

log 10/g Duodenum Jejunum lleum 1 lleum 11
Lactobacilli 6.87 6.98 7.65 8.18
Streptococci 5.13 5.48 6.68 7.42
Coliforms 3.41 3.81 5.50 6.32
Clostridia 1.53 1.37 3.00 4.22
Clostridium spores 1.00 0.69 2.09 2.44
Aerobic sporeformers 4.00 3.18 4.63 5.22
Bacteroides — — 1.45 2.12
pH 6.13 5.86 6.80 7.00

spicuous in the ileum, the proximal and distal portions of which differed
considerably in respect of the flora composition. The fullness, pH and bacterial
population of the ileum proved to he more stable compared to those in more
proximal segments of the small intestine.

Comparison of gastric and duodenal data reveals an inhibitory effect of
the duodenal juice on those bacterial types which resist the selective effect
of the lower stomach pH. Thus, the reduction of lactobacillus count among
others, is clearly due to the shift of the pH in the alkaline direction. The most
typical alteration, however, was the marked fall in clostridial counts; certain
authors have attributed this to the inhibitory influence of the bile acid salts,
others to the combined effect of lipids and the rapid passage of intestinal con-
tents (Futter and Moore, 1967). Clostridial growth inhibition affected chiefly
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the vegetative forms, the absence of which is characteristic for this particular
intestinal segment. In the distal segments of the small intestine, the count
of the vegetative forms rose distinctly, while that of spores moderately, which
suggests that clostridia multiply actively lower down the digestive tract
(Sinkovics, 1971).

Asporogenic anaerobes (Bacteroides) were also isolated from caudal
small-intestinal segments, hut only sporadically and in relatively low numbers.

The collective term Bacteroides designates those Gram-negative, chiefly coccoid organ-
isms which form dewdrop-like colonies with little, if any, haemolytic activity on the RCM-
medium described by Fuller and Lev (1964) and incubated under anaerobic conditions for

Fig. 2. Bacterial flora of empty and filled jejunal portions

4 days at 37 °C. Using this method, Fuller and Lev and Smith and Crabb (1961) classified
most such organisms as Bacteroidaceae, a few as Veilonella. Bacteroides occur chiefly in the
large intestine and several authors regard them as the dominant components of its flora.
According to the literary data, apart from polymorphous forms, rod shapes predominate in
adult swine; in piglets we found principally coccoid forms, in accordance with the observa-
tions of Kenworthy and Crabb (1963), who regard the coccoid shape as dominant up to
40 days of age.

Changes in the small-intestinal bacterial flora were most marked in the
jejunal portion, where they depended principally on the fullness of the lumen.
In those segments which were empty or contained very little chyme — so that
sample material consisted for the most part of a small amount of mucus along
with dead epithelial cells scraped off the mucosa — the bacterial population
was usually low. In properly filled segments, however, there was a numerical
increase of all examined bacterial components, and above all coliforms, but
without any significant alteration of pH (Fig. 2). This accords well with the
old medical experience, that indigestion of bacterial origin can be favourably
influenced simply by fasting. Unburdening of the gastro-intestinal tract during
the weaning period proved to be a useful measure also in our earlier piglet
studies (Biro et al., 1968).
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Comparison of the pre- and post-weaning bacterial flora in the small
intestine revealed only minor numerical changes without any effect on the
ratios of the components to one another. Occasionally the streptococcal count
in the jejunum and anterior ileum fell after weaning, reaching the degree of
significance (p = 1%) in the case of litters B and C. The small intestinal pH
was likewise not notably affected by weaning.

More obvious were the disparities between the small intestinal flora of
piglets reared under unlike environmental conditions. Piglets reared on the
farm (viz. under less favourable hygienic conditions) carried a significantly
higher (p = 5%) coliform population in all segments except the jejunum, in

Small intestine Large intestine

Fig. 3. Intestinal flora of suckling pigs in climatic chambers and in farrowing houses. 1, lacto-
bacilli; 2, streptococci; 3, eoliforms; 1, climatic chambers; 2, farrowing houses

which, as already noted, the bacterial flora was influenced chiefly by the full-
ness of the lumen. Also clostridial counts were generally, although not signif-
icantly, higher.

In the attempt to identify an environmental influence, the main com-
ponents of small- and large-intestinal flora were examined during the lactating
period, viz. as long as the principal nourishment of the piglets was the sow’s
milk. The results are summarized in Fig. 3. As can be seen, there were striking
disparities not fully explicable by a change of numerical relations, already prior
to the stress imposed by weaning. The characteristic lactobacillus strepto-
coccus coliform ratio of the normal flora was modified markedly in the two
environments: in farm-reared piglets the coliform count exceeded that of
streptococci in both small and large intestine. It should be emphasized again
that none of the animals included in this study showed symptoms of illness
prior to weaning, and even afterwards only few of the farm-reared piglets
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developed oedema disease. Piglets in the climatic chambers, which were of the
same breed and raised according to the same management technology, exhibited
no clinical disease throughout.

Large intestine

The counts of floral components found in samples from the caecum,
mesocolon and rectum (Table ¥) demonstrate that differences between seg-
ments here were less pronounced than in the small intestine. The small fluctua-

Table V

Bacterial flora of the large intestine

log 10/g Caecum Colon Rectum
Lactobacilli 8.26 8.41 8.52
Streptococci 7.81 7.98 7.91
Coliforms 7.05 7.19 7.03
Clostridia 5.27 5.33 5.83
Clostridium spores 3.18 3.46 3.58
Aerobic sporeformers 4.44 5.42 5.54
Bacteroides 5.36 6.44 5.41
pH 6.22 6.56 6.81

tions in bacterial population along each segment also suggest a greater stability
of the flora than in the small intestine. As the large intestine was always uni-
formly filled, no comparison could be made between the bacterial contents
of empty and full segments. Here again the flora did not notably alter on
weaning, but marked differences were found in relation to environmental
conditions. Piglets kept on the farm under conventional conditions of winter
rearing (litters D and F) possessed significantly (p = 5%) higher coliform
counts in the large intestine than those kept in the climatic chambers. Statistical
analysis of the streptococcal, lactobacillar and clostridial counts revealed an
occasional tendency of the latter to rise. The practically identical composition
of the flora in the anterior and posterior segments of the large intestine indi-
cates that the faecal bacterial population is already established, by and large,
in the caecum, as suggested earlier by Pesti (1962). The mean count of asporo-
genic anaerobes is low compared with figures given in the literature, but this
may have been a consequence of the culturing technique adopted.
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Discussion

The bacteriological status of the stomach and small and large intestines
are strongly contrasted, as would be expected from the anatomical and physio-
logical distinctness of these functional units. The differences between segments
demonstrated in this study are, on the whole, in good agreement with those
reported in the literature, but still findings for certain segments deserve more
detailed discussion.

Originally, it had been expected that the gastric pylorus and cardia
would deviate notably with regard to both bacterial flora and pH, in view

Fig. 4. Bacterial flora of alimentary tractin healthy young pigs. Sx, stomach (oesophagic

part); S., stomach (pyloric part); D, duodenum; J, jejunum; Ij, ileum (upper part); 12, ileum

(lower part); C, caecum; CO, colon; R, rectum; ... lactobacilli; ............ streptococci;
coliforms;------= wmememeuee e— — clostridia; —m—e—e+—e¢_— bacteroides

of their functional separateness. However, it turned out that any differences
were not significant statistically — as indeed evidence from recent physio-
logical studies on the gastric function of swine would suggest (Holter, 1970).

Among the four small-intestinal segments studied, the duodenum con-
tained reduced numbers of all floral components, apart from coliforms, com-
pared to the stomach: apparently, the inhibitory factors operative in the duo-
denum affect coliform organisms the least. Coliform counts in fact tended to
rise posteriorly from the gastric pylorus, whereas lactobacillar, streptococcal
and — especially — clostridial counts tended to fall (Fig. 4). There is reason
to suppose that the interaction of the selective forces operative in the digestive
tract of the healthy pig is an important factor in protecting against E. coli
infection and gastro-enteritis due to Clostridium perfringens C.
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Bacterial counts augmented somewhat in the post-jejunal segments of
the intestine, and already in the terminal portion of the ileum the lactobacillus-
streptococcus-coliform ratio reached the value generally characteristic of the
large intestine. The fairly steady numerical increase of the bacterial com-
ponents studied continued up to the caecum, and the balance established there
remained practically unchanged along the remaining length of the large
intestine.

It seems, nevertheless, that specific internal or external factors can affect
the characteristic composition of the intestinal flora in certain segments.

The selective inhibitory effect of gastric pH was not generally mani-
fested, because in the prevailing pH range (2.5—4.5), coliform counts still
Teached 102—10¥g.The low pH (0.5—2.5) measured in a few instances, though,
undoubtedly suppressed coliform growth. No pH-related change of bacterial
flora could be detected in the small and large intestines.

A statistically significant relationship between the fullness of the gut
and the bacterial flora could only be demonstrated in the small intestine
{Fig. 2). In jejunal segments filled with chyme, coliform counts were three
exponents higher than in empty portions at a practically identical pH; for
bacteria other than coliforms lhis difference did not exceed 0.5—1.0 expo-
nents.

Weaning, being a critical physiological period for the piglet, is often
accompanied by an abrupt multiplication of E. coli in the digestive tract,
resulting in oedema disease. Of the piglets we investigated, six developed
oedema disease after weaning and would probably have died had they not been
killed for experimental purposes. The bacteriological examination of the in-
testinal tract of these animals revealed the well-known alterations character-
istic of oedema disease.

Where no E. co/i-infection occurred after weaning, either among the
exterminated piglets or among their litter-mates, weaning had no notable
influence on the bacterial flora. The counts of the various components and
their relative proportions alike remained practically unmodified. Minor changes
only, consisting of a significant decline in streptococcal counts, were recorded
in two segments of the small intestine of piglets reared in the climatic chamber
and weaned at 21 or 28 days of age (litters B and C). Considering the drastic
dietary switch ensuing upon weaning and the associated stress, however, it
cannot be excluded that other alterations did take place, affecting either only
certain types of the bacterial groups examined, or possibly types and groups
not studied at all.

The disparity between environmental conditions was clearly the sole
factor whose effect could be followed up consistently in all examined segments
of the gut. The bacterial populations in the small and large intestines of piglets
reared in conventional and controlled environment contrasted already during

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



THE GUT BACTERIAL FLORA 337

lactation (Fig. 3). The lactobacillus-streptococcus-coliform ratio was generally
normal for chamber-reared piglets, whereas in farm-reared age-mates it showed
a shift in favour of the coliforms. In litter D and later in litter E the outcome
of this was oedema disease shortly after weaning.

The unfavourable effect of poor environmental conditions on the diges-
tive tract can be seen most clearly from Fig. 5. Among farm-reared piglets all
small-intestinal segments except the jejunum contained significantly larger
populations of coliforms than the small intestine of their age mates reared in
climatic chambers. Consideration of the known factors suggests that the higher
coliform counts are due not only to an increased intake of bacteria from a less

Fig. 5. Coliform bacteria in the alimentary tract of pigs in climatic chambers and in farrow-
ing houses. ------ farrowing houses; - - - --—---climatic chambers

hygienic environment, but also to a weakening of the various intestinal bac-
teriostatic effects. The fact that exclusively farm-reared pigs became diseased,
underlines the importance of environmental influences on the gut and, it is
hoped, will stimulate investigations into the joint effect of internal and ex-
ternal milieu.

SUMMARY

The gastric and intestinal bacterial floras of healthy piglets of five Large White sows
were examined before and after early weaning at 14, 21 or 28 days of age. Piglets of three
litters were farrowed and reared in climatic chambers, while those of the remaining two
litters on the farm, under conventional conditions of management.

The pH and bacterial flora did not differ significantly in the cardiac and pyloric parts
of the stomach. Conditions in the duodenum had a marked inhibitory effect on all examined
bacterial components except coliforms, suppressing especially clostridial growth. Bacterial
counts rose gradually in the more posterior segments of the small intestine, and in the terminal
portion of the ileum they approximated the values characteristic of the large intestine. Bac-
teriological status and pH were essentially similar along the caecum, mesocolon and rectum.
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Inhibition of eoliform growth by a low gastric pH (1.5—2.5) was clearly demonstrable
in a few cases, but the usual pH range (2.5—4.5) had no noticeable effect. No pH-related
alterations of bacterial flora could be detected in the more posterior segments. The fullness
of the jejunum was found to be positively correlated with the bacterial population: the
greater the amount of chyme, the higher the number of bacteria, and above all of coliforms.

Weaning in itself did not notably affect the bacterial flora of either stomach or in-
testines. Environmental conditions, however, had a demonstrable influence on the bacterio-
logical status of all examined segments. Farm-reared piglets carried a significantly larger
eoliform population in both small and large intestine than their age-mates reared in climatic
chambers and exhibited an irregular lactobacillus—streptococcus—eoliform ratio already during
lactation.
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Verge and Cristoforoni (1928) were the first to suggest the causative agent of feline
panleucopenia is a filtrable virus, but its precise nature remained uncertain until Johnson
(1964) isolated it in feline kidney epithelial cell culture. Formerly several viruses had been
held responsible for the causation of panleucopenia, until Johnson’s isolate (which he himself
regarded as an adeno- or papovavirus) was classified as a parvovirus by the Temporary
Committee for Nomenclature in 1970. This classification was based on the physical and chem-
ical properties of the agent and on the electron microscopic determination of the virion
diameter (25 m~).

It should be mentioned that Johnson and Margolis (1967) observed a relationship
between feline ataxia, a disease originally regarded as congenital, and feline panleucopenia.
The agent isolated from ataxic cats was found to have the same physical and chemical prop-
erties as the panleucopenia virus, while the inclusion bodies present in their cerebellum
corresponded with the Cowdry type A intranuclear inclusions occurring in panleucopenia.

Another long-known viral cat disease is feline pneumonitis, described by Baker in
1944. The agent of this disease, which belongs to the Bedsonia (Miyagawanella) group, is
pathogenic for several species, including albino mice, hamsters and guinea pigs, and grows
well in the chorioallantoic membrane of the chick embryo; the elementary bodies produced
by the virus can be demonstrated in impression smears of the membrane.

The recent great progress made in veterinary virology has resulted in independent
isolations of viruses from feline upper respiratory tract diseases in the United States from
1958 (Crandell and Maurer, 1958; Crandell et ah, 1960; Crandell and Madin, 1960;
Crandell and Miller, 1962; Patricia et al.,, 1968; Scott et al.,, 1970a, b) and in Europe
from 1963 (Piercy and Prydie, 1963; Burki, 1965; Prydie, 1966). Following these authors,
it is customary to differentiate the herpesvirus-induced infectious feline rhinotracheitis from
picornavirus infections; though clinically the two diseases are so similar that their diagnostic
differentiation often rests solely upon virus isolation.

The herpesvirus strain C-27 (FVR-1) isolated by Crandell and Maurer deserves
special mention in this respect, because the symptoms caused by it led to the recognition
of the new disease enbity generally known as feline viral rhinotracheitis (FVR).

The first isolations of herpesvirus to be made in Hungary were the strains BK 1/63
and BK 2/63, recovered from the throat of two dead cats by Horvath et al. (1965), who
regarded the disease in question as infectious rhinotracheitis.

The feline herpes- and picornavirus strains isolated by the various authors have generally
originated from animals with clinical or subclinical upper respiratory tract infections. The
isolates mostly possessed a medium degree of virulence, causing a catarrhal change of the
upper airways in only a portion of the susceptible cats. It is of historical interest that certain
early isolates from fatal panleucopenia cases were mistaken for the aetiological agent until
this was properly identified. As feline viral diseases often result from mixed infections, usually
the fast-growing and intensively cytopathic picornavirus strains are isolated first. Among
others Bolin’s isolate (1957), originally described by him as a feline panleucopenia virus,
was later identified as a picornavirus. The agent described by Fastier (1957) as kidney-cell
degenerating virus, was in due course identified as a non-pathogenic picornavirus strain not
forming intranuclear inclusion bodies.
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Scott et al. (1970) isolated, under similar circumstances a reovirus from the intestine
of a cat that died of panleucopenia. The isolate was a chloroform-resistant, thermostable
strain with double-stranded RNA and had a medium degree of virulence for cats.

The growing interest in cats as domestic pets in Hungary presents the
opportunity for frequent observation of feline upper respiratory disease. As
up to now only herpesvirus infections have been described in this country,
further investigations into the problem seemed justified, all the more that
acute upper respiratory infections of cats by picornaviruses have been reported
from abroad. The present investigations were therefore aimed at clarifying
the nature and role of the pathogenic feline viruses occurring in Hungary.

Materials and methods

Test material. Sterile nasal, pharyngeal, conjunctival and rectal swabs
from diseased cats were each placed in 2 ml Hanks’ solution containing anti-
biotic and antimycotic. The swab fluids were centrifuged at 5000 r.p.m. for
30 minutes and 0.2 ml aliquots of supernatant were inoculated into 3 tube
cultures of renal epithelial cells.

Tissue culture. Renal epithelial cells from 6—12 weeks old cats were used
to set up the tissue cultures. The cells were collected after digestion in PBS
and Hanks’ solution containing 0.1—0.15% trypsin. The growth medium was
a mixture of Hanks’ solution containing 15% calf serum and 0.5% lactalbu-
min hydrolysate and an equal volume of bovine amniotic fluid, to which
100 IU penicillin, 100 meg (pg) streptomycin and 100 IU mycostatin were
added.

The virus isolates were diluted in serial tenfold steps and 0.2 ml aliquots
of each dilution inoculated into 3 replicate tube cultures. They were incubated
for 1 hour at 37 °C, then 0.2 ml maintenance medium was added to each and
incubation continued. The results were read after 1—7 days. The 50% tissue
culture infective dose (TCIDB50) was calculated according to Reed and Muench
(1938). If isolation failed in the first passage, up to five blind passages were
made before a negative result was accepted.

Immune serum was prepared in cats with the strain M:L Basic immuniza-
tion was carried out by subcutaneous administration of 5 ml undiluted M3
suspension reinforced by a further 15 ml dose one month later. The cats were
hied out two weeks after the second immunizing dose and the sera were stored
at — 20 °C until use.

For virus neutralization tests all sera, including control serum from
healthy cats, were inactivated at 56 °C for 30 minutes. The tests were usually
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carried out with 30—300 TCID50/0.2 ml virus (Table IlIl). Horse and sheep
sera served as serum controls and Aujeszky’s disease virus as the virus control.
Serial twofold dilutions of serum were added to various TCID50 doses of virus
(Table I11) in equal final volume and the mixtures were incubated (in roller
tubes for one hour at 37 °C). After incubation, 0.2 ml portions of the mixture
were transferred to 3 roller tubes or stationary cultures.

Examination of physical and chemical properties

Thermosensitivity was determined from the titre reduction of 1 : 10 dilu-
tions of the virus isolates after one-hour incubation in a water bath at 50 °C
Cation stability tests were performed by the method of Wallis and Melnick
(1962).

Sensitivity to pH 3 was tested according to Prummer (1963) in Mcllvaine
buffer, after one-hour incubation at 37 °C. Bile sensitivity was tested by
Theiler's method (1957).

Resistance to trypsin was determined by titrating mixtures of equal
volumes of 1: 10 diluted virus and 0.25% trypsin solution, after incubation
for one hour at 37 °C. Chloroform-sensitivity tests were performed after
Bogel and Mayr (1962) with 50% analytical grade chloroform. Virus-chloro-
form mixtures were stored overnight at -f-4 °C before titration. Nucleic acid
type was determined by adding 100 meg (pg) 5-iodo-deoxyuridine (IUDR) per
ml virus suspension. The trypsin-treated, chloroform-treated and IUDR-
treated materials were diluted in serial tenfold steps, 0.2 ml portions of each
dilution were transferred to 3 tube cultures and after appropriate incubation
the titres were calculated by the method of Reed and Muench.

Cytopathic effects caused by the isolates were studied after staining the
cultures with haeinalaun and eosin, Giemsa’s stain or floxintartrazine. Occa-
sionally also the Feulgen reaction was utilized. The cell monolayers were fixed

(in situ) in Bonin solution, embedded in celloidine, and removed from the tube
for examination on slides.

Results

Positive isolations of virus were made from nasal, pharyngeal or con-
junctival swabs of 12 cats from a total of 53 (22.6%) brought to the Out-
patient Clinic of the University of Veterinary Science during the past year
with symptoms of upper respiratory disease. The isolates were designated by
“M” (for macska = cat) plus a serial number in sequence of isolation, irre-
spective of later typing results. Strains Mj, M, and M3 were examined in mere
detail, because these differed from one another in cytopathic effect and other
properties.

Acta Veterinaria Academiae Sceintiarum Hungaricae 22, 1972



342 SZALALI et al.

Of the 12 isolates, M,. Mu and M12 were found to belong to the herpes-
virus group, the rest to the picornavirus group (Table I).

Table |

Clinical data on cats from which isolations were made

Designation Symptoms Origin of isolate Group
of strain NG PH . R of virus

M, Listlessness, infirmity, subnormal tem-

perature, no catarrhal sign + herpes
M 2 Sneezing, hoarseness, purulent nasal dis-

charge - + - - picorna
M 3 Sneezing, reddening of throat + + + - picorna
M4 Violent sneezing, reddening and purulent

exudation of conjunctiva, reddening of

throat 1 + picorna
Ms Sneezing, reddening and purulent exuda-

tion of conjunctiva, reddening of throat - + - - picorna
M, Vomiting, inappetence, infirmity, sub-

normal temperature - 4" - - picorna
M - Listlessness, inappetence, sore and red- )

dened throat - - + — picorna
M8 Fever, sneezing, dyspnoea + - . N picorna
M 9 Sneezing, serous nasal discharge, reddened

throat + + - - picorna
M10 Reddening of conjunctiva, profuse lacrima-

tion, sneezing, diarrhoea - + - — picorna
M. Conjunctival catarrh, serous nasal

discharge, stertorous respiration - — + herpes
M 12 Salivation, reddened throat, severe dys-

pnoea, high fever + - + - herpes

NC, nasal cavity; PH, pharynx; C, conjunctiva; R, rectum

Strain Mxwas isolated from the pharynx of a cat presenting no catarrhal
symptoms. The primary isolate caused cytopathic changes in the renal cell
culture after 4 days. In unstained cultures, rounding of cells was seen first
focally, then over increasingly larger areas, until the complete cell layer became
detached from the tube wall. The rounded cells were highly refractive and
sharply contrasted even on direct examination. In stained preparations, poly-
karyocytes (syncytia) and Cowdry type A acidophilic intranuclear inclusion
bodies were observed (Fig. 1). Inclusions could already be detected by direct
examination prior to the appearance of the cellular changes (Fig. 2). In sub-
sequent passages the cytopathic effect developed earlier, within 24—48 hours,
and was well visible on direct examination.
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Stability tests shewed that strain Mxwas sensitive to heat, pH 3, trypsin,
chloroform and could not be stabilized with magnesium chloride. Treat-
ment with TUDR for 24 hours resulted in a fall of the virus titre to zero,
indicating a DNA-type nucleic acid. On the basis of these properties, strain
M, was classified as a herpesvirus (Table II).

Table 11
Titre changes of virus strains M1? M3 and M9 in stability tests

Herpesvirus Picornavirus

Treatment M "
Titre of untreated virus 6.5* 7.5 3.75
Chloroform 0 5.5 45

Heat 1.75 15 <1

Heat + 1M MgCI, < 0.2 < 0.5 <1

pH 3 < 2 < 2 < 2
Trypsin < 0.2 3.25 3.25
Sodium deoxycholate < 0.2 2.75 n.t.
IUDR 0/24 8.0/24 4.75/24
hours hours hours

*log 10 TCID540.2 ml; n.t,, not tested

Eight strains of variable properties (M2, M3...M9 were isolated from
nasal, pharyngeal and conjunctival swabs of cats affected with sneezing muco-
purulent nasal discharge and throat pain. The diseased eats were from 2 months
to 5 years old. The cytopathic effect of these isolates was similar to that of
strain M, in unstained cultures. First, single cells became rounded and refrac-
tive until by 24—48 hours the change involved the entire cell population,
resulting in detachment of the monolayer from the tube wall. If undiluted virus
suspensions were used for inoculation, the cytopathic change developed as
early as 5—6 hours. In stained preparations, rapid rounding of single cells,
cytoplasmic eosinophilia and simultaneous nuclear degeneration were seen.

Examination of the stained cultures, however, revealed certain differ-
ences between the cytopathic effects of the isolates. Strains M2 M3... M8
caused a pyknotic degeneration and shrinking of the nucleus much earlier than
strain M9; a short-lived prepyknotic phase could be clearly observed with the
latter (Fig. 3). Cytoplasmic degeneration also differed with strain M9, as this
produced a granulation consisting of eosinophilic clumps of various sizes in
affected cells (Fig. 3).

Strains M9 and M:; were for these reasons examined in more detail. Both
strains were sensitive to heat treatment at 50 °C and to pH 3, and neither
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Fig. 1. Cytopathic change caused by strain M, Arrows point to polykaryocytes (syncytia)
containing Cowdry type A intranuclear inclusion bodies. (Haematoxylin and eosin, X 640)

Fig. 2. Early appearance of intranuclear inclusion bodies not visible by direct examination:
strain Mx in feline kidney epithelial cell culture. (Haematoxylin and eosin, X BOO)
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Fig. 3. Nuclear changes caused by strain M9. Arrows point to semilunar, eccentric nuclei
with sharp-contoured nucleolus. (Haematoxylin and eosin, X BOO)

could be stabilized with magnesium chloride. But while strain M9 proved to
be resistant to chloroform, strain M3 consistently showed a titre decrease by
two logarithmic exponents after such treatment. Again, strain M9 resisted
treatment with trypsin and sodium deoxycholate, whereas the titre of M3 fell
markedly on both treatments. The two strains also differed in pathogenicity:

Table 111

Results of neutralization tests with anti-M3 cat immune serum
and normal cat serum

Designation TCID540.2 Titre of TCID!IKYO.Z Titre
m

of strain m Mshyperimmune of normal
serum serum
M2 50 1:80
M3 300 >1 :128 30 1:16
M, 30 1:89
M5 30 1:89
M6 30 >1 :128
M7 200 >1 :128
M8 100 1:64
M9 50 1:2 30
Control Mx 30 0 30
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Mg was pathogenic, M3 only mildly pathogenic for the cat. Treatment with
IUDR did not affect the proliferation growth of either strain, indicating that
both of them are RNA-viruses (Table I1).

In view' of the dissimilar behaviour of these two strains in resistance
tests, the non-herpes isolates were further tested for serological relationship.
For this purpose a hyperimmune serum to strain M3was prepared in cats and
used for neutralization tests with strains M2 M3...M9in renal cell culture.
The neutralization titres obtained (Table 111) show that strain M9is definitely
antigenically unrelated, while strains M2, M4...M8 are clearly related to M3.
The serological type of strain M10 has yet to be established.

On the basis of physical and chemical properties and cytopathic effect,
strains M3 and M9 are regarded as picornaviruses, probably of the rhinovirus

group.

Discussion

A relatively large number of pet cats are treated in the Outpatient Clinic
of the University of Veterinary Science, often for respiratory diseases. Posi-
tive isolations of virus from the upper respiratory tract were made from 22.6%
of such patients of ages between 2 months to 5 years.

Of the 12 isolates, three were identified as herpesviruses, the remaining
nine as picornaviruses. All three herpes isolates proved to be identical with
the feline rhinotracheitis virus originally isolated by Crandell and Maurer
(1958) in the United States and earlier in Hungary by Horvath et al. (1965).
The picornavirus strains could be divided into two serological subgroups,
represented by strains M,, M3 ... M8 and the single strain M9, respectively.

The two picornavirus strains (M3 and M9) examined up to nony in more
detailed tests could be classified as rhinoviruses on the basis of their pH-sensi-
tivity. The titre reduction observed with strain M3 on treatment with chloro-
form remains to be explained, because picornaviruses are generally resistant
to this reagent. Strain M9 differed from the other picornavirus isolates not
only antigenically, but also in its resistance to trypsin and sodium deoxy-
cholate. Similar variable behaviour of certain picornavirus strains in the latter
respect has already been reported by Patricia et al. (1968). Strains M3 and
M9 also contrasted to some extent in their cytopathic effects, and M9 mas
distinctly pathogenic for the cat, nnbereas M3 only mildly so.

The pictures caused by feline herpes- and picornaviruses can not be
distinguished from one another solely on a clinical and pathological basis, and
the only reliable diagnostic differentiation entails virus isolation and neutral-
ization tests with serum from the diseased animal. According to Rohrer et al.
(1968), Cowdry type A intranuclear inclusions are only temporarily present
in the respiratory epithelium of cats suffering from infectious feline rhino-
tracheitis and do not appear at all in experimental infections.
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In view of the findings presented here, closer investigations into the
upper respiratory diseases of cats would seem of value also in this country.
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SUMMARY

Twelve virus strains were isolated from respiratory tract discharges of 12 among
53 cats (22.6%) treated for catarrhal disease of the upper airways during the last two years.
Three isolates (strains M,, Mu and M12) were identified as herpesviruses, while the remaining
nine (M2 M3 .... MI0 were tentatively classified as rhinoviruses of the picornavirus groups.
Strains M3 and M9 were examined in more detail.

Strain M9 differed serologically both from M3 and the seven other picornavirus
strains tested. It also differed from M3in respect of cytopathic effect and did not show the
latter’s sensitivity to treatment with trypsin, sodium deoxycholate and chloroform.

Of the three strains tested for pathogenicity M, and M9 proved distinctly pathogenic
for the cat, while M3 was only mildly pathogenic.
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The acute form of Marek’s disease, first differentiated from the classical one by Biggs
et al. in 1965, is now recognized as a serious problem in several countries. Many reports
(Biggs, 1966, 1967; Biggs and Payne, 1967; Payne and Biggs, 1967; Purchase and Biggs,
1967; Matik, 1969; Witter et al., 1970; Fretcher et al., 1971) published in the last years,
however, have dealt chiefly with its virological aspects. Relatively little attention seems
to have been devoted to the microscopic lesions and pathogenesis.

Now that diagnosis of acute Marek’s disease is a routine task in our
institute for several years, it was felt that closer investigations should be
carried out into the characteristics of the disease, first of all to aid the diag-
nostic work.

Materials and methods

Field investigations were performed at a poultry farm where acute
Marek’s disease had been occurring for several years. Poultry house V of this
infected farm was stocked with 11 800 one-day-old broiler (Plymouth and
Cornish) chicks hatched from eggs disinfected with formalin gas. After prior
clinical observation altogether 87 of the birds were killed for pathological,
bacteriological and histological examinations according to the following
schedule: three chicks were killed daily up to 10 days of age, and three each
on two occasions every week from 11 days up to marketing at 76 days.

In every case the following specimens were histologically examined:
brain, the cervical and lumbar intumescences of the spinal cord, the left and
right brachial and ischiatic nerves between the axillary and knee joints the
spleen, appropriate parts of liver, the kidneys, heart and hone marrow from
the proximal end of the femur. The proventriculus, testes, thymus, bursa of
Fabricius and skin were additionally examined if they appeared grossly
changed. The organ-blocks were fixed in 10% neutral formalin solution and
embedded in paraffin.

Brains were studied in complete longitudinal sections, the cervical and
lumbar intumescences were cut in the frontal plane, and sections from periph-
eral nerves were cut longitudinally.
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Table |

Incidence and severity of microscopic lesions in different organs of chickens 1—76 days old

Bone marrow

Kidney (left)

Kidney
(right)

Liver

Heart

Brachial
nerve (left)

Brachial
nerve (right)

Ischiatic
nerve (left)

WNEFE WNEFE WNEFE WNE

WNEFE WNE WONE WNEFE WNE WNE WONEFE W —

Ischiatic + + -
nerve (right) + + +
+ +
Lumbar
intumescence
+ +
Cervical
intumescence + + +
+ + +
Brain + + 4+ o+ +
+ + + +4+4++ ++
+ + + + +
76 69 67 62 60 55 53 48 46
The severity of changes is graded by crosses, as follows: -(- mild, focal lesion; ; m more

cognizable in islets; + + + + + affected tissues no longer recognizable; @ oedema of certain

For general information the sections were stained with Mayor’s acid
haemclaun and eosin. The cytoplasmic ribonucleic acid component of the in-
fillrating cells was stained with methyl green-pyronine and Mayer’s acridine
orange technique. The reticular fibres of the parenchymatous organs were
demonstrated by Gomori’s silver impregnation technique and the nuclear in-
clusions according to the Farkas—Mallory procedure.
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originating from a flock with a history of acute Marek’s disease

41 39 34 32 27 25 20 18 13 11 10 9 8 7 6 5 4 3 2 1
Age of birds (days®

pronounced focal lesion; + + + diffuse cell infiltration; + + + + affected tissue only re-
peripheral nerves with mild lesion; © oedema without lesion

Results

Rearing losses in the flock during the 76-day-period of exposure amount-
ed to 4.66% . About half of the deaths occurred as a consequence ofweakness
after hatching at the age of up to 10 days and the rest from 38 days mainly
from the acute form of Marek’s disease.
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Fig. 1. Detail of optic lobe from the brain of a 41-day-old chicken exposed by contact to
Marek’s disease agent. Note the lymphoid cell infiltration around several vessels of both the
white and grey matter (Haemalaun and eosin, X45)

Fig. 2. Detail of cerebellum from 41-day-old chicken exposed by contact to Marek’s disease
agent. Perivascular accumulation of lymphoid cells are visible in both white and grey matter
(Haemalaun and eosin, X45)

Symptoms were first observed at 41 days when 2—3% of the birds
showed mostly minor motoric disturbances (instable gait, stumbling), though
a few developed complete paralysis.
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Fig. 3. Detail of cervical intumescence from a 41-day-old chicken exposed by contact to
Marek’s disease agent. Note lymphoid cell infiltration along the efferent nerve root in the
white matter (Haemalaun and eosin, X95)

Fig. 4. Detail of brain from a 41-day-old chicken exposed by contact to Marek’s disease
agent. A focal lymphoid cell infiltration is visible within and below the meninx (Haemalaun
and eosin, X 45)

At necropsy pathological lesions were detected in about 40% of the birds
examined; these lesions, which were slight and involved one or occasionally
more organs, appeared from 41 days of age.
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Fig. 5. Detail of medulla oblongata from a 69-day-0Jd chicken exposed by contact to Marek’s
disease agent. Neoplastic-like changes are visible in the white and grey matter (Haemalaun
and eosin, X 45)

Fig. 6. Detail of lumbar intumescence from a 69-day-old chicken exposed by contact to
Marek’s disease agent. Exhibiting a neoplastic-type infiltration in the white matter (Hae-
malaun and eosin, X45)
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Fig. 7. Detail of ischiatic nerve from a 60-day-old chicken exposed by contact to Marek’s
disease agent showing the concomitance of markedly infiltrated and non-infiltrated nerve
fibre bundles (Haemalaun and eosin, X 95)

Fig. 8. Detail of ischiatic nerve from a 46-day-old chicken exposed by contact to Marek*
disease agent presenting endoneural infiltration by rows of lymphoid cells (Haemalaun an=
eosin, X 600)

No bacteria were isolated from the affected tissues.

Histological examinations were begun only when the total material had
been collected and were conducted first on the specimens from the oldest
birds. The results are summarized in Table I. The severity of changes is graded
by crosses as follows:
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Fig. 9. Detail of myocardium from a 76-day-old chicken exposed by contact to Marek’s
disease agent. A focal lymphoid cell infiltration is visible among the muscle fibres (Haemalaun
and eosin stain, X 45)

Fig. 10. Detail of liver from a 60-day-old chicken exposed by contact to Marek’s disease
agent. Infiltrating lymphoid cells are present in the parenchyma and around the walls of
the larger vessels (Haemalaun and eosin, X 45)

+ mild, focal lesion
+ + more pronounced focal lesion
diffuse cell infiltration

Acta Velerinaria Academiae Scientiarum Hungaricae 22, 1972



CHANGES OF ACUTE MAREK’S DISEASE 357

Fig. 11. Detail of kidney from a 69-day-old chicken exposed by contact to Marek’s disease
agent. A marked lymphoid cell infiltration can be seen in both renal cortex and parenchyma
(Haemalaun and eosin, X 95)

Fig. 12. Detail of proventriculus from a 67-day-old chicken exposed by contact to Marek’s
disease agent. Note the sporadic lymphoid cell infiltration in the deep glands of the propria
(Haemalaun and eosin, X45)

affected tissue only recognizable in islets
affected tissue no longer recognizable.

Circles indicate oedema of certain peripheral nerves.
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Lesions of the central nervous system usually became apparent from
41 clays and always consisted of a lymphocyte cell infiltration around the
vascular wall (Figs 1—4). The infiltrating cells formed a perivascular lympho-
cyte cuffing, usually comprised of two or more rows of cells, hut sometimes
a single row or focal in distribution and as a rule sharply demarcated against
the ectodermal brain tissue. Vascular wall infiltrations were seen in both white
and grey brain matter and in about half ofthe cases in the cerebellum as well.
Cerebral lesions were located in the optic lobe (Fig. 1) and within or close by
the nuclei of the medulla oblongata while cerebellar lesions were usually found
in the granular layer (stratum granulosum), molecular layer (stratum molecu-
lare) as well as in the white matter of the cerebellar lamellae (Fig. 2). In the
cervical and lumbar intumescences most lesions were observed in the white
matter and they were generally asymmetrically distributed (Fig. 3). Occasion-
ally cell infiltrations were encountered in circumscribed areas of the cerebral
and spinal meninges.

In the overwhelming majority of cases the infiltrating cells were mature
lymphocytes. Infiltration of the vascular wall was not accompanied by degener-
ative neuron changes or glial proliferation.

Atypical, undifferentiated cells indicative of neoplasia occurred in a
circumscribed area of the medulla oblongata of two birds, aged 69 and 60 days
(Fig. 5); in the lumbar intumescence of these and two additional birds, aged
55 and 48 days (Fig. 6); as well as in the cervical intumescence of the former
55-day-old bird and another 25-day-old one. These diffusely infiltrating,
lymphoblast-like cells contained an increased amount of ribonucleic acid, as
demonstrated by staining with Mayor’s acridine orange. They formed massive
perivascular cuffing in the affected areas and the surrounding nerve cells were
severely degenerated.

In peripheral nerves cell-infiltration was endoneural; the cells usually
formed rows or less often were distributed focally between the myelinated
neurofibres of a nerve bundle. In most cases only a single bundle was affected,;
adjacent bundles contained very few infiltrating cells if any (Fig. 7). Most
infiltrating cells were again mature lymphocytes (Fig. 8); but other inflam-
matory cells, such as histiocytes, plasma cells and quite rarely heterophilic
cells were present in variable, generally low numbers. In the case of more pro-
nounced infiltrations a large number of immature, lymphoblast-like cells with
a high ribonucleic acid content were present. Three birds, aged 69, 60 and
48 days with lesions qualified -f-+ + and + + + + displayed neoplastic-like
cell infiltrations also in the central nervous system. In the changed area the
myelin sheath of the nerve fibres underwent different degrees of degeneration,
depending on the extent of infiltration, but the axon usually remained intact.
A distinct oedema without cellular infiltration was noticed in the peripheral
nervous system of 12 birds.
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Fig. 13. Detail of kidney from a 55-day-old chicken exposed by contact to Marek’s disease
agent. Many immature blast-type cells, rich in chromatin and with a large cytoplasm, are
present among the lymphoid cells surrounding the tubules (Haemalaun and eosin, X 600)

Fig. 14. Detail of heart from a 69-day-old chicken exposed by contact to Marek’s disease
agent. Many large, chromatin-rich, neoplastic-type cells are visible among the lymphoid
cells infiltrating the muscle fibres (Haemalaun and eosin, X 600)
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Fig. 15. Detail of liver from 2-day-old chicken exposed by contact to Marek’s disease agent.
The focal infiltration around the central vein consists of differentiated lymphocytes (Hae-
malaun and eosin, X 240)

Fig. 16. Detail of proventriculus from a 76-day-old chicken exposed by contact to Marek’s
disease agent. Note the structure of the reticular fibres in infiltrated areas of the deep propriai
glands (Goméri’s silver impregnation technique, X 45)

Of the extraneural organs, the heart frequently showed lesions at the
borderline between the myocardium and epicardium; the infiltrating cells were
chiefly arranged in rows, less often focally (Fig. 9). In the liver, the infiltrating
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Fig. 17. Detail of Fig. 16 at higher magnification (x600). The proliferated reticulum fibres
are seen disseminating in coarse structure

Fig. 18. Detail of proventriculus from a 76-day-old chicken exposed by contact to Marek’s

disease agent. Note the nuclear hypertrophy and perichromasia in some of the cylindrical

epithelial cells lining the central duct of the deep propriai glands. (Haemalaun and eosin,
X 1400)

cells formed circumscribed foci in the parenchyma and/or along the blood
vascular walls (Fig. 10). Similar foci with, however, less distinct tnargina
occurred in the kidney between the tubules and sometimes around the glome-
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Fig. 19. Detail of proventriculus from a 76-day-old chicken exposed by contact to Marek’s
disease agent. Nuclear inclusions are distinguishable in some of the cylindrical epithelial
cells lining the central duct of the deep propriai glands (Haemalaun and eosin, X 240)

Fig. 20. Detail of proventriculus from a 69-day-old chicken exposed by contact to Marek’s
disease agent again showing nuclear inclusions in some of the cylindrical epithelial cells
lining the central duct of the deep propriai glands (Farkas—Mallory stain, X 1400)

ruli (Fig. 11) while in the bone marrow, infiltrating cells were scattered in

small groups.
Of the lesions in organs not examined regularly unless grossly changed,
those in the proventriculus were most worthy of note: here infiltrating cells
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always appeared between the deep glands of the propria arranging either
focally or in rows (Fig. 12).

In all extraneural organs the infiltration consisted of lymphoid cells
among which maturing blast-type cells, with a high ribonucleic acid content
and often in the stage of mitosis, appeared in quite high numbers, even in
relatively mild (+ + ) lesions (Figs 13, 14). In birds younger than 27 days most
infiltrating cells were mature lymphocytes (Fig. 15). Proliferation of reticular
fibres which occurred in the proventriculus irrespective of age could be demon-
strated in the involved areas of the heart, liver and kidney only at 76 days
(Figs 16 and 17).

Depending on the degree of infiltration, the damaged tissue, above all
that of the proventriculus, heart and liver, occasionally showed signs of nuclear
degeneration, viz. karyomegaly and perichromasia (Fig. 18). In a few cases
a roundish, pale-staining acidophilic aggregate with slightly indistinct margins
was seen in the centre of the degenerated nucleus (Figs 19, 20).

Discussion

Of the 30 chickens examined betweeen the ages of 41—76 days, 28
(83.3%) exhibited infiltrative lesions both in parenchymatous organs and in
the nervous system. Changes in the central nervous system without involve-
ment of the peripheral nerves were encountered in only five cases, but once
the peripheral nerves had been affected, the infiltrations were generally present
in all of the four cases. An association of organic lesions with infiltrative neural
changes could be demonstrated in 12 of the 21 birds examined between the ages
of 18—39 days (57.1%). Since birds less than 18 days old never showed neural
lesions, no specimens of nerve tissue were examined from chicks younger than
10 days.

We conclude, in accordance with Malik (1969), that the neural lesions
found by us did not differ from those encountered in the classical form of
Marek’s disease. Likewise, the presence of oedema of peripheral nerves with-
out cell infiltration, which has been considered a characteristic change of acute
Marek’s disease (Payne and Biggs, 1967; Malik, 1969), also occurs in the
classical form. Furthermore, it seems likely that the low incidence of paralytic
symptoms in outbreaks of the acute form is due to the fact that the neural
axon remains intact for a relatively long time (Gratzi and Koéhter, 1968).

The presence of immature, neoplastic cells among the infiltrating lympho-
cytes was observed in both central and peripheral nervous systems of five birds
and in the peripheral nerves alone of three more. Blast-like cells of a neo-
plastic character according to their mitotic activity as well as their increased
ribonucleic acid content commonly appeared in various extraneural organs of
birds older than 27 days. This finding was verified in conformity with those of
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Payne and Biggs (1967). In birds less than 27 days old, the overwhelming
majority of the infiltrating cells were mature lymphocytes in which no increase
of the cytoplasmic ribonucleic acid component could he demonstrated, either
with methyl green-pyronine or with Mayor’s acridine orange technique. Lym -
phocytic cell infiltration is probably due to viral action on the reticulo-endo-
thelial system. Fletcher et al. (1971) cite in support of it Carison andALLEN’s
finding that lymphoid cells appeared already 6 hours after the viral inoculation
into the wing web and the affected tissues were predominantly infiltrated by
such cells after 36 hours. In our material lymphoid cell infiltrations occurred
as early as 2 days of age (Fig. 15).

Lymphoid cell infiltrations in visceral organs were not usually manifested
by any typical macroscopic lesions. Since the white pulp of the spleen normally
contains some elements of lymphoid cells, depending on the immunobiological
status of the involved bird, in accordance with Fletcher’s observation this
organ was not exactly examined. In a similar way, the lymphoid cell infiltra-
tions or lymph follicles in the wall of proventriculus are not regarded as patho-
logical, as they are often found in healthy birds between the deep glands of the
proventricular lamina propria. On the other hand, the nuclear degeneration
of proventricular epithelial cells corresponds to the Cowdry type A nuclear
inclusion bodies characteristic of the herpesvirus group; similar inclusions were
reported by Fretcher et al. (1971) in the epithelial cells of feather follicles.

SUMMARY

On a poultry farm with a history of the acute Marek’s disease, 87 birds from a large
broiler flock were exposed by contact to Marek’s disease agent and later on examined for
clinical signs, gross and microscopic lesions over the period from hatching to marketing (1—76
days of age). Detailed histological examinations of the central and peripheral nervous systems
and certain extraneural organs revealed that 83.3% of birds aged 41—76 days and 57.1%
of those aged 18 -39 days displayed lymphoid cell infiltrations in both intra- and extra-
neural localizations. No neural lesions were recognized in birds younger than 18 days old,
but lesions of parenchymatous organs occurred as early as two days of age and infiltrations
showing a neoplastic character from 27 days. Neoplastic neural lesions were found in only
a few instances. Cowdry type A nuclear inclusion bodies were seen in several cases, principally
in epithelial cells of the proventriculus. The microscopic changes were not usually manifested
by macroscopic examination.
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The production of humoral antibodies by rabbits in response to infections with Cysti-
cercus pisiformis (Bloch, 1780), the larval form of Taenia pisiformis (Bloch, 1780) Gmelin,
1790 (Cestoda: Taeniidae), has repeatedly been confirmed by passive serum-transfer experi-
ments (Kerr, 1934, 1935; Sima, 1937; Campbell, 1938; Leonard, 1940; Leonard and
Leonard, 1941; Liebmann and Boch, 1960; Bachmann, 1964; Németh, 1970). Antibodies
to this parasite have also been demonstrated in the serum of infected rabbits by various
serological methods with the use of sundry antigenic preparations of the tapeworm or the
cysticerci (Campbell, 1938; Silverman, 1955; Shul’ts and Ismagilova, 1965; Németh, 1965).

In a previous experiment, the serum of rabbits experimentally infected with the eggs
of T. pisiformis produced precipitation lines in agar gel against whole saline extracts of both
tapeworms and cysticerci (Németh, 1965). Subsequent analyses by agar gel diffusion pre-
cipitation tests revealed that the invasion of the parasite induces a complex precipitin response
in the rabbits. Four precipitating antibodies of different antigenic specificity were detected
in serum samples collected at spaced intervals after single or double infections. The antigenic
components reacting with these antibodies were found to be contained in the acid-soluble
fraction of the whole saline extracts of tapeworms and cysticerci (Németh, 1971).

No information is available in the literature on the class of immuno-
globulins with which these antibodies are associated, however, so that their
types has still to be defined. To further characterize the precipitin response
evoked by invasions of oncosphaeres of T. pisiformis, experiments were carried
out in which the relationship between immunoglobulins and precipitins was
studied. By submitting original or concentrated serum to immunoelectro-
phoresis we have been able to localize these antibodies in the serum proteins
of infected rabbits with the aid of various antigenic preparations of the para-
site. The results of these studies are presented in this paper.

Materials and methods

Antigens. Whole saline extracts of T. pisiformis (TpE) and C. pisiformis
(CpE) as well as “secretions and excretions” of the two stages (TpSE and
CpSE) were obtained as previously described (Németh, 1971).
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Sera. The preparation of rabbit anti-T. pisiformis immune serum (anti-
Tp) and anti-C. pisiformis immune serum (anti-Cp) was also as before (Nemeth,
1971). The following additional sera were used:

Serum from infected rabbits. Twenty white New Zealand rabbits, aged
6—7 weeks and weighing 700—900 g, were each infected with 500 T. pisi-
formis eggs. The eggs were isolated from the gravid segments of tapeworms
recovered from artificially infected dogs (Neémetn, 1970) and introduced into
the stomach of the animals down a tube fitted to a syringe. Sixty days after
the primary infection, half of the rabbits were reinfected with 10,000 eggs.
All animals were bled and dissected on the 100th day. Blood was drawn from
the marginal ear vein at 10-day intervals and the serum samples were stored
without preservative at —20 °C.

Preparation of polyspecific goat immune serum against whole rabbit serum
(goat anti-rabbit immune serum). Three adult female goats with body weights
of 50 —60 kg were sensitized with pooled normal serum of adult rabbits that
seemed to be healthy on clinical and anatomical evidence. Two ml of whole
serum, emulsified in an equal volume of complete Freund’s adjuvant,* was
inoculated intramuscularly into each animal at multiple sites; the inoculation
was repeated with the same dosage four weeks later. After another four weeks,
the animals were injected subcutaneously six times at 5-day intervals with
5 ml serum diluted 1 : 3 with isotonic saline. If the antibody titre was high
enough in a serum sample tested one week after the last injection, and if the
serum proved to contain antibodies to an adequate number of serum compo-
nents, as judged by a trial immunoelectrophoretic run, blood was drawn from
the goat via the jugular vein. If the sample was of low titre, inoculations were
continued. Immune serum was preserved by adding 0.01% merthiolate and
0.25% phenol, and stored at 4 °C.

Preparation of sheep immune serum against rabbit-serum globulins (sheep
anti-rabbit globulin immune serum). Young sheep of 20—25 kg body weight
were sensitized with rabbit serum globulins obtained from pooled normal
rabbit serum by precipitation with one-third saturated ammonium sulphate
as described by steros (1967). Aliquots of globulin solution containing 90 mg
protein were emulsified in equal portions of complete Freund’s adjuvant and
injected intramuscularly into each animal at multiple sites in a total volume
of 4 ml. Four weeks later, inoculation was repeated with the same dosage.
After another four weeks, the animals were injected subcutaneously six times
at 5-day intervals with a dose of globulin solution containing 50 mg protein.
Blood was withdrawn from the sheep 8 —10 days after the last inoculation
provided the immune titre was adequate; if not, inoculations were continued.
Immune serum was preserved with 0.01% merthiolate and 0.25% phenol,
and stored at 4 °C.

* Difco Laboratories, Detroit, Michigan, U.S.A.
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Immunoelectrophoresis

Immunoelectrophoretic analyses were performed in 1.5% agar gel* dis-
solved in barbital sodium-sodium acetate-hydrochloric acid buffer (pH 8.6,
p = 0.05) containing 0.01% merthiolate. The agar solution was poured onto
6.5 X9.0 cm glass plates to a depth of 1.5 mm and left to congeal, the plates
being kept in a moist chamber at 4 °C until used the next day. Electrophoretic
runs were carried out at room temperature under a potential gradient of
4 ¥Y/cm. Whatman No. 1 filter paper strips connected the agar plates with the
buffer tanks, which contained the same buffer as the agar gel. Immunodiffu-
sion following electrophoresis took place in a humid chamber at room tempera-
ture; its duration varied according to the reagents employed. After the precipi-
tin bands had been formed, the immunoelectrophoretic plates were washed
dried and then stained with amidoblack 10 B or acid fuchsin following
Backhausz (1967)

Agar gel diffusion precipitation technique

The agar gel diffusion precipitation test was effected by the radial double
diffusion method in plates of 1.5% Difco Noble-Agar in phosphate-buffered
saline (PBS: 0.01 M, pH 7.1) containing 0.01% merthiolate and 0.003% methyl
orange, following the previously adopted technique (Németh, 1971).

Concentration of serum

In order to enhance precipitin activity, serum samples found to produce
too weak precipitation were concentrated 5- to 6-fold by salting out with
ammonium sulphate (Nemetn, 1971).

Protein determinations

These were performed by the biuret method as described by Cnase and
Wirttiams (1968).

Results

Post-mortem examination carried out 100 days after the first administra-
tion of T. pisiformis eggs showed both inoculations to have been successful.
Babbits with a single infection harboured, on average, 228.6 (range: 82—391)
encapsulated, fully mature cysticerci on the omentum and under the pelvic
peritoneum. An average of 394 (range: 128—427) cysticerci were recovered
from the rabbits reinfected on day 60 of the experiment. Besides the mature

* Special Agar-Noble, Difco Laboratories, Detroit, Michigan, U.S.A.
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cysticerci, still migrating young larvae, which had obviously developed from
the oncosphaeres of the reinfecting dose, were also found in the abdominal
cavity of rabbits in this group.

Serum samples collected before the 12th—15th day of infection produced
no precipitate with CpE and TpE antigens in the agar gel diffusion precipita-
tion test. Up to the 30th—40th day the serum of some rabbits developed
mostly weak precipitation lines, but thereafter samples from all animals pre-
cipitated up to the very end of the experiment, the most marked precipitin

Fig. 1. Precipitins to “somatic” antigens of T. pisiformis and C. pisiformis localized by im-

munoelectrophoresis in the serum of rabbits infected with C. pisiformis. After electrophoresis

of a serum sample (wells) collected 30 days after the infection, the horizontal troughs were

filled as follows: SaRG, Sheep antiserum to rabbit globulins; GaRS, Goat antiserum to rabbit

whole serum; TpE, T. pisiformis whole saline extract (3 mg protein/ml); CpE, C. pisiformis

whole saline extract (4 mg protein/ml). Precipitin lines were formed against both TpE and
CpE in the position of IgG immunoglobulins

bands being observed between the 30th and 70th days of infection. The preci-
pitin activity of serum samples varied not only during the course of infection,
however, hut also markedly between individuals at the same stage of infec-
tion. This was evidenced by the differences in both the number and intensity
of precipitation bands produced. Most of the serum samples from singly in-
fected rabbits formed only a single band to CpE and TpE, though two clear
lines developed with the serum collected from some animals 30—70 days after
infection.

Superinfection with 10,000 eggs conspicuously augmented the precipitin
activity above that of singly infected animals and after the 20th day of rein-
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fection the serum of the majority of rahhits formed three, in some cases even
four, bands against CpE or TpE.

In serum samples shown to contain a demonstrable amount of precipi-
tins by the gel diffusion test, the electrophoretic mobility and the type of
serum components carrying the antibodies were determined by immuno-
electrophoresis as follows. The serum was first electrophoretized in agar gel.
Two longitudinal troughs were then cut out parallel to the direction of electro-
phoresis; one of the troughs was filled with different dilutions of CpE, TpE,

Fig. 2. Precipitins to “secretions and excretions” antigens of T. pisiformis and C. pisiformis
localized by immunoelectrophoresis in the serum of rabbits infected with C. pisiformis.
After electrophoresis of a serum sample (wells) collected 30 days after the infection, the
horizontal troughs were filled as follows: GaRS, Goat antiserum to rabbit whole serum;
TpSE, “Secretions and excretions” antigen of T. pisiformis (3 mg protein/ml); CpSE, “Secre-
tions and excretions” antigen of C. pisiformis (2.5 mg protein/ml). Precipitin lines were
formed against both TpSE and CpSE in the position of IgG immunoglobulins

CpSE or TpSE, the other with goat anti-rabbit immune serum or sheep anti-
rabbit globulin immune serum, and these were allowed to diffuse at right
angles to the separated components of the serum sample.

Serum samples of diverse precipitating activity, collected at different
stages of infection, were examined individually with this method. Samples
with the same reactivity obtained in the same stage of infection were pooled
in equal proportions; sera of low precipitating activity were concentrated before-
hand by ammonium sulphate precipitation. The most characteristic results
are presented in Figs 1—A4.

As can be seen, the precipitation bands against the various concentra-
tions of CpE, TpE, CpSE and TpSE coincided with the maximum of the IgG
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precipitation arc. There was no variation in the localization of precipitating
antibodies between serum samples obtained at different stages of the infection.
By comparing the precipitation bands developed against the different antigen
solutions with the immunoelectrophoretic picture of the serum it was found
that the precipitation lines produced by the worm antigens and the correspond-
ing antibodies differed only with respect to the activity of the serum samples
but never in their position. Every serum sample consistently produced pre-
cipitation bands against the antigen solutions corresponding to the maximum

Fig. 3. Immunoelectrophoretogram of rabbit serum showing the localization of precipitins
to “somatic” antigens of T. pisiformis and C. pisiformis 40 days after reinfection. After
electrophoresis of the serum sample (wells) the horizontal troughs were filled as follows:
GaRS, Goat antiserum to rabbit whole serum: TpE, T. pisiformis whole saline extract (4 mg
protein/ml); CpE, C. pisiformis whole saline extract (5 mg protein/ml)

of the 1gG arc but these bands never extended to the entire area of the electro-
phoretic mobility of the 1gG globulins. The result was the same whether the
serum was collected after the first or the second infection, and it made no
difference whether the “somatic” or the “metabolic” antigens of the worms
or the cysticerci were used to demonstrate the precipitins.

It should, however, be stressed that, owing to the strongly variable serum
precipitin content, the immunoelectrophoretic analysis of every serum sample
required diverse antigen concentrations and various diffusion times for the
optimal formation of precipitation lines. It was thus impossible to demonstrate
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in a single run on the same plate all the precipitation lines observed in gel
diffusion tests together with the immunoeleotrophoretic picture of the serum.

As is apparent from the figures, only a single precipitin line was produced
when 10—15 pi serum was analysed, even if the serum under test formed two
or more hands in reaction with exactly the same antigens in the agar gel
diffusion precipitin test. This was presumably mainly because the amount of
antibodies lay below the threshold for producing perceptible precipitation
against all antigenic components.

The precipitins responsible for all lines in the gel diffusion precipitation
could be localized by simultaneous analyses of 20 —30 pi of the same serum

Fig. 4. Immunoelectrophoretogram of rabbit serum showing the localization of precipitins

to “secretions and excretions” antigens of T. pisiformis and C. pisiformis 40 days after

reinfection. After electrophoresis of a serum sample (wells) the horizontal troughs were filled

as follows: GaRS, Goat antiserum to rabbit whole serum; TpSE, “Secretions and excretions”

antigen of T. pisiformis (4 mg protein/inl); CpSE, “Secretions and excretions” antigen of
C. pisiformis (mg protein/ml)

on several plates. Different concentrations of antigen solutions were then dif-
fused against the separated serum components on one plate, and the immune
sera to rabbit serum proteins on another plate. The plates were thereafter in-
cubated until the optimal formation of the precipitation bands. The number
of bands so formed was equal to that observed in the preliminary gel diffusion
analysis. These bands lay parallel to each other between the antigen troughs;
the strongest line was next to the antigen trough, while the other ones, which
were considerably weaker and shorter, located further away from the antigen-
containing troughs. Comparison of the arrangement of the precipitation lines
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with the immunoelectrophoretic pattern showed the bands to coincide with
the maximum of the 1gG precipitation arc.

Localization of precipitins was particularly difficult in serum displaying
weak precipitin activity, as in these cases it needed several attempts to observe
even an occasional faint line. Preliminary concentration by salting out with
ammonium sulphate made it clear, however, that the precipitins migrated
with the 1gG globulins.

Precipitating antibodies in the anti-Tp or anti-Cp immune serum of
hypersensitized rabbits showed the same electrophoretic mobility as those
in the serum of the infected rabbits. Those sera with fairly high antibody titre
(i.e. with precipitin titres between 1 :2U and 1: 214 on titration with stock
TpE or CpE antigen containing 15 mg protein per ml) also produced precipi-
tation against the different concentrations of TpE and CpE only at the maxi-
mum of the 1gG arc. The most intense and longest precipitin hand was found
next to the antigen trough and even with immune sera with the highest
precipitin titre did not extend over the entire area of 1IgG mobility. Away from
the antigen trough, 4 —5 much shorter, parallely arranged bands of variable
intensity were sometimes formed.

Discussion

Campbell (1938) was the first to demonstrate that the infection of rab-
bits with Cysticercus pisiformis evokes humoral antibodies capable of produc-
ing precipitation with the antigenic components of the parasite. The presence
of precipitating antibodies was subsequently confirmed by several serological
methods using different antigenic preparations (Silverman, 1955, 1956;
Shul’ts and 1SMAGILOVA, 1965; Németh, 1965), and detailed investigations
have been carried out concerning the dynamics of humoral antibody produc-
tion (Shul’ts and Ismagilova, 1965; Németh, 1971) as well as the number
of antigen-antibody systems demonstrable with “somatic” and “metabolic”
antigens of the parasite in the agar gel diffusion precipitation test (Németh,
1971). Information has been lacking, however, on the immunoglobulin classes
to which the precipitins produced in response to the invasion of T. pisiformis
oncosphaeres belong. Antibodies belonging to different immunoglobulin classes
are known to have dissimilar biological properties and to play different roles
in the various immune reactions (Cohen and Porter, 1964; Cohen and
Milstein, 1967; Stanworth and Pardoe, 1967). Consequently, a more exact
definition of immune phenomena elicited by the parasite and the cole played
by the antibodies in the defence mechanism of the host against the invading
oncosphaeres requires the determination of the immunoglobulin class(es) to
which the antibodies in question belong.
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Three immunoglobulin classes are known in the rabbit: 1gG, IgM and
IgA. These possess anumber of common physico-chemical, structural and anti-
genic features but also certain specifically individual properties, and may be
distinguished by the structural, and hence antigenic, differences of their heavy
polypeptide chains (Conen and Porter, 1964; Cebra and Robbins, 1966;
Cohen and Mitstein, 1967; Stanworth and Pardoe, 1967).

There are numerous reports showing that the antibodies produced by
rabbits in response to different antigens may belong to any of the three immuno-
globulin classes, although in any particular situation one or the other class
may be predominant in the serum, depending on the chemistry, physical state,
dosage and mode of administration of the antigens, as well as on several not
clearly defined factors (see for example Bauer and Stavitsky. 1961; Svehag
and Mandetr, 1962, 1964; Bauer et ah, 1963; Unhr and Finkelstein, 1963;
Boretl et al., 1964; Grey, 1964; Onoue et al., 1964; Shuitman et al., 1964;
Svehag, 1964; Weidanz et al., 1964; Benedict, 1965, Freeman and Sta-
vitsky, 1965; Hocker and Bauer, 1965; Robbins et ah, 1965; Schoenberg
et ah, 1965; Artemeier et ah, 1966; Oster et al., 1966; Pike et al., 1966;
Sandberg and Stottar, 1966; Armstrong and Sword, 1967; Carter and
Harris, 1967; Pike, 1967; Samioff and Barnett, 1967; Wei and Sta-
vitsky, 1967)

A search of the available literature has turned up no investigation com-
parable with the results of the present study, and to our best knowledge there
is no report concerning the immunoglobulin classes with which the antibodies
produced by rabbits in response to Taenia antigens are associated. Even with
other helminthic antigens the relationships between immunoglobulins and the
antibodies induced by the parasite have so far been studied in only a few
instances. Mauss (1941), on fractionating the serum of rabbits infected with
Trichinella spiralis by ammonium sulphate precipitation and by ultracentri-
fugal separations, detected complement-fixing, precipitating and protective
antibodies in the euglobulin fraction, although some antibody activity was
also present in the pseudoglobulin fraction. Precipitins to Trichinella antigens
have been demonstrated in the gamma globulin (W right and Otiver-Gonza-
tez, 1943), beta-2 and gamma globulin (Biguet et al., 1965), IgG globulin
(Lupasco et al., 1964; Crandat1 and Moore, 1968), and also in the 1gG and
IgM globulins (Kwan, 1971) fractions, while the fluorescent antibodies have
been found to be associated with the 1gG and IgM globulins (Crandar1 et
ah, 1967; Sadun et al., 1968). More recently, Crandai1 and Moore (1968)
demonstrated the presence of anti-Trichinella antibodies of all three immuno-
globulin classes in the sera of infected rabbits. Kwan (1971) suggested that
the bulk of precipitins are carried by the 1gG globulins, whereas protective
antibodies are of the IgM type.

Fluorescent antibodies in rabbits infected with Dirofilaria uniformis are

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



374 NEMETH

associated with both the 1gG and the IgM globulins (Sadun et al., 1967),
while the flocculating antibodies evoked by infection with Schistosoma man-
soni with 1gG alone (Zvaifier et al.,, 1967). Geyer (1965) demonstrated the
presence of precipitins in both the beta and gamma globulin fractions of
serum from rabbits injected with the filariform larvae of Strongyloides papil-
losus. Some authors suggest that homocytotropic antibodies produced by rab-
bits in response to helminthic infections belong to an immunoglobulin class
other than IgG and IgM (Sadun et ah, 1967, 1968; Zvaifier et al., 1967).

On the basis of the findings presented in this paper, the conclusion
seems to be justified that the rabbit produces only precipitins of the 1gG type
during the immune response to invasion by T. pisiformis oncosphaeres. The
precipitin activity of the serum and the number of detected antigen-antibody
systems showed considerable individual variations, a phenomenon presumably
due to disparities in the animals’ reactivity and possibly other factors. How-
ever, irrespective of such discrepancies, the serum protein carrying precipitins
proved to be of the IgG globulin class at all stages of primary and secondary
infection, whether an isotonic saline extract of adult worms and infective
cysticerci or their “metabolic” antigens were used to demonstrate the anti-
bodies.

Our results are consistent with the findings of Lupasco et al. (1964) who,
likewise by immunoelectrophoretic method, localized the anti-Trichinella pre-
cipitins in the 1gG globulin fraction, Geyer (1965) in contrast, as noted above,
demonstrated precipitins with the same technique also in the beta-globulin
zone of serum from rabbits artificially sensitized with Strongyloides papillosus
larvae.

Although, according to the literature, antibodies of both the 1gG and
IgM classes can produce precipitation, those of the 1gG type are much more
potent (Grey, 1964; Shuiman et al., 1964; Weidanz et al., 1964; Benedict,
1965; Muthottand et al., 1965; Onoue et al., 1965; Robbins et al., 1965;
Lindqvist and Bauer, 1966; Pike et al., 1966; Tada and Ishizaka, 1966;
Pike, 1967). Had demonstrable amounts of IgM-type precipitins been present
in the sera tested, the immunoelectrophoretic analyses against the various
antigen preparations would have yielded double-humped precipitation hands
in cases of identical, and crossing bands in cases of different, antigenic specif-
icity. However, no such bands were observed, even when the strongly pre-
cipitating serum of artificially sensitized rabbits was analysed. Presumably
IgM antibodies were either not produced at all or produced only in amounts
below the minimum quantity demonstrable by the method employed. Clari-
fication of this point requires further investigations.
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SUMMARY

Rabbits, 6—7 weeks old, weighing 700—900 g, were infected perorally with 500 eggs
of Taenia pisiformis, and a group of them was reinfected with 10,000 eggs 60 days later.
Serum samples collected at frequent intervals were tested for the presence of precipitins
by agar gel double diffusion technique using as antigen “secretions and excretions” and
whole saline extracts of both Taenia pisiformis and Cysticercus pisiformis.

Sera of known precipitin activity were submitted to electrophoresis in agar and sub-
sequently diffused against worm antigens, goat antiserum to rabbit whole serum or sheep
antiserum to rabbit globulins. With all sera precipitin lines developed against the antigenic
preparations at the position of 1gG globulins. It appears therefore, that the precipitating anti-
bodies produced by rabbits in response to invasion by Taenia pisiformis oncosphaeres are
associated with the 1gG immunoglobulin class.

REFERENCES

Altemeier, W. A., Robbins, J. B. and Smith, R. T.: ). exp. Med. 124 (1966), 433.
Armstrong, A. S. and Sword, C. P.: J. Immunol. 98 (1967), 510. Bachmann, P. A.: Ver-
suche zur Immunizierung von Kaninchen gegen Cysticercus pisiformis. Thesis. Berlin. 1964.
Backhausz, R.: Immunodiffusion und Immunoelektrophorese. Budapest, 1967. Bauer, D. C.
and Stavitsky, A. B.: Proc. Nat. Acad. Sei. 47 (1961), 1667. Bauer, D. C., Mathies, M. J.
and Stavitsky, A. B.: J. exp. Med. 117 (1963), 889. Benedict, A. A.: Nature 206 (1965),
1368. Biguet, J., Tran Van Ky, P., Moschetto, Y. and Gnamey-Koffy, D.. Wiadom.
Parazytol. 11 (1965), 299. Borel, Y., Fauconnet, M. and Miescher, P. A.: Proc. Soc. exp.
Biol. Med. 117 (1964), 603. Campbell, D. H.: J. Immunol. 35 (1938), 205. Carter, B. G.
and Harris, T. N.: Immunology 12 (1967), 75. Cebra, J. J. and Robbins, J. B.: J. Immunol.
97 (1966), 12. Chase, M. W. and Williams, C. A.: In: Methods in Immunology and Immuno-
chemistry. Vol. Il. (Eds: C. A. Williams and M. W. Chase), New York—London, 1968,
249 —282. Cohen, S. and Porter, R. R.: Adv. in Immunol. 7 (1967), 1. Crandall, R. B,,
Cebra, J. J. and Crandall, C. A.: Immunology 12 (1967), 147. Crandall, R. B. and Moore,
L. L. A, Jr.: J.inf. Dis. 118 (1968), 377. Freeman, M. J. and Stavitsky, A. B.: J. Immunol.
95 (1965), 981. Geyer, Bb.: Z Parasitenkunde 25 (1965), 240. Grey, H. M.: Immunology 7
(1964), 82. Hocker, N. D. and Bauer, D. C.: J. Immunol. 95 (1965), 887. Kerr. K. B.:
Am. J. Hyg. 22 (1935), 169. lIdem: J. Parasit. 20 (1934), 328 (Suppl.). Kwan, C. K.: Exp.
Parasit. 30 (1971), 82. Leonard, A. B.: Am. J. Hyg. 32 (1940), 117. Leonard, A. B. and
Leonard, A. E.: J. Parasit. 27 (1941), 375. Liebmann, H. and BocH, J.: Berl. und Miinch,
tierarztl. Wschr., 1960, 123. Lindqvist, K. and Bauer, D. C.: Immunoehemistry 3 (1966),
373. Lupasco, G., Hacig, A., Solomon, P. and lanco, L.: Arch, roumain, pathol. exp. et
microbiol. 23 (1964), 877. Mauss, E. A.: Am. J. Hyg. 34 (1941), 73. Mulholland, J. H.,
Wolf, S. M., Jackson, A. L. and Landy, M.: J. Clin. Invest. 44 (1965), 920. Németh, I.:
Zschr. f. Immun, u. Allergief. 128 (1965), 468. Idem: Acta vet. hung. 20 (1970), 69. Idem:
Ibidem 21 (1971), 319. Onoue, K., Yagi, Y. and Pressman, D.: .1 Immunol. 92 (1964), 173.
Onoue, K., Tanigaki, N., Yagi, Y. and Pressman, D.: Proc. Soc. exp. Biol. Med. 120 (1965),
340. Onoue, K., Yagi, Y. and Pressman, D.: J. exp. Med. 123 (1966), 173. Osler, A. G.,
Multigan, J. J., Jr. and Rodriguez, E.: J. Immunol. 96 (1966), 334. Pike, R. M.: Bact.
Rev. 31 (1967), 157. Pike, R. M., Schulze, M. L. and Chandler, C. H.: J. Bacteriol. 92
(1966), 880. Robbins, J. B., Kenny, K. and Suter, E.: J. exp. Med. 122 (1965), 385. Sadun,
E. H.,, Duxbury, R. E., Gore, R. W. and Stechschulte, D. J.: J. inf. Dis. 117 (1967), 317.
Sadun, E. H.,, MoTa, |I. and Gore, R. W.: J. Parasit. 54 (1968), 814. Samloff, I. M. and
Barnett, E. V.. J. Immunol. 98 (1967), 558. Sandberg, A. L. and Stollar, B. D.: Im-
munology 11 (1966), 547. Schoenberg, M. D., Stavitsky, A. B., Moore. R. D. and Freeman,
M. J.: J. exp. Med. 121 (1965), 577. Shulman, S., Hubler, L. and Witebsky, E.: Science
145 (1964), 815. Sitverman, P. H.: Nature 176 (1955), 598. Idem: Trans. R. Soc. Trop. Med.
Hyg. 50 (1956), 8. Sima, L: Allatorvosi Lapok, 1937, 1. Stanworth, D. R. and Pardoe,
G. I.: In: Handbook of Experimental Immunology (Ed. D. M. Weir), Oxford —Edinburgh,
1967, 134—328. Stelos, P.: In: Handbook of Experimental Immunology (Ed.: D. M. Weir),

4 Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



376 NEMETH

Oxford —Edinburgh, 1967,3 —9. WWynbu, P. C. and Vicmarnnosa, P. I'.: In: MapasnTbl U napasu-
TO3bl YenoBeKa U XMUBOTHbIX. Kues, 1965, 44—64. Svehag, S.-E. and Mandel, B.: Virology
18 (1962), 508. lidem: J. exp. Med. 119 (1964), 1. lidem: lbidem 119 (1964), 21. Svehag,
S.-E.: J. exp. Med. 119 (1964), 225. Tada, T. and Ishizaka, K.: J. Immunol. 96 (1966), 112.
Uhr,J. W. and Finkelstein, M. S.: J. exp. Med. 117 (1963), 457. Wei, M. M. and Stavitsky,
A. B.: Immunology 12 (1967), 431. Weidanz, W. P., Jackson, A. L. and Landy, M.: Proc.
Soc. exp. Biol. Med. 116 (1964), 832. Wright, G. G. and Oliver-Gonzalez, J.: J. inf. Dis.
72 (1943), 242. Zvaifler, N. J., Sadun, E. H., Becker, E. L. and Schoenbechler, M. J.:
Exp. Parasit. 20 (1967), 278.

Address of the author: Dr. Istvdn Németh, 1581 Budapest, Pf. 18, Hungary

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 22 (4), pp. 377—408 (1972)

IMMUNOLOGICAL STUDY OF RABBIT CYSTICERCOSIS

Y. CHARACTERIZATION OF THE ANTIBODY RESPONSE
TO EXPERIMENTAL INFECTION WITH CYSTICERCUS PISIFORMIS
(BLOCH, 1780)

By
I. Németh

Veterinary Medical Research Institute (Director: 1). Derzsy),
Hungarian Academy of Sciences, Budapest

(Received March 20, 1972)

Rabbits infected with Cysticercus pisiformis (Bloch, 1780), the larval form of Taenia
pisiformis (Bloch, 1780) Gmelin, 1790 (Cestoda: Taeniidae), produce antibodies to the antigenic
components of both the adult and larval forms of the parasite. The presence of antibodies in
the serum of infected rabbits has so far been demonstrated by ring precipitation (Campbell,
1938; Shul’ts and Ismagilova, 1965), larval precipitation (Silverman, 1955, 1956), agar
gel diffusion precipitation (Németh, 1965, 1971), complement fixation (Shul’ts and Ismagi-
lova, 1965 and indirect haemagglutination (Shul’ts and Ismagilova, 1965; Németh, 1965).

The characteristics of the humoral antibody response to invasions of the parasite are,
however, largely unknown, and no information is yet available on the class of antibodies
produced in the course of the infection. Previous investigations have revealed that the onco-
sphaeres of T. pisiformis induce a complex precipitin response in rabbits. In serum samples
collected at spaced intervals after the experimental infections, four types of antibodies of
different antigenic specificity were demonstrated by the agar gel diffusion precipitin test
using antigenic preparations from T. pisiformis and C. pisiformis (Németh, 1971). The im-
munoelectrophoretic analysis of such precipitating rabbit sera with polyspecific anti-rabbit
immune serum as well as both “metabolic” and “somatic” antigens of T. pisiformis and
C. pisiformis revealed that precipitins belonging to the 1gG immunoglobulin class were pro-
duced (Németh, 1972).

In attempts to further characterize the humoral antibody response, addi-
tional experiments were carried out in which the heterogeneity and sequence
of antibody productions as also the relationship between immunoglobulins
and antibodies were studied during both primary and secondary infections
with C. pisiformis. For this purpose (i) serum samples were fractionated by
salt precipitation, by preparative zone electrophoresis in agar and by ion ex-
change chromatography, and the serum fractions were then examined for
the presence of antibodies by larval precipitin, agar gel diffusion precipitation
and indirect haemagglutinations tests; (ii) mercaptoethanol sensitivity of the
antibodies was assayed; (iii) immune sera were produced to antigen-antibody
precipitates made with serum of infected rabbits and the antigens of T. pisi-
formis and C. pisiformis, and the types of the serum protein components
precipitated by these anti-complex antisera were then identified through
immunoelectrophoresis of pooled normal rabbit serum.

The results of these studies are reported in the present paper.
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Materials and methods

Rabbits

White New Zealand rabbits aged 5—7 weeks and weighing 500— 1000 g
were used, kept under the conditions described earlier (Németh, 1971).

Antigens

The preparation of the extracts of T. pisiformis (TpE) and C. pisiformis
(CpE) used as antigens in the agar gel diffusion precipitin test has already
been described (Németn, 1971). The antigen employed for the indirect haem-
agglutination test was prepared from T. pisiformis according to Lancefield’s
technique (1928) with the modification of Nemetn (1965).

Taenia pisiformis eggs

Eggs were isolated from gravid proglottids collected from artificially
infected dogs (Németh, 1970). The rabbits were infected by introducing the
required doses of eggs in 5 ml saline into the stomach through a rubber tube
fitted to a syringe.

Migrating larvae

Migrating larvae used for the in vitro larval precipitin test were harvested
from rabbits infected with 500 T. pisiformis eggs. The animals were sacrificed
between days 24 and 30 following infection. Freely moving young cysticerci
were washed away from the abdominal cavity of the skinned animals with
isotonic saline, collected in a measuring cylinder and cleaned by 5 or 6 sub-
sequent decantations in isotonic saline. After removal of the last washing
fluid, the larvae were placed into Hanks’ solution containing 300 1.U./ml
crystalline penicillin and 0.2 mg/ml streptomycin, and utilized within 24 hrs.
Strictest sterility was not observed, but sterile materials and equipments were
used throughout the procedure.

Mature cysticerci

Rabbits artificially infected with T. pisiformis eggs w'ere killed after the
8th week of infection. Bladderworms encysted on the peritoneum were taken
out of the abdominal cavity together with the adjacent tissues, and the larvae
were released by careful disruption of the connective tissue capsules in iso-
tonic saline. Damaged cysticerci were picked out under a stereoscopic micro-
scope at a 4- to 5-fold magnification, and discarded. Apparently intact larvae
were washed by decantation in four or five changes of 37 to 38 °C isotonic
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saline and then incubated for 60 minutes at 38 °C in saline containing 300 I.U.
crystalline penicillin and 0.2 mg streptomycin per ml. After three subsequent
washings with sterile saline the larvae were used on the day of preparation.

Sera

The preparation of anti-T. pisiformis rabbit immune serum (anti-Tp),
anti-C. pisiformis rabbit immune serum (anti-Cp), and polyspecific goat im-
mune serum to rabbit whole serum (goat anti-rabbit serum) has already been
described (Németn, 1971, 1972). The following additional sera were applied.

Normal rabbit serum

Apparently healthy adult rabbits of 3—4 kg were bled through the
carotid artery into separate dishes and then dissected. The sera of pathologic-
ally normal animals not infected with C. pisiformis were pooled and stored
at —20 °C until use.

Serum of infected rabbits

Serum was collected from rabbits artificially infected with T. pisiformis
eggs. Forty animals were each infected with 500 eggs, 10 animals served as
uninfected controls. Ten rabbits in the infected group, the serum of which
produced marked precipitation with CpE in the agar gel diffusion precipitin
test, were bled on the 30th day following infection, while 15 animals were
reinfected with 10,000 eggs on day 60. All the experimental rabbits were dis-
sected and carefully examined to evaluate the success of the infections and
to determine the cysticercus burden of the infected group, as well as to identify
the occasional spontaneous infections in the control group. Blood samples were
drawn from the marginal ear vein of all animals at 7— 10 day intervals follow-
ing the first infection. Sera were stored without preservative at —20 °C until
use. Serum samples collected at the same stage of infection were pooled in
equal proportions for salt fractionation, preparative electrophoresis and anion
exchange chromatography, whereas individual samples were used for all other
analyses. The serum of uninfected animals served as controls.

Production of anti-bovine serum albumin (anti-BSA) and anti-human serum
albumin (anti-HSA)

Rabbits weighing 3 to 4 kg were sensitized with BSA* or HSA** in the
following manner.

* Phylaxia, Veterinary Biologicals and Feedstuffs, Budapest, Hungary.
** “Human” Institute for Serobacteriological Production and Research, Budapest,
Hungary.
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Aliquots of a solution containing 10 mg albumin were emulsified in equal
volumes of complete Freund’s adjuvant* and injected subcutaneously into
each animal at multiple sites in a total volume of 2 ml. The same dose of anti-
gen was administered a month later in incomplete Freund’s adjuvant. After
another four weeks 20 mg albumin in solution were given subcutaneously, and
on the next two days a further 5 and 10 mg, respectively, were injected into
the marginal ear vein. The last series of inoculations was repeated after a week,
and the animals were bled 9 or 10 days following the last intravenous injection.
The sera were stored at —20 °C without preservative until use.

Production of anti-rabbit IgG immune serum

Sheep were sensitized with pure rabbit 1gG. Aliquots of solution con-
taining 60 mg IgG were emulsified with equal volumes of complete Freund’s
adjuvant, and administered subcutaneously to 25—30 kg sheep on three occa-
sions at one-month intervals. Four weeks after the third inoculation 50 mg
1gG were injected subcutaneously three times at five-day intervals. Blood was
drawn from the jugular vein 8 12 days after the last inoculation. If necessary,
the sheep were resensitized by subcutaneous administration of IgG. The
immune sera were preserved by 0.25% phenol and 0.01% merthiolate, and
stored at 4 °C.

Production of anti-rabbit 1gG % IgM immune serum

Sheep were injected with a BSA — rabbit anti-BSA antigen-antibody
precipitate which was prepared as follows. The anti-BSA rabbit serum, previ-
ously decom [»lemented with HSA — rabbit anti-HSA antigen-antibody pre-
cipitates, was mixed with BSA to equivalence. The mixture was incubated
for 2 hours at 37 °C and left overnight at 4 °€. The precipitate formed was
centrifuged for 15 min. at 3000 revolutions per minute (r.p.m.) and thoroughly
washed five or six times with 2—4 °C isotonic saline in a total amount four
times the initial volume of anti-BSA immune serum. Each washing was fol-
lowed by a 15-min. centrifugation at 3000 r.p.m. After the last centrifugation
the precipitate was suspended in saline and stored at 4 °C until use. Aliquots
of the precipitate with a total protein content of 60 mg were then emulsified
in complete Freund’s adjuvant and administered subcutaneously to sheep at
multiple sites. A month later inoculation was repeated with the same dose.
After another four weeks the animals were injected intramuscularly three
times at 7-day intervals with an aliquot of the precipitate in a suspension
containing 20 mg protein. Blood was drawn from the jugular vein 8 12 days
after the last inoculation. If necessary, the sheep were resensitized. Immune

* Difco Laboratories, Detroit, Michigan, U.S.A.
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sera were preserved with 0.25% phenol and 0.01% merthiolate, and stored
at 4 °C. Immunoelectrophoretic analysis confirmed that they precipitated
only 1gG and IgM globulins.

Preparation of anti-rabbit IgM immune serum

This antiserum was obtained from the anti-rabbit IgG + IgM sheep
immune serum by absorption of anti-1lgG antibodies with immunochemically
pure rabbit 1gG insolubilized with glutaraldehvde* according to the procedure
of Avrameas and Ternyivck (1969). Absorption with fresh doses of insolubil-
ized 1gG was repeated until the disappearance of all anti-lgG antibodies.
Completeness of absorption was verified by the agar gel diffusion precipitin
test; the serum reacted only with the IgM immunoglobulin.

Preparation of anti-complex antisera

White Leghorn cocks were sensitized with antigen-antibody precipitates
consisting of Taenia and Cysticercus pisiformis antigens and the corresponding
serum antibodies.

Three different serum pools were used for the preparation of the anti-
gen-antibody complexes:

Pool I : Pooled serum of rabbits killed on day 30 of the primary infection.
The haemagglutination (HA) titre was 1 : 128 and the antibody protein con-
tent, as determined by the quantitative precipitation test, amounted to
0.19 mg/ml.

Pool Il : Pooled serum from rabbits killed 40 days after the reinfection:
HA titre 1:2 048, antibody protein content 0.96 mg/ml.
Pool 111 : Anti-Cp and anti-Tp rabbit immune serum mixed in equal

volumes: HA titre 1 : 16,384, antibody protein content 4.9 mg/ml.

The serum pools were defatted and decomplemented prior to preparation
of the antigen-antibody complexes. Two different ways were used for the pre-
paration: (a) Two hundred live, infective cysticerci were incubated in 50 ml
of each serum pool for 4 hours at 37 °C and overnight at 4 °C. The cysticerci
were removed next day and the precipitate was centrifuged for 15 min. at
3000 r.p.m. then suspended in isotonic saline. After adding fresh cysticerci
to the serum, the procedure was repeated. The precipitates obtained in this
way were collected, suspended in four times the original serum volume of cold
isotonic saline and centrifuged for 15 minutes at 3000 r.p.m. This washing
procedure was repeated five or six times, discarding the supernatant each
time. After the last centrifugation, the precipitate was suspended in isotonic
saline containing 0.01% merthiolate, and stored at 4 °C until use. (b) Live

* Reanal, Budapest.
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cysticerci were incubated in the serum and the precipitates formed were col-
lected in the same way described in the foregoing. TpE and CpE antigenic
solutions pooled in equal proportions were then added to the serum at equi-
valence, and the mixture was kept for 2 hours at 37 °C and overnight at 4 °C.
The antigen-antibody precipitates obtained with the two procedures were
pooled, thoroughly washed and stored as described in the previous paragraph.

Antigen-antibody precipitates were prepared from each serum pool with
both the above techniques. Three cocks were sensitized with each type of the
complexes, as follows: A suspension of precipitates containing 10 mg total
protein in complete Freund’s adjuvant was injected subcutaneously at multiple
sites twice at a one-month interval. Four weeks after the second inoculation,
aliquots of the precipitates representing 5 mg protein were injected intra-
muscularly in isotonic saline three times at five-day intervals. The cocks were
exsanguinated 9— 12 days after the last injection. The anti-complex antisera

were preserved with 0.01% merthiolate and 0.25% phenol, and stored at
4 °C.

Serological methods

Indirect haemagglutination, agar gel diffusion precipitin and in vitro
larval precipitation tests were employed to detect the antibodies to the anti-
gens of the parasite.

Indirect haemagglutination test (IHA) was carried out with tanned ery-
throcytes as described earlier (Nemetn, 1965). Before each examination the
haemagglutination system was checked by testing four standard sera with
titres of 1:16, 1:256, 1:1024 and 1:4096. Results were not accepted
unless the standard sera reacted with the antigen-treated red blood cells
according to their titre and the requisite controls were clear. From each test
sample serial two-fold dilutions were made, beginning at 1:2, 1:3 and 1:5
initial dilutions, and the highest dilution still yielding full haemagglutination
was regarded as the titre of reaction.

Agar gel diffusion precipitation test was carried out by the radial double
diffusion method in 1.5% agar gel* dissolved in phosphate-buffered saline
(PBS: 0.01 M, pH 7.2) containing 0.01% merthiolate and 0.003% methyl
orange (Németh. 1971).

In vitro larval precipitation test was performed with young cysticerci in
agglutination tubes. Three or four larvae were placed into 0.3—0.4 ml of the
test sample and the tubes were kept at 37 °C for two hours then overnight
at 4 °C. Results were read under a microscope at about 20- to 25-fold magnif-
ication. As controls, in every test larvae were incubated under the same condi-
tions in PBS and in known positive and negative sera. The test was considered

* Special Agar-Noble, Difco Laboratories, Detroit, Michigan, U.S.A.
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as positive if clearly visible flocculation could be seen in the sample and the
controls were clear.

The mean titre values for the various experimental groups were calculat-
ed after KUHN (1959) from the two-base logarithms of the individual titres.

Mercaptoethanol treatment

The test samples were dialysed at 4 °C against two changes of 0.1 M
2-mercaptoethanol (2-ME) for 48 hours, 0.01 M iodoacetamide for 24 hrs and
several changes of PBS (0.02 M, pH 7.5) for 48 hrs. The controls were treated
similarly, with the only difference that isotonic saline was employed instead
of 0.1 M 2-ME.

Immunoelectrophoresis

Immunoelectrophoretic analyses were carried out in an 1.5% Difco Noble
Agar gel buffered with veronal sodium-sodium acetate-hydrochloric acid
(pH 8.6, ionic strength 0.05) (Németnh, 1972).

Preparative zone electrophoresis in agar gel

One per cent Difco Noble Agar, dissolved in veronal sodium-sodium
acetate-HCI buffer (pH 8.6, ionic strength 0.05), was poured onto a0.7x13x28
cm plexiglass plate to give a 6 mm thick layer. The agar was left to congeal at
room temperature and the agar block was used for electrophoresis after being
kept in a humid chamber at 4 °C for 20 hours. Three ml serum, previously
dialysed with the above buffer, was applied in 1% agar into a 0.5x15 cm
transversal trough cut out of the agar gel, 14 cm away from the cathodal end
of the block. The buffer tanks contained the same buffer that was used for
preparation of the gel. Saturated potassium chloride solution was layered over
the platinum electrodes. Contact between outer and inner buffer tanks was
ensured by U-shaped glass tubes of 1.5 cm I.D., filled with a mixture of one
part 3% agar and nine parts saturated potassium chloride solutions in distilled
water. Whatman-3MM filter paper strips connected the inner tank to the agar
block. Electrophoresis was carried out under a potential gradient of 3.0 —
3.5 V/cm, at room temperature, for 20 hours. After electrophoretic separation,,
the agar block was cut into 1 cm transversal slices and each segment placed
in a separate tube. The agar was then crushed with a glass rod, frozen at
—20 °C, thawed at room temperature and spun at 10,000 r.p.m. for 20 minutes
at 4 °C. The separated fluid was finally concentrated to the original volume
of the sample by pervaporation, dialysed against PBS (0.02 M, pH 7.5) con-
taining 0.01% merthiolate, and stored at 4 °C until use. The protein concentra-
tions of the fractions were determined by Folin-Ciocalteu phenol reagent
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lon exchange chromatography

The column chromatographic procedure with DEAE-Sephadex A-50*
anion exchanger was employed. The anion exchanger, swollen in Tris-HCI
buffer (0.1 M, pH 7.0) containing 0.5 M NaCl and equilibrated with 0.1 M
Tris-HCI buffer (pH 7.0), was packed into a 2X 20 cm column. After running
two bed volumes of starting buffer (0.1 M Tris-HCI, pH 7.0) through the anion
exchanger bed, 5 ml serum previously mixed in equal proportions and dialysed
with the same buffer for 24 hours was applied onto the bed surface. Elution
of the bound proteins was achieved with a salt gradient linearly increasing
to 0.5 M NaCl in 0.1 M Tris-HCI buffer (pH 7.0). Flow rate was 0.3—0.4 ml
per min. The effluent was collected in 5-ml fractions and the protein distribu-
tion was determined by measuring the O.D. of the fractions at 280 nm with
a Unicam SP-500 spectrophotometer. The collected fractions were analysed
with anti-rabbit IgG and anti-rabbit IgM immune sera by micro-immuno-
diffusion test, and the eluates were pooled into four fractions according to the
location of 1gG and IgM globulins and to the peaks of the elution curve, as
shown in Figs 5 and 6. The pooled fractions were then concentrated by ultra-
filtration to the original volume of the sample, dialysed against several changes
of PBS (0.02 M, pH 7.5), analysed immunoelectrophoretically and tested for
the presence of antibodies.

Salt fractionation

The serum sample was diluted to 1:5 with isotonic saline, and precip-
itated under continuous stirring by dropwise addition of saturated ammo-
nium sulphate in half the total volume of the diluted sample. The mixture was
incubated at room temperature for 4 hours and then centrifuged at 3000 r. p. m.
for 15 minutes. The precipitate was washed three times in 40% saturated
ammonium sulphate, followed each time by a centrifugation at 3000 r.p.m
for 15 minutes. After the last washing the sediment was dissolved in two-
thirds the original sample volume with isotonic saline. The ammonium sulphate
having been completely removed by dialysis against several changes of saline,
the material was dialysed against PBS (0.02 M, pH 7.5) containing 0.01%
merthiolate, and finally brought to the original volume of the sample with
the same buffer.

The supernatant obtained following the salting out and centrifugation
of euglobulins was dialysed against several changes of isotonic saline to remove
ammonium sulphate, concentrated by idtrafiltration to the original volume
of the serum, and finally dialysed against PBS (0.02 M, pH 7.5) containing
0.01% merthiolate.

* Pharmacia Fine Chemicals AB, Uppsala, Sweden.
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Purification of rabbit 1gG globulin

Rabbit 1gG was prepared from pooled normal rabbit serum by batch
separation on DEAE-Sephadex A-50 anion exchanger. The dry anion ex-
changer was swollen in Tris-HCI buffer (0.1 M, pH 7.0) containing 0.5 M NacCl,
equilibrated by decantation in Tris-HCI buffer (0.1 M, pH 7.0), then the buffer
was removed from the ion exchanger by suction on a Bichner funnel. Two
hundred g of the wet anion exchanger was suspended in 500 ml serum diluted
with an equal volume of Tris-HCI buffer (0.1 M, pH 7.0), and the mixture was
incubated at 4 °C for 60 minutes with occasional agitations. The slurry was
then filtered on a Buchner funnel and the cake was washed four times in 130-ml
portions of buffer, sucking off the fluid each time. The filtrates were pooled,
and the whole procedure was repeated with a new portion of fresh ion ex-
changer. Finally the filtrate was concentrated by ultrafiltration to a protein
content of 30—40 mg per ml, dialysed against several changes of PBS (0.02 M,
pH 7.5) containing 0.01% merthiolate, and stored at 4 °C. As revealed by
immunoelectrophoretic analysis with polyspecific anti-rabbit goat immune
serum, the material obtained was pure 1gG globulin.

Proteins bound by the ion exchanger were desorbed with 2 M NaCl solu-
tion; the ion exchanger was re-used after equilibration with 0.1 M Tris-HCI
buffer (pH 7.0).

Purification of rabbit IgM globulin

Thirty ml rabbit serum was diluted to 300 ml and dialysed against
phosphate buffer (0.02 M, pH 6.0) at room temperature for 2 hours under
continuous magnetic stirring. The buffer was then changed and the dialysis
continued for another 4 hours. The white precipitate formed was centrifuged
for 15 min. at 3000 r.p.m., dissolved in 5 ml of 5% salt solution and centri-
fuged once more to remove any insoluble material. The clear supernatant was
layered on top of a 2 X100 cm Sephadex G-200 gel column prepared and equi-
librated in 0.1 M Tris-HCI (pH 8.0) -)- 0.2 M NaCl buffer according to Borsos
and Rapp (1965).

Fractionation was carried out at room temperature with an eluant flow
rate of 15 inl/hour. The eluate was collected in 3-ml fractions, and the protein
distribution was determined by measuring the O.D. of the fractions at 280 nm
with a Unicam SP-500 spectrophotometer. The eluates were tested by immuno-
diffusion using anti-1gG and anti-lgM immune sera, and the fractions contain-
ing IgM globulin in the ascending half of the first elution peak were pooled
and concentrated by ultrafiltration. Purity of the isolated IgM was verified
by immunoelectrophoresis with polyspecific anti-rabbit goat immune serum.
Occasional contaminating alpha macroglobulins were removed through agar
block zone electrophoresis.
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Defatting of sera

Serum used for ion exchange chromatography and for the production
of antigen-antibody complexes and also all immune sera employed in the
immunodiffusion analyses were defatted as follows: 0.2 to 0.4 g Aerosil 380
powder* was suspended in 10 ml serum, stirred continuously for 4 hours at
room temperature and centrifuged thereafter at 10,000 r.p.m. for 20 minutes
at 4 °C.

Decomplementation of serum

Serum employed for the preparation of antigen-antibody complexes was
decomplemented by means of a HSA — anti-HSA antigen-antibody system.
Eight ml anti-HSA rabbit serum (60 mg antibody protein) and an equivalent
amount of HSA (6.7 mg) were added to 100 ml of previously defatted serum,
kept for 2 hours at 37 °€ and then overnight at 4 °C. The precipitate was
centrifuged and discarded next day. The procedure was repeated in the same
way.

Determination of antibody content

The antibody protein content of serum samples was determined by the
guantitative precipitation method of Dévenyi and Gergery (1963), using
the biuret reaction to measure the protein content of the immune precipitates.

Ultrafiltration

This was carried out by negative pressure dialysis at about 50—2100 mm
Hg, using 8 DC dialysis tubing** (Craig, 1968).

Determination of proteins

Protein determinations were made with the Folin-Ciocalteu phenol re-
agent*** and the biuret reaction, as described by Chase and wirtriams (1968).

Results

Autopsy

As revealed by P.M. examination 100 days after the first infection,
neither cysticerci nor any signs of a cysticercal infection were detected in the
control animals, while all rabbits infected with T. pisiformis eggs harboured

* Degussa, Baden, West Germany.
** Union Carbide Corporation, Chicago, U.S.A.
*** Eisher Scientific Co., Fair Lawn, New Yersey, U.S.A.
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a great number of cysticerci. An average of 211 cysticerci (range: 78—377)
were recovered from the rabbits receiving a single infection and 397 (range:
142—438) from those which were reinfected on day 60 of the experiment. In
the first group of animals mature cysticerci with fully developed scolices were
encapsulated at their ultimate site, mostly on the omentum and under the
pelvic peritoneum. Besides the encysted bladderworins, still migrating young
larvae were, however, also found in the abdominal cavity of the animals in the
reinfected group. These larvae had obviously developed from the oncosphaeres
introduced at reinfection, as they were considerably smaller in size and appar-
ently less mature than the encapsulated cysticerci.

The nature of the gross hepatic lesions verified this observation. Namely,
in the liver of animals which had undergone a single infection, only signs of
the finished reparation of tissue damage caused by preceding larval migration
were found, in the form of tortuous, threadlike cicatrices, linear patterns and
more or less extensive patches of fibrous thickening in the liver capsule,
whereas the liver of rabbits reinfected on day 60 displayed, in addition, yel-
lowish-white or yellowisli-grey tunnels of 2—3 mm width, criss-crossing the
liver parenchyma and still in the stage of reparation. The occurrence of these
tunnels could be attributed unequivocally to the parasites deriving from the
oncosphaeres introduced at the second infection.

Antibody responses to experimental infection with C. pisiformis

Dynamics of the haemagglutinin response

Haemagglutinating (HA) antibodies appeared in the serum during the
first week of infection: already on day 7 the serum of all rabbits contained,
though only in small amounts, HA antibodies to an average titre of 1:5.9
(range: 1 :2—1 : 16). From day 7 onwards all serum samples tested contained
a detectable amount of HA antibodies. The dynamics of HA antibody pro-
duction in response to primary infection is shown in Fig. 1, where mean titres
individually assayed in the serum of 10 animals at spaced intervals are pre-
sented. The amount of HA antibodies increased steadily from the first week
of the infection and reached a peak titre of 1:512 (range: 1 : 128—1 : 1024)
by day 50. This was followed by a slight decline so that by the end of the ex-
periment, 100 days after the first infection, the sera haemagglutinated to
a mean titre of 1:208 (range: 1:64—1 :512).

The haemagglutinin response to the secondary infection is demonstrated
in Fig. 2, which represents the average of HA titres in the serum of 15 rabbits.
As can be seen from the figure, the HA titre increased remarkably following
the challenge infection with 10,000 eggs on day 60, the mean titre amounting
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to 1:3743 (range: 1 :1024—1 :8192) by the 100th day of the experiment
(40 days after reinfection). This is roughly eight times higher than the greatest
mean titre observed in response to primary infection, and about eighteen
times as much as the average titre found on the same day in the serum of
rabbits infected once only.

Fig. 1. Antibody pattern in serum of rabbits after a single infection with 500 T. pisiformis
eggs. — mean HA titre; mean precipitin titre. Infection at day 0.

Fig. 2. Antibody pattern in serum of rabbits infected first with 500 and later with 10,000
T. pisiformis eggs.--——- mean HA titre; mean precipitin titre. Arrows indicate
time of infections

Dynamics of the precipitin response

Precipitating antibodies were first demonstrated on the second week of
the primary infection. On day 14, samples from 11 of the 25 rabbits produced
precipitin lines with CpE in agar gel; on day 20, samples from 16; and from
day 30 onwards, the samples of all animals.
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As is shown in Figs 1 and 2, the overall pattern of the mean precipitin
titre was similar to that of mean HA titre. The average precipitin titres in
both infection groups, however, were 2.8 to 5.3 exponents lower throughout
the experiment than the average HA titres for the same samples.

The mean precipitin titre also showed an increase following reinfection,
and by the end of the experiment (40 days after reinfection) the antibody levels
had risen gradually to a titre 3 to 3.5 times higher than the maximum mean
titre found in response to primary infection. On day 100 serum samples from
reinfected rabbits precipitated to an average titre of 1 : 117 (range: 1 : 32—
1 :512), while those from once-infected rabbits gave an average titre as low
as 1:5.3 (range: 1:2—1:16). Moreover, serum collected after reinfection
developed denser precipitin lines and contained precipitins to a wider spectrum
of antigenic components than samples from the primary infection. Thus, in
the agar gel diffusion precipitin test with CpE as antigen, usually three lines,
and occasionally even four, were formed by serum from reinfected rabbits,
whereas with samples obtained from rabbits after the primary infection a
single line prevailed, and at most two developed.

Antibody activity of sera from hypersensitized rabbits

Rabbits artificially sensitized with homogenates and whole extracts of
T. pisiformis or C. pisiformis produced a large quantity of antibodies. The
HA titres of both anti-Tp and anti-Cp sera varied between 1:2U and 1: 218
These sera formed 6 to 9 marked precipitin bands on reaction with TpE or
CpE in the agar gel diffusion precipitin test.

Characterization of immunoglobulins in serum from primary and secondary
infections and in serum of artificially sensitized rabbits

Salt fractionation

Serum samples were separated into two fractions by salting out the
euglobulins with “one-third” saturated ammonium sulphate. The separated
fractions were analysed by immunodiffusion and immunoelectrophoresis,
using a polyspecific goat antiserum to rabbit serum proteins and monospecific
anti-1lgG and anti-IgM immune sera, and then tested for antibodies. The pre-
cipitated euglobulin fraction contained, in addition to immunoglobulins,
2—4 serum protein components with beta and alpha mobility. In most of the
supernatants neither IgG nor IgM globulins were detected, though 1gG globu-
lins were sometimes present in trace amounts.

Results obtained with the various serological tests are presented in
Table I. Unfractionated sera gave positive reactions in both the agar gel dif-
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fusion precipitin and IHA tests and also produced clearly visible precipitates
with live cysticerci. With only slight differences, the euglobulin fractions pro-
duced the same reactions as the original whole sera, whereas supernatants
were negative in each test on all occasions.

0.8
0.6

0A

02
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0.2

0.8

0.6

0.2

25 20 15 Ao 5 0
Fraction number

Fig. 3. Preparative zone electrophoresis in agar gel of rabbit serum containing antibodies
to Taenia and Cysticercus pisiformis antigens. Top: serum collected on day 40 of primary
infection (HA titre 1:256). Middle: serum collected 40 days after reinfection (HA titre
1 :2048). Bottom: anti-Tp hyperimmune rabbit serum (HA titre 1 : 16,384). --------- protein
distribution; ... HA titre. Arrow indicates point of sample application

Fractionation of serum by preparative zone electrophoresis in agar

Serum samples from the rabbits were separated into 25 fractions. The
IgG and IgM globulins were located in the electrophoretogram by checking
the individual fractions against monospecific anti-lgG and anti-lgM immune
sera using the micro-immunodiffusion technique. Each fraction was then
tested by IHA test for the presence of antibodies. The results of such investiga-
tions with three different pooled sera are illustrated in Fig. 3.
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Serum collected from the primary infection exhibited a single peak of
antibody activity located in the region of slow-migrating 1gG. The maximum
levels of HA antibodies coincided with the peak of IgG globulin. Antibody
activity was never detected in the region of IgM globulins (see Fig. 3, top).
The same results were achieved whether serum from early or late stages of the
primary infection was examined.

In the serum samples collected on days 20, 30 and 40 after reinfection,
on the other hand, antibodies were demonstrated over almost the entire range

Table |

Results of serological tests with serum fractious separated
by ammonium sulphate precipitation

Days after Whole serum Euglobulin Supernatant
fﬁg‘f_y sggor;- HA pre- HA pre- HA pre- .
infection titre (t::?rlg?- lont* titre «t::wgﬂ lopt* titre (t:ll'ﬁlélz Pt
20 64 4 4- 64 4 -L 0 0 -
40 384 24 + 256 16 + 0 0 —
60 512 32 + 512 32 + 0 0 —
80 256 16 + 192 8 + 0 0 —
100 192 8 + 128 6 + 0 0 —
10 512 32 -J- 256 16 + 0 0 -
20 1024 64 1024 64 + 0 0 —
30 2048 128 + 2048 96 + 0 0 —
40 2560 128 + 2048 128 + 0 0 —

+ Determined by titration in agar gel diffusion precipitation test
* In vitro larval precipitation test: + = positive; — = negative reaction

of 1gG mobility of the electrophoretograms. In these cases the antibody activ-
ity was represented by two peaks, the larger of which corresponded to the peak
of the slow-migrating 1gG, while the smaller one extended to the region of
the fast-migrating 1gG and coincided with the position of IgM globulin (see
Fig. 3, middle). This distribution was especially pronounced when anti-Tp or
anti-Cp immune serum of fairly high antibody titre was fractionated (see
Fig. 3, bottom).

In additional experiments the 25 individual fractions were combined
into three pooled fractions according to the distribution of 1gG and IgM
globulins among the individual fractions. Fraction pool 1 was obtained from
fractions containing exclusively 1gG globulin (fractions 1—7 or 8); fraction
pool 2 was made from fractions that coincided with the region of IgM globulin
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and the fast-moving IgG globulins (fractions 8 or 9—16); while fraction pool
3 contained the remaining fractions (fractions 17—25). The pooled materials
were concentrated by pervaporation to two-thirds of the original serum
volume, dialysed against PBS (0.02 M. pH 7.5) containing 0.01% merthiolate,
then analysed immunoelectrophoretically and finally tested for antibodies.

Immunoelectrophoretic analyses against polyspecific goat anti-rabbit
serum as well as anti-rabbit IgG % IgM immune serum (Fig. 4) showed that

Fig. 4. Immunoelectrophoretic analysis of serum protein fractions separated by preparative

zone electrophoresis in agar gel. 1, whole serum; 2, 3 and 4, separated fraction pools 1, 2

and 3, respectively. Precipitin bands developed with goat antiserum to rabbit whole serum (A)
and with anti-rabbit 1gG -)- IgM immune serum (B)

fraction pool 1 contained only slow-migrating 1gG globulins; fraction pool
2 comprised fast-migrating 1gG globulins, 1gM globulins as well as other beta-
and alpha-globulins; while fraction pool 3 consisted of albumin and alpha-
globulins.

Antibodies were detected serologically only in fraction pools 1 and 2
(Table 11). When serum samples from any stage of the primary infection were
fractionated, fraction pool 1 contained the entire antibody activity recovered,
whereas when serum samples obtained from the secondary infection were
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investigated, antibodies were also demonstrated in fraction pool 2 by all of
the serological methods used. In the latter cases, fraction pool 1, which was
immunoclectrophoretically pure 1gG globulin, contained 70—80% of the total
antibody activity recovered. Antibodies present in fraction pool 1 were resist-
ant to reduction with 2-mercaptoethanol, whereas the antibody activity of
fraction pool 2 was considerably reduced by this treatment.

Table 1l

Results of serological tests with serum protein fractions separated
by preparative zone electrophoresis in agar

Days after Fraction pool 1 Fraction pool 2 Fraction pool
ri- secon-
n?ary dary HA pre- HA pre- ) HA pre-
infection titre (t:ilfrletelz tpor* titre (t;;{)rlélﬂ et titre g:g'lgﬂ tppt*
20 32 0 0 - 0 0 —
30 96 4 + 0 0 — 0 0 _
40 256 32 + 0 0 — 0 0 _
60 320 32 0 0 R 0 0 _
80 128 16 0 0 — 0 0 -
100 64 4 0 0 0 0 _
20 256 32 196 8 + 0 0 0
30 512 64 4- 192 16 + 0 0
40 512 64 128 32 + 0 0

+ Determined by titration in agar gel diffusion precipitation test
* In vitro larval precipitation test: + = positive; — — negative reaction

Fractionation of serum by DEA E-Sephadex A-50 anion exchange
chromatography

Representative results for the chromatographic fractionation of sera on
DEAE-Sephadex A-50 anion exchanger are presented in Figs 5 and 6. As
revealed by immunodiffusion analyses with monospecific anti-lgG and anti-
IgM immune serum, the 1gG globulins were present through about 80—90%
of the chromatogram effluent, n\blle the IgM globulins were eluted in the frac-
tions between 58—94% of the elution volume.

Gradient elution of pooled serum permitted the separation of serum
components into four fractions. Immunoelectrophoretic analyses against goat
anti-rabbit serum and anti-rabbit 1gG -I- IgM immune serum demonstrated
(Figs 5 and 6) that fraction 1 was pure IgG globulin. This fraction contained
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Fig. 5. Fractionation of serum from rabbits infected with C. pisiformis by anion exchange
column chromatography on DEAE-Sephadex A-50.

Graph: column chromatogram showing distribution of HA antibodies in a serum sample

(HA titre 1 :256) collected on day 30 of primary infection. The HA titres of the fractions

are represented by the colums. - protein distribution.
Immunoelectrophoresis: well numbers indicate fraction numbers. Precipitin bands developed
with goat antiserum to rabbit whole serum (A) and anti-rabbit 1gG IgM immune
serum (B)
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most of the 1gG globulins and was eluted in the first peak of the chromato-
gram. Fraction 2 comprised beta-globulins as well as the 1gG globulins eluted
in the second peak of the elution curve. Fraction 3 was composed of albumin,
alpha- and beta-globulins and also included fast-migrating 1gG globulins.
Fraction 4 contained the total amount of the eluted IgM globulins as well as
many other serum proteins and teas also contaminated with fast-migrating
1gG globulins.

Table 111

Antibody activity of protein fractions separated from rabbit serum
by anion exchange chromatography on DEAE-Sephadex A-50

Days after Fraction 1 Fraction 2 faction 4+
pri- sgcon-
mari)rlwfection v tm ﬂ%zif topt* tli-:'rAe lt:E)Ir‘I:t:T topt* tm fﬁp:'ZT tppt*
14 16 0 - 0 0 - 0 0 -
20 32 2 + 0 0 — 0 0 —
30 256 8 + 4 0 _ 0 0 _
40 256 16 + 16 2 — 0 0 —
60 128 32 + 8 0 — 0 0 —
80 128 8 + 4 0 — 0 0 —
100 64 2 + 0 0 —_ 0 0 —
10 128 16 J- 8 0 — 0 0 —
20 192 24 + 16 0 - 32 0 —
30 256 32 + 16 0 — 32 0
40 512 64 16 2 —_ 64 0 —

+ Determined by titration in agar gel diffusion precipitation test
*In vitro larval precipitation test: -)- = positive; — = negative reaction
** Absorbed with anti-rabbit 1gG immune serum

The results of serological investigations are presented in Table Ill. Most
of the antibody activity was recovered in fraction 1 on chromatographic frac-
tionation of serum samples obtained from rabbits with a single infection. The
amount of antibody activity present in fraction 2 could be attributed to con-
tamination by 1gG globulin which was eluted in the second peak of the chro-
matogram. This was confirmed by immunoelectrophoresis (see Figs 5 and 6).
The antibody activity demonstrated in this fraction amounted to only 3—7%
of the total antibody activity recovered. In fraction 3 and 4 antibody was
never detected with either of the serological tests employed when serum
samples obtained from rabbits receiving a single inoculation were chromato-
graphed. In contrast, when serum samples collected after reinfection were
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fractionated, about 10— 15% of the total haemagglutinin activity was present
in fraction 4, though contaminating IgG globulins had previously been ab-
sorbed with anti-lgG immune serum insolubilized with glutaraldehyde. Preci-
pitins could be demonstrated in fraction 1 exclusively. This fraction developed
the same precipitin line(s) as the original serum samples on reaction with CpE
in agar double diffusion precipitation test, and also produced clearly visible
precipitates with live cysticerci. Fraction 4 gave negative reactions with
both tests.

Antibodies detected in fraction 1 were resistant to 2-mercaptoethanol,
while the antibody activity present in fraction 4 was completely lost upon
treatment (Table V).

Table 1V

Haemagglutination titres of chromatographic fractions 1 and 4
of serum from reinfected rabbits after treatment with mercaptoethanol

Days Fraction 1 Fraction 4*
after” re-
infection Control ME-treated Control ME-treated
10 128 128 0 0
192 160 0 0
256 256 4 0
20 128 128 12 0
128 128 16
256 256 24 0
30 256 256 32 0
320 320 48 0
384 320 64 0
40 512 512 64 0
640 640 64
640 512 80

* Absorbed with anti-rabbit 1gG immune serum

2-Mercaptoethanol (2-M E) sensitivity of antibodies

The antibody activity of individual serum samples was studied by IHA
test before and after treatment with 0.1 M 2-ME. Typical results obtained by
comparing the HA titres of control samples with those of treated sera are
presented in Table V. The results indicate that treatment with 2-ME caused,
on the average, a consistent 1.9—3.1 exponent reduction in the HA titre of
serum collected after reinfection, whereas it only minimally altered the HA
titre of samples obtained from the primary infection.
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Analysis of immune serum to antigen-antibody complexes

Antisera were produced to antigen-antibody precipitates made with
pooled serum from infected or artificially hypersensitized rabbits and antigens
of T. pisiformis and C. pisiformis. The serum protein components detected
by the different anti-complex antisera were identified through immunoelectro-
phoresis with pooled normal rabbit serum.

Table V

Effect of mercaptoethanol treatment
on haemagglutination titres of whole rabbit sera obtained
after primary and secondary infection

Days after Mean HA titre ( log,)
primary . sgg??/— a’r\]‘;—’mglfs before  J  after sens'i\t/liEity*
infection ME treatment

7 10 2.7 25 0.2
u 12 3.6 3.2 0.4
20 10 5.4 5.1 0.3
30 14 7.2 7.0 0.2
40 15 8.6 8.3 0.3
60 13 8.7 8.6 0.1
80 10 8.1 7.7 0.4
100 10 7.7 7.5 0.2
10 15 9.1 7.2 1.9
20 15 10.4 8.0 2.4
30 15 11.3 8.4 2.9
40 15 11.9 8.8 3.1

* Differences between mean HA titre before and after ME treatment

Representative results for immune serum to each type of the different
antigen-antibody complexes are illustrated in Figs 7 and 8. Immunoelectro-
phoretic analyses revealed that all anti-complex antisera obtained reacted
exclusively with the rabbit immunoglobulins and were consistently non-
reactive towards all other serum protein components of the rabbit.

Immune scrum produced against antigen-antibody precipitates made
with only the “secretions and excretions” of mature cysticerci (CpSE) developed
solely the characteristic precipitin arc of IgG globulin during immunoelectro-
phoresis, irrespective of whether serum collected after the primary or secon-
dary infection or serum of hypersensitized rabbits was used for the preparation
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Fraction No
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Fig. 6. Fractionation of serum from rabbits reinfected with C. pisiformis by anion exchange
column chromatography on DEAE-Sephadex A-50.

Graph: column chromatogram showing distribution of HA antibodies in a serum sample

(HA titre 1 :2048) collected 30 days after reinfection. The HA titres are represented by the

columns. protein distribution.
Immunoelectrophoresis: well numbers indicate fraction numbers. Precipitin bands developed
with goat antiserum to rabbit whole serum (A) and anti-rabbit 1gG -|- IgM immune serum (B)

of complexes (see Fig. 8, G and F; Fig. 7, E). In contrast, immune sera to
antigen-antibody complexes made with TpE, CpE and CpSE antigens and
pooled serum of reinfected or artificially sensitized rabbits formed, besides
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Fig. 7. Immunoelectrophoretic analysis of immune cock sera to antigen-antibody complexes

prepared from serum of rabbits artificially immunized with Taenia and Cysticercus pisiformis

antigens. After electrophoretic separation of pooled normal rabbit serum the troughs were

filled with goat antiserum to rabbit whole serum (A), with cock antiserum to antigen-antibody

precipitates made with TpE, CpE and CpSE (D), and with a cock antiserum to antigen-
antibody precipitates made with only CpSE (E)

Fig. 8. Immunoelectrophoretic analysis of immune cock sera to antigen-antibody complexes

made from serum of rabbits infected with Cysticercus pisiformis. After electrophoresis of

pooled normal rabbit serum the troughs were filled with cock antisera to antigen-antibody

preci tates made with TpE, CpE, and CpSE from serum pools obtained 30 days after the

primary infection (I) and 40 days after reinfection (H), and with cock antiserum to antigen-

antibody precipitates made with oidy the CpSE from serum pools obtained on day 30 of
primary infection (G) and 40 days after reinfection (F)
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the 1gG arc, a further distinct precipitation line, which was tentatively demon-
strated to correspond to the IgM globulin (see Fig. 7, D; Fig. 8, H). Thus, the
anti-complex antisera giving rise to these precipitation lines during immuno-
electrophoresis retained their reactivity towards IgM globulin after absorption
with immunochemically pure rabbit 1gG globulin insolubilized by glutaralde-
hyde, whereas those absorbed with purified rabbit IgM globulin failed to
detect this component.

Immune serum obtained by immunization with antigen-antibody pre-
cipitates made with TpE, CpE and CpSE antigens and pooled rabbit serum
from the primary infection developed a single precipitin line corresponding
to 1gG globulin (see Fig. 8. 1).

Discussion

Dynamics of the antibody response in primary and
secondary infection with C. pisiformis

It has long been known that many helminth infections stimulate the
host to produce a considerable antibody response to the antigens of the invad-
ing parasites. But, despite the steadily increasing interest of recent years and
the extensive work done to characterize the immunoglobulin classes which are
produced, very little is known about the nature of the humoral antibody
response of the rabbit to invasion by T. pisiformis oncosphaeres. No informa-
tion on the pattern of antibody production is yet available in the literature
except for the data reported by Shul’ts and Ismagilova (1965). In experi-
ments performed on rabbits exposed to different doses of T. pisiformis eggs,
these authors were able to demonstrate serum antibodies as early as a few days
after the infection, by both IHA and ring precipitation tests, using the puri-
fied polysaccharide of Campbett (1937) and larval extract prepared according
to the method of TitAWINSKi (1936) as antigens, respectively. The ring pre-
cipitation test gave positive reaction as early as the second day of infection,
occasionally in a titre of 1:107. The dynamics of the serological reactions
followed a very similar pattern during the course of infection. Both reactions
reached a peak between days 10—30, became gradually less marked there-
after, and in most cases were negative by days 60—90 of the infection. The
appearance and persistence of antibodies in individual rabbits showed a similar
pattern, though the maximum titre of precipitating antibodies was consider-
ably higher than that of haemagglutinating antibodies. No correlation was
established between the size of inoculum and the appearance, persistence and
titre of antibodies. Repeated infections caused only a transient rise in the
antibody level, which was, however, unrelated to the dose of inoculum; both
serological tests became negative by days 60—90, just as in the case of pri-
mary infection.
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The results of the present study are inconsistent with several points of
the above findings. Thus, haemagglutinins appeared during the first week of
infection, and from day 7 onwards the serum of all animals contained a detect-
able amount of HA antibodies. In the agar gel diffusion precipitation test,
however, demonstration of precipitins to CpE was completely unsuccessful
before the 11th—14th days of the infection. Between days 15—30 serum from
only a few rabbits brought about precipitation, whereas from day 30 onwards
serum of all animals produced distinct precipitation line(s) in agar gel. The
most marked precipitation lines occurred between days 30—60. Afterwards
a decrease in the density of the precipitation lines ensued, though the serum
of all animals still produced demonstrable precipitation at day 100 of the
infection. The differences observable in the density of precipitation bands
during the course of the infection parallelled the changes of serum precipitin
titres: serum with the highest titre produced the most marked precipitation
lines, and vice versa.

The time-course of precipitating and haemagglutinating antibody re-
sponses followed a similar pattern in both primary and secondary infection,
the precipitin titre at any stage of infection was, however, 3—5 exponents
lower than the HA titre. This difference, as also the observation that the IHA
test detected antibodies earlier than the agar gel diffusion precipitin test, can
be explained with the well-known disparate sensitivities of the two methods.

The pattern of antibody response following primary infection was
characterized by a gradual increase in the antibody level from the second week
of infection, with a peak between days 40—70. The maximum precipitin titre
obtained in the agar gel diffusion precipitation test never exceeded a 1 : 128
dilution of the CpE stock antigen containing 10 mg protein per ml, while in
the IHA test serum samples gave full haemagglutination at a maximum dilu-
tion of 1:1024. A decline of antibody titre ensued from day 70 of the infec-
tion, though antibodies were still readily demonstrable by both serological
methods in all serum samples on day 100. As suggested earlier, the diminish-
ing antibody titre is possibly associated with the development of the parasite
(Németh, 1971).

Again in contrast to the findings of Shul’ts and Ismagilova, the results
obtained with serum from reinfected rabbits suggest an increased antibody
production, which is obviously related to the antigenic stimuli of the newly
invading oncosphaeres. During the “secondary” immune response evoked by
challenge infection, the serum antibody level gradually rose by day 40 to
a titre considerably higher than the maximum titre observed in response to
primary infection. Furthermore, according to the immunodiffusion analyses,
antibodies to a wider spectrum of antigenic components were produced as
a result of secondary infection.

The discrepancy between the two sets of findings is not explicable by
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individual variation of the animals’ reactivity or the diversity of infective
material, but is due rather to the differences in antigenic preparations and
in the sensitivity of the serological methods used in the two laboratories.
It should be stressed, however, that in the present experiment there was a con-
siderable variation in the antibody activity of the serum samples, which was
related to individual rabbits, to the number of inoculations, and to the time
elapsed between infection and bleeding of the same rabbit. This variability
may have been due to the individual variation of the animals’ reactivity and,
perhaps to a greater extent, to different “take” of larvae from the inoculated
dose of oncosphaercs, as revealed by autopsy on day 100 of the infection. The
various burdens of cysticerci may have yielded diverse amounts of antigenic
substances and thereby quantitatively proportionate differences in antibody
production.

From the results of the immunodiffusion analyses of serum samples
obtained at different stages of infection the conclusion may be drawn that
invasion of T. pisiformis oncosphaeres induces a complex antibody response
in the rabbits, which verifies the previous observations (Németh, 1971) and
also is in harmony with the findings for other helminth infections (see e.g. Bais-
den and Tromba, 1967; Hillyer and Frick, 1967, 1971; Hiltyer and
Ritchie, 1967; Leykina and Ballad, 1970; Sinclair, 1970; Williams, 1970;
Williams and Soulsby, 1970; Gundlach, 1971; Muntyan, 1971). Using
CpE as antigen, at least four antibodies of different antigenic specificity were
distinguishable in the serum of infected rabbits. Scrum samples of each animal
consistently detected at least one antigenic component. In addition, a maxi-
mum of two antigen-antibody systems were demonstrable with serum collected
following the primary infection, while with samples obtained after the challenge
infection in most cases three, and a maximum of four systems could be observ-
ed. These observations may reflect qualitative antigenic differences during
development of the parasite. It may be that some antigens are not produced
at all following a single infection and only appear as a result of disintegration
of parasites in the partially immune host subsequent to a challenge infection.
On the other hand, it is also conceivable that merely quantitative antigenic
differences exist. That is, during the primary infection some antigens are pro-
duced in amounts below the threshold level required to induce an antibody
response detectable by the agar gel diffusion precipitation test, but this level
is surpassed by the new antigenic stimuli deriving from Ihe oncosphaeres of
the challenge infection. There is, however, no direct experimental evidence for
either hypothesis, and clarification of the problem must await more ciritical
studies.
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Antibody classes in primary and secondary infections
with C. pisiformis

In the rabbit three immunoglobulin classes — 1gG, IgM and IgA — are
known, which can be distinguished by structural, and hence antigenic, differ-
ences in their heavy y, p and a, polypeptide chains, respectively (Cohen and
Porter, 1964; Cebra and Robbins, 1966; Cohen and Milstein, 1967; Stan-
worth and Pardoe, 1967). Antibodies have been demonstrated in each class
(Onoue et ah, 1964, 1965, 1966; Robbins et ah, 1965; Armstrong and Sword,
1967; Carter and Harris, 1967; Samloff and Barnett, 1967; Wei and
Stavitsky, 1967).

Numerous reports indicate that rabbits may produce antibodies of all
three immunoglobulin classes during the primary immune response to any
antigenic material, although one or the other class may predominate in any
particular situation (Onoue et ah, 1964; Freeman and Stavitsky, 1965;
Armstrong and Sword, 1967; Pike, 1967; Samloff and Barnett, 1967;
Wei and Stavitsky, 1967). The secondary immune response of this species
is usually characterized by the rapid synthesis of predominantly IgG antibody,
though anamnestic responses involving IgM and IgA antibody production
have also been reported (Bauer et ah, 1963; Unhr and Finkelstein, 1963;
Borel et ah, 1964; Hocker and Bauer, 1965; Altemeier et ah, 1966; Sam-
loff and Barnett, 1967). To date, though, no information has been available
either on the heterogeneity and sequence of antibody production or on the
classes of antibodies produced in rabbits to primary and secondary infections
with C. pisiformis.

The results of the salt fractionation experiments with sera of infected
rabbits clearly indicate that the antibodies detectable by IHA, agar gel diffu-
sion precipitation and in vitro larval precipitation tests are associated with
the euglobulin fraction. Serum samples completely lost their original antibody
activity after euglobulins were salted out. As compared to the antibody activ-
ity of the original whole serum, there was only a light decrease in the antibody
titre of the euglobulin fraction, attributable to the errors of the serological
tests and loss of protein during the fractionation procedure.

According to the results of preparative agar gel zone electrophoresis,
anion exchange chromatography and the 2-ME treatment, rabbits experi-
mentally infected with T. pisiformis oncosphaeres did not exhibit the “early
IgM” and “late 1gG” antibody response which has been reported to be typical
for many other antigens (Stelos, 1958; Bauer and Stavitsky, 1961; Bene-
dict et ah, 1962; Bauer et ah. 1963; Svehag, 1964; Svehag and Mandel.
1964). Indeed, several data indicate that IgG and IgM antibodies arc produced
simultaneously rather than sequentially, and even that IgG antibodies can
appear prior to, or concomitant with, the appearance of IgM antibodies
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(Benedict, 1965; Freeman and Stavitsky, 1965; Robbins et al., 1965;
Schoenberg et al., 1965; Altemeier et al., 1966; Oster et al., 1966; Arm-
strong and Sword, 1967; Wei and Stavitsky, 1967), whereas under particular
circumstances, depending on the chemical nature, physical state, mode of
administration and dosage of the antigen as well as several other unknown
factors, a prolonged IgM antibody production can be observed without a shift
to 1gG antibody formation (Svehag and Mandel, 1962, 1964; Bauer et al.,
1963; Uhr and Finkelstein, 1963; Weidanz et a]., 1964; Sandberg and
Stollar, 1966).

Attempts to characterize the antibody class(es) produced in response to
experimental infection with C. pisiformis indicated that the earliest antibody
demonstrable in the first week of infection was IgG globulin. Exclusively 1gG
antibodies were demonstrated late in the primary infection as well. Antibodies
detectable by IHA, agar gel diffusion precipitation and by in vitro larval
precipitation tests were found to migrate in the slow 1gG globulin during
agar gel zone electrophoresis, to elute in the first peak (pure 1gG) on DEAE-
Sephadex A-50, and to be resistant to reduction and alkylation. IgM anti-
bodies were never detected by any of the methods employed after single
infection.

1gG antibodies predominated also in the serum samples from secondary
infection; from day 20 onwards, however, IgM antibodies too were demonstra-
ble. The presence of IgM antibodies was verified by several pieces of evidence,
first of all by the results of 2-ME treatment. The sensitivity of IgM globulin
to 2-ME and the relative stability of IgG globulin has been widely employed
as a method of differentiating the two immunoglobulin classes since the study
of Deutsch and Morton (1957). Comparison of serum titres before and after
treatment showed that 2-ME only minimally altered the antibody activity
of serum from primary infection, but considerably reduced that of serum
obtained from reinfected animals.

The 1gG and IgM antibodies were successfully separated from one another
by column chromatography of pooled serum on DEAE-Sephadex. Antibodies
eluted with the IgM globulin were sensitive to reduction with 2-ME and repre-
sented 10—15% of the total antibody activity recovered. The IgM fractions
retained their original antibody activity even after absorption of contaminat-
ing 1gG molecules with monospecific anti-lgG immune serum, whereas they
lost this activity when exposed to 2-ME following absorption. In contrast,
antibodies eluted with the 1gG globulin were resistant to treatment with 2-ME
and represented most of the recovered antibody activity. The low antibody
activity present in the second peak of the chromatogram (about 3—7% of the
total recovered activity) could be attributed to contamination by IgG globulin
which was not eluted in the first peak, although the presence of antibodies
of the IgA immunoglobulin class — which are known to occur in rabbit serum
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(Onoue et al., 1964. 1966; Carter and Harris, 1967; Samloff and Barnett,
1967; Wei and Stavitsky, 1967) — was not critically examined.

The results obtained through immunoelectrophoretical analysis of anti-
complex antisera to antigen-antibody precipitates made with the serum of
reinfected rabbits and the antigenic components of the parasite provide further
evidence for the occurrence of IgM antibodies. It was shown that inoculation
of such antigen-antibody precipitates into heterologous animals results in the
production of antibodies forming, in addition to the characteristic 1gG arc,
a further distinct precipitation line upon immunoelectrophoresis with normal
rabbit serum. The second precipitin line was tentatively identified as IgM
globulin on the grounds of its location in the immunoelectrophoretogram and
the following considerations. This precipitated serum component could not be
any constituent of the complement, since all serum pools were decomplemented
before being used for the preparation of antigen-antibody complexes. It has
been found that adding 32 pg of ovalbumin and 288 pg of anti-ovalbumin
to 1 ml of rabbit anti-BSA serum will remove the complement (Taliaferro
and Talmage, 1955); in the present studies, about four times these quantities
were applied from a HSA — rabbit anti-HSA antigen-antibody system. Fur-
thermore, the second precipitin line could not derive from antibodies to the
light polypeptide chains of IgG globulin present in the antigen-antibody com-
plex, as the anti-complex antisera retained their reactivity towards the second
component after absorption with immunochemically pure rabbit I1gG globulin;
on the other hand, when absorbed with purified rabbit IgM globulin, all anti-
complex antisera failed to detect it. These findings clearly indicate that immu-
nization by antigen-antibody precipitates made with serum of reinfected rab-
bits and the antigens of T. pisiformis and C. pisiformis stimulates the forma-
tion of antibodies specific for the 1gG and for the IgM globulins.

Using the agar gel double diffusion technique, the 1gG globulin fractions
alone were able to form precipitation lines against CpE antigen. In no case
was distinct precipitation observed with the IgM fractions, although a detect-
able amount of HA antibody was present according to the IHA test. This
seems to contradict the results obtained by analysis of anti-complex antisera,
which undoubtedly showed that IgM precipitins were also involved in the
antigen-antibody precipitates. The failure to demonstrate IgM antibodies by
the precipitation test is probably attributable to the disproportionate sensi-
tivity of the serological methods for IgM antibody. A low level of antibody
of the IgM class may have precluded the formation of visible precipitates and
yet was sufficient to agglutinate the antigen-sensitized red blood cells in the
IHA test. There are reports to suggest that both IgG and IgM antibodies are
capable of causing precipitation; nevertheless the precipitation test is more
efficient in detecting IgG antibody, in contrast to the IHA test, which tends
to favour the detection of IgM (Greenbury et al., 1963; Grey, 1964; Shul-
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maN et al., 1964; Weidanz et al., 1964; Benedict, 1965; Onoue et al., 1965;
Robbins et al., 1965; Artemeier et al., 1966; Lindqgvist and Bauer, 1966;
Osler et al., 1966; Pike et al., 1966).

In previous experiments, it was observed that incubation of live C. pisi-
formis infective larvae in serum from infected rabbits gave rise to white floc-
culent precipitates. Similar observations have been made for anti-Tp and anti-
Cp immune serum of artificially hypersensitized cocks (unpublished experi-
ments). If the assumption is true that this precipitate formation results from
direct interaction between the antigenic metabolites of the parasite and the
antibodies present in the serum, the results obtained by electrophoretic analysis
of immune serum produced against these precipitates in heterologous animals
permit the conclusion that the “secretions and excretions” of the parasite
stimulate the formation of 1gG antibodies. The antigen-antibody precipitates
prepared with the simultaneous application of both “metabolic” and “somatic”
antigens of the parasite also induced the production of antibodies reacting
primarily with rabbit 1gG globulin. Even with this procedure antibodies of the
IgM class could be demonstrated only in sera obtained from the secondary
infection. This confirms the conclusion of previous studies on the localization
of precipitins in the serum, that rabbits primarily produce precipitating anti-
bodies of the 1gG class in response to invasion of oncosphaeres of T. pisiformis
(Németh, 1972).

The observation that IgM antibodies were present during the secondary
infection but not demonstrable in the course of primary infection is consistent
with the finding of Crandaitt et al. (1967), who, using the fluorescent anti-
body test, demonstrated at first only IgG antibodies in the serum of Trichi-
nella-infected rabbits; IgM antibodies appeared in the serum only late in
the infection and after hyperinfection. In a subsequent study using the
passive haemagglutination test (Crandall and More, 1968) they detected
IgM anti body before 1gG antibody following a single Trichinella infection.
In serum from hyperinfected rabbits IgM antibody coexisted with 1gG anti-
body.

The reason for the failure of the present experiments to detect IgM anti-
bodies during primary infection with T. pisiformis eggs may be that this class
of antibody was either not produced at all or produced in amounts below the
threshold level for detection by the techniques employed. Summing up, it is
evident that the invasion of T. pisiformis oncosphaeres induced a complex
and heterogenous antibody response in rabbits. At least four antibodies, differ-
ing in antigenic specificity and belonging to two distinct immunoglobulin
classes, were produced in the course of infection. Antibodies formed in response
to primary infection belonged to the 1gG immunoglobulin class. IgG anti-
bodies predominated in the secondary infection, but IgM antibodies were also
demonstrable.
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It should be noted, lastly, that the investigations reported here cannot
claim to cover all characteristics of the antibody response to infections with
C. pisiformis, because of the nature of the antigenic preparations and the
relative insensitivity of the methods used to detect antibodies. Further detailed
studies are needed to learn more about the course of events.

Acknowledgements. Thanks are due to Miss llona Halasi for her invaluable technical
assistance throughout this study.

SUMMARY

The humoral antibody response of rabbits to primary and secondary infections with
Cysticercus pisiformis (Bloch, 1780), the larval form of Taenia pisiformis (Bloch, 1780)Gmelin,
1790 (Cestoda: Taeniidae), has been studied.

Rabbits, aged 5—7 weeks, weighing 500—1000 g, were infected with 500 eggs of T.
pisiformis, and a group of them were reinfected with 10,000 eggs 60 days later. On the 100th
day of the experiment all animals were killed and examined for the presence of cysticerci.
Blood samples were collected at frequent intervals and the serum tested for antibodies.

In response to infection all rabbits produced antibodies detectable by the agar gel
diffusion precipitation, in vitro larval precipitation and indirect haemagglutination tests.
Haemagglutinating antibodies appeared in all animals by the second week and persisted
throughout the experiment. The dynamics of the haemagglutinin response was characterized
by a gradual increase of the mean titre from the second week of infection to a peak on day
50, then a slight decline. The time-course of precipitating antibodies followed a similar pattern.
Precipitin activity was first detected in the sera on the second week after infection, reached
a peak between weeks 6— 10, and fell considerably thereafter but was still present on the 100th
day. Reinfection with 10,000 eggs on day 60 of the infection elicited an abrupt rise of both
haemagglutinating and precipitating antibodies.

The classes of immunoglobulins carrying the antibodies produced in the course of
infection were identified by salting out, by preparative zone electrophoresis in agar, by anion
exchange column chromatography on DEAE-Sephadex A-50, by the alteration of antibody
activity after 2-mercaptoethanol treatment, and by immunoelectrophoretical analysis of
immune sera to antigen-antibody precipitates made with sera of infected rabbits and whole
extract and/or “secretions and excretions” of T. pisiformis and C. pisiformis. It was found
that the oncosphaeres of 7. pisiformis induced a complex and heterogeneous antibody response
in the rabbits. Antibodies to at least four different antigenic components were produced and
were shown to be associated with two distinct immunoglobulin classes: antibodies formed
in response to primary infections belonged to the 1gG class exclusively, and while these were
still predominant in secondary responses a small proportion (10—15%) of IgM antibodies
was also detectable.
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ZUR RESISTENZ YONEIMERIA STIEDAI1-OOCYSTEN
GEGEN RONTGEN- UND GAMMA-RESTRAHLUNG

Von
U. Durr und W. Reiser

Institut fir Parasitologie und Parasitdre Krankheiten der Tiere (Direktor: Prof. G. Lammler)
und Strahlenzentrum-Abteilung fiir Strahlenschutz der Justus Liebig-Universitat, GieRen. BRD

(Eingegangen am 30. Juni 1972)

Zur Resistenz von Kokzidienoocysten gegen Bestrahlung mit verschie-
denen Strahlenarten liegen nur wenig und z. T. widersprichliche Literatur-
angaben vor (Schneider, Ayeni und Durr, 1972). Es erschien daher not-
wendig, erneut systematische Untersuchungen auf diesem Gebiet durchzu-
fuhren.

Material und Methodik

Fir die Bestrahlungsversuche wurden unsporulierte E. stiedai-Oocysten
unterschiedlichen Alters benutzt. Die Gewinnung und Reinigung der Oocysten
wurde nach den bei Ayeni (1969) angegebenen Verfahren vorgenommen. Bis
zur Bestrahlung wurden die Oocysten in ca. 2%iger K2Cr07-Lésung im Kihl-
schrank bei ca. 4 °C aufbewahrt. Vor jeder Bestrahlung wurde das Kalium-
bichromat ausgewaschen und die Oocystencharge auf etwa vorhandene uner-
winschte Sporulationserscheinungen kontrolliert. Suspensionen, in denen die
Sporulation bereits begonnen hatte, wurden nicht benutzt.

Die Bestrahlungen erfolgten mit unterschiedlichen Strahlenarten und
Dosisleistungen (s. Tabelle 1). Zur Dosimetrie wurde eine Fricke-L6ésung
(28 mg FeSO,; 0,5 ml konz. H2S04; 5 mg NaCl; A. bidest. ad 100 ml) ver-
wendet.

Die Oocystcndichte in den zu bestrahlenden Suspensionen betrug in der
Regel etwa 5— 10 X 106 Oocysten/ml. Die Bestrahlung erfolgte bei etwa 3—5 mm
Schichtdicke in Petrischalen von 4 cm Durchmesser. Um bei Rdntgenbestrah-
lung eine homogene Durchmischung und Bestrahlung zu gewadhrleisten, wur-
den die Suspensionen durch einen Magnetrihrer wéhrend des Versuches standig
gerlhrt.

Wahrend in den ersten Versuchen zur Uberprifung der Wirksamkeit der
Gesamtdosis, der Dosisleistung und verschiedener Strahlenarten nur Oocysten
des jeweils gleichen Alters benutzt wurden, wurde in einer zweiten Versuchs-
reihe der Einflull des Alters von der 3. bis zur 11. Woche nach der Gewinnung
der Oocysten durch Versuchsansédtze in 14tégigen Zcitabstdnden untersucht.
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Im AnschlufR an die Bestrahlung wurden die Oocysten erneut in 2%iger
K2Cr07-Lésung suspendiert und bei Zimmertemperatur (von 15—25 °C
schwankend) in Petrischalen von 9 cm Durchmesser zur Sporulation ange-
setzt. Vom 1. bis 6. Tag wurden die Schalen durch tadgliches Abnehmen des
Deckels und Schwenken beliftet.

Zur Auswertung der Versuche wurde am 3., 6., 12., 24. und 30. Tag
nach der Bestrahlung die Sporulationsrate bestimmt.

Tabelle |

Zusammenstellung der physikalischen Faktoren,
die in den einzelnen Bestrahlungsversuchen Anwendung fanden

Strahlenartl Dosisleistung2 Gesamtdosis2
Rontgen 50 kV 3, 15, 20, 30 30, 60, 120
Roéntgen 100 kV 2,5, 5, 10 60, 120
2,5, 15 60, 90, 210
20 90, 210
30 n X 30
n= 1 bis 15 und 30
35-40 30, 60
Roéntgen 100 KV mit 0,2 mm 3 30. 60, 120
Cu-Blech-Abschirmung 5-7 30, 60
Gamma Co-60 2, 5 7, 13 30, 60, 120
13 40
14-16 30, 60

1Rontgen 50 kV: Siemens Dermopan 2, 50 kV, 25 mA;
Roéntgen 100 kV: X-Ray Generator PW [1140/00/60 mit Rontgenréhre FA  100/3

(Fa. CHF Miller) 100 kV, 27 mA]J;

Gamma Co-60: 20 000 Ci, Energie 1,17 und 1,33 MeV.
2Die Angaben wurden zur besseren tabellarischen Darstellung jeweils auf- bzw. abge-
rundet. In der Regel wurde die gewilinschte Gesamtdosis nach einer Dosisleistungsmessung voi
Versuchsbeginn durch Variation der Bestrahlungszeit erhalten. Nur vereinzelt erfolgte die
Dosisleistungsbestimmung nach dem Versuchsende mit vorher festgelegten Bestrahlungszeiten.

Am 3. und 6. Tag wurden je 300 Oocysten differenziert in: a) degenerierte
und unreife Oocysten; b) unsporulierte Oocysten; c) Oocysten, in denen die
Sporonten 1. Kantenbildung, 2. Pyramidenbildung, 3. runde und ovale Sporo-
blasten zeigten; d) voll sporulierte Oocysten und e) Oocysten, in denen Anzei-
chen einer abnormen Sporulation zu sehen waren. Am 12., 24. und 30. Tag
wurde nur noch zwischen 3 Sporulationsgruppen unterschieden: 1. unreife und
nicht sporulierte Oocysten, 2. voll und teilweise sporulierte, aber degenerierte
Oocysten sowie teilweise sporulierte Oocysten ohne Degenerationserscheinun-
gen, 3. voll sporulierte Oocysten. in denen mindestens noch ein Sporozoit
morphologisch unverdndert (= nicht degeneriert) erschien.
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Ergebnisse

1. Bei einer Auswertung der Versuchsansédtze ergab sich eine in Abhén-
gigkeit von dem Auswertungszeitpunkt unterschiedliche Abhd&ngigkeit der
Uberlebensrate von der Bestrahlungsdosis (Abb. 1).

2. Ein groRer Teil der Oocysten war nach der Bestrahlung nur noch
bedingt lebensféhig. Sie begannen mit einer normalen Sporulation, konnten
sie jedoch nicht mehr vollenden. Je hdoher die Bestrahlungsdosis war, in desto

Abb. 1. Prozentsatz voll sporulierter E. stiedai-Oocysten (ca. 6 Wochen alt) am 6. und 30.
Tag nach Rontgenbestrahlung (100 kV) in Abhé&ngigkeit von der Bestrahlungsdosis. Anzahl
der in der Kontrollprobe sporulierenden Oocysten =m 100%

friherem Sporulationsstadium blieb die Entwicklung der Oocysten stehen
(Abb. 2). Unterschiedliche Entwicklungsstadien in der gleichen Oocyste (z. B.
voll entwickelte Sporozoiten neben nicht weiter entwicklungsfédhigen Sporo-
blasten) wurden nur ganz selten gesehen und konnten nicht mit Sicherheit
von Degenerationserscheinungen (s. auch Punkt 4) abgegrenzt werden.

3. Mit zunehmender Bestrahlungsdosis trat eine zundchst zu-,
wieder abnehmende Anzahl abnorm sporulierender Oocysten (Ausbildung von
2 oder 3 Sporoblasten bzw. Sporozysten, aber auch 5—8 Sporohlasten gleicher
und unterschiedlicher GroBRe) auf (Abb. 2).
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412 DURR u. REISER

4, Etwa vom 12. Tag nach der Bestrahlung an war bei jeweils gleicher
Bestrahlungsdosis und Strahlenart eine Verminderung des Prozentsatzes voll-
sporulierter Oocysten durch Degenerationserscheinungen an den Sporozoiten
festzustellen (Abb. 3 und 4). Die Sporozoiten einer Oocyste degenerierten
dabei nicht alle gleichzeitig, sondern in unterschiedlichem MalRe.

Es war z. B. mdglich, daB in einer (in diesen Versuchen noch als voll
sporuliert gewerteten) Oocyste nur noch ein morphologisch normal aussehen-
der Sporozoit zu sehen war. Eine Differenzierung nach der Anzahl der noch

anormal
50 sporuliert

Abb. 2. Anzahl der am 6. Tag nach Rdntgenbestrahlung (100 kV) vorhandenen einzelnen
Sporulationsstadien von etwa 6 Wochen alten E. stiedai-Oocysten in Abhangigkeit von der
Bestrahlungsdosis. Insgesamt wurden jeweils 300 Oocysten ausgezdhlt. Nicht eingezeichnet
wurden degenerierte und unreife Oocysten sowie Oocysten mit Kanten- und Pyramiden-
bildung (letztere Uberwiegend = 0, maximal 6 pro Probe). X-—-—-X voll sporuliert:
O ------ O teilweise sporuliert: -)-eeee-(- rund, emmmme oval; 0 - O nicht sporuliert

morphologisch normal aussehenden Sporozoiten wurde im Rahmen der vor-
liegenden Arbeit nicht durchgefihrt.

5. Niederenergetische Strahlung (50 und 100 kV) scheint bei gleicher
Gesamtdosis eine geringfligig starkere Wirksamkeit als hdherenergetische
Strahlung (100 kV, mit Kupferblech abgeschirmt, und Gamma-Strahlung
[C0-60]) zu besitzen (Abb. 3 und 4). Die hdufig niedriger liegenden Sporula-
tionswerte nach der Bestrahlung mit 50 kV sind infolge der Unsicherheiten
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der Dosisleistungsbestimmung in diesem Energiebereich nicht als 100%iger
Beweis ansehbar. Die unter Punkt 4 erwahnte, bei diesen Versuchen noch
nicht durchgefihrte Differenzierung nach der Anzahl Uberlebender Sporozoi-

3 6. 2 T 24. 30.

Abb. 3—4. Prozentsatz voll sporulierter E. stiedai-Oocysten in Abhangigkeit von dem Alter

der Oocysten, dem Auszéhlungstag nach der Bestrahlung und der Bestrahlungsdosis (Abb.

3 = Gesamtdosis 30 krad; Abb. 4 = Gesamtdosis 60 krad). »Frische Oocysten« = 0—5

Wochen alt, »alte Oocysten« = 7—11 Wochen alt. Fir die einzelnen Strahlenarten (Réntgen-

strahlung 50 kV, 100 kV. 100 kV mit 0,2 mm Kupferblech abgeschirmt und Gammastrahlen

von Co0-60) wurde jeweils der Mittelwert sowie der mittlere Fehler des Mittelwertes einge-
tragen. Anzahl der in der Kontrollprobe sporulierenden Oocysten = 100%

ten im Verlaufe der auftretenden Degenerationserscheinungen kdnnte bei
weiteren Untersuchungen maglicherweise ein eindeutigeres Bild ergeben.

6. Die Ergebnisse weisen darauf hin, daB auch das Alter der Oocysten
die Wirksamkeit der Bestrahlung beeinfluRt. Deutliche Unterschiede zeigen

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



414 DURR u. REISER

sich am 24. und 30. Tag nach der Bestrahlung (Abb. 3 und 4). Eine Analyse
der Ergebnisse unterschiedlich alter Oocysten am 30. Tag nach der Bestrah-
lung (Abb. 5) rechtfertigt dabei die in Abb. 3 und 4 vorgenommene Eingrup-
pierung in »frische« und »alte« Oocysten, wobei die Grenze jeweils zwischen
der 5. und 7. Woche gezogen wurde.

7. Ein Einflufl der Dosisleistung auf die Sporulationsrate Avar innerhalb
der untersuchten Grenzen (s. Tab. 1) nicht nachweisbar.

8. Bei Oocysten, die am 6. Tag nach einer Bestrahlung mit Gamma-
Strahlen (Co-60) (ca. 40 krad) voll sporuliert waren, konnte bei in-vitro-Ex-
cystationsversuchen (nach K rieg, 1971) an demselben Tag kein Unterschied

. 100 30 krad - 30.Tag
& - . + 100 KV
1Y
;, o 1 ° 100 kv+Cu
8 n 1 * Co 60
o ) * 1
o 50- 1
c3
8 ) - =
; I ¢ 1
' i
Jo—t—d 1 i1 1 1 1
3 6 9 12
Wochen

Abb. 5. Prozentsatz voll sporulierter E. stiedai-Oocysten am 30. Tag nach der Bestrahlung
in Abhé&ngigkeit von der Strahlenart (Rontgenstrahlung 100 kV mit und ohne 0,2 mm Kupfer-
blech abgeschirmt und Gammastrahlen von Co0-60) und dem Alter der Oocysten bei einer
Bestrahlungsdosis von 30 krad. Es wurden fir alle Untersuchungen Oocysten der gleichen
Herkunft verwendet. Anzahl der in der Kontrollprobe sporulierenden Oocysten = 100%

in der Excystations- und Bewegungsrate zu unbestrahlten Oocvsten festge-
stellt werden.

9. Eine sich andeutende geringfiigige, bei hoheren Bestrahlungsdosen

zunehmende Sporulationsverzdégerung wurde vorldufig nicht ndher untersucht.

Diskussion

Die Abhédngigkeit der Uberlebensrate der Oocysten von der Bestrahlungs-
dosis wurde bereits mehrfach nachgewiesen (S. Schneider, Ayeni UnNd Durr,
1972). In den bisher vorliegenden Publikationen finden sich jedoch keine Hin-
weise auf die Abhdngigkeit der Sporulationsrate von dem Untersuchungstag
nach der Bestrahlung, die durch die oben erwdhnte Sporulationsverzdgerung
(s. Punkt 9) bis zum 6. Tag nur geringgradig, vom 12. Tag nach der Bestrah-
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lung an durch die auftretenden Degenerationserscheinungen (s. Punkt 4) in
zunehmend stédrkerem AusmaR beeinfluBt wird.

Die von Fitzgeratd (1967) beschriebene Wirksamkeit von Gamma-
Strahlen auf unsporulierte E. stiedai-Oocysten wurde bestétigt, jedoch konnte
die von ihm angegebene z. T. verminderte Infektiositdt der sporulierten Oocy-
sten nicht Uberprift werden.

Eine gewisse Abhdngigkeit der Wirksamkeit von der Energie der Strah-
len scheint vorhanden zu sein. Sie ist jedoch nicht in jedem Fall so deutlich,
dall die Bemerkung von Fitzgeratda (1968), die von verschiedenen Autoren
benutzte unterschiedliche Strahlenart sei nicht die Ursache fur deren stark
voneinander abweichende Ergebnisse, vorlaufig nicht widerlegt werden kann.

Eine signifikante Erhdéhung der Anzahl anormal sporulierender Oocy-
sten war im Dosisbereich von 120 bis 360 krad mit einem Maximum bei etwa
270 krad festzustellen (Abb. 2). Bei Bestrahlungen mit Dosen uber 390 krad
wurde im Gegensatz zu Fitzgerald (1967) nur noch ganz vereinzelt (<" 1%)
anormale Sporulation festgestellt. Aus der von Fitzgerald (1967) fir den
Typ 1 seiner beobachteten abnormen Entwicklung gegebenen Beschreibung
kann jedoch vermutet werden, daB es sich hierbei um keinen Entwicklungstyp,
sondern um die nach einer letalen Bestrahlung sehr bald einsetzenden, auch
in den eigenen Untersuchungen beobachteten Degenerationserscheinungen
abgetdteter Sporonten gehandelt hat.

Die von Fitzgeratd (1967, 1968) beobachtete hohere Excystationsrate
bestrahlter Oocysten bei in-vitro-Versuchen konnte bei mit etwa 40 krad
(Co-60) bestrahlten Oocysten nicht bestatigt werden.

Im Gegensatz zu den Untersuchungen von Aibanese UNd Smetana
(1937), die bei 75 und 104 r/m und einer Gesamtdosis von 3000 r bei sporu-
lierten Oocysten von E. tenella einen EinfluB der Dosisleistung auf die Ver-
mehrungsrate feststellten, konnte in den eigenen Untersuchungen, allerdings
in einem anderen Dosisleistungsbereich, kein derartiger EinfluR auf das Sporu-
lationsergebnis beobachtet werden.

Weitere Untersuchungen missen kldren, ob die beobachtete Abhdngig-
keit der Absterberate noch sporulierender bestrahlter Oocysten von der Zeit
mit einer eventuellen verminderten Resistenz gegen andere chemisch-physika-
lische Umweltfaktoren parallel l&uft. Bei Sterilisationsverfahren (z. B. bei
Abwasser und Klarschlamm, aber auch bei Ké&figen und anderen Versuchs-
materialien), die mit Hilfe von Bestrahlung erfolgen, muRte dann nicht in
jedem Fall die Letaldosis angewandt werden. In Abhédngigkeit von den Um-
weltbedingungen (Selbsterhitzung, F&ulniserscheinungen, Austrocknung etc.)
und Ablagerungszeiten kdnnten auch subletale Dosen bereits eine sichere
Ablotung gewdhrleisten.

Der Angriffspunkt (Wirkungsmechanismus) der Strahlenschadigung
lieRe sich unter Umstédnden durch eine Kombination der Darstellung der
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Sporulationskinetik (Abb. 2) nach verschiedenen Noxen (UY-, Rdéntgen-
radioaktive Bestrahlung, Ultrazentrifugation) mit anderen Untersuchungs-
methoden (biochemische Analysen nach Ultraschallbehandlung, Untersuchung
von Reversibilitdtserscheinungen) ermitteln. Eine genauere Analyse der
Ursachen (02Mangel, Temperaturerhéhung, Alter, Bestrahlung, Ultrazentri-
fugation, Desinfektionsmittel) und Erscheinungsformen (inkomplette Sporu-
lation, Ausbildung von Riesenformen, von Sporozoiten ohne Sporozysten-
hiille, Zwei- bis Achtfachteilung) abnormer Sporulationen kénnte hierzu einen
weiteren Beitrag liefern.

ZUSAMMENFASSUNG

Bestrahlungsschaden an E. stiedai-Oocysten &ufBern sich in vermindertem Sporulations-
vermogen sowie bald nach vollendeter Sporulation eintretenden Degenerationserscheinungen.
Es besteht eine Abhéngigkeit der Abtétungsrate von dem Alter der Oocysten und vermutlich
der Energie der Strahlung.
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ACTA VETERINARIA

TOM 22-BblMN. 4

PE3IOME

BAKTEPUANBHAA ®NIOPA XENYAKA W OTAE/IOB KUWEYHUKA N NX
OMPEAENAOWUME ®AKTOPbBI ¥ PAHO OTBUTbLIX MNOPOCAT

®. KOBAY, 6. HAAb u Ab. WANHKOBWY

[JoknagbiBaeTcqd 0 6aKTEPUONOrMYECKOM W3YYeHUW XenyfKa U KuweyHuka 30 340pOBbIX
nopocar élo M nocne paHHel OT6MBKW. [lopocsTa MPOMCXOAUAM OT 3[40POBbIX CBUHOMATOK
nocne oTomBkM B Bo3pacTe 14, 21 n 28 AHeN coaepXaaucb UM B OMTUMabHLIX YCOBUAX, B
KNMMMAaTU3MPOBAHHBIX Kamepax (TpWU MOMETa), WM B He XYXE CpedHero 3UMHWUX YCNOBUSX.
M3yueHa GakTepuanbHasa iopa U pH Ha 9 NYHKTaX >Xenyfo4yHO-KULLEYHOro TpakTa U fjaHHble
obpabaTbiBa/INCb CTATUCTUYECKM.

B3HaueHusix pH 1 6akTepnasibHOi (Gopbl NUIOPUUECKOI 1 KapAmnasbHOM YacTel ey Ka
He 6bIfI0 3HaUMMON pasHuUbl. B ABeHaauaTMnepcTHOM KWLLKe 338 UCKIHOYEHVEM KOMM(OPMHBIX
MVKPOOOB Hab/1l0a10Ch CUIbHOE TOPMOXKEHME, YTO 0COBEHHO BbIPaXKEHHbLIM 6bII0 B OTHOLLEHWN
KnocTpuawuii. B nocnefytowmx oThenax TOHKOMO KMLLEYHMKA 3apermcTpMpoBaHo HapacTaHue Ko-
JINYECTBA MIKPOBOB 1, TAKMM 06pa3oM, B MOC/IEAHEM OT/e/E MOAB3AOLIHON KULLKW YXKe MOJTyYeHb
nokasartenu, XapakTepHble fiNA TONCTbIX KWIWOK. bakTepuanbHble u ycnosus pH cnenoi, obo-
[OYHOM M NPAMOI KWLLOK He OTAINYanunch Apyr OT Apyra.

Mpy HU3KMX 3HaYeHMax pH (1,5—2,5) B xenyake Habntofanocb TOPMOXEHME poCTa
KONM(OPMHbIX MUKPO6OB, HO NPW Hauyalle PerucTpupoBaHHbIX 3HavyeHusx pH —2,5—45 —
3aMeTHOr0 TOPMOXeHUs He Habnogann. B KMLLeYHNKe He 3aperncTprpoBaHO N3MEHEHNIA, CBA3aH-
HbiX ¢ pH. Mexgy CTeneHbi0 Hamo/IHEHHOCTW TOLUEW KULLIKU U KOJIMYeCTBOM MMKPOBOB MMeeTCs
npsmMas B3a¥MOCBA3b, MPOABAAIOLWAACA B HapacTaHUM KOMMYecTBa KOMMMOPMHBLIX MUKPOGOB.
He Habnioganvce M3MeHeHWUs BO (DIOpe KMLIeYHWKa 3[40P0BbIX MOPOCAT, CBA3AHHBLIX TOMLKO C
(haKTOM OTOMBKM. 3aTO YCNoBUA Cpefbl (COAep>KaHMA) KOHCEKBEHTHO OTpaXanucb Ha diope
KWLLIeYHoro TpakTa. Bo BCex oTAenax KMLWeYyHMKa COofepXKaBLUNXCA B TPAAULMOHHbLIX YCTOBUAX
nopocAT KOMMOPMHBIX MUKPOOOB 6bIN0 BCErAa CUTHUUKAHTHO 60MbLUe; Y 3TUX YKMBOTHbBIX
COOTHOLLIEHWE NaKT06aLnIN0B, CTPENTOKOKKOB 1 KONMGOPMHBIX MUKPO6GOB B NMOACOCHbI Mepuog,
6bINI0 TOXE HEHOPMasbHbIM.

KOLWAYbN BUPYCHBIE 3ABOMEBAHWNA

|. N3yyeHre BUPYCHbIX LUTAMMOB, WM30/IMPOBAHHbLIX U3 MOPAXEHHbIX BEPXHWUX AblXaTeNbHbIX
nyTen Kouwek

®. CANAW, W. BEPTA u M. KNl

3a BpemMA NoCnefHUX [BYX NET U30/M4Y0BaHO 12 BMPYCHbIX LUTAMMOB U3 12 KOLLEK OT
53 (22,6%), neumBLUMXCA M3-3a KaTapa BEPXHUX [AbIXaTeNbHbIX MyTeil. TpW cpean 3TUX LTaMMOB
(Mx Mn v M) ngeHTuhmLMpoBaHbl Kak repneToBMpycCbl, TOrfa Kak ocTafbHble aesATb (M2
M3. .. MI) npuHagnexanu K puHOBMpYcam rpynnbl nukopHa. LTammbl M3 u M9 nsyueHbl
JieTaibHO.

LLitavm M9 oT/iMyancsa CeposiorMyeckn He TONMbKO OT WwTamMma M3, HO M OT OCTalibHbIX
cemu WTamMMoB NMKopHa. LLitamm MIoTnnyanca ot wramma M3eLle 1 LMTonaTtoreHHbIM 3eKTom
1 MeHee BbIP&XKEHHOI YyBCTBUTENBHOCTBIO K TPUMCKHY, HATPUIO feoKcMxonara u Xopoopmy.

Cpefy Tpex WTamMMOB, M3YYeHHbIX Ha MaTtoreHHocTb, fsa — M3 n M9—oka3anucb CUNLHO
NaToOreHHbIMM ANA KOLIKK, Torga Kak M36b11 TONbKO €1abo NaToreHHbIM.



OAHHBIE K MOP®O/IOT W N MATOFEHE3Y OCTPOM ®OPMbl EOTIE3H MAPEKA
®. PAL, A. CEKV un A. BAHU

Ha ogHoi nTuuedepme, Heb61aronony4Hoi B TeueHne psaga ieT no ocTpoii opme 601e3HM
Mapeka cpegn 11 800 XMBOTHbLIX OT BblnynneHus 0 10-AHEBHOro BO3pacTa eXefHeBHO, [0
76-[HEBHOBO BO3pacTa (MOMeHTa y605) exeHefleNIbHO TPU pa3a U3YUYeHO KIMHUYECKWU, NaTonoro-
aHaTOMMUYeCKn M 6aKTEPUONOrMYecKn BCEro 87 XXMBOTHLIX U 5 3a40XnblX 3MOPUOHOB. Kpome
3TOr0 FMUCTOMOMMYECKN U3YYaNIUCh LieHTpanbHas 1 nepudepuyeckas HepBHbIe CUCTEMbI U OMpe-
[ieneHHble aKcTpaHepanbHble opraHbl. [locnegHune nccnegoBaHws cobpaHbl B Tabnuue.

O6Hapy»XeHo, 4To B Bo3pacTe 41—76 gHei y 83,3% XMBOTHbIX, a B Bo3pacTte 18—39
OHel y 57,1% >XMBOTHbIX MMEHTCA MMAOUAHbIE MHAOUNLTPALMN KaK B HEPBHOW cuCTeMe, Tak
W B 3KCTpaHeipa/ibHbIX OpraHax. B >XMBOTHbIX MOMOXe 18 AHeil MH(UAbTPaLUW B HEpPBHOI
cucTeMe He 0BHapyXXeHbl. 3aTO B 3KCTpaHelipanbHbIX OpraHax 3Tu U3MeHeHMs 0BHapyXxmBaroTcs
YK€ C 2 -[HEeBHOr0 BO3pacTa, W C 27-[HEBHOr0 BO3pacTa OHW Y>Ke HOCAT HeomnacTUYecKuii xa-
pakTep. Takne U3MeHeHUs B HEPBHOW CUCTEMe MMeNUCb O4YeHb pefKo. OCOBEHHO B anMTenuanb-
HbIX K/IETKAaX YKENe3sncToro Xenygka obHapyXusanucb BkIOYeHWUA Tuna Kosgpn «A». mucto-
NOTWYECKNE U3MEHEHWS OObIYHO He COMPOBOXAAIMCH MaTO/0r0aHaTOMUYECKUMU U3MEHEHVAMU.

IV. UBYUYEHUME NOKATU3ALUUVN MPELUNTINTUPYOWWX AHTUTEJ MNMPU NMOMOLLIA
VMMMYHOS3/TEKTPO®OPE3A B CbIBOPOTKE 3KCMNEPUMEHTAJIBHO
MHBA3MNPOBAHHbBLIX CYSTICERCUS PISIFORMIS (BLOCH, 1780)
KPOJ/IMKOB

n. HEMET

Kponukun Bo3pacta 6—7 Hegenb n Beca 700 900 r norosioBHO uHBasuposanncb 500
oHKoctepamu Taenia pisiformis; y rpynnsl KponnkoB 60 gHeli No3e Npov3BefeHa MoronoBHas
pevHBasuna 10000 oHKocepamu. O6pasLbl CbIBOPOTKU, NOMYYEHHbIe B OMNpefeneHHble CPoKU,
M3yyanmMcb Ha Hauuve MpeLunuTUHOB MyTeM [ABOMHOW arap-xenb-guddysun. B kayecTse
aHTUreHOB WCMO/Mb30BaHbl COMATUYECKME U MeTaboNIMYeCKNe aHTUreHbl, Aasblie, MofHble Cons-
Hble 3KCTpaKTbl Kak T. pisiformis, Tak u C. pisiformis.

CbIBOPOTKM C M3BECTHOI NPELMNMTIPYIOTLEN aKTUBHOCTBLIO MOABEPra/NCh aNeKTPoopesy
Ha arape v noTom AuyHANPOBaNUCL B HAMpPaB/eHUN aHTUTEHOB reflbMUHTA, KO3bel aHTUCHI-
BOPOTKM MPOTMB NOHON KPOJSIMYbENA CbIBOPOTKMW, Y OBYMHHON aHTUCLIBOPOTKM MPOTWB rNo6ynu-
HOB Kpo/nvKa. JIMHUW MpeuunuTauumn nosyyeHbl CO BCEMMW CbIBOPOTKaMW B JIOKaIM3aLun rno-
6ynuHos 1gG. CornacHo aToOMy HYXXHO npefnonaratb, 4TO NPOAYUMPYEMUE KPONMKOM B OTBET
Ha WHBa3nio OHKocdep T. pisiformis NpeLMnUTUPYIOLLME aHTUTeNa NPUHaLNexaT K Knaccy um-
MyHorno6ynuHos 1gG.

V. XAPAKTEPUCTUKA VIMMYHHOW PEAKLIMN MPN NCKYCCTBEHHOW
MHBA3NN CYSTICERCUS PISIFORMIS (BLOCH, 1780)
Y KPOJINKOB

n. HEMET

M3yyanacb UMMYHHas peakuus Npu NepBUYHOM MHBA3UWM U PeMHBA3WUM Cysticercus pi-
siformis y KPOJ/INKOB.

Kponukn 5—7-HegenbHoro so3pacrta, Beca 500—1000 r noronosHo mMHBasuposanuck 500
OHKocthepamu T. pisiformis; 4acTb >XXMBOTHbIX mocne 60 AHel pevHBa3MpoBanacb MOrofoBHO
10 000 oHkoctrepamu. K 100-y AHIO 3KCMEPUMEHTA BCEX XMBOTHLIX YOUNU U U3y4nnu Ha WHBA-
3MPOBAHHOCTb LMcTULEpKaMu. [locne nHBaswid Mo onpeAesieHHOMY MaaHy OT XXMBOTHbIX 6panach
KPOBb C LIE/IbI0 M3YYeHUA Ha aHTUTena.



B 0TBEeT Ha MHBa3MIO BCE 3KCNePUMEHTa/bHbIE KPOIMKM NPOAYLMPOBaNU aHTUTeNa, KoTo-
pble MOXHO BbISIBUTb Mpo6amu arap-enb-gnd{y3MoHHON NpeLmnuTaLmMm, napBaibHON Npeuun-
MUTaLMn ¥ UHAVPEKTHOW remarriTUHaLmm.

emMarrilTMHUPYIOLLME aHTUTeNa Ha BTOPOI Hefiesle MHBA3UM Y BCEX WHBA3MPOBaHHbIX
XKMBOTHBIX MOABUIMCb M ObINN BbIABUMbBIMI [I0 KOHLIA 3KCMEpMeHTa, XapaKTepHbIM AN AnHa-
MUKW HAKOM/EHWUA TemMarrioTUHUHOB ABW/IOCH TO, YTO UX CPefHWIA TUTP CO BTOPOW Hepenu
MHBA3WN MOCTEMEHHO MOBbIWA/ICA W CBOEro nuka [oCTUr K 50-y fHI0 M MOTOM HEMHOrO MOHW-
3uncs.

[vHamyka HapacTaHua NPeumnUTUPYIOLMX aHTUTEN MOoKasbliBana Ty e KapTUHY, Kak u
[VHamyKa HapacTaHus arrloTUHUHOB. [peumnurupytowas akTMBHOCTb Habnoaanach nepsblil
pa3 Ha 2-0i1 Hefene MHBAa3WW; CBOEro NMKa OHa JocTurana mexay 6-oi u 10-oii HegensMu, no-
TOM CTa/1a 3aMeTHO cflabeTb, HO HanuLEeBCcTBOBaA elle faxe K 100-y AHIO MHBA3WW.

PenHBasms xuBoTHbIX 100 000 oHkocthepamu 1 60-y [HIO OT NEPBOI MHBa3WK Bbi3biBaia
ObICTPOE MOBbILLEHVE KOMMYECTBA remMarrMiOTUHUPYIOLWMX U MPELUNUTUPYIOLLMX aHTUTeN.

Tvnbl NOABMBLLMXCA UMMYHOT106Y/IMHOB OMNpeaensMce Npo6aMmn pakymoHMPOBaHHOTO
BbICA/IMBAHMNA, 3M1EKTPOOPE3OM B arapHbiX 06/10KaxX, MOHO-0OMEHHOW Xpomatorpaduein Ha
OEAE Cedapgekc-e A—50, 4yBCTBUTENbHOCTLIO K MepKanTo3TaHo/y U 3/71eKPOopeTUHecKUM
aHaM30M aHTUCLIBOPOTOK MPOTUB KOMMIEKCOB aHTUreH-aHTUTENOo, NOYYEeHHbIX U3 CbIBOPOTOK
KPO/IMKOB NPU MOMOLLM COMaTUYECKUX W/Mnu MeTabonnyeckmx aHtureHos T. pisiformis n C.
pisiformis. 3T HabnofeHWs MNoKas3anu, YTO MHBA3WNA KPOMMKOB OHxochepamu T. pisiformis
npoBoLMpyeT 00pa3oBaHMe KaK KOMMIEKCHOro, TaK W reTeporeHHoro, VMMYHO/IOrMYecKoro
oTBeTa. 3a BpeMs MHBa3UK 06pasytoTCA aHTUTENA He MeHbLLEe YeM MPOTUB YETbIPEX aHTUTEHHbIX
KOMMOHEHTOB NapasuTa. JTW aHTUTena MpuHaAnexar K ABYM pas/iMuyHbIM UMMYHOTI06YMHO-
BbIM K/laccam: B OTBET Ha NepBYIO MHBa3WI0 06pasytoTca aHTUTena Tuna 1gG. Mocne pemHsasun
JOMUHMPYIOT aHTuTena 1gG, HO umeroTed U aHTuTena tuna IgM.

OAHHBIE K YCTOMYMBOCTW OOLIMCT EIMERIA STIEDAI
K OBNYYEHUNKO PEHTIFEHOBbLIMU U TAMMA JTYYAMU

. AOPP n B. PAN3EP

lMoBpex/aeHns 0T 06nydeHnst Ha oouucTax Eimeria stiedai NposeisatoTcs B ocnabneHnm
CMOPYNALMOHHOW CMOCOBHOCTW WM B HACTYMNNEHUW ABNEHWIA AereHepauumn nocne 3aBepLueHus
cnopynauun. ViMeeTca B3aMMOCBA3b MeX/y CTeneHbo rmbeny 1 Bo3pacToM OOLMCT U BO3MOXHO
MEXAY 3Hepruein 06nyyeHus.
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