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TUBERCULIN SENSITIVITY OF SENSITIZED
LYMPHOCYTES

By
S. Tuboly, T. Szanté and Marietta R ady

Central Veterinary Institute (Director: A. VANYI),
Budapest

(Received August 2, 1972)

The immunology of tuberculosis and the related allergic condition were extensively
studied during the last decades (Baram and Mosko, 1962; Bloom and Chause, 1967; Kanai,
1967; Lawrence, 1955; Mackness and Blanden, 1967; Olivera-Lima, 1958). These investi-
gations disclosed much new information, but the findings were often contradictory and nu-
merous problems are still unclear.

The present studies were initiated to determine the sensitivity to tuber-
culoproteins of lymphocytes from guinea pigs infected with various Myco-
bacterium species and to observe the degrees of blast transformation induced
by various mycobacterial antigens.

The applied method was based on the blast transformation of lymphocytes. Oppenheim
(1968) interpreted blast transformation as the development of small lymphocytes in to lympho-
blast cells, whereas Ling (1964) saw in it a sign of antibody production, interpreting it as a
secondary in vitro response to an antigen which the host had already encountered in vivo.
Cowling et al. (1963) and Mills (1966) studying the response to tuberculin of lymphocyte
cultures obtained from tuberculin (Mantoux) found blast transformation, in 20 and 5% of the
lymphocytes respectively positive and negative individuals.

Other investigators (Farland and Heilman, 1966; Gerald, 1968; Peshmin et al,
1962; Schreck, 1963) established in similar studies a correlation between the positive trans-
formation test and tuberculin positivity. Hirschorn (1968) found that the in vitro immune
response reaches maximum on the 5th day after addition of the antigen and that the usual per-
centage of transformation is 15—20%, but it may reach even 45%.

Materials and Methods

Sensitization of guinea pigs. Animals were divided into five groups and
were infected with the following Mycobacterium strains:

1. Mycobacterium bovis BCG Budapest

2. Mycobacterium avium Chester 15769 (American Type Culture Collec-
tion)

3. Mycobacterium ulcerans 19423 (ATCC)

4. Mycobacterium xenopei Budapest, Koranyi Institute for Tuberculosis

5. Uninfected control group

Six-week cultures grown in Lowenstein—Jensen medium were used for
experimental infection. A dose of 0.5 ml was administered intraperitoneally

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



2 TUBOLY ¢t al.

throughout, using an 0.01 mg/ml suspension from M. bovis and 0.1 mg/ml sus-
pensions from the other cultures, as calculated for wet weight.

Sampling and collection of white blood cells. In each group, individual
heparinized blood samples were withdrawn every week for 8 weeks. The sam-
ples were incubated for 2 hours at 37 °C, in tubes inclined at an angle of 30°.
The white blood cells were then withdrawn in a capillary pipette, passed
through glass cotton and nylon mesh, and suspended in Parker’s 199 medium.

Antigens. The white blood cell cultures were challenged with three anti-
gens: Bovis PPD, Avium PPD and an antigen designated Ps, which had been
prepared from the bovis strain An. by electrophoresis and column chromatog-
raphy. The challenge dose was 250 ftgjml cell culture.

Samples were taken on 8 occasions at 24-hour intervals after addition
of the antigen. Blast cells were counted in preparations stained with May-
Griinwald and Giemsa solutions.

Results

The blast transformation-inducing activity of the three antigens deter-

mined with lymphocytes from each guinea pig group. The results are shown in
Fig. 1.

Fig. 1. The transformation values of lymphocytes sensitized with M. bovis, M. avium,
M. ulcerans or M. xenopei. 1 B. PPD; jijA. PPD; O Ps ant.

The variance analysis of numerical results is shown in Table |. Both
Bovis PPD and Avium PPD induced blast transformation in lymphocytes
of all infected guinea pigs, but the percentage of transformation differed with
the strain used. Both antigens displayed maximum activity in the homologous
system, being much less active in cell cultures from guinea pigs infected with
M. ulcerans or M. xenopei.

Acta Veterinaria Academiac Scientiarum Hungaricae 24, 1974



TUBERCULIN SENSITIVITY OF LYMPHOCYTES 3

Table 1

Biometric analysis of lymphocyte sensitivity

Blast transformation per cent

f : Lower Upper Fi(_ien_cial
Gml:ﬁ?eg{eguwﬁ‘; pigs Antigen limit Mean limit SEM* C\SZ% limits
value value ’

lower upper
B. PPD 24 39.1 57 104 26.6 31.8 46.4
M. bovis A. PPD 20 28.3 32 3.7 13.7 25.8 30.7
Ps 36 46.9 64 8.3 17.7 39.1 52.7
B. PPD 5 15.6 23 4.7 30.6 12.6 18.9
M. avium A. PPD 29 49.3 58 8.4 17.0 43.3 55.3
Ps 2 53 13 3.0 57.0 3.3 7.3
B. PPD 8 13.7 20 3.1 23.2 11.4 15.9
M. ulcerans A. PPD 12 16.7 26 3.9 23.4 14.0 194
Ps 1 2.5 5 1.4 56.0 1.6 3.4
B. PPD 10 12.9 i6 2.0 16.0 11.4 14.3
M. xenopei A. PPD 14 17.7 20 2.1 11.8 16.3 19.1
Ps 1 2.9 5 1.2 43.7 2.0 3.8
. B. PPD 0 2.0 4 11 55.0 1.2 2.7

Non infected
A. PPD 0 1.8 4 1.1 62.0 1.0 25

control

Ps 0 1.6 3 0.9 60.0 0.9 2.2

* SEM, standard error of the mean

Fig. 2. The blast transformation activity of three antigens determined with lymphocytes

1* Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



4 TUBOLY et al.

The M. bovis antigen Ps was more active in the homologous system than
Bovis PPD, but failed to induce blast transformation in lymphocytes from
guinea pigs infected with the other strains.

Transformed cells are shown in Figs 3 and 4. The dynamics of the de-
velopment of sensitivity varied with the sensitiving strains. With M. bovis,
maximum transformation rate (40% with homologous antigen) was reached
3 weeks after the infection. The lymphocytes from guinea pigs sensitized with
M. avium, M. ulcerans or M. xenopei showed maximum transformation values
from the 4th week on (Fig. 2).

Part of the lymphoblasts extended thread-like processes, variable in
length, from the cell surface between the 48 and 72 hours of culturing (Fig. 5).

Fig. 3. Transformed lymphoblast

Fig. 4. Transformed lymphoblast

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974
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Fig. 5. Lymphoblast with thread-like processes

Threads were seen either along the entire circumference of the cell, or
occurred only over a minor area of the cell surface. Such forms covered 5—8%
of the transformed cells in homologous systems.

Discussion

The sensitivity of lymphocytes from guinea pigs infected with various
Mycobacterium species was challenged with three different Mycobacterium
antigens.

The antigens Bovis PPD and Avium PPD induced transformation of
lymphocytes from all infected animals. For lymphocytes of guinea pigs sen-
sitized with M. bovis, the transformation rate with the two antigens was ap-
proximately the same, but considerably differed in systems sensitized with
M. avium. The lymphocytes cultures prepared from animals sensitized with
M. ulcerans, or M. xenopei the two antigens appeared to be approximately
equally active.

The antigen Ps, prepared from the AN5strain of M. bovis, induced trans-
formation exclusively in M. bovis-sensitized lymphocytes, but in these to a
greater degree than Bovis PPD. It had no influence whatever on lymphocytes
from guinea pigs sensitized with strains other than M. bovis.

Thread-like structures like those observed by us on the surface of lym-
phoblasts between the 48th and 72nd hours of culturing had been described
by Thein and Buschmann (1970), who attributed them to an antigen-anti-
body reaction. Although the phenomenon occurred regularly in our experi-
ments, we are of the opinion that the liability of lymphocytes to injury must
not be disregarded as one of its possible causes.

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974
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Summary

Lymphocytes from guinea pigs infected with Mycobacterium bovis, M. avium, M. ulcerans
or M. xenopei were tested for sensitivity to the mycobacterium antigens Bovis PPD, Avium
PPD and a purified M. bovis antigen designated Ps. The blast transformation-inducing activity
of each antigen was determined.

Bovis PPD and Avium PPD induced blast transformation in cultures sensitized with
M. bovis in an approximately equal percentage whereas they considerably differed in activity
as tested in M. atdum-sensitized systems. They showed again, nearly equal activity in M. ulcerans
and M. xenopei systems.

The antigen Ps, which had been prepared from the ANS strain of M. bovis, induced
blast transformation exclusively in the homologous system.
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EPIZOOTOLOGICAL AND CLINICAL STUDY
OF FELINE PANLEUCOPENIA

(INFECTIOUS GASTROENTERITIS OF THE CAT)

By

Z. Horvath, L. Papp and A. Bartha

Department of Internal Diseases (Head: Z. Horvath) and Institute of Epizootology and
Bacteriology (Head: J. MESZAROS), University of Veterinary Science, Budapest

(Received November 24, 1972)

As for several years a substantial part of the cats examined in the Small
Animal Hospital of the Department of Internal Diseases suffered from viral
panleucopenia (VP), an opportunity presented for detailed investigations into
the epizootology and clinical aspects of this disease.

Attempts was made to establish the seasonal fluctuation and age group
distribution of the disease, to differentiate its clinical forms and to develop
effective therapeutic measures. Virus strains were isolated and an experimental
vaccine was prepared for preventive purposes.

Infectious feline gastroenteritis was first described by Verge and Chrisoforoni in
1928 (cit. Manninger and Mécsy, 1965). In the meantime the disease was recognized all over
the world and numerous authors contributed new data to the knowledge of its epizootology and
symptomatology) Ackermann, 1959; Christoph and Vierneisel, 1961; Davidson and
Stocking, 1952; Findlay, 1932; Freudiger, 1971; Kraft, 1961; Mehls, 1950; Schulze,
1954; Vogel, 1961; Weyers, 1954), The disease was described under various names, referring
to one or another characteristic pathological, haematological, epizootological or clinical feature
of the condition. Some of these terms were entirely incorrect and misleading, such as “feline
distemper”, “feline typhoid”, “feline plague”, “pseudo-membranaceous enteritis”. Recently
the names “infectious agranulocytosis”, “infectious enteritis” and “infectious gastroenteritis”
have been preferred.

Krembs and Siegfried (1936), and later also others (Englert, 1953; Lindauer, 1953),
described a VP-like cat disease, which, in their opinion, was aetiologically distinct from VP,
and termed it infectious laryngo-enteritis. In the meantime several authors (Christoph, 1963;
Kirk, 1971; Roiirer, 1968; Wilkinson, 1966) have advocated the aetiological identity of the
two conditions, but Manninger and Mécsy (1965) described infectious feline laryngoenteritis
as an independent disease in their textbook.

The introduction of the tissue culture technique iuto virological research made the
isolation of the causal agent of VP possible. J ohnson (1964, 1965) identified the virus isolated
from a Zoo leopard that had succumbed with gastroenteritis as the aetiological agent of the
panleucopenia and gastroenteritis, occasionally causing outbreaks in cats. This disease proved
to be aetiologically and clinically identical with the infectious panleucopenia of the domestic cat.

In Hungary, up to now only Jarmai (1934) has reported studies on VP of the domestic
cat. Recently Vetési and Balsai (1971) observed VP in carcases of racoons kept in the Buda-
pest Zoo.

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



8 HORVATH et al.

Material and Methods

On the basis of ten-year statistics (1962—1971) of the Small Animal
Hospital, the absolute number and percentage of cats admitted with VP were
established (Table 1) and a curve was constructed for seasonal and annual

Table 1

Incidence of viral panleucopenia among the cats admitted to the Small Animal Hospital
(University of Veterinary Science) in the period from 1962 to 1971

Year 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971  Totals

Total no. of cat
patients 603 745 704 828 849 856 785 816 875 883 7944

Cats suffering from VP 137 163 154 231 195 194 206 138 167 185 1770

Percentage 227 218 218 279 229 226 263 169 190 209 223
J e T T B R
3 F M A M 3 3 A S O N D

Fig. 1. Seasonal fluctuation of viral panleucopenia, 1962— 1971

fluctuations of incidence (Fig. 1). Further, cats suffering from VP were grouped
according to age (age groups: 2—3, 4—6, 7—12 months, 1.5—2, 3, 4, 5, 6 and
7— 8 years) and the age group distribution of incidence and percentual losses
was plotted out graphically (Fig. 2).

Diagnosis was established on the basis of characteristic symptoms and
haematological findings. Diagnostic data were then compared with the post-
mortem findings recorded in the Department of Pathological Anatomy.

Isolation of the causal agent was attempted from various organs (phar-
ynx, lungs, small intestine, spleen, liver) of 47 cats died with symptoms of
VP, using cat renal epithelial cell cultures. Secondary cell cultures were more
suitable for virus isolation than primary ones.

Acta Veterinaria Academiae Scietniarum Hungaricae 24, 1974



FELINE PANLEUCOPENIA 9

The virus was isolated from various organs of cats Nos 463, 544, 416,
553, 423 and 537. In such cases the virus was recovered from all examined
organs. The virus proved to be chloroform resistant, and specific antisera
neutralized it up to a titre of 1:32.

Four healthy, susceptible cats aged 3—4 months were infected intra-
nasally and orally with the fourth passage of an isolate. Two cats of similar
body weight served as controls. Clinical examinations were performed daily

Fig. 2. Incidence (---- ) of, and losses (—+*— —) from viral panleucopenia in the differ-
ent age groups

Fig. 3. Body temperature (— *— *— ¢) and leucocyte count of experimentally infected cat
No. 271/a

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



10 HORVATH et al.

after the experimental infection and erythrocyte and leucocyte counts as
well as differential counts were determined every other day. A detailed urine
analysis was also carried out. The characteristic symptoms of VP began to
appear 4—5 days after infection. Body temperature values and leucocyte
counts of cat No. 271/a, from experimental infection to death, are shown in
Fig. 3. The virus could be reisolated from the carcases of two cats which died
9 and 10 days after infection. The control animals were free from symptoms
throughout. In another infection experiment, also performed on 4 cats, one
animal died; the controls again remained healthy. Convalescent sera were
found to contain specific antibodies which neutralized exclusively the virus
of VP.

Preparation and trial of vaccine

The virus isolated from cat No. 537 was propagated in secondary cat
epithelial cell culture for 6 days, then 0.2% concentrated formaldehyde so-
lution was added and the formalin-treated virus was allowed to stand at room
temperature for 3 days.

The vaccine was tested for immunogenicity in infection experiments.
The cats were examined for health status, erythrocyte, leucocyte and differ-
ential counts were determined and the usual urine analysis was performed.
Three cats aged 4—5 months were each given subcutaneously one ml of the
experimental vaccine; another three cats of similar age were treated with the
inactivated organ suspension Felidovac (Behringwerke) by the same route.
Virus-neutralizing antibodies appeared in the sera of the cats after 14 days.
The titres ranged from 1 :16 to 1:128. The six vaccinated cats and three
control cats were then challenged orally and intranasally with a VP virus
strain isolated in this laboratory. The vaccinated animals did not show symp-
toms, whereas the controls developed VP and died. The carcases were autopsied
at the Department of Pathological Anatomy by Dr. F. Vetési.

Clinical observations

Symptoms. Hyperacute, acute and chronic forms of VP could be dis-
tinguished on the basis of symptoms and course.

The hyperacute form is characterized by abrupt onset, marked listless-
ness, high fever (41—42 °C), fits of vomiting and exsiccosis, followed by sub-
normal temperature and death after 3—4 days. The leucocyte count fell to
1000—5001pi.

The acute form, the most frequent manifestation of VP. is characterized
by marked listlessness, high temperature (40.5—42 °C), frequent, practically
uninterrupted vomiting and a bile-like yellowish-green colour and slightly
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foamy appearance of the vomitus. The cats show signs of great thirst; they
often satisfy their extreme water requirement by supporting the chin on the
rim of the water bowl and sipping water all day. Frequent vomiting results in
a severe exsiccosis. The skin can easily he lifted anywhere over the body sur-
face, but especially in the dorsal region. The creases remain well visible for
several minutes (Fig. 4). The sick cats have a peculiar distracted gaze and scarce-
ly respond to their environment. The retropharyngeal and submandibular
lymph nodes are slightly swollen. The conjunctiva exhibits reddening and

Fig. 4. Severe exsiccosis caused by panleucopenia

there is a slight lacrimation. The breath is foul-smelling. Sometimes a regular
arch-shaped necrotic zone, 3—4 mm wide, develops in the tongue mucosa,
and finally becomes desquamated (panleucopenic marginal ulcer of the ton-
gue) (Fig. 5). In part of the cases, above all in cats older than half to one year,
a yellowish, purulent-appearing deposition, which can be wiped off. appears
on the surface of the tonsils, which are red and swollen throughout the course
of the disease. The oral changes are accompanied by a slight salivation. Swal-
lowing is apparently painful. The cats refuse food for several days. Initially the
intestinal tract seems empty on palpation; gas and fluid appear in it only
after 4—5 days (a characteristic splash is heard on deep palpation of the stom-
ach). At this time diarrhoea sets in and the markedly foul-smelling stool
often contains blood streaks. Occasionally, the liver is slightly enlarged, ac-
companied by a scarcely noticeable yellowish coloration of the visible mucous
membranes. One of the cats that yielded virus had liver dystrophy in addi-
tion to the other symptoms.

Among the laboratory examinations, haematological tests are very im-
portant. Parallel to the development of symptoms, the leucocyte count falls
markedly. The leucopenia is occasionally very severe, with leucocyte counts
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as low as 500—800//4. The erythrocyte count does not notably change; it
may eve rise above the physiological level, owing to the severe exsiccosis and
haemoconcentration. Evaluation of the differential count is rendered difficult
by the leucopenic state; thick smears are required to obtain proper informa-
tion. The bulk of white blood cells are lymphocytes.

The urine contains trace amounts of protein and, if there is also liver
dystrophy, an abnormal quantity of bile pigments, but no other pathological
constituents.

Fig. 5. Panleucopenic marginal ulcer of the tongue

Chronic ¥YP is developed by cats which improve only temporarily, if
at all, after the acute stage. Essentially it can be regarded as a protracted form
of acute YP. The sick cats are in a poor general condition, lying mostly in
stupor.

The inner temperature is usually normal, but a medium high, inter-
mittent fever (39.6—39.9°C) may occur. The skin is dry and flaccid, and
a severe exsiccosis often develops. The visible mucous membranes, especially
the conjunctiva and the soft palate, are pale. The tonsils are invariably en-
larged and red. Appetite is poor, or irregular. The diseased cats consume some
meat for 2—3 days, then refuse everything except water or tea for several
days. There is a gradual loss of condition, sometimes resulting in a severe ema-
ciation. At this stage vomiting ceases, but intestinal catarrh and diarrhoea
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persist despite all therapeutic efforts. Proteinuria appears or, if already pres-
ent, it rises to a concentration of 100— 150 mg/100 ml. The erythrocyte count
decreases markedly, to 2.5—3.5 million//il, whereas the leucocyte count rises
(1) above the physiological level. Differential counting shows an increased
lymphocyte count.

Diagnosis. This can unequivocally be established on the basis of the
characteristic clinical symptoms and haematological findings. Exclusion of
a picornavirus infection may be difficult, but the main symptoms of these
are respiratory (quick, difficult respiration, sneezing) rather than enteric,
and although the leucocyte count may decline it does not exceed the degree
common with viral diseases (1800—2000/jul). A survey of the main viral cat
diseases is presented in Table II.

Table 11

Survey of the main viral cat diseases

Systematic position Morbidity Mortality

Disease of causal agent rate rate Characteristic symptoms
Panleuco- Parvovirus high high Marked listlessness, high fever, vomiting,
penia diarrhoea, marginal lingual ulcer,
severe exsiccosis
Rhinotrachei- Herpesvirus high low or Sneezing, nasal discharge, conjunctiv-
tis medium itis, occasionally ulcerative stomatitis
high (more often on hard than soft palate),
rarely nervous symptoms
“Influenza” Picornavirus high low Sneezing, nasal discharge, lacrimation,
(various conjunctivitis, difficult respiration,
serotypes) microbronchitis, catarrhal pneumonia,
enteritis
Rabies Rhabdovirus low high Marked excitation and aggressivity, tri-
geminal paralysis, difficult deglutition
Aujeszky’s Herpesvirus low high Salivation, hiccup, marked dilatation of
disease one or both pupils, agitated flagellar

movements of the tail under constant
crying, change of place. In typical
cases ruthless scratching of the facial
region.

Bacterial enteritis can be excluded on the basis of absence of charac-
teristic haematological findings.

On differentiating YP from non-infectious diseases, consideration should
be given to gastroenteritis due to alimentary factors or lickcd-off hair and to
obliteration of the intestine by a foreign body; these very frequent conditions
cause neither fever nor leucopenia. The chronic, anaemic form of YP should
be differentiated from the toxicosis caused by cumarin-type rat poison.

Therapy of VP. We propose the following therapeutic measures: blood
from repeatedly vaccinated cats (hospital blood donors) should be administered
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by slow intravenous injection immediately after admission, in a dose corre-
sponding to the body dimensions (5—15 ml). The blood is taken from the donors
by cardiac puncture. If exsiccosis is severe, Ringer solution containing 5%
glucose should be administered intravenously and subcutaneously, and 10—
20 mg vitamin C, 0.012 mg Strophantin or 0.01—0.02 g caffeine should be
given. If exsiccosis is medium severe, subcutaneous administration of fluid is
sufficient.

W ith very severe exsiccosis, intravenous injection of the fluid is impera-
tive (slowly, in small amounts), for cutaneous absorption is delayed, due to
the poor circulation. In such cases the subcutaneously injected fluid accumu-
lates in the lower pat of the chest as an “aqueous swelling” and may trans-
form into an abscess. To prevent this complication, a small amount of crystal-
line penicillin or another water-soluble antibiotic should be added to the sub-
cutaneously administered electrolyte solution. Secondary bacterial gastro-
enteritis is prevented by treatment with 0.25 g neomycin or Neo-Te-Sol powder
in enterosolvent capsule or in bolus for 3—4 days. Bacterial infections of other
organs are prevented or controlled by aqueous or oily chloramphenicol in-
jection. To improve liver function, 300 fig vitamin B12 is administered intra-
muscularly for several days and a 10% glucose solution orally on several occa-
sions. Blood transfusion can be repeated at intervals of 2—3 days with half
amounts, and intravenous and subcutaneous administration of fluid can be
continued on a daily schedule. Camomile tea should be given instead of drink-
ing water. The animals must not be fed until vomiting ceases. Fresh, uncooked
beef or horse meat and minced chicken liver are the diet of choice. After com-
pletion of the antibiotic cure, Polyvitaplex coated pills should be given for
4—5 days, for vitamin supply. This treatment should be continued for at least
one week after the symptoms have subsided.

Prognosis

All forms of VP are severe and the prognosis is usually poor. Morbidity
and mortality are both high. Outbreaks may kill all cats in a street or district
of a town. Out of 1770 cats treated for YP in the Small Animal Hospital over
a period of 10 years, 1011 (57.1%) died. The mortality rate was 77.8% in the
age group of 2—3 months and 61.1% in that of 4—6 months. The chances of
survival seemed relatively better in the age groups of 7—12 months and,
especially, 1.5—2 years, the losses being 50 and 46.8%, respectively. The per-
centage ofrecoveries did not notably change with progressing age: e.g. the death
rate was 58.3% in the 3-year-old age group.

Literary data (Catcott, 1964; Kirk, 1971) and our own experience
unequivocally show' that survivors acquire a lifelong immunity to YP.
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Prevention

In several countries, vaccines containing inactivated ¥P virus have been
used for prevention. The optimal age for the first vaccination is 3 months.
A booster dose should preferably be given at 6 months. Later a yearly booster
dose is sufficient.

A more firm immunity can be established by vaccines containing live
virus of attenuated in tissue culture, which is known to be more immunogenic
than killed virus. The schedule is the same as above. Vaccination of pregnant
cats with live viral vaccine is contraindicated, for the virus causes congenital
abnormality in the foetuses, chiefly cerebellar ataxia. Natural infection during
pregnancy may have similar consequences (Kirk, 1971).

Conclusions

According to our own experience, VP is a a very frequent, often fatal
cat disease. Out of a total of 7944 cats treated in the Small Animal Hospital
over a 10-year period (1962—1971) 1770 (22.3%) had VP. Outbreaks are most
frequent in the early spring and autumn season and incidence tends to decrease
during summer (Fig. 1). As to age group distribution, kittens as young as
2—3 months may already contract the infection (9.94% of onr VP patients
belonged to this age group). These kittens were the progeny of pet cats which
had not had VP. Susceptibility is very high r-t 4—6 months (24.3% of our
cat patients from this age group had VP). The eruption of permanent teeth
takes place in the same period and mass losses among kittens at this age have
therefore been erroneously attributed to the dentition, especially in the country,
where VP is known by a popular name referring to tooth trouble.

Incidence is at peak at 7—12 months of age (38.3% of hospitalized cats).
This can be explained by sexual maturation and the related wanderings, viz.,
an abrupt increase of exposure to infection VP is still relatively frequent at
1.5—2 years of age (16.2% of hospitalized cats), but its incidence is quite low
above 3 years (6.10%). A rare occurrence was observed between 4 and 8 years
of age (2.0 —0.34%); in these age groups only pet cats maintained in isolation
from others became infected.

Part of the sick cats showed an arch-like, 3—4 mm wide marginal ero-
sion of the lingual mucous membrane, extending over the sides and tip of the
tongue. According to Kirk (1971), this lesion also occurs in rhinotracheitis
or in mixed rhinotracheitis-VP invections, but according to our own experience,
rhinotracheitis-associated oral lesions localize on the soft and hard palate
rather than on the tongue. Christoph (1963) termed the tongue lesion as
agranulocytotic lingual ulcer, we prefer the name panleucopenic ulcer.

Virus isolation and infection experiments have unequivocally shown that
infectious feline laryngoenteritis and VP represent one and the same cat disease.
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Therapeutically, neutralization of the causal agent by specific antibodies
and replacement of white blood cells by intravenous administration of homol-
ogous blood are of decisive importance. It is remarkable that blood transfu-
sion is scarcely referred to in the literature; the related publications advocate
antibiotic therapy and, sometimes, fluid infusion, but do not seem to attach
any importance to the control of leucopenia by blood transfusion. Another main
requirement of successful therapy is an appropriate rehydration, if possible
by the intravenous route.

One main reason of the high mortality rate seems to be the circumstance
that the overwhelming majority of the cats are brought to the elinic in an ad-
vanced stage of disease, 3—6 days after onset. The owners usually mistake
the disease for an “indigestion” or the cat itself hides for several days because
of feeling severely ill; in either case, the critical first days are lost for thera-

peutic approach.
The spread of the disease could only be prevented by regular preventive
vaccination.

Summary

Clinical and epizootological studies on 1770 cats diseased in feline viral panleucopenia
(VP) are reported. Three different clinical forms of VP were differentiated, efficient therapeutic
measures were evolved and the seasonal fluctuation and age-distribution of VP were established.
Virus isolation and vaccination experiments were performed.

Out of 7944 cats treated in the Small Animal Clinic of the University of Veterinary
Science over the 10-year period from 1962 to 1971, 1770 (22.3%) suffered from VP. Outbreaks
occurred above all in the early spring and autumn seasons. Incidence was highest among the
7—12 months old cats (38.8% of total incidence).

The disease is manifested in hyperacute, acute or chronic form. The acute form is the
most frequent; this is characterized by marked listlessness, high fever (40.4—42.0°C), fits of
vomiting, severe exsiccosis and leucopenia (leucocyte counts may be as low as 500—1000//4).
Some diseased cats show an arch-like, 3—4 mm wide necrotic zone in the lingual mucosa (pan-
leucopénie marginal ulcer of the tongue). Chronic VP develops from the acute form and is
characterized by a persistent intestinal catarrh, anaemia and cachexy.

The main therapeutic measures are the slow intravenous (!)infusion of blood from older
or immunized cats, rehydration by intravenous and/or subcutaenous route and oral (neomycin),
and intramuscular (chloramphenicol) antibiotic treatment for the prevention of secondary
bacterial infections.

Both the morbidity and mortality of VP are high.

The viral agent who isolated from various organs of 6 of 47 cats which had died with
symptoms of VP. The VP. virus was isolated in secondary cat renal epithelial cell culture.

The experimental infections and virus isolations have unequivocally proved that the
conditions known as infectious feline laryngoenteritis and VP represent one and the same
disease.

A formol-treated experimental vaccine prepared from VP virus propagated in secondary
cat epithelial cell culture proved to be equivalent with the preparation “Felidovac” (Behring-
werke).
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Various Paramphistomum species are frequent parasites of ruminants
in Hungary. As they are pathogenic and their systematics are problematic,
closer studies on Paramphistomum are not only of a helminthological, but
also of a veterinary hygienic importance.

No detailed investigations of Paramphistomum were conducted in this country until
recently; formerly all such infections were attributed to Paramphistomum cervi. Kotlan
(1958) was the first to demonstrate that also P. muicrobothrim Fischoeder, 1901 and P. micro-
bothrioides Price et MclIntosh, 1944 occurred in Hungary.

Paramphistomum species collected in nearly all parts of the country
during the past years are described in this paper and a critical evaluation of
the known species is presented.

Materials and Methods

M aterials collected in the central abbatoirs of all counties of Hungary
except Fejér, Heves, N6grad and Szabolcs-Szatmar were used. The majority
of the material originated from Baranya county.

Parasites recovered from the rumen were fixed in Carnoy’s solution of
70% ethanol and were stored in 70% ethanol until processing. The specimens
were either embedded in paraffin and cut into 8—10 p sections in the median
saggittal plane, or cut with a freezing microtome into 0.5—1.0 mm sections,
depending on the species. “In toto” preparations were also made. The prepar-
ations were stained with haematoxylin and eosin, azane or carmin. A total of
370 preparations (250 P. daubneyi, 28 P. ichikawai, 52 P. leydeni) were avail-
able for microscopic examination. Certain organs (testes, pars musculosa)
of the parasites were dissected out and their structure was studied in stained
and unstained preparations.
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Description of the parasites

The first well-founded systematics of Paramphistomum was elaborated
by Fischoeder (1903), who based species differentiation on certain morpho-
logical and organic properties which, however, did not prove to be fully reliable
in later studies

Looss (1912) was the first to show that the structure of the genital end
parts as well as other anatomical and histological properties can be utilized
in differentiating species of highly similar morphology. On the basis of these
considerations, Nasmark (1937) elaborated for Amphistomum species a system -
atic classification based on the histological structure of the pharynx, atrium
genitale and acetabulum. N lIsmaric’s systematic principles are now generally
employed, although a classification based exclusively on histological features
seems to be somewhat arbitrary and mechanical. Nevertheless, it made pos-
sible e.g. the specific revision of P. cervi (Durie, 1951; Swart, 1954) and the
precise definition of its geographical distribution; formerly it had been re-
garded as ubiquitous. After Nasmark, investigators have pointed out the
shortcomings of species determination on an exclusively morphological and
histological basis and suggested that it should be replaced by abiological def-
inition, in which the evolution and structure of the species, the range and
type ofintermediate hosts, etc., should also be taken into consideration.

Species determinations carried out in this laboratory, were based on
Nasmark’s principles, but were completed by certain morphological and or-
ganological data and the range of intermediate hosts was specified wherever
possible. The species descriptions to follow are, apart from some new data,
not original, but it seemed worth-while to include them in the general survey
of Paramphistomum incidence in Hungary.

Paramphistomum daubneyi Dinnik, 1962 (Figs 1—24). The living parasite
is of red colour, especially at the terminal parts. The smallest mature individuals
are 4.6 mm, the largest ones 9.8 mm long, the average dimensions are 6.4 by
2.4 mm. The tegument has transversal folds, the conspicuous genital atrium
is localized 1.1 -1.9 mm away from the anterior end, roughly in level with
the intestinal bifurcation.

According to Dinnik (1964; personal communication, 1972), the pharynx
is of the Calicophoron type (Figs 6—10) and 1.0—0.5 mm long by 0.85—0.55
mm wide (average: 0.67 by 0.7 mm). Its position is terminal, but it may be
deeply retracted; in the latter case a funnel-shaped empty space is seen be-
tween the pharynx and body end. The interior longitudinal muscular layer
ofthe pharynx are 0.1—0.075 mm thick, the radial musculature 0.25—0.15 mm
thick. The median circularly arranged muscle layer are conspicuous in some
individuals and inconspicuous in others. The proportion of the pharynx to
the full length of the body is 1:9. The oesophagus is always shorter than the
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pharynx (0.7—0.3 mm long by 0.22—0.09 mm wide) and its shape and posi-
tion may change, depending on the conditions of fixation. One or two thin
muscular layers pass inside its wall and its surface is covered by a thick te-
gument which ceases abruptly at the level of the bifurcation of the oesophagus.

The branches of the caeca pass through the lateral part of the body, form-
ing seven independent, dorso-ventrally oriented contortions. The terminal
parts of the caeca always bend ventrally and end in level with the centre of
the acetabulum (Fig. 2).

The testes are localized in the middle third of the body, one behind the
other in a slightly diagonal position. They are 1.1—1.9 mm long by 1.6—1.7 mm
wide, with a dorso-ventral length of 1.1—2.0 mm. They are deeply lobulated
structures; the lobules range from 18 to 36 in number. Vasa efferentia passing
from the testes join to form the vas deferens, which widens to form the thin-
walled vesicula seminalis, consisting of numerous loops. The pars musculosa
is well-developed and forms 3—7 contortions (Figs 3 and 4). The pars prosta-
tica is tub-shaped, 120—300 p long, and its greatest width corresponds to
its length. The surrounding glands are moderately developed. The male genital
organ communicates with the genital atrium through the ductus ejaculatorius.
The genital atrium is of the Microbothrium-tyipe. Diameter of genital opening
is 0.5—0.75 mm. The genital fold, not always measurable, is 0.1—0.2 mm in

Figs 1—4. Paramphistomum daubneyi. 2, ventrally; 2, laterally; 3—4, the muscular and pros-
tatic part of vas deferens
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diameter, the genital chamber is 0.1—0.17 mm. The genital papilla can easily
he recognized by its well-developed muscles. The genital sphincter is oval-
shaped and 35—37 by 25—45 p in size. The shape of the atrium genitale is
changeable, depending on the physiological state in which the fixation was
made (Figs 11—21).

The ovary is round, occasionally oval and 0.65—0.71 by 0.40—0.63 mm
in size. It localizes in the space between the second testis and the acetabulum.
The Mehlis gland is close by. The Laurer’s canal passes from the ovary toward
the dorsal surface of the body, and its opening is 1.6—3.2 mm away from the
posterior end. The eggs measure 116—162 by 60—80 p.

The yolk glands form clusters on both sides of the body, extending from
the pharynx to the centre of the acetabulum.

The excretory vesicle localizes between acetabulum, ovary, posterior
testis and dorsal surface of the body; its aperture is 1.8—3.1 mm away from
the posterior end.

The Paramphistomum-tyY>e acetabulum is in a subterminal position. Its
outer diameter is 1.6—2.4 mm (average: 1.8 mm) in the dorso-ventral direc-
tion, its thickness is 0.25—0.65 mm and its aperture is 0.3—0.82 mm wide.
The muscle units of the exterior dorsal series are often difficult to be identified,
because the borderline between del and de» is occasionally undefinable (Figs
22 and 24). The muscle units of dexrange from 18 to 22, of de» from 20 to 30,
of di from 37 to 54, of vi from 42 to 65 and of ve from 15 to 21. The average
proportion of the acetabulum to the body length is 1 :4.

Intermediate hosts: Lymnaea truncatula (Africa; Kenya, Ethiopia);
Lymnaea peregra (Hungary). Snails reared in the laboratory after the conclu-
sion of this report harboured fully developed cercariae.

Discussion. This is the first observation of the occurrence of P. daubneyi
in Europe in general and in Hungary in particular. The comparison ofour fin-
dings to descriptions by others and to the specimens supplied by Professor J. A.
Dinnik unequivocally showed that the basic characteristics (position of gut
branches, size of the atrium genitale, shape and passage of the pars musculosa
and pars prostatica) ofthe species found in Hungary correspond in every respect
to those of the parasite described in Kenya by Dinnik as P. daubneyi. The muscle
units of the acetabulum are, however, dissimilar. This discrepancy can be
ascribed to the loss of definition of the border between del and de», because
the appearance of the entire de series accord well with Dinnik’s description.
According to our observations, the measurements of the genital fold cannot
be regarded as a reliable differentiating feature, because they may greatly
be altered by the conditions of fixation (Figs 12, 13, 16 and 18). The extreme

Figs 5—12. Paramphistomum daubneyi. 5, fixed specimens; 6—10, pharynx; 11—12, genital
atrium
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values of the dimensions of the pars prostatica and pars musculosa also vary
in a wider range than specified by Dinnik. The measurements of the genital
opening seem to be a safer differentiating feature and we, too, observed that
the size of the genital sphincter is constant.

The occurrence of a Paramphistomum species with a Microbothrium-type
genital atrium (Paramphistomum microbothrium) in Europe was first reported
by Nasmark (1937) from Rome and by Witimot (1950) from a parasite mate-
rial collected in France. The habitat of the Rome material was not described,
thus its origin is doubtful. Similar species were later found in Europe by several
authors (Kotlan, 1958; Caeiro, 1961; Mereminskiy and Vishnyakov, 1969;
E rhardova, 1964; Vuji6, 1965; Reinhardt, 1969; Sey, 1971) who, except
for Reinhardt, determined them chiefly on the basis of Nasmark’s principles,
without taking into consideration the differentiating features of closely related
species. It is clear from Dinnik’s reports (1961, 1962, 1964, 1965) that further
to the features considered by Nasmark, other morphological characteristics
and the knowledge of intermediate hosts are required for a precise species de-
termination. We have taken into consideration, besides Dinnik’s instructions
the fact of snail host specificity as well.

It is known that the range of intermediate hosts of flukes is narrower
than the range of their final hosts. The analysis of the intermediate host range
of the known Paramphistomidae suggests that specificity for such hosts varies
with the parasite species. E.g. P. sukari Dinnik, 1954 (Dinnik and Dinnik,
1957) develops exclusively in the snail Biomphalaria pfeifferi (Planorbidae).
The intermediate hosts of P. ichikawai, occurring in Japan, Australia, in the
USSR and Europe, are Segmentina alphena (Durie, 1953) in Australia and
Helicorbis sujfunensis as well as Gyraulusfiliaris (Kiselev, 1967) in the USSR,
all Planorbidae snails. The European species P. (= Liorchis) scotiae is able to
establish itself in ten different species of Planorbidae snails as intermediate
hosts (Nikitin, 1968; Glusman, 1969). The specificity for groups (families,
genera) of intermediate hosts seems to be a constant feature, because no Pa-
ramphistomum has hitherto been found to develop in intermediate hosts from
two different families. E.g. Dinnik (1962) failed to infect families other than
Lymnaeidae (Bulinidae, Physidae, Planorbidae) with the miracidia of P. daub-
neyi (intermediate host: Lymnaea truncatula) and vice versa, he could not infect
Lymnaea truncatula with the miracidia of P. microbothrium, whose intermediate
host is Bulinus tropicus southward from the Sahara.

Thus it seems fairly certain that the geographical habitat of P. micro-
bothrium corresponds to that of its intermediate hosts, the snails of the family
Bulinidae. As Bulinidae are not indigenous in Hungary, the species formerly
described by Kotran (1958) and Sey (1971) as P. microbothrium were in all

Figs 13—20. Paramphistomum daubneyi. Genital atrium
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probability misjudged P. daubneyi. Infection experiments performed in this
laboratory with snails collected from a pasture infested with P. daubneyi
(Mozsg6, Baranya county) were only successful with Lymnea peregra snails;
Planorbidae (Planorbis planorbis, P. spirorbis, Gyraulus crista) did not be-
come infected.

In Europe, Paramphistomum cercariae were first detected in Bulgaria
(Popov etal., 1967) in different snails of the family Lymnaeidae (L. truncatula,
L. palustris, L. peregra). Mereminskiy and Vishnyakov (1969) reported the
occurrence of P. microbothrium in the same country; since, however, they re-
covered the cercariae from Lymneidae snails, the species seems to have been
P. daubneyi.

Apart from their specificity for different intermediate hosts, P. micro-
bothrium and P. daubneyi can be differentiated from each other by certain
morphological features, such as the orientation of the terminal portion of the
gut branches, the dimensions of the atrium genitale, and the proportions of
the pars prostatica and pars musculosa. The aforementioned Hungarian au-
thors did not examine these characteristics when describing the Hungarian in-
cidence of P. microbothrium.

The other species described in Hungary by Kotitan was P. microbothri-
oides Price and Mclintosh, 1944. This species had been studied earlier by
Bennett (1936), who referred to it as Cotylophoron cotylophorum.The short
original description of Price and Mclntosh (1944) discloses little information
except that the de., is composed of 6—9 irregularly ordered muscle units, which
are much fewer in number than the similar structures of the acetabulum of
P. microbothrium. No other features required for species determination by
Nasmark were considered; it can only be inferred that the pharynx and aceta-
bulum were of the Paramphistomum type. Kotlan described a Dicranocoelium-
type pharynx, but his illustration shows this to be a misinterpretation, as
pointed out earlier by Velichko (1965). Price (1953) referred to the species
again in a later report, stating that the main differentiating features are the
number and arrangement of the fibres of the acetabulum. Lengy (1960) con-
cluded on examination of specimens from Bennett’s original collection that
P. microbothrioides should be regarded as a synonym for P. microbothrium.

In view' of the strict intermediate host specificity of Paramphistomum
species, Lengy’s suggestion can hardly be accepted. In the United States,
the intermediate hosts of P. microbothrioides are Fossaria parva and F. modi-
cella (Bennett, 1936), of the family Lymnaeidae ; Hubendick (1953) classified
them with Lymnaea humilis. On the other hand, the geographical distribution
of P. microbothrium corresponds to that of the Bulinidae snails and there is no
evidence of its being capable of developing in Lymnaeidae. These considera-
tions strongly suggest that P. microbothrioides is an independent species, but
do not excludeits identity with another Paramphistomum known under a differ-
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eut name. The clarification of this problem would require a thorough revision
of Bennett’s work, with special regard to those organological properties which
are indispensable for the differentiation of closely related species. These char-
acteristics were disregarded not only in the original descriptions, but also by
those authors who studied the species in a greater detail (Kotlan, Erhar-
dova, Lengy).

P. ichikaivai Fukui, 1922 (Figs 25—43). Specimens originating from cattle
and sheep differ markedly in size (Figs 32 and 33). The largest parasites are
8 mm, the smallest ones 3.8 mm long (average 4.4 mm) by 1.5—2.3 mm wide.
The living parasites are pale pink, also at the ends. The genital atrium is con-

Figs 21—24. Paramphistomum daubneyi. 21, genital atrium; 22—24, acetabulum
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spicuous, almost of the size of a sucker and it is 0.8—1.6 mm away from the
anterior end. The Paramphistomum-type acetabulum is in a subterminal po-
sition; it is 1.0—1.5 mm thick, its outer diameter is 1.0—1.5 mm and the
aperture is 0.2—0.7 mm wide. The dorsal exterior muscle units are sharply
demarcated from one another and the muscle units of delvary from 11 to 25,
of de2 from 6 to 18, of di from 34 to 54, of vi from 51 to 60 and of ve from 12 to
19. The proportion of the acetabulum to the body length is 1 : 3.

Figs 25—31. Paramphistomum ichikawai. 25, ventrally; 26, laterally; 27, the musculous and
prostatic part of vas deferens; 28—31, caudal end showing the position of the end of caeca and
acetabulum

The Calicophoron-type pharynx (Dinnik, 1964) is in a terminal position.
It is 0.4—0.7 mm long (average: 0.56) by 0.35—0.6 mm wide. The pharynx
to body length proportion is on the average, 1 : 7. The oesophagus is shorter
than the pharynx, 0.24—0.5 mm in length. The branches of the gut caeca
pass in the lateral part of the body, forming five contortions in the dorso-
ventral direction (Fig. 26). The caeca are inequal, the left one being slightly
longer than the right (Figs 28—31); they end dorsally and extend beyond the
anterior margin of the acetabulum.

The testes lie adjacently in the middle third of the body; they are trans-
verse oval-shaped, with usually intact margins, occasionally forming one or
two lobules (Fig. 25). They are 0.8—1.5 mm long by 1.3—2.0 mm wide; the

Figs 32—40. Paramphistomum ichikawai. 32—33, fixed specimens; 34—35, pharynx; 36—40,
genital atrium
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dorsoventral length is 0.9—1.7 mm. The pars musculosa is moderately de-
veloped; it forms 2 or 3 contortions before it continues in the pars prostatica
(Fig. 27), 0.15—0.35 mm long by 0.05—0.2 mm wide. The genital atrium is
of the Ichikawai type (Figs 36—42); diameter of the genital opening is 0.4—
1.1 mm; the genital chamber is 0.17—0.37 mm. The sphincter papillae is an
irregularly shaped, non-compact, brush-like structure (Fig. 36).

The ovary is either round or slightly oval-shaped and localizes between
the acetabulum and testis. It measures 0.6 by 0.4—0.5 mm. The Mehlis gland
is closely associated with the ovary, The Laurer’s canal passes from the ovary
to the dorsoventral surface and its orifice is 1.3— 1.7 mm away from the pos-
terior end, always behind the excretory vesicle. The eggs are 135—140 by
69—75 p in size.

The yolk glands localize in the lateral parts of the body and extend
below the dorsal surface, but do not fuse.

The excretory vesicle occupies the space between ovary, acetabulum
and body wall; its aperture is 1.8 —2.5 mm away from the posterior end.

Intermediate hosts: Helicorbis sujfunensis (USSR) (unknown in Hungary)

Segmentina alphena (Australia)

P. ichikawai chiefly occurs in sheep; it was found in 7 of 11 infected
sheep and in 4 of 97 cows.

Discussion. P. ichikawai is very widely distributed and has several well-
definable morphological features, such as the large, sucker-like genital opening
shape ofthe testes, moderately developed pars musculosa, number and irregular
arrangement of the de2 muscle units of the acetabulum. Other features (body
dimensions, number of other muscle units of the acetabulum do not notably
differ from earlier descriptions (Nasmark, 1937; Durie, 1951; Kisilev, 1967).

In Europe, it was first mentioned by Vujic (1965) who, however, had
not dealt with its morphology in greater detail.

P. leydeni Nasmark, 1937 (Figs 44—68). It is of medium size, and
strongly bent ventrally. Specimens originating from cattle and sheep differ
in size (Figs 51 and 52). The parasites are 4.0—7.0 mm (average: 5 mm) long
by 1.3—2.0 mm wide; the dorsoventral length is 1.8—2.5 mm. The genital
atrium is small, inconspicuous and localizes 0.6—0.9 mm away from the an-
terior end, at the plane where the gut branches off. The acetabulum is of the
Paramphistomum type and opens ventrally. The del and de2 muscle units are
sometimes separated (Fig. 67), sometimes linked by intermediate fibres (Figs
65 and 66). The same applies to the re muscles. Muscle units in an intermediate
position, 5—14 in number, were observed in 18 of the examined 38 parasites.
The numbers of the acetabulum series are as follows: dex 9—16, de2 15—39,
di 32—48, re 12—24, vi 33—59. The acetabulum is 0.9 1.6 mm in diameter,
0.21—0.30 mm thick and its aperture is 0.2—0.7 mm wide. The acetabulum
to body length proportion is on the average 1:3.5.
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Figs 41—43. Paramphistomum ichikawai. 41—42, genital atrium; 43, acetabulum

Figs 44—50. Paramphistomum leydeni. 44, ventrally; 45, laterally; 46, the muscular and
prostatic part of vas deferens; 47—50, the caudal end showing the position of the of caeca
and acetabulum

The pharynx is of the Liorchis type (Figs 53—57) and its position may be
terminal (Fig. 54) or retracted (Fig. 57), depending on the conditions of fixa-
tion. The papillae of the pharynx are moderately developed (25 /n) and taper-
ing posteriorly (Fig. 54). The interior longitudinal muscle layer is 150 [i wide,
reaching to the middle circular muscle layer; anteriorly it extends up to four
fifths of the pharynx (Fig. 54). The radial muscle layer is 50—55 p wide. The
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average pharynx for body length ratio is 1 :8.1. The gut branches localize
in the lateral part of the body, forming 4—5 contortions (Fig. 45). The ter-
minal portions of the caeca pass dorsally and end at the anterior outer margin
of the acetabulum (Figs 47—50).

The testes localize in the middle third of the body in a tandem position;
they consist of 4—5 lobules, resembling sometimes a clover leaf (Fig. 44). The
two testes are nearly identical in size, measuring 0.5—1.2 mm in length by
1.3—2.0 mm in width; the dorsoventral length is 0.2—2.0 mm. The pars
musculosa and pars prostatica are both underdeveloped (Fig. 46); the former
is 0.13—0.25 mm long by 0.055 mm wide, the latter forms a single curvature
to join the vesicula seminalis.

The prostatic gland cells are well developed and form 2—3 rows. The
genital atrium is of the Epiclitum type and both its shape and size are prac-
tically constant (Figs 58 and 62). The radial muscle fibres are well-developed.
The relative position of the genital atrium end may be variable, depending
on the conditions of fixation: the former may be 0.4—0.8 mm below the latter,
in level with its centre (Fig. 62) or before it (Fig. 63). The full length of the
genital opening is 0.4—0.5 mm, the genital chamber is 0.17—0.22 mm long.

The ovary localizes between the acetabulum, posterior testis and pos-
terior branches of the gut. It is either round, or slightly oval and measures
0.5—0.7 by 0.45—0.6 mm. The Mehlis gland approximates the ovary in size.
The Laurer’s canal always opens dorsally, behind the aperture of the excretory
vesicle, 1.5—2.0 mm away from the posterior end of the body. The eggs
measure 140— 156 by 75—80 p. The yolk glands localize laterally on both sides
and extend over the dorsal surface in the anterior third of the body, until
they fuse.

The excretory vesicle (Fig. 64) localizes dorsally between the ovary,
acetabulum and body wall and its aperture is 1.7—3.6 mm away from the
posterior end. Its distance from Laurer’s duct is 0.9—1.1 mm

P. leydeni occurs both in cattle and sheep. It was recovered from 11 of
97 infected cows and from 6 of 13 infected sheep.

The intermediate host of P. leydeni is unknown.

Discussion. P. leydeni was originally described by Nasmark (1937) from
a specimen kept in the museum of Leyden (The Netherlands) and from a
test material originating from the Kodnigsberg Zoo (Kaliningrad, USSR).
Nasmark’s description does not inform about the number of the muscle units
of the acetabulum. VujiC (1965) was the next to find the species in Europe
and although he did not deal much with the morphological details, he gave
the number of the de2 units as about 39.

Figs 51—60. Paramphistomum leydeni. 51 —52, fixed specimens; 54—57, pharynx; 58—60, gen-
ital atrium
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Willmott (1950) described two new species — P. hiberniae, P. scotiae —
from test materials originating from Scotland, Ireland and the Netherlands.
Both species have a modified Liorchis-type pharynx, but the atrium genitale
of P. hiberniae is of the Ichikawai-type, that of P. scotiae of Epiclitum type,

Velichko (1966) found on examination of Wirtimotts original material
that P. hiberniae also has an Epiclitum-type atrium genitale and characterized
its pharynx as pseudo-Liorc/iis-type. He created a new genus — Liorchis
Velichko, 1966 — for Willmott’s two new species, but later (Velichko, 1971)
she suggested that P. hiberniae should be regarded the synonym for P. scotiae.

According to Willmott (1950), the modified Liorchis-type pharynx
differs from the common Liorchis type by the morphology of the middle and
exterior circular muscles, these being very well developed in the posterior two
thirds of the pharynx and inconspicuous in the anterior third.

The pseudo-Liorc/iis-type pharynx observed by Velichko (1966) in
P. hiberniae is devoid of papillae and the radial muscle fibres are thicker and
more refined as compared to the Liorchis pharynx. The Liorchis-type acetabu-
lum differs from the Paramphistomum-type by division of the dexand ve muscle
series into two parts; this means that the de series consist of three sharply
delineated parts.

Nasmark characterized the middle and circular muscle series of the
Liorchis-type pharynx as conspicuous in the posterior part and much less con-
spicuous in the anterior part. Our own experience is likewise that the middle
circular muscle units are differently developed over the circumference of the
pharynx being anteriorly inconspicuous and often associating with the ex-
terior circular muscles in this part (Fig. 54). The papillae of the Liorchis-type
pharynx tend to increase in the sequence P. cervi—P. leydeni—P. gotoi; those
of P. cervi being quite small (Nasmark). Velichko does not inform in her
report whether the P. hiberniae devoid of pharyngeal papillae originated from
Willmott’s material or some other sample; in the latter case it might have
been another species. As neither the Liorchis-type (Wittmott), nor the pseudo-
Liorchis-type (Velichko) pharynx shows any constant difference from the
structure described by N asmark as LIORCHiS-type pharynx, they can well be
regarded as individual variations of the latter.

As to the new type of acetabulum described by Velichko (1966), ref-
erence is made to Nasmark’s observation that the inner circular del and ve
muscles of the Paramphistomum-type acetabulum sometimes form anatomical
intermediate position to the outer parts of the same and to the circular de2
muscles as well (p. 332), as for example in P. leydeni. We observed this phenom -
enon or, to put it according to Velichko, the threefold partition of the de

Figs 61—68. Paramphistomum leydeni. 61—63, genital atrium; 64, excretory duct; 65—68,
acetabulum
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muscles, several times in our own material (Figs 65 and 66), but did not regard
it as a constant species characteristic. We therefore believe that Velichko’s
Liorchis acetabulum and Liorchis genus are entirely within the category out-
lined by Nasmark for the genus Paramphistomum.

According to Wiltmott (1950), P. scotiae and P. leydeni can be regarded
as synonymous as long as only the pharynx, genital atrium and acetabulum
are considered, but certain other morphological features weigh in favour of
their independence from one another. Wittmott compared nine such differ-
entiating features in a table; among them the acetabulum to body length
ratio, the position of the genital atrium and the length of the excretory duct
differ notably, the rest seem to be less important and show great individual
variation.

Willmott calculated the acetabulum to body length ratio from the
inner diameter of the former, thus the result was 1 :6.4. If, however, the
outer diameter is considered, as was visibly done by Nasmark, the ratio is
1 :3.2, viz. almost identical with Nasmark’s calculation for P. leydeni (1 : 3.6).

As already mentioned, the position of the atrium genitale depends
greatly on the conditions of fixation, thus it is not of full value as a differen-
tiating feature.

Witlmott (1950) refers to Nasmark in describing the excretory duct
of P. leydeni as “very long”, contrasted to the “very short” similar organ of
P. scotiae. Nasmark, however, described the excretory vesicle as “very long”
and made no reference to the length of the excretory duct (p. 461). Willmott
gave no numerical value either for the said length. On the basis of our own
measurements we agree with Nasmark’s opinion that the excretory vesicle
can be regarded as long (0.75—1.2 mm), whereas the excretory duct is, like
that of P. scotiae, short (150—200 /i) (Fig. 64).

it follows from the above considerations that morphologically Param-
phistomum scotiae is either very closely related to, or identical with, Param-
phistomum leydeni. A definitive conclusion would, however, require closer
morphological studies of certain organs of P. scotiae as well as the knowledge
of the developmental cycle of P. leydeni.

Summary

Three Paramphistomum species (P.daubneyi Dinnik, 1962, P. ichikawai Fukui, 1922,
P. leydeni Ndsmark, 1937), found in cattle and sheep in Hungary, are described. Out of them
P. daubneyi occurred exclusively in cattle, P. ichikawai and P. leydeni chiefly in sheep and
less often in cows.

It is demonstrated on the basis of specificity for intermediate hosts and morphological
characteristics that the species described earlier in Hungary as P. microbolhrium is in fact P.
daubneyi.

The similarities between P .(= Liorchis) scotiae and P. leydeni are analyzed in great
detail.
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The incidence of viral respiratory and enteric diseases in cattle has in-
creased during the last years, due to the introduction of industrial-like technol-
ogy (regrouping of animals, continuous re-stocking of calfwards, buying for
fattening or stocking of newly established farms from different livestocks,
etc.).

The incidence of different virus infections cannot be determined on clin-
ical and epizootioiogical basis. Even the detection of the viral pathogen en-
counters difficulties in a considerable part of cases. At the same time an aeti-
ological diagnosis would be necessary to introduce specific preventive measures
against some viral diseases, especially because properimmunization and erad-
ication programmes cannot be worked out without full knowledge of the in-
cidence of viral infections. The same is valid for the preventive measures to
be introduced in connection with buying and transporting animals.

In Hungary, serological screening tests were first carried out in the state
farms of Fejér County. The presence of virus neutralizing antibodies to VD-,
IBR- and adenoviruses as well as that of complement fixing antibodies to
Chlamydia (syn. Miyagauianella, Bedsonia, Psittacosis-Lymphogranuloma-
Trachoma (PLT) group) has been examined. The detection of neutralizing or
haemagglutination-inhibiting antibodies to Paramyxovirus parainfluenza-3
seemed to be unnecessary because, according to previous results, antibodies
to this virus were present in almost all large industrial farms (Csontos, 1970).

Materials and Methods

Blood samples from 1998 cattle of 14 state farms in Fejér County were
submitted for examination. Depending on the total number of animals 100 or
200 samples were examined from each farm; this amounted to 10—15% of
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Table 1

The incidence of antibodies against the viruses associated with respiratory

Calves Heifers
. exam- . exam-
Virus ined positive ined positive
No. No. per cent No. No. per cent

IBR 548 15 27 (0-16)* 395 14 35 (0-24)
VD 523 183 349 (0-96) 370 56 151 (0-44)
Adeno 548 352 64.2 (12-96) 395 255 64.6 (28-92)
Chlamydia 548 55 10.0 (0-51) 395 31 7.8 (0-36)

*In parentheses, extreme percentages for individual farms

the total number of cattle. In the samples calves, breeding heifers, fatstock
and cows were represented by the same number of sera, i.e., 25 or 50 from each
farm. The sera were centrifuged, inactivated for 30 minutes at 56 °C and stored
at —20 °C until tested.

Virus. In the serum-neutralization tests the Oregon C,4/ VD strain,
the No. 610 IBR strain isolated in Hungary (Csontos and Maczkeé, 1967) and
Misk/65 adenovirus type 8 strain (Bartha et al., 1970) were applied.

Tissue culture. Examinations were carried out in primary (Montes de
Oca et al.,, 1971) and secondary (Schweizer, 1966) calf testicle cell cultures
prepared by trypsin-versene treatment. As growth medium Hanks’ solution
supplemented with 10% fetal bovine serum, as maintenance medium Hanks’
solution without serum was applied.

Virus neutralization test. The viruses were diluted to a determinated
100 TCID5J0.1 ml and were added to an equal volume of the sera. The sera
were undiluted when tested against IBR virus and diluted 1 :2 when tested
against YD virus or adenovirus. Two tubes of primary or secondary calf testicle
cell culture were inoculated with 0.2 ml of each virus-serum mixture previously
incubated at 37 °C for an hour. The test was read 48 hours, 5 days and 7 days
p.i. in the case of IBR virus, adenovirus and YD virus, respectively. As for the
presence of virus neutralizing antibodies those sera were considered as positive
which in the above-mentioned dilution entirely (VD and adenovirus) or — com-
pared to the control — in 50% (IBR virus) inhibited the viral cytopathic
effect.

Determination of average antibody titre. The test was performed in 10%
of the positive sera with a quantity of 100 TCID50/0.1 ml of virus and serial
twofold dilutions of serum starting at 1:2. Equal volumes of these were in-
cubated at 37 °C for an hour. A 0.2 ml volume of each mixture was inoculated
into two primary calf testicle cell culture tubes. Final readings were made as
described for the virus neutralization test.
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and enteric diseases of cattle in the state farms of Fejér County

Fatstock Cows Total

exam- . exam- . exam- .

ined positive ined positive ined positive

No. No. per cent No. No. per cent No. No. per cent
408 10 25 (0-28) 647 256 39.5 (0-79) 1998 295 148 (0-52)
383 92 24.0 ( 0-84) 622 299 48.1 (4-100) 1898 630 33.2 (7-73)
408 273 66.9 (36-100) 647 434  67.1 (44-92) 1998 1314 66.2 (34-86)
408 43 105 (6-40) 647 34 52 (0-24) 1998 163 8.2 (0-32)

Complementfixation (CF) test. The detection of antibodies against Chlamy-
dia was carried out by CF test (Csontos and Mécsy, 1962) using an antigen
(Beer, 1965) produced by ether extraction and acetone precipitation from the
yolk-sac of fertile eggs inoculated into yolk-sac. Complete fixation in a 1:5
serum dilution was considered as positive.

Results

The results of examination of 1998 sera from 14 state farms of Fejér
County are shown in Table 1.

The average neutralizing antibody titres against IBR-, VD- and adeno-
viruses for the antibody-containing blood sera are shown in Table II.

Table 11

The average neutralizing antibody

titres against the IBR-, VD- and

adenoviruses in positive sera
samples

Average antibod
Virus g 4

titre (log 2)
IBR 1.37
VD 3.83
Adeno 4.12
In Table 111 the serological results for clinically healthy animals were

compared with those for such livestocks in which viral respiratory and enteric
diseases caused considerable losses during the period of examination.
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Table 111

The incidence of antibodies against the viruses associated with respiratory and enteric diseases
of cattle in clinically healthy livestocks as well as in those in which the diseases have caused
considerable losses

Clinically healthy

Virus livestocks Diseased livestocks
IBR 1357 (0-52)% 16.16 (4-40)%
VD 1571 (7-31)% 4425 (7-73)%
Adeno 55.71 (34-74)% 73.41 (47-86)%
Chlamydia 8.14 (0-28)% 858 (0-32)%

*In parentheses, extreme percentages for individual farms

Discussion

On the basis of our serological examinations it can be concluded thai
among the viruses causing bovine respiratory and enteric diseases in the state
farms of Fejér County the percentual occurrence of antibodies against adeno-
viruses and VD virus was much higher than that of antibodies against IBR
virus or Chlamydia.

In the livestocks in which infectious respiratory and enteric diseases
occurred, caused clinical symptoms and economic losses, antibodies against
VD- and adenoviruses occurred in higher percentage than in those in which
animals were healthy during and prior to the examinations. Antibodies against
IBR virus and Chlamydia were found to occur in equal proportion both in
clinically affected and symptom-free livestocks.

The results obtained show that from the viruses causing respiratory and
enteric diseases in cattle adenoviruses and YD virus are the most wide-spread
in the state farms of Fejér County and the same viruses play a primary role
in the aetiology of these diseases. IBR virus and Chlamydia occur only in
lower percentage and play a minor role in the infectious respiratory and enteric
diseases of cattle.

Summary
Serological tests were carried out iu 14 state farms of Fejér County to detect virus

neutralizing antibodies against VD-, IBR- and adenoviruses and complement-fixing anti-
bodies against Chlamydia. From the 1998 blood samples examined antibodies were detected

in the following percentage — varying from one farm to the other:
IBR virus 0-52% average 14.8%
VD virus 7-73% average 33.2%
adenovirus 34-86% average 66.2%
Chlamydia 0-32% average 8.2%
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The results of serological examination of blood samples from clinically healthy livestocks as
well as from those clinically affected with viral respiratory and enteric diseases were compared.
It is concluded that in the livestocks where the diseases occur and cause economic losses,
antibodies against VD- and adenoviruses can be found in a higher percentage of the animals
than in clinically healthy ones. No such difference was observed as for the occurrence of anti-
bodies against IBR virus and Chlamydia.

It can be concluded that adenoviruses and YD virus play a more important role in
the aetiology of viral respiratory and enteric diseases of cattle in the state farms of Fejér
County than IBR virus and Chlamydia.
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A GOSLING DISEASE IN VIET NAM

By
N. V. Hanh*

(Received December 13, 1972)

Using poultry as the main source of meat supply has various economic
and other advantages in the developing countries. In Yiet-Nam, the poultry
and egg industry established with the aid of Hungarian experts is now evolving
as an important branch of meat production. Intensively managed chicken,
however, require large amounts of high-quality feed, some important constit-
uents of which, above all the various vitamins and additives, have to be im-
ported from abroad and their price adds considerably to the production costs.

Interest has therefore been centered on the development of goose breed-
ing. Geese find the hulk of their food themselves by grazing in appropriate
pastures and even under the conditions of large-scale management, they can
be fed with the same fodder plants. In Yiet-Nam, goose keeping is concentrated
in the Northern Plane, above all in the surrondings of Hanoi, where the con-
ditions are favourable. The greater part of geese belong to the indigenous breed,
the minority are Chinese geese or crosses. There are two laying periods: the
main season is the spring and an after-season period follows in the autumn.

Materials and Methods

Organs of naturally diseased Vietnamese geese were shipped to Hungary
for virus isolation. The experiments were performed under carefully controlled
conditions to prevent contamination of the material by the Hungarian goose
virus strain. The goose embryos and day-old goslings used in the experiments
originated from a goose flock in which there had been no incidence of the viral
gosling disease known in Hungary as “goose influenza” for the last three
years.

Ten per cent organ homogenates were prepared from liver, spleen and
kidney in a pH 7.4 PBS solution. An equal volume of chloroform was added
to the organ suspension, the mixture was shaken for 15 minutes, allowed to

*This work is part of a thesis submitted for the postgraduate degree “Candidate of
Veterinary Sciences”, awarded by the Hungarian Academy of Sciences. Tutor: Dr. Béla

Toth. Place of work: PHYLAXIA Veterinary Biologicals and Foodstuffs. Budapest. Period
of postgraduate study: 1969—1972.
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stand overnight in the refrigerator and next morning it was centrifuged at
3000 r.p.m. The supernatant was placed in a Petri dish and air bubbles were
blown into it by means of a pipette to remove residual chloroform. Then 0.2 ml
amounts of the fluid were inoculated into the allantoic cavity of embryonated
goose eggs preincubated for 10 days, by the technique proposed by Derzsy
et al. (1970). The infected eggs were incubated at 37 °C and were candled 2 or 3
times daily. After the death of the embryo, the egg shell was disinfected with
0.5% nitrogenol; the egg was cooled at -]-4 °C, opened, the allanto-amniotic
fluid was withdrawn and stored at —20 °C until used. Samples from each
allanto-amniotic fluid were inoculated into serum-containing agar for bacterio-
logical examination.

Results

Vietnamese and Hungarian goose virus isolates were compared by cross
neutralization tests in goose embryo. Antisera were prepared in growing geese;
these were inoculated with the virus strain V twice at a 10-day interval and
were exsanguinated 10 days after the second inoculation. The Hungarian strain
B and hyperimmune sera to strains B, H, “Csontos” and LB were supplied
by Dr. D. Derzsy, Budapest.

The neutralization tests were carried out in goose embryos. The virus
material was diluted 1:5, 1:50, 1:500 and 1 :5000 in PBS and an equal
amount of antiserum was added to each dilution. After a thorough shaking,
the mixture was allowed to stand at room temperature for 2 hours and 5 em-
bryonated goose eggs were inoculated with each dilution. An appropriate con-
trol series was set up with each dilution, using broth instead of serum. Virus
titres were determined by the method of Reed and Muench.

Epizootological observations

The goose stock of Viet-Nam increased markedly during the last decade,
but in recent years outbreaks of a previously unknown infectious disease have
occurred in the flocks, like in the European countries. A sporadic incidence
was first noted during the spring in 1966, again in 1967, and in 1968 the disease
spread to many flocks, causing severe losses. Initially, losses occurred only
among the 1—3 weeks old goslings, but recently also 4—5 weeks old birds
have often become involved. In the infected flocks 60—90% of the birds died
and in some farms, mortality even reached 100%.

Owing to the explosion-like spread of the disease and the extraordinarily
high losses, the gosling disease was termed in Viet-Nam as “goose plague”.
The first minor outbreaks occurred in the Northern Plane, but later incidence
was also noted in the mountain region and other distant areas of the country.
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It seems that the agent was introduced everywhere by population movements
and uncontrollable goose transports during the war. Mortality began to de-
crease with the spread of the disease to an ever growing area. It is believed that
the chain of infection might have been broken by the mass losses and/or hard
immunity might have developed. In 1970, there was only a sporadic incidence
and no losses occurred.

The source from which the disease had been introduced into Viet-Nam
could not yet be identified. A similar goose disease was observed earlier in
China. Up-to-date large hatcheries do not yet exist in Viet-Nam; goslings are
hatched under natural conditions and thus artificial hatching can be excluded
as a factor of dissemination. Infected eggs, the carriers among layers and,
probably, contamination with the virus of feed and instruments can be held
responsible for the spread of the disease.

Clinical observations

Under field conditions, goslings usually begin to show symptoms at 7—10
days of age, whereas on experimental infection often already after 3—4 days.
Hyperacute cases, in which abrupt death was preceded only by a temporary
listlessness, were observed in the initial stage of the outbreaks. The disease
invariably set in with listlessness, inappetence and other signs of a febrile
state. Water consumpton rose. Many birds showed symptoms indicative of
a mild coryza, some had a difficult breathing, accompanied by a turbid nasal
and oral discharge. Diarrhoea was rare. The stool was initially normal, later
it became watery and white-greenisch. The birds huddled together in groups,
lost condition until they were scarcely able to stand and died 2—3 days after
onset. Both in natural and experimental infections, the disease took a pro-
tracted course in some individuals towards the end of the outbreak; in such
cases exudation accumulated in the abdominal cavity, causing its dilatation.

In diseased flocks, losses usually reached peak at the end of the second
week and at the beginning of the third week, after which mortality tended to
decrease day by day and as a rule ceased during the fourth week.

Gross lesions

In hyperacute cases, the post mortem findings were either negative, or
only a few petechial haemorrhages were found in the serosa.

W ith a less rapid course, the main gross lesion was cardiac degeneration.
In part of the cases dilatation of the heart, rounding of the cardiac apex, var-
ious degrees of myocardial degeneration and a greyish, cooked-meat-like
colour of the heart were observed. Extravasation of a considerable amount
of serum into subcutaneous connective tissue, thoracal, abdominal and/or
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pericardial cavity was often found. The extravasated serum either remained
liquid, or coagulated. Fibrin originating from the pleural and peritoneal exuda-
tion usually deposited on the surface of the liver, forming a thin or thicker
coat over it (Fig. 1). In certain cases thick fibrin depositions of a loose texture
were also found on the surfaces of abdominal and thoracal air sacs.

Fig. 1. Fibrin-coated liver of a 14-day-old gosling died in experimental infection

Lesions varying in type and severity were occasionally found in the di-
gestive tract. Accumulation of mucin in mouth, oesophagus, proventriculus
and, sometimes, in the gizzard, was a common finding. Intestinal changes
ranged from a mild catarrh to severe inflammation. A fibrinous enteritis oc-
curred with protracted courses of both spontaneous and experimental disease.

In some cases the liver was slightly hyperaemic and the gallbladder
was swollen. Swelling of the spleen occurred only if there was a secondary
bacterial infection (chiefly salmonellosis); in such cases yellowish-white ne-
crotic foci appeared in liver and spleen. The laryngeal, pharyngeal and tra-
cheal mucosa exhibited reddening. Mucosal hyperaemia and a viscous exuda-
tion were often found in the nasal and adnasal cavities. Pulmonary hyper-
aemia and oedematous infiltration of intralobular septa and pleura was a rare
finding.
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Microscopic lesions

The most characteristic changes were found in the heart muscle. The
muscle tissue was in places hyperaemic, oedematous and took on a pale stain.
The myocardial cells lost transversal striation. The affected cells contained
fat droplets and nuclear debris, and finally fell apart. The myocardial lesions
were surrounded by inflammatory cells (Fig. 2). The pericardial connective
tissue was initially oedematous, later infiltrating cells appeared in it.

The smooth muscle cells of the jejunum showed similar changes: degen-
eration and disintegration of the muscle tissue proper were followed by de-
velopment of an inflammatory cellular reaction in the affected area.

Fig. 2. Oedema and degeneration of myocardial cells. Note accumulation of mononuclear
cells and erythrocytes between the muscle cells. H. & E., X400

The mucous membrane of the jejunum deteriorated and became des-
quamated from the propria in many places. Infiltrating cells in the propria
and hyperaemia of the submucosa were often seen.

The liver cells degenerated and stained pale with haematoxylin and eosin
stain (Fig. 3).

Isolation and properties of the virus

Several goose embryos inoculated with homogenates of gosling organs
brought from Viet-Nam died between 3 and 8 days after infection. From the
third passage, embryonic death became regular, occurring chiefly between
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5 and 6 days. The main changes showed by the embryos were cutaneous hyper-
aemia, oedema and haemorrhages in the subcutaneous connective tissue, and
myocardial degeneration. The virus titres of the allanto-amniotic fluids were
low in the first passages, but reached a 5x104—1045 ELD-0/mI| value after
the 5th passage. The isolate has been designated as “V”.

Fig. 3. Liver cell degeneration. The degenerated cells stain pale. H. & E., X400

Virus strain V was equally well neutralized by homologous and anti-B
serum, less well by anti-H and anti-Csontos sera and not at all by anti-LB
serum. The Hungarian virus strain B was well neutralized by homologous
and anti-V sera, slightly by anti-H serum and not at all by anti-Csontos and
anti-LB sera (Table I). The antiserum prepared with the virus strain “Holland”
(Hoekstra and Smit, 1971) neutralized the isolates V and B at the same titre
level as it did the homologous strain.

Serum protection and cross protection tests with the Hungarian and
Vietnamese isolates were performed in goslings. Equal volumes of virus-con-
taining allanto-amniotic fluid and antiserum were mixed, then thoroughly
shaken and allowed to stand at room temperature. After incubation, 10 goslings
were inoculated subcutaneously each with 1 ml of the virus—serum mixture.
Ten control goslings, inoculated each with 0.5 ml virus containing fluid, were
set up with each series.

In cross protection tests, goslings were uniformly protected by the anti-V
and anti-B antisera (Table II).
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Table |
Comparison of goose virus isolates from Viét-Nam (¥) and Hungary (B) in neutralization test

Virus dilution . . .
Virus titre Neutraliza-

Virus strain Serum 1o 10" 10-3 io-: 0.2 ml tion index

Y 0 5/5 5/5 4/5 4/5 104

Y anti-V 1/5 1/5 0/5 1/5 101 3

Vi anti-B 1/5 0/5 1/5 0/5 101 3

Vv anti-H 4/5 4/5 215 1/5 102-55 1.45
Vi anti-“ Csontos” 4/5 4/5 3/5 2/5 t03-34 0.66
\V] anti-LB 4/5 4/5 3/5 5/5 104 0

B 0 5/5 4/5 4/5 3/5 104

B anli-B 1/5 0/5 0/5 0/5 10° 3

B anti-V 1/5 1/5 1/5 0/5 101 3

B anti-H 5/5 4/5 4/5 1/5 103-35 0.65
B anti-“Csontos” 5/5 5/5 5/5 5/5 104 0

B anti-LB 5/5 5/5 5/5 2/5 104 0

The numerator designates the number of dead embryos, the denominator that of
inoculated ones.

Table 11

Cross protection tests in goslings

Virus strain Serum No. Goslings died
%
\% 4/10 40
\Y anti-V 0/10
\Y anti-B 0/10
4/10 40
B anti-B 0/10 0
B anti-Vv 0/10

Propagation of strains Y and B in goose embryo finroblast culture was
also attempted. Part of the cells became detached from the glass wall 6—7
days after infection, but this phenomenon seemed to be due to the aging of
the culture rather than to a specific cytopathic effect (CPE). The third and
fifth tissue culture passages of strains V and B were titrated in goose embryo.
The results suggested that virus multiplication did take place in the tissue
culture despite the lack of CPE: the titres were higher than originally (Table I1).

Neither the chick e ibryo, nor the Peking duck embryo proved to be
susceptible to virus strains V and B, whereas Muscovy duck embryos were
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Table LU

Behaviour of virus strains V and B in goose embryo fibroblast
cell culture

Virus strain and
number of tissue Titre observed
culture passages

Titre calculated in
absence of replication

Vv, 103 i035
Bi 103 103.5
V3 103 101+
83 103 101.5
V5 tol”

B5 103

at least as susceptible as the goose embryos. Several times passaged ¥ and B
virus were equally lethal to the majority of Muscovy duck embryos, killing
them within 2—5 days already in the first passage. After three passages, all
Muscovy duck embryos died within 3—4 days and the virus could easily be
reisolated from infected goose organs in Muscovy duck embryo.

The pathogenicity of virus strain V for day-old geese tended to decrease
in the course of serial transfers in goose embryo. The mortality of goslings
infected with virus Y from the first passage was 47% decreasing to 40, 35 and
10% with materials from the 10th, 20th and 30th passage, respectively. Pro-
longation of the incubation period and reduction of the mortality rate both
suggested areduced viral virulence (Table 1Y) but, considering the low number

Table TV

Pathogenecity of virus strain V for day-old goslings after serial
transfers in goose embryo

Virus strain and No. of inoculat- Incubation in days Losses
passage number ed day-old Extreme (Mean) values
goslings No. %
VX 36 4-15 (7.3) 17 47
vM 20 6-17 (11) 8 40
vV 2, 17 16-17 (17.1) 6 35
V3, 20 10-17 (13.5) 2 10

of the experimental birds and the great individual variation in the susceptibil-
ity of day-old goslings, the loss of virulence has remained to be confirmed by
further experiments, the more as no similar decrease of virulence was observed
with the Hungarian strain B.

The physical and chemical properties of strain V and B were found to
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be identical. Both resisted chloroform treatment, pH 3, trypsin, saponin,
sodium-dodecylsulphate, and heat treatment for one hour at 50 °C and 30
minutes at 56 °C (Table Y).

Table V
Resistance of virus strains V and B to physical and chemical
agents
Virus titre/0.2 ml
Treatment after treatment
Strain V Strain B
Control 104 104
Chloroform 104 104
pH 3 104 104
Trypsin, 0.25% 104 104
Na-dodecylsulphate, 0.2% 04 104
Saponin, 0.1% 1037 104
Mg** ion 50 °C, 1 hour 104 104
50 °C, 1 hour 104 104
56 °C, 30 min 104 104

To obtain information on the size of the vision, samples of Y and B virus
were passed through Millipore filters of 220, 100 and 50 nm pore diameter.
Since all filtrates and their 1 : 10 dilutions killed the majority of goose embryos,
it has been concluded that the virion is smaller than 50 nm in diameter.

Discussion

Incidence of an infectious gosling disease has recently been reported
from several countries. In the German Federal Bepublic, the disease was de-
scribed first as goose plague (Krauss, 1965), later as infectious goose hepatitis
(Schettler, 1971). The term “goose plague” had originally been coined in
the Netherlands (Van Cileef and Miltenburg, 1965; Hoekstra and Smit,
1971). In the Soviet Union, Kontrimavichus et al., (1966) described a disease
causing mass losses in goslings as “infectious enteritis”. In Hungary, the
disease was named “goose influenza” (Derzsy et al.,, 1970; Csontos and Kis
Csatari, 1967). Incidence of a similar disease was later reported from France
(Coudert et al., 1972), Italy (Rinaldi et al., 1970) and Great Britain (Crigh-
ton and Wilkinson, 1970).

Virological examinations resulted in the isolation of agents similar in
physical and chemical properties to the Vietnamese strain V and the Hungar-
ian strain B. At least part of the strains isolated in the different countries
proved to be antigenically identical (V, B and “Holland”).
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The isolates can easily be propagated in goose embryo, but could not be
adapted to chick and Peking duck embryos. The present studies have confirmed
the observation of Hoekstra and Smit (1971) that the Muscovy duck embryo
is as susceptible as the goose embryo. The isolates multiply in goose embryo
fibroblast cultures without causing a characteristic CPE, as observed earlier
by Kontrimavichus and Maiboroda (1968).

As to the systematic position of the goose virus isolates, several authors
(Derzsy et al., 1970; Csontos and Kis Csatari, 1967; Mandelli et al., 1971)
classified them as reoviruses, whereas Schettler (1971) has regarded them
as parvoviruses. There is experimental evidence that the virus passed the Milli-
pore filter of 50 nm pore diameter, whence the virion seems to be smaller than
50 nm in diameter.

Summary

The symptoms, gross and microscopic lesions associated with a disease recently causing
great losses among goslings in Viet-Nam were found to be in every respect similar to those
of the picture known in Hungary as “goose influenza”. The disease, called “goose plague”
in Viet-Nam, chiefly affects the one to three weeks old goslings and the mortality rate was
initially as high as 60—90% . The symptoms and gross and microscopic lesions are described
in great detail. In Viet-Nam, the spread of the gosling disaese was due to uncontrolled move-
ments of persons and animals under the emergency conditions of war. Large hatcheries,
similar to those representing the main sources of dissemination in Europe, do not yet exist
there.

A virus strain designated “V” was isolated from organs of naturally diseased Viet-
namese geese. The strain V and the Hungarian isolate B can both be propagated in goose
embryo fibroblast culture without causing a well-defined cytopathic change. Both strains
are resistant to chloroform, pH 3, heat, 0.25% trypsin, 0.2% sodium-dodecylsulphate and
0.1% saponin. Strain V tended to lose virulence after serial passages in goose embryo.

Virus neutralization and serum cross protection tests have indicated that the Viet-
namese strain V, the most frequent Hungarian isolate B and a strain isolated from goslings
in the Netherlands (“Holland™) are antigenically identical.
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The discovery of foetal loss due to maternal-foetal differences has focused
attention, beyond the classical case of Rh blood group system, on the role of
other blood-group and polymorphic protein systems in natural selection.

Hirszfeld and Zborovszki (1926) were the first to show deficiency of group-A children
in families where the mother belonged to group 0 and the father to group A. Their finding
has been confirmed by several authors with respectto group B, too. Levine (1943) and Wiener
et al. (1949) found the frequency of spontaneous abortion to be related to the ABO incom-
patibility between parents, but this findings has not been confirmed by others. Nevertheless,
many contradictory findings were published in connection with fertility and ABO-Rh in-
compatibility.

In domestic animals maternal-foetal incompatibility on the basis of blood group in-
compatibility was first demonstrated in pigs by Szent-lvanyi and Szabé (1954). Furthermore,
Ashton (1958; 1959; 1961), as well as Ashton and Fallon (1962) described evidence for an
effect of the transferrin locus on the fertility and embryonic mortality in cattle. Khattab
et al. (1964), examining the transferrin system of sheep, concluded that the effect of the Tfc
gene favours maternal-foetal incompatibility causing disturbed segregation rather than se-
lective fertilization. This finding was confirmed also by Feésds (1971) in the case of Tfl, TfA
and TfE, and by Fésts and Rasmusen (1971) in the case of TfB. In pigs Kristjansson (1964)
showed that matings of TfB homozygous boars to TfFA/TfB heterozygous sows resulted in a
significantly higher return rate to service than other matings involving these two alleles.
An excess of heterozygous genotypes was found by Imtah (1970) in all litters from matings
of pigs being heterozygous for the Tfc allele. Furthermore, in pigs a consistent effect of alleles
at the H blood group system and reproductive performance was found by Jensen et al.
(1968). Morton et al. (1965) noticed that egg-white loci were associated with embryonic
mortality in chickens.

Ashton and Dennis (1971) summarized the selective effects which may cause a differ-
ence in the production of progeny as follows: (1) zygotic selection, (2) embryonic selection,
(3) prenatal selection, (4) postnatal selection, (5) adult selection, (6) prezygotic selection.
They published data on litter-size, distribution of litters, sex ratio segregation collected from
13 generations of a laboratory mouse colony segregating for two murine transferrin alleles,
Trfa and Trfb. The overall analysis shows the Trfb allele with a 2.3% advantage over Trfa
under defined conditions.

Numerous workers have gathered and published segregation data for transferrin
alleles in various cattle breeds. Ashton (1965) evaluated a number of studies and concluded
that matings from which equal number of offspring like and unlike the mother were to be
expected resulted in a significant excess mother-like progeny. Earlier, Ashton and Fallon
(1962) described the pooled data for 2544 inseminations between bulls and cows with different
transferrin genotypes. The effectivity of matings between unlike homozygous, like homozygous,
homozygous-heterozygous and heterozygous animals were 61.6; 55.6; 49.2 and 45.6%, re-
spectively. These results indicated that heterozygotes were more viable in utero. Ashton
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(1965) suggested that four phenomena affecting reproductive performance are associated
with the transferrin polymorphism of cattle: (1) superiority of heterozygotes in utero, (2)
maternal-foetal incompatibility, (3) differential fertility of homozygous and heterozygous
bulls and (4) differential fertility of homozygous and heterozygous cows. Instead of maternal-
foetal incompatibility Cooper and Rendel (1968) used the more neutral term “unlike —
homozygous — mother effect”.

Many cases of small ratios of disturbed segregation of the cattle transferrin alleles
have already been described (see: Gahne, 1967; for references), but the insufficient number
of observations and the large random error in each case did not allow to come to a positive
or negative conclusion.

The purpose of this investigation was to examine the occurrence of the
above-mentioned effects in our considerably large population analyzed for
transferrin polymorphism. Furthermore, we wish to demonstrate these effects
by taking into consideration also the distinction of the TfDlI and Tf°2alleles,
as most of the papers have made no distinction between these two transferrin
alleles and referred to them as Tf only.

Materials and Methods

Blood samples were obtained from 18,816 parentage-controlled individu-
als belonging to the Hungarian Spotted (Felckvieh) cattle breed.

For the determination of transferrin phenotypes zone electrophoresis
in starch gels described by Makarechian and Howell (1966) was applied.
Serum samples adsorbed onto Wathman 3M filter paper stripes were placed
in an incision 3 cm from the cathode end of the gels. The inserts were removed
after applying 150 V for 20 min. Electrophoresis was then continued using
300 ¥ output voltage until the borate boundary had migrated 7.2 cm beyond
the insertion line. The gels were stained with Amidoblack 10B — nigrosin
solution and destained in methanol-water-acetic acid (5:5:1) mixture.

Results

In the present material six transferrin alleles occurred and 14 pheno-
types were observed. In addition to the four commonly occurring alleles (TfA;
TfD); Tf°2and TfE) two alleles, viz. TfF (Kovacs, 1968) and Tfl Hungary
(Soos et al., in preparation) are present in Hungarian Spotted cattle. The
allelic frequencies and the observed and expected distribution of phenotypes
in the populations of A. 1. bulls, cows and their progeny according to the
Hardy-Weinberg expectation are shown in Tables | and Il. Table Il demon-
strates the distribution of transferrin phenotypes of progeny from such matings
where equal numbers of progeny with transferrin types like and unlike the
dams were expected. The present data show that the so-called “unlike-homo-
zygous-mother effect” (Cooper and Rendel, 1968) may cause a significant
deviation (P < 0.001) from the expected 1 : 1 ratio of homozygous and hetero-
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Table 1

The gene frequency values of the transferrin alleles in the different populations.

Population of

AL
Cows

bulls

Progeny

Total

Number of IfA
animals examined 4

484 0.2200

9 166 0.1948

9 166 0.1567

18 816 0.1769

57

TfDi TfDa TfF TfE TfAllungary
q q q q
0.1302 0.6043 0.0455
0.1663 0.6155 0.0005 0.0228 0.0001
0.1819 0.6258 0.0002 0.0353 0.0001
0.1729 0.6203 0.003 0.0295 0.0001
Table 11

Observed and expected distribution of transferrin phenotypes in different populations of
Hungarian Spotted cattle according to the Handy —W einberg’s expectation

Phenotypes

AA
D.Di
D22
FF
EE
bdH
ad?2
ad?2
AF
AE
AlH
DiP i
D,F
DjE
dJ h
d 2f
d 2
D2h
FE
FIH
EIH

Total

* df., degree of freedom =

Population of

A. 1. bulls Cows Progeny
27 (23.431) 340 ( 347.823) 236 (225.070)
9 (8.202) 248 (253.484) 300 (303.281)
183 (177.701) 3503 (3472.245) 3585 (3589.641)
- (0.002) - (0.001)
—  (1.003) 5 (4.765) 12 (11.422)
- (0.001) - (0.001)
26 (27.732) 627 (593.916) 527 (522.530)
119 (127.735) 2159 (2197.996) 1781 (1797.688)
5 (1.785) 1 (0.575)
14 (9.691) 100  (81.420) 92 (101.414)
- (0.357) - (0.287)
76 (76.172) 1865 (1894.752) 2097 (2086.786)
2 (1.524) 2 (0.667)
6 (5.730) 59  (49.343) 108 (117.711)
- (0.305) - (0.333)
3 (5.642) - (2.294)
24 (26.613) 248 (257.260) 424 (404.967)
2 (1.128) 1 (1.147)
- (0.209) — (0.129)
- (0.001) - (0.001)
_ (0.042) — (0.065)
(484.000) 9166 (9166.000) 9166 (9166.000)
X2= 4.67 (df.: 4) x2= 18.84** (df.: 7) X2= 9.04 (df.: 6)

number of classes — number of classes pooled — number

of gene frequencies — 1.
** P < 0.05 Expected values are in parentheses.
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Table 111
The *“unlike-homozygous-mother effect”, i.e.
Matings Homozygous
Ne
S X9 progeny
ADjXAA 18 10 9)
ADjjX 66 33 (33)
AEX 4 2 (2)
ADjXDjDj 10 7 (5)
D,D2X 82 36 (41)
D jE x 5 4 (2.5)
ADjXD.Dj 649 374 (324.5)
DjDjX 1111 604 (555.5)
D_EX 248 131 (124)
D.ExEE 1 1 (0.5)
Total 2194 1202 (1097)

Expected values are in parentheses.
Table IV

Expected and observed numbers of homozygotes and heterozygotes in matings where the
“unlike-homozygous-mother effect” should not exist

Matings
| Ne
X9
AAXAD]j 9
XAD, 48
X AE 2
ADjXADj 18
AD2x AD,, 429
AEXAE 3
D 1D 1x ADi 10
xd,d. 40
XD,F 1
xDjE 1
DjD2x D,D2 649
D jE x DjE 5
D,D,xAD?2 692
XD,D. 525
XD.E 70
DjJE x DjE 36
Total 2538

Homozygous
6 4(-5)
23 (24)

N (1)
40
227 (214.6)

1 (1.5)

5 ()

16 (20)

1 (0.5)
— (0.5)
324 (324.5)

3 (2.5)
340 (346)
267 (262.5)

33 (35)
20 (18)

1270 (1269)

Expected values are in parentheses.

progeny
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Heterozygous
8
33 (33)
2@
EENO)
46 (41)

1 (2.5)
275 (324.5)
507 (555.5)
117 (124)

. (0.5)
992 (1097)

Heterozygous
3 (45)
25 (24)
2w
14 9)
202 (214.5)
2 (1.5)
5 ()
24 (20)
. (0.5)
1 (05)
325 (324.5)
2 (2.5)
352 (346)
258 (262.5)
37 (35)
16 (19)

1268 (1269)

X

20.10

0.002

dams are homozygous for transferrin locus

(1)

< 0.0001

(df.:1)

0.95
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Table V

59

The analysis of the segregations of different matings involving the six transferrin alleles according
to the method of KHATTAB et al. (1964)

Matings

AA XAA
AAXA+
AAX++
+ +XAA
A+ x AA
A +xA-f
A+X+ +
++ XA+

DjD[ {-DiDt
DjDjXxDt+
DjDi X+ +

H—h XD1D1
r\+ XDiD:
Dj-(- XDt—
Di+ X H-h
++ XD+

++XF +

-j—j- XEE
E+ xEE
E + xE-j-
E+X+ +
+ +XE +

++ x I H+

247
88
707
1425
2125

52
132
146

998

2368
1503

10

65
860
342

P < 0.05

AA A+
5 (5)
29 (29.5) 30
84 84
247
45 (44) 43
157 (176.75) 343
624
1042
DiDi n,
5 (5)
22 (26) 30
132
146
47 (48.5) 50
227 (249.5) 508
1116
756
D2D2 d 2+
1124 (1124)
640 (643.5) 647
424
371
1109 (1004) 899
431
230
FF F+
3
EE E+
4
1 (0.5) 0
11 (16.25) 34
386
186
Ihlh IH+
1
I
P < 0.01
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+ +
(29.5)
(84)
(247)
(44)
(353.5) 207 (176.75)
(712.5) 801 (712.5)
(1062.5) 1083 (1062.5)
+ o+
(26)
(132)
(146)
(48.5)
(499) 263 (249.5)
(1184) 1252 (1184)
(751.5) 747 (751.5)
+ +
(643.5)
(424)
(371)
(1004)
(408) 385  (408)
(218) 206 (218)
+ +
(5) 7 (5)
+ +
4
(0.5)
(32.5) 20 (16.25)
(430) 474 (430)
(171) 156 (171)
+ +
(1) 1 (1)
P < 0.001

0.02

0.05
7.68
21.99
0.78

0.08

7.812
0,061

2.63
9.04
2.63

d.f.

[ P RN R P PN

[
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zygous progeny; i.e., in those matings where the bulls are heterozygous and
the cows are homozygous for the same transferrin allele the observed number
of the homozygous calves with the mother’s phenotype is significantly higher
than the number of heterozygotes with the phenotype of the father. There
was no difference between the homozygous and heterozygous progeny (P >
> 0.95) in the case of reciprocal matings, i.e., where the bulls were homozy-
gotes and the cows heterozygotes (Table IY).

The analysis of the segregations in different matings involving the six
transferrin alleles by using the method of Khattab et al. (1964) also shows
significant differences (Table Y).

The segregation data of other matings between such parents, where the
“unlike-homozygous-mother effect” should not exist, are interesting from the
view-point of heterozygote superiority. Ashton (1965) collected the segregation
data of a lot of papers and found a significant difference between the number
of homozygous and heterozygous progeny from these matings. The present
data do not show this difference (Table IV). The excess of heterozygotes does
not exist in our three populations (Table V1), i.e., there are no significant de-
viations from the expected values calculated on the basis of the Hardy-Wein-
berg’s expectation.

Table VI

The distribution of homozygous and heterozygous phenotypes in the three populations

Population of Homozygotes Heterozygotes
A. 1. bulls 219 (210.337) 265 (273.663)
Cows 4096 (4078.320) 5070 (5087.680)
Progeny 4133 (4129.416) 5033 (5036.584)
Total 8448 (8418.073) 10368 (10 397.927)
X*= 0.182 p= 0.70-0.60
(df.: 1)

Expected values are in parentheses.

Discussion

Efremov et al. (1971) reported that the bovine serum transferrin is
composed of two subunits in contrast to human transferrin which is a single
polypeptide chain. Wang et al. (1966, 1967) found some of the electrophoreti-
cally different human transferrin variants to be different also in the substitu-
tion of an amino acid residue. These observations strongly suggest that the
so-called maternal-foetal incompatibility (unlike-homozygous-mother effect)
is caused by an immunological mechanism between the mother and the embryo.
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The other three phenomena mentioned by Ashton (1965) which were able
to cause differences in the reproductive performance axing to the transferrin
system are explainable by the findings of other authors, who demonstrated
some physiological differences among the different transferrin variants, e.g.,
in their iron-binding capacity (Neethling and Osterhoff, 1966) and on the
superiority of the TfE allele in adaptability (Osterhoff, 1966). However,
some contradictory findings were also published by several authors. Buis (1972)
found no significant difference in the iron-binding capacity of the different
transferrin variants. Dostal and Hunter (1972) demonstrated that both the
iron-binding capacity and the sexual-hormone-transporting capacity of the
different transferrins in vitro are affected by some other factors independent
of the transferrin phenotype. So it is strongly suggested that the reliable rea-
sons for the deviation of the observed numbers from the expected values in
the case of a large population are more immunological than physiological in
nature. However, owing to the fundamental role of transferrin in the metab-
olism, the role of physiological factors cannot be excluded. On the other hand,
the exact demonstration of the existence of such physiological effects would
require further experimental verification.

Summary

Transferrin gene frequencies were estimated and segregation data were collected on
the basis of 9166 matings of 18,816 animals from the Hungarian Spotted (Fleckvieh) cattle
breed. Six transferrin alleles were found. The matings between homozygous cows and hetero-
zygous bulls showed a significant deficiency of heterozygous progeny, i.e., the “unlike —
homozygous — mother effect” (maternal — foetal incompatibility) was demonstrable. Fur-
thermore, the segregation analyzis by the method of Khattab et al. (1964) showed also sig-
nificant differences with regard to the segregation of phenotypes of the various alleles. Our
data seem to confirm the assumption of other authors that the transferrin system of cattle
is not a balanced polymorphism and it is probably affected by at present unknown immuno-
logical and/or physiological effects.
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The diplostomosis of various fish species is well known and the life cycles of several
Diplostomum species have been investigated in great detail, especially by Shigin (1964, 1968,
1969). The developmental cycle of Diplostomum spathaceum (Rud., 1819), most frequently
occurring among fishes in Hungary, was followed up by Cichowlas (1961).

The pathogenic effect of Diplostomum parasites has been little studied. Several authors
reported that the establishment of metacercariae in the lens caused blindness. Growth re-
tardation by diplostomosis was observed by Uspenskaya (1957) in the brown trout and
by Mindel (1963) in Coregonus sp. Mindel also observed losses and so did Egelskiy (1965)
among infected sturgeon fry, which had just started to feed. In both cases, migrating larvae
were responsible for the losses.

The development of the larval stages of Diplostomum species was studied by E rasmus
(1958, 1959) on fishes experimentally infected with Cercaria-H. species from different Lymnae-
idae; he investigated the mode of infection, cercaria migration within the host and the re-
lationship between the counts of infective cercariae and losses. As Erasmus did not precisely
determine the species of the metacercariae establishing themselves in the lens, it can only
be tentatively inferred that he was working with Diplostomum spathaceum.

Diplostomum-infestation has also been known among grasscarps (Ctenopharyngodon
idella), silver carps (Hypophthalmichthys molitrix) and marmor carps (Hypophthalmichthys
nobilis) (Akhmerov, 1963; Szakolczai and Molnar, 1966; Bauer et al., 1969; Shigin,
1971), but deaths from this parasitosis have not yet been observed. The investigations were
focused on cataractic lesions of the lens in advanced diplostomosis. Shigin (1971) demon-
strated that diplostomosis causes growth retardation also in grasscarp and Akhmerov (1963)
pointed out that D. spai/iaceum-metacercariae are pathogenic for herbivorous fishes, but
presented no evidence.

In this paper an outbreak of diplostomosis which caused great losses
among the grasscarp fry is reported. The circumstances of death, symptoms,
gross lesions and a histological follow-up of larval migration are described in
detail.

Material and Methods

The examinations were conducted on 1.7—2.5 cm long, 3-week-old
grasscarp fry procured from a pond farm. The young fishes were sectioned
under a stereo-microscope and impression smears from different organs were
investigated by light microscopy.

For histological examination, the fishes were fixed in toto in 4% formalin
solution. The sections were cut longitudinally, so as to comprise the eye and
were stained with haematoxylin and eosin or Farkas—Mallory’s technique.
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Species determinations were carried out according to Snigin (1968) on
metacercariae collected from fingerlings died during the outbreak and later
from survivors. In the first case, care was taken to use older stages, already
showing the species characteristics.

Results

In July 1972, an outbreak causing high losses occurred among the 3-
week-old, 1.7—2.5 cm long grasscarp fry in a pond farm of Eastern Hungary.
The fingerling pond in which the outbreak was observed, had been stocked
with equal populations of newly-hatched grasscarp and silver carp fry some
time ago.

Fig. 1. Young 2.5 cm long grasscarp diseased in diplostomosis. Note protruding eyes and
haemorrhages in the orbital cavity and skull area

Within a short time, 90% of the young grasscarps died of the disease,
but no losses occurred among the silver carps, which were of the same age and
size. The grasscarps taken from the pond for laboratory examination died in
our aquaries within 48 hours, whereas all silver carps collected along with
them survived.

In pond and aquary alike, the diseased fry showed characteristic symp-
toms. They did not respond to external stimuli and could easily be caught.

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



ON DIPLOSTOMOSIS OF THE GRASSCARP FRY 65

Some of them performed compulsive movements, usually in a rotating manner
and the still weaker individuals floated on the water surface with the abdom-
inal side upwards. The vivid red colour and congested blood vessels of the
skull region were well-visible at first sight. The swollen eyeballs were nearly
double of the normal size, protruded from the orbital cavity and were vivid
red like the top of the skull (Fig. 1). Some specimens had already lost one eye.
The opaque, often milky white lens was scarcely visible because of haemor-
rhages in the ocular chamber.

Parasitological section

Many Diplostomum larvae, in different stages of development, were found
in the lens. Migrating Diplostomum cercariae occurred in the vitreous body
and other parts of the eye as well as in the brain, heart and muscles. The mi-
grating stages were smaller than those which established themselves in the lens
and, unlike metacercariae, they had a well-visible gut and ventral sucker;
the suckers and integument were covered by spines. Most larval stages (20—-
25 per host) localized in the lens, but relatively many (4—5 per host) were
present elsewhere in the eye. The average larval number in other body regions
was 7—10 migrating stages per host. Except for some Trichodina on the gills,
no other parasite species was found.

The silver carps were infested by Diplostomum to a similar degree as
grasscarps and they also had coccidiosis, but neither symptoms nor losses
occurred among them. Grasscarps from four adjacent fingerling ponds of the
same farm were examined as controls; these had a much lower degree of meta-
cercarial infestation, harbouring on the average 5—15 parasites per host.
Certain severely infested individuals of the control lot showed, nevertheless,
the same symptoms as described above.

Examination on metacercariae.

Among the metacercariae collected from the infected fry and other
grasscarps all stages which already had shed the larval integument showed
the features described by Shigin (1968) as characteristic of Diplostomum spa-
thaceum (Rud., 1819).

Histological examinations

The metacercariae which established themselves in the lens, above all
at its periphery (Fig. 2), were easily demonstrable histologically. They caused
slight lesions: an epithelial proliferation was only seen at the site of larval pen-
etration. Cercariae migrating towards the lens were found in different parts
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Fig. 2. Young metacercariae established in the lens. Haematoxylin and eosin staining, x 200

Fig. 3. Diplostomum-cercaria surrounded by proliferative tissue close to the pigmented
chorioidea
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of the eye, in the cornea, retina and vitreous body, surrounded by cells charac-
teristic of the localization and by blood corpuscles. In certain cases, however,
the cercariae were surrounded by granulation tissue (Fig. 3), occurring above
all in the orbital cavity, but also in the periocular connective tissue and inside

Fig. 4. Tissular reaction around a cercaria established in the ocular cavity of the grasscarp.

a, Cercaria in the vitreous body; b, haemorrhages in the vitreous body; c, transfixed cercaria

in the retina; d, cercaria surrounded by proliferative tissue in the chorioid. Haematoxylin
and eosin stain, X about 60

the eyeball. Granulation was most frequently seen around the larvae localizing
in the chorioid body, but it also occurred in the retina and vitreous body
(Fig. 4). No such tissular reaction was seen around larvae migrating in other
body regions, e.g. in the heart (Fig. 5) and skull area (Fig. 6). In addition to
tissular reactions, there were extensive haemorrhages in the eye chamber,
vitreous body, chorioid and cerebral meninx (Fig. 7).
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Fig. 5. Heart of grasscarp in longitudinal section. Note the cross-section of cercaria between
auricle and ventricle

Fig. 6. Skull area of grasscarp. Note the penetrating cercaria under the epithelium
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Fig. 7. Haemorrhages in the meninx of a grasscarp

Discussion

It was reported earlier (Szakolczai and Molnar, 1966) that in Hungary,
the herbivorous fishes were much more extensively infested with Diplostomum
spathaceum metacercariae than the common carp and that 5—8 cm long,
one-summer grasscarps were not infrequently found to harbour 200—300
metacercariae in the ocular lens. The damages of metacercaria-diplostomosis
could not he estimated because Diplostomum infestation is so frequent among
grasscarps that no appropriate controls were available. Thus we were unable
to clarify the relationship of the growth retardation described by Uspenskaya
(1957), Mindel (1963) and Shigin (1971) with the diplostomosis-associated
lenticular cataract, because this was present in practically all grasscarps.

As in the outbreak studied, other parasitoses and a dietary failure could
be excluded, it seems certain that it was due to a cercaria-diplostomosis, viz.,
the losses were caused by migrating Diplostomum spathaceum larvae. The
fatal outcome depended on the number of larvae establishing themselves in,
and migrating in, the body of the host: 20—25 sessile and 10—15 migrating
diplostomulum stages killed the 1.7—2.5 cm long young grasscarps.

The lethal changes already develop during migration and the larvae
establishing themselves in the lens do not seem to play a decisive role. This is
in good accordance with the observation that in a similar outbreak among
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common carps in the previous year the hosts did not show eye symptoms and
harboured only 1—2 parasites, if any, in the lens, but migrating Diplostomum
larvae were always present in their body. In hosts showing compulsive move-
ments, the migrating stages were chiefly found in the brain and spinal cord.

In the outbreak studied, the grasscarps showed the characteristic symp-
toms of cercaria-diplostomosis, corresponding essentially with those described
by Petrushevskiy and Bauer (1953) .

We do not agree with Musselius (1967) who established that the grass-
carp is less susceptible to Diplostomum infestation than the silver or marmor
carps. The apparent contradiction can probably be ascribed to the dissimilar
water levels of fingerling ponds in the USSR and Hungary. In this country,
they are generally shallow, not allowing for the separation of the biotopes of
grasscarp, silver carp and marmor carps, whence the chances of cercaria-
infestation are equal for all the three species. My own experience is that when
grasscarp and silver carp fry of the same age and size were reared together in
one and the same fingerling pond, the former proved to be more susceptible
to migrating larvae.

The severe outbreak of diplostomosis which involved the entire grass-
carp population of the fingerling pond can be regarded as a warning that
cercaria-infestation may be more frequent than inferred from reported cases.
Unexplicable “disappearances” of fry from the pond may not infrequently
have been due to this disease.

The results of histological examinations correspond with the findings
of Erasmus (1959) and suggest that cercariae can penetrate the body of the
host at several sites. The occurrence of migrating cercariae in different tissues
of the body also supports Erasmus’s opinion that the blood stream plays
little role in larval migration towards the eye.

The route of the cercariae is marked by extensive haemorrhages, above
all in the richly vascularized areas, such as the cerebral meninges and orbital
cavity. Death occurs when the cercariae, being relatively large compared to the
dimensions of the host, injure vitally important organs by causing haemorrhage
or otherwise. In this respect the meningeal haemorrhages are more deleterious
than even the severest ocular lesions.

A fatal outcome of diplostomosis seems to occur when a very young host
which had not previously been infected is heavily invaded by cercariae.

The spawning of herbivorous fishes requires a relatively high tempera-
ture and thus takes place late in the season. Consequently, the rearing of the
fry coincides with the appearance of the factors mediating parasite invasion,
viz., snails and young birds. Exposure to Diplostomum infestation is therefore
greater in the case of herbivorous fishes than for other cultured fishes.

It was shown histologically that part of the penetrating parasites elicit
a special reaction, characterized by tissue proliferation. Proliferative tissue
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was usually found within the eyeball or in its immediate surroundings. It is
remarkable that the lens, the site of preference, showed only slight lesions:
proliferation of the lenticular epithelium was only seen at the sites of penetra-
tion, as already observed by Mawdesley-Thomas (1972).

The direct causes of tissue proliferation are not yet fully understood.
It might represent the protective mechanism of the host or, as suggested by
E rasmus (1959), simjtly the encapsulation of cercariae having lost viability
during migration. Thirdly, it may be a tissular reaction to the direct mechan-
ical effect of the established stages or to the chemical effect of their metabolic
and other products.

Summary

Infestation by cercariae of Diplostomum spathaceum killed 90% of the 3-week-old,
1.7—2.5 cm long grasscarp (Ctenopharyngodon idella) fry reared in a fingerling pond. The
severely diseased hosts harboured on the average 20—25 larvae in the ocular lens and 10—15
migrating stages in other parts of the body.

Cercarial migration caused haemorrhages, visible even externally.

Most cercariae which established themselves in the eye or the adjacent areas were
surrounded by proliferative tissue.
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Information is scanty on the haemogram of the buffalo and, especially,
on that of the camel, even in the fundamental textbooks. The available data
are incomplete, sometimes even controversial, with little experimental back-
ground. This can on the one hand be ascribed to the fact that large herds of
these animals are chiefly kept in developing countries in which the main vet-
erinary concern is still the control of infectious and parasitic diseases, on the
other hand to the difficulty of obtaining blood samples from these animals.

A brief survey of the available haematological data of the two species is forthcoming.
Hafez and Anwar (1954) gave the average erythrocyte and leucocyte counts of the buffalo
as 6.8 million and 6.7 thousand, respectively, its haemoglobin level as 13% and its haematocrit
value as 44.3%. The differential count was 51% lymphocytes, 8% monocytes (?), 36.0%
neutrophils, 5% eosinophils and 1% basophils. Erythrocyte sedimentation rate (ESR) was
2—8 mm/hr according to Hafez and Anwar and 55—60 mm/hr according to Purushotham
and Mahendar (1963). David L. Coffin (1957) determined the erythrocyte count of the
buffalo as 5.4—7.4 million and the average haemoglobin content as 11.8 g% .

The haemogram of the camel was studied by Soni and Aggarwala (1958) and Baner-
jee et al. (1962), who give the average values of erythrocyte count as 8.2 and 7.24 million,
leucocyte count as 20,100 and 18,100, haemoglobin as 15.5 and 13.1%, respectively, and the
haematocrit value uniformly as 27%. As to tbe differential count, Soni and Aggarwala
regarded the lymphocytes (46%), Banerjee et al. the neutrophils (50.6%) as the major com-

onent.

P Wirth (1931) found on the average 9.3 million erythrocytes, 10,150 leucocytes and
11.83 % haemoglobin, and described the differential count as 55% lymphocytes (?), 6%
monocytes, 35% neutrophils, 2.5% eosinophils and 0.5% basophils. The diameters of the
elliptic red blood cells were determined by Wirth as 7.35x4 /un, by David L. Coffin (1957)
and KoHbl (1963) as 7.5X 4.2 pm. Banerjee et al. found an ESR of 1 mm/hr. and Bhatt
and KoHbl (1959) found only a few mm after 7 hrs.

Materials and Methods

Blood samples were taken from 20 healthy and 8 diseased adult buffaloes,
from 12 healthy and 7 diseased young (1—11 months old) buffaloes and from
35 camels sent to the abattoir for slaughter. The samples were withdrawn

* This paper was prepared while the author was serving on a project of the Govern-

ment of Iraq, financed by the United Nations Development Programme and executed by
the Food and Agriculture Organization of the United Nations.
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from the jugular vein, from the camels usually during exsanguination. EDTA
was added to each sample to prevent clotting and the samples were trans-
ported to the laboratory in plastic coolers for immediate processing.

Erythrocyte and leucocyte counts were determined in Neubauer’s haerno-
cytometer, after an appropriate dilution. The haematocrit value was deter-
mined by means of Hawskley’s micro-haematocrit centrifuge.

Haemoglobin was determined in Spencer’s haemoglobinometer. Smears
prepared at sampling or immediately afterwards were stained according to
the technique of Giemsa or Leishman, and 100 cells were counted on each
slide for evaluation.

ESR was determined according to Westergreen, using dilutions of 1:4
in a 3.8% Na-citrate solution. It was read at 15, 30, 60 and 120 min and at
24 hrs with buffalo blood and at 1, 2,24,48, 72 hrs, occasionally also at 96 hrs,
with the slowly sedimenting camel blood. Erythrocyte dimensions were de-
termined by means of an ocular micrometer.

Results and Conclusions

The limit and average values for healthy buffaloes and individual data
of diseased young and adult buffaloes are shown in Table I, extreme and aver-
age values for camels in Table II.

Erythrocyte counts ranged from 4.1 to 6.7 million//il (average: 5.8 million)
in healthy adult buffaloes and from 4.2 to 8.4 million (average: 6.5 million)
in healthy young ones. Thus the young animals had slightly more red blood
cells than the older ones, but the average values for both were slightly less
than the 6.8 million reported by Hafez and Anwar (1954). Diseased buffaloes,
either young (5.5 million) or adult (4.5 million), had lower average erythro-
cyte counts than the healthy ones.

Mean leucocyte counts did not notably differ between healthy young
and adult animals. These values slightly exceeded the average count of 6,700
given by Hafez and Anwar (1954). In young and adult buffaloes diseased
in different conditions, the mean leucocyte count rose by about 50% above
the normal level (12,400 and 11,700, respectively).

The haemoglobin level of blood from healthy adult animals ranged be-
tween 10.5 and 14.5%, those of buffalo calves from 10.7 to 14.6%, averaging
12.3 and 12.8%, respectively.

The haematocrit values ranged from 28 to 38 and 27 to 40% on the
average. Hafez and Anwar (1954) established the mean haemoglobin level for
20 buffaloes as 13%, the haematocrit value as 44.3%. David L. Coffin (1957)
determined the haemoglobin value as 11.8%.

The haemoglobin and haematocrit values of diseased buffaloes were only
slightly below the normal.
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No.

20

12

No.

of

35

Age
of animals

2-9
years

4-12
years

1-7
years

4—11
months

Age of camels

1.5-15
years

Clinical picture

Healthy animals

Traumatic reticulo-peritonitis
Anaemia

Metritis

Squamous cell carcinoma of eyelid

Prolapse of the uterus
Suspicion of peritonitis

Ruminal fistula

Healthy animals

Pneumonia

Enteritis

Keratitis

Haemolytic icterus

Chronic catarrhal pneumonia
Encephalitis

Lung helminthosis

Red blood cells
Count
million//+1

Limits 3.75-8.10 8
Average 5.60
+1.23

Table |

Haemograms for healthy and diseased buffaloes and buffalo calves

Red blood Hb
s %
Limits 41—6.7 10.5-14.5
Average 5.8 12.3
+1.07 +1,13
4.8 134
2.6 9.1
5.6 12.1
4.2 13.0
4.8 12.5
4.6 12.9
4.5 11.9
4.9 12.8
Limits 2.6-5.6 9.1-13.4
Average 4.5 12.2
+0.87 +1.35
Limits 42—84 10.7-14.6
Average 6.5 12.8
+1.76 +1.31
3.5 10.7
6.3 13.2
6.8 14.0
5.7 14.2
4.7 8.0
6.2 11.6
5.2 10.7
Limits 35—6.8 8.0-14.2
Average 55 11.8
+1.0 +2.21
Hb Hitc White blood cells
9% % thousandix]
.6-14.4 24-39 7.8-30.0
11.8 29.7 13.2
+1.5 +3.6 +4.5

Htc
%

28-38
32.4
+3.1

36

21

34

29

33

32
30

34
21-36
31.1
+4.7
27-40
34.1
+4.2

26

34

35

36

38

32

30
26-38

311
+3.8

White blood
cells. Count
thousand/jtil

5.20-12.70

8.25
+1.84

10.7
6.6
8.1

10.0

125

13.2
14.1

13.3
6.6-14.1

11.7
+3.3

6.15-11.40
8.59

+1.71

17.4

11.3

10.1

10.0

18.0

10.3

9.8
9.8-18.0

12.4
+3.66

Table 11

Lympho- M

Haemograms of adult camels

Lymphocytes
%

31—80

49.1
+12.9

Monocytes

%

ono-

Differential count

Neutro-

cytes cytes phils
% % %
40-64 0-2 28-50
50.5 1.0 40.0
+5.6 +0.3 +7.4
13 1.0 85
33 1.0 63
43 1.0 54
40 2.0 49
41 0.0 58
34 0.0 65
19 0.0 80
24 1.0 74
13-43 0.0—2.0 49-85
31 0.7 66
+11.1 +0.5 +12.7
38-72 0.0- 1.0 26-50
57 0.5 39
+9.1 +0.5 +7.2
26 1.0 70
42 1.0 54
33 1.0 65
42 1.0 56
38 1.0 59
47 1.0 50
47 1.0 44
26-47 10- 1.0 44-70
39 1.0 57
7.7 — +8.8
Differential count
Neutrophils Eosinophils
% %
18-66 1—20
45.7 4.7
+12.9 +4.3

Eosino-
phils
%
2-23
8.5
+5.7
1.0
3.0
2.0
9.0
1.0

1.0
1.0

1.0
1.0-9.0

2.3

+2.8
10— 11.0

3.5

+3.3

3.0

3.0

1.0

1.0

2.0

2.0

8.0
1.0—8.0

3.0
+2.4

Basophils
%

0-2
0.9
+0.4

Basophils
%

0-1

0.3
+0.48

OO0 O O OO O ©o O o o

0-1

0.09
+0.04

0
0
0
0
0
0
0
0
0

12

1/4

1-7
3.2
+2.0
11
10
14
40

10
12

10
5.5-40

14
+10.5

1-6

3.2
+1.75

=
o

)
)
o

Do 0w hr O NN

I+

Erythrocyte sedimentation rate mm/hour

1/2

1.5-27
8.4
+8.24
29
27
40
80
7

25
29

25
5-40
32.7
+21.1
3-18
9.8
+5.88

28

15
15

5-28

12
+8.2

2.5-62
26
+24

72
68
80
130
56

65
70

50
50 —130

74
+24.5
6-38

19
+12.3

70

11

18

33

40

24

20
11-70

31
+19.8

7-92
60
+24

110
112
138

84

100
110

80

80-138

105

+19.5

12-58

28.7

+16.1

98
17
38
66
72
68
70

17-98

61

+26.2

Erythrocyte sedimentation rate mm/hr

0-2.5

0.87
+0.56

1-5

1.9
+1.0

48

8-70

30.2
+3.9

48

18-96

55.8
+32.0

24

100-138
121
+12.7
135
129
135
140
132

131
133

125
125-140

133
+4.5

76-124

101
+20.7

140

98

88

130

145

120

129

88-145

121
+21.2

72

60-131

92
+19






HAEMOGRAMS OF THE BUFFALO AND OF THE CAMEL 75

On the basis of the differential count, buffalo blood should be regarded
as slightly lymphocytic. The mean percentage of lymphocytes was 50.5% in
adults and 57% in calves. Diseased buffaloes, both young and adult, showed
a considerable shift to the left of the differential count, the respective mean
percentages of neutrophils having been higher than 57 and 66%. The mean
percentages for eosinophils in healthy adult and young buffaloes were 8.5 and
3.5%), respectively.

Unlike other ruminants, buffaloes had surprisingly high ESR even
normally. Values determined at 15, 30, 60, 120 min and at 24 hrs were 3.2, 8.4,
26, 60 and 121 mm, respectively, the latter being practically the final value.
The values measured after one hour were considerably higher than those estab-
lished by Hafez and Anwar (1954) (2—8 mm), but reached only about one
half of those reported by Purushotham and Mahendar (1963) (55—60 mm).

A considerable low ESR was chiefly observed in adult diseased animals,
especially during the first two hours. The mean values established at the above
time intervals were 14, 32.7, 74, 105 and 133 mm.

Erythrocyte diameters ranged from 4 to 6.8 pm (average: 5.1 pm).

The 35 adult camels had mean erythrocyte and leucocyte counts of 5.6
million and 13,200, respectively, as calculated for one pi blood. The
mean haemoglobin and haeinatocrit values were 11.8% and 29.7%.

Differential counting showed on average 49% lymphocytes, 0.5% mono-
cytes, 45.7% neutrophils and 4.7% eosinophils. Rasophils were only seen on
3 slides. Fourteen camels had more neutrophils than lymphocytes; the rest
had a slightly lymphocytic blood picture. This accords well with the finding
of Soni and Aggarwala (1958) and Banerjee et al. (1962) that camel blood
may be slightly lymphocytic or neutrophilic.

It is known that the ESR of camels is very low. Practically no sedimen-
tation occurred in the Westergreen tubes within 30 minutes. Mean values after
1, 2, 24, 48, 72 and 96 hours were 0.87, 1.9, 30.2, 55.8, 92 and 109 mm. Sedi-
mentation was found to he diphasic (the borderline between settling erythro-
cytes and blood plasma was indefinite) in nearly half of the cases, whereas, in
the rest the plasma and red cells were sharply demarcated.

Summary

The haematological data (erythrocyte count, leucocyte count, haemoglobin, haemato-
crit, differential count and erythrocyte sedimentation rate; ESR) of a total of 47 adult and
young, healthy and diseased buffaloes and of 35 adult camels are described. Comparison
of the results according to age group and health state and with the few literary data available
showed that both young and adult diseased buffaloes had fewer erythrocytes (5.5 and 4.5
million/~l, respectively) than their healthy age mates (6.5 and 5.8 million, respectively),
but their leucocyte counts rose by about 50% (12,400 and 11,700) compared to normal. The
haemoglobin and haematocrit values did not notably differ between healthy and diseased
buffaloes. ESRs of the diseased animals were considerably higher, especially during the first
two hours. Mean red blood cell diameter was 5.1 jum.
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Camels had 5.6 million erythrocytes and 13,200 leukocytes/cu. mm blood; their haemo-
globin and haematocrit values were 11.8 g% and 29.9%. The blood picture was either slightly
lymphocytic or slightly neutrophilic. The ESR was extremely low; sedimentation lasted 72—96
hrs and was often diphasic from 24 hrs.
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Infectious bovine rhinotracheitis (IBR) virus may cause in cattle clin-
ically, epizootologically and pathologically distinct forms of disease, which
differ from one another so markedly that prior to the identification of the com-
mon causal agent they had been regarded as independent conditions.

Out of them viral vaginitis (old term: infectious pustular vulvovaginitis) has been
longest known; subsequently an infectious upper respiratory disease of above 6 months old
beef cattle and dairy cows, known earlier as “red nose disease” or “dust pneumonia” was
described in 1951 and termed on the suggestion of McKercher and Moulton (1957) infec-
tious bovine rhinotracheitis (IBR). The aetiological identity of the two pictures was confirmed
by Gillespie et al. in 1957, and since then the causal agent has been termed IBR virus or
IBR-IPV virus. Soon afterwards it was disclosed that the virus can also cause mass inci-
dence of a benign conjunctivitis, accompanied by no other symptoms, in cattle herds (Abi-
nanti and Plummer, 1961). A rare sporadic occurrence of lethal encephalitis among less than
5 months old calves (French, 1962) and, occasionally, abortion of cows (McKercher and
Wada, 1964), both due to IBR virus, were then reported.

Of the five pictures outlined in the foregoing, genuine infectious rhinotracheitis (Doman
and Fodor, 1961), viral vaginitis (Manninger et al., 1962), calf encephalitis (Bartha et al.,
1969) and conjunctivitis (Juhasz, 1970) have been observed in Hungary. Abortion confirmed
by virus isolation has not been reported. Recently, however, an IBR virus disease, distinct
from all mentioned pictures, has occurred with increasing frequency in large cattle herds.
The disease chiefly affects rearing calves and is manifested as a febrile condition with gen-
eral symptoms. Up to now it has caused greater losses than the earlier known five pictures
of IBR virus infection.

This paper is a report of observations on the new disease, which occurs
in the form of epidemic-like outbreaks and causes great losses in large-scale
calf herds.

Clinical observations

a) In a co-operative farm calves originating from a dairy herd of 220
cows had been reared in isolation until 10 days of age, after which they were
transferred to the rearing house and maintained under good conditions of
management. In March, 1968, an acute respiratory disease, accompanied
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by temperature elevation to 40.5—42 °C set in first in the 3-month-old age
group (90 calves), involving all except the less than one-month-old animals
within 2 weeks.

Eighty per cent of the 1—6 month-old calves became clinically ill, the
remaining 20% showed no symptoms. Besides fever, the initial symptoms
were listlessness, inappetence, serous nasal discharge, reddening of the nose
and muzzle; some animals also showed foamy salivation and a mild diarrhoea.
No ulceration occurred in the nasal cavity and mouth. The breathing was
quick and difficult and, there was, chiefly on movement, a painful, dry cough.
After 3—4 days the temperature normalized, respiratory symptoms ceased,
the muzzle epithelium became detached in the form of a parchment-like sheet,
but dyspnoea and dry cough persisted in about one third of the animals. In
these cases the serous nasal discharge became first mucinous, then purulent,
the dyspnoea developed more severe and the majority of the animals died with,
or had to be emergency-slaughtered for, symptoms of a catarrhal-purulent
pneumonia within 1—4 weeks. No losses occurred during the initial acute
febrile course, and only a single calf had to be emergency-slaughtered. In the
advanced stage, however, 19 calves were lost because of the catarrhal-purulent
pneumonia. The calf emergency-slaughtered in the acute stage showed at
post mortem examination a severe pulmonary emphysema and had three
infiltrated foci of the size of a walnut in the peribronchial area. The bronchi
contained a reddish, foamy exudation. The mucous membranes of the nasal
cavity exhibited even reddening and superficial ulcerations, which also oc-
curred on the tracheal mucosa. Calves died in the chronic stage of the disease
showed, apart from a slight pulmonary emphysema, an extensive catarrhal-
purulent inflammation of the lungs. Ulceration of the upper respiratory tract
was absent even at this stage. No gross lesions were found in organs other
than respiratory.

The transfer of newborn calves to the infected rearing house was con-
tinued after the outbreak, for lack of housing capacity. The young animals
developed the symptoms of the disease 10 20 days after transfer. The disease
did not spread to the herds of growing cattle and dairy cows.

To clarify the aetiology, pathological exudations from diseased animals
and organs of carcases or emergency-slaughtered calves were submitted to
the laboratory for virus isolation and blood samples were collected for virus-
neutralization tests.

b) In another cooperative farm, 70 calves originating from the farm’s
own cow herd and 40 calves procured from elsewhere were maintained in the
rearing house. Calves had regularly been purchased from other farms also
earlier, but no notable disease occurred among the rearing animals until
February, 1968, when one month old calves began to show the same non-
characteristic general respiratory symptoms as observed in the other farm.
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The disease involved all age groups within 3 weeks, including the 2—3 weeks
old calves and later 4—5 days after transfer to the rearing house, even the young-
est animals became ill. The symptoms were most severe among the less than
2 months old calves, but only one of them died during the acute stage. The
majority of the calves developed a catarrhal-purulent pneumonia after the
acute stage and losses from death or emergency slaughter amounted to 21%.
Farm calves and purchased calves were equally affected. The disease did not
spread to the herds of growing cattle and dairy cows.

c) The cattle herd of a third cooperative farm consisted of 300 cows
reared in the farm and their offspring, and 80 pregnant heifers were purchased
for replenishment. The latter began to show respiratory symptoms 3 weeks
after their establishment with the herd. About half of the pregnant heifers
developed temperature up to 41 °C, severe dyspnoea, serous nasal discharge,
lacrimation, foamy salivation and a frequent, non-painful, moist cough. The
disease spread to the cows reared in the farm, causing symptoms in about 10%
of the group. Especially the first-pregnant heifers in advanced state were
severely affected: one died and two had to he emergency-slaughtered. The
other diseased animals recovered completely in 3—6 months and there was no
notable reduction in milk production.

Post mortem examination of the spontaneously died or emergency-
slaughtered calves revealed an acute extensive pulmonary emphysema and
many petechial haemorrhages on the tracheal mucosa. No ulcerations or ero-
sions were found either on the purple-red mucosa of the nasal cavity or on the
tracheal mucosa. No signs of inflammation were found in the lungs.

Two weeks after the outbreak had ceased among the pregnant heifers
and cows, the respiratory disease reappeared among fattener bulls and rearing
calves. Ninety of the 100 fatteners developed an essentially benign respiratory
disease, with non-characteristic general symptoms, such as temperature rise
to 41—41.5 °C, difficult breathing, serous nasal discharge, lacrimation and,
occasionally, foamy salivation and a frequent painful, dry cough. Only a single
fattener bull had to be emergency-slaughtered for severe illness, the rest re-
covered within one week. There was no pneumonial complication, but the
animals lost considerable weight during their illness.

The rearing calves, all originating from the cow herd of the farm, began
to show the non-characteristic respiratory symptoms simultaneously with the
outbreak in the fattener herd. The disease was in every respect similar to that
observed in the first two farms. The one-month-old age group was affected
first, then all age groups became involved within two weeks. Only 50% of the
rearing calves showed symptoms, which were most severe among the 2—3
months old animals. No loss occurred during the acute stage, but later pneu-
monia and complications caused the death of 14 calves, spontaneously or by
emergency slaughter, within 6 weeks.
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Samples of exudation from diseased animals and organs from carcases
were collected for virus isolation and paired serum samples were withdrawn
from diseased calves, fattener bulls and cows for demonstration of virus neu-
tralizing antibodies.

Virus isolations and serological tests unequivocally proved the responsi-
bility of IBR virus for the outbreaks in all three farms.

Materials and Methods

Nasal and conjunctival swabs from diseased animals were transported
to the laboratory in melting ice. Specimens of lung, pulmonary lymph node,
trachea, nasal mucosa, tonsil, spleen and liver from carcases were also trans-
ported under cooling. All test materials were processed within 24 hours.

The swabs were soaked and pressed in 2—3 ml Hanks’ or PBS solution,
the organ specimens were homogenized by grinding after addition of ten vol-
umes of Hanks’ solution containing penicillin and streptomycin. The organ
homogenates were centrifuged twice for 15 minutes at 3000 r.p.m., and 0.1 ml
amounts of each supernatant were inoculated into 4 calf kidney and 4 calf
testicle cell cultures.The cell cultures were prepared by the technique employed
in our institute, using Hanks’ solution as maintenance medium containing
0.5% lactalbumin hydrolysate. The inoculated cultures were incubated for
one week at 37 °C, the cytopathic changes occurring in the meantime were
followed up daily by low-power microscopic examination. Each culture was
carried through 5— 10 blind passages, set up at one-week intervals. If cyto-
pathic effect (CPE) has appeared, the passage was performed immediately.

The CPE was studied in greater detail in cultures stained with haemalaun
and eosin. The isolate was identified by neutralization test, using rabbit anti-
sera and 100 TCID&50 virus.

Results

Only 9 virus strains were isolated from 138 samples originating from cattle
showing the respiratory symptoms. All the isolates were obtained from acute
cases; no virus could be isolated from animals with pneumonia. Isolations were
also negative from cows (Table ).

Four isolates developed the specific CPE already in the first passage,
the other five isolates in the second passage. Syncytium formation, granulation
and condensation of chromatin along the nuclear membrane and Cowdry type
A nuclear inclusions appeared in the first passage 3—4 days, in further passages
after 1—2 days, after inoculation. The isolate proved to be chloroform-sensitive.
On the basis of these properties, the isolates seemed to belong to the Herpes-
virus group. This was confirmed by the subsequent serological tests, viz.,
exclusively the antibodies to IBR virus could neutralize the isolates (Table I1).
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Table 1

Isolation of IBR virus from test material

81

Nasal Conjunc- Nasal ) Spleen

discharge tival Stool Lung mucosa  Tonsil <+

discharge liver

Calves in acute stage 18/4* 15/1 4/0 3/1 3/0 3/2 3/0
Calves with pneumonia 15/0 15/0 0 8/0 8/0 5/0 3/0
Growing cattle in acute stage 6/1 5/0 0 1/0 1/0 1/0 1/0
Cows in acute stage 10/0 5/0 0 2/0 1/0 0 2/0

* The numerator shows the number of test materials, the denominator that of positive
virus isolations

Table 11
Identification of three isolates by virus neutralization test

Antiserum titres

Virus strain A Aujeszky’s Bovine adeno- Rhinopneumoni-
IBR virus disease virus tis virus
virus

IBR strain Nu/67 1:64 0 0 0
Isolate BU/68 1:32 0 0 0
Isolate BOI/68 1:32 0 0 0
Isolate HO/68 1:64 0 0 0
Aujeszky’s disease virus strain

lgar/59 1:128 0 0
Bovine adenovirus strain THT/62 0 0 1:128 0

Examination of paired sera of cattle from the infected herds revealed
the presence of virus-neutralizing antibodies to IBR virus in the second blood
sample. While such antibodies were invariably present in second blood sam-
ples from cows and fattener bulls, they were absent from about one third of
convalescent calf sera. The calves had considerably lower antibody titres
(1 :2—1 :16) than the adult cattle (1 : 4—1 : 256). Antibodies were also found
in the sera of some symptomless animals. The paired sera were also examined
for the presence of antibodies to bovine virus diarrhoea (BVD) virus and adeno-
viruses. If such antibodies were found at all, titre rises did not occur.

From the lungs of spontaneously died, or emergency-slaughtered animals,
corynebacteria and streptococci were isolated.

Discussion

In Hungary, the mass incidence of a febrile respiratory disease with non-
characteristic symptoms, but obviously of an infectious nature, has recently
been observed in numerous large cattle herds. The disease chiefly affected the
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1—6 months old rearing calves and seldom occurred among growing cattle
or dairy cows. About 50—80% of the calf herd developed acute symptoms
(41—42 °C body temperature, listlessness, serous nasal discharge, foamy sal-
ivation, reddening of the muzzle, difficult breathing) which progressed to
pneumonia as complication in the majority of the cases. A fatal outcome was
quite rare during the acute stage, but more than 20% of the calves that had
developed catarrhal-purulent pneumonia succumbed or had to be emergency
slaughtered. The disease took a benign course above 6 months of age: the severe
acute symptoms rarely progressed to pneumonia, thus losses did not exceed
1—2%. It isremarkable that neither calves nor adult cattle showed the ulcer-
ations characteristic of infectious bovine rhinotracheitis in the upper airways
(nasal cavity, trachea).

It is known from the literature and our own experience that among the
diseases caused by IBR virus the infectious rhinotracheitis of fattener cattle
and cows is manifested in the form of a characteristic ulcerative condition of
the upper respiratory tract. Mass incidence of a general respiratory disease due
to IBR virus was not previously reported among rearing calves. General re-
spiratory symptoms without characteristic change of the upper airways were
observed by Baker et al. (1960) in experimentally infected young calves and
by Kruiningen and Wolke (1963) in a few individuals of a large calf herd,
but these data did not at first lead us to the suspicion that the aetiological agent
of the outbreaks might be the IBR virus.

Initially the condition was attributed to respiratory infection by bovine
adenoviruses. However, we failed to isolate adenovirus, and adenovirus anti-
bodies, when found at all, had equal titres in the early and convalescent serum
samples. Bovine viral diarrhoea could be excluded on a similar basis.

IBR virus could be isolated in cell culture from several diseased calves,
but the attempts to isolate virus from the majority of acutely diseased calves
and from cows failed. We cannot offer any explanation for the negative results.
It was also remarkable that one third ofthe convalescent calves had no measur-
able antibody.

This general respiratory form of IBR can scarcely be differentiated from
other viral respiratory diseases on the basis of symptoms. Precise identification
requires the demonstration of a rise in the specific neutralizing antibodies.
The modes of diagnostic differentiation will be reported elsewhere.

Summary

A febrile disease with general respiratory symptoms has recently caused severe losses
in herds of 1—6 months old rearing calves and less often among growing cattle and breeder
cows. Fever up to 41—42 °C, listlessness, inappetence, serous nasal discharge and foamy sali-
vation were the most common symptoms. Breathing was difficult and, infrequently, there was
a painful, dry cough. Part of the animals recovered from the acute illness, the remainder
developed a chronic catarrhal-purulent pneumonia. The losses exceeded 20%. In adult animals
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the acute, non-characteristic, respiratory symptoms took a benign coarse and did not progress
to pneumonia. From the diseased calves IBR virus could be isolated in tissue culture.
The disease is epizootologically and clinically distinct from the five known pictures
(upper respiratory disease, viral vaginitis, encephalitis, conjunctivitis, abortion) caused by
IBR virus, and can therefore be regarded as the sixth disease entity due to this agent.
In Hungary, the sixth IBR virus disease has caused more losses in itself than the other
pictures together.
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The thick wall of the avian proventriculus (pars glandularis ventriculi)
consists, like the other parts of the alimentary tract, of three layers (tunica
mucosa, tunica muscularis and tunica serosa).

The specific functional part is the mucosa, above all the mucous epi-
thelium. Epithelial tissue dipping into the underlying propria forms the crypt-
like necks of the so-called glandulae propriai or “propriai glands” and the
glandular lobules in the submucosa. The latter have been termed “submucosal
glands”, on the basis of their localization.

The ventricular lumen, the necks of glandulae propriae, the alveoli of submucosal
glands and the epithelial lining of tubular outlets can be differentiated from one another
by light microscopy. Electron-microscope studies have as yet only been reported on sub-
mucosal glands (Selander, 1963; Toner, 1963, 1971). The electron-microscopic examinations
reported in this paper cover all epithelial cell types of the mucous membrane.

The proventriculus of the avian embryo begins to separate from the gizzard on the
fifth day of incubation (Dawson and Moyer, 1948; cit. Bell and Freeman, 1971). Ac-
cording to Kuo and Shen (1936; cit. Bell and Freeman, 1971), at 8—9 days there are
already indications of peristalsis. Luppa (1962) and Toner (1965) reported that secretion
of gastric acid and enzymes set in at 11—13 and 12— 16 days, respectively, in connection
with swallowing of protein by the embryo. From the 18th or 19th day of incubation, the
embryonic proventricular glands were found to be morphologically identical with those of
the adult bird (Luppa, 1962).

The shape, structure and localization of submucosal glands were investigated by
Schreiner (1900; cit. Kovacs 1928), Kovacs (1928), Calhoun (1961), Guzsal (1963) and
Michel (1971) and histochemical studies were reported by Chodnik (1947; cit. Bell and
Freeman, 1971), Luppa (1962), Michel (1971), and Bell and Freeman (1971). Browne
proposed already in 1922 that the avian proventriculus is analogous to the mammalian
stomach, and Toner (1963) and Selander (1963) supported this by studying the ultrastructure
of the so-called oxynticopeptic cells of birds, cells producing both gastric acid and enzymes.

Materials and Methods

Healthy, adult W hite Leghorn and Lohman hybrid chickens (75% roost-
ers, 25% layers) were used. Specimens for electron-microscopy were fixed
in a 2.5% glutaraldehyde solution and, subsequently, in Millonig’s 1% 0s04
solution for 90 minutes. After dehydration in step-graded ethanol, the speci-
mens were embedded in Durcupan ACM and cut into sections in a Reichert
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OmU?2 ultra-microtome. Semi-thin sections were stained with 1% toluidine
blue, ultra-thin sections were counterstained with uranyl acetate and lead
citrate. The electron micrographs were prepared in the Department of Patho-
logical Anatomy, University of Veterinary Science, Budapest, using a TESLA
BS 613 type electron microscope.

Results

The tall columnar cells of the mucous epithelium bear relatively few,
short microvilli (Fig. 5). The cytoplasmic processes of the latter are covered
hy the cell membrane, associating at the surface with a delicate filamentous
layer, the mucopolysaccharide coat, corresponding to one form of the glyco-
calyx. The lateral cell membranes have apically smooth contours, but extend
many cytoplasmic processes at the basal part, thus increasing the cell surface
(Fig. 6). The neighbouring cells are linked apically with a terminal bar, followed
hy desmosomes, common membraneous appositions and wide intercellular
spaces (Figs 7—8). Invaginations of the cell membrane at the basal part par-
tition the cytoplasm in that region. There is distinctive basement membrane
beneath the epithelial cells. Mucin granules of irregular shape and variable
electron density localize in the supranuclear region of the electron-dense cyto-
plasm. Each granule is surrounded by a limiting membrane. Some of the gran-
ules are associated with the cell membrane, others are patent towards the
luminal side, having obviously emptied the contents into the lumen (Figs 7—8).
The mitochondria have diverse shapes and the hulk of them localizes in the
supranuclear zone. The well-developed Golgi-apparatus is localized supra- and
paranuclearly. Apart from free ribosomes, a distinctive coarse endoplasmic
reticulum is seen in the perinuclear zone of the cytoplasm. The elongated
nucleus is basally placed and contains a medium amount of chromatin. The
chromatin pattern varies with the fixation technique, hut chromatin usually
aggregates nearby the nuclear membrane. There is a prominent nucleolus
(Fig. 6).

The cells of the glandulae propriae are somewhat less tall than the super-
ficial mucin-producing cells, hut do not notably differ in structure from the
latter.

The lining epithelium of the submucosal gland outlet consists of tall
columnar cells (Fig. 2). The apical parts of the cells are slightly bulging into
the tubular lumen and only very few' cytoplasmic processes extend from
the cell surface. The cells are linked basally by a terminal bar, laterally by
intricate interdigitations; in places intercellular space and desmosomes are seen
between neighbouring cells (Fig. 9). The cytoplasmic membrane forms creases
and folds at the cell base. A distinctive basement membrane separates the
epithelium from the connective tissue (Fig. 10). Collapsed tubules and vesicles
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Fig. 1. Proventricular lining and crypt epi- Fig. 2. Transition between submucosal gland
thelium. Semi-thin _section, toluidine blue, and duct epithelium. Note mucin in the api-
X1000 cal part of one cell. Semi-thin section, to-

luidine blue X 1000

Fig. 3. Tubular neck of submucosal gland in Fig. 4. The apical part of oxyntico-peptic cells

transversal section. Note details of undifferen-  dips into the tubular lumen. In the cytoplasm,
tiated cells among the oxyntico-peptic cells. mitochondria and granules of secretion.
Semi-thin section, toluidine blue, X 1000 Semi-thin section, toluidine blue X 1000
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Figs 5—6. Lining epithelium of proventricular lumen and crypts. Mucin granules localize
in the apical region; nearby the surface some granules are empty. The intercellular spaces
are more distinct basally than above. X9723

are seen in the apical part of the cytoplasm. The relatively short mitochondria
characteristically localize above the nucleus; these contain few cristae and
vary in shape, being round, elongated or irregular (Fig. 9). The indistinct
endoplasmic reticulum localizes in the perikaryon. The cytoplasm is inter-
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Figs 7—8. Mucin granules of various shape, size and electron density localize in the apical
parts of luminal and crypt epithelium cells. Some granules are empty, with only the limiting
membrane left. A terminal bar links the apical parts of the cells with one another. X 21,000

wined by a delicate filamentous network. Most ribosomes are free, but some

are associated with the endoplasmic reticulum.
The cuboidal or low columnar oxyntico-peptic cells are the characteristic
component of the submucosal glands (Figs 3 4). These cells, performing the
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Fig. 9. Apex of epithelial cell from glandular outlet, containing round and irregular
mitochondria and a delicate mesh of filaments (cytofilaments). X 19,800

Fig. 10. Perinuclear and basal regions of the cell shown in Fig. 9. A cytoplasmic invagination
extends into the nucleus. Note partitions at the basal part. X 10,649

functions of both of mammalian chief cells and oxyntic cells, possess the com-
bined properties of both. Changes of shape and structure are closely related
with the given functional state of the cell. If the stomach is empty, the
submucosal gland epithelium cells widen at the basal part, the narrowed apex
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Fig. 11. Argentophilic cells wedged between oxyntico-peptic cells. Detail of a capillary vessel
is seen in the loose fibrous tissue beneath the basement membrane. X 6945

bulges into the tubular lumen anti the free surface of the cell is mooth. The
neighbouring cells contact apically only by loose cytoplasmic processes and
there is a shift of the terminal bar towards the basal cell region sothat a closer
contact exists only between the basal two-thirds of the cells. Intercellular
junction is represented by interdigitation. The basal cell surfaces are increased
by invaginations of the cytoplasmic membrane at the basal part. The main
characteristic of such cells is the presence of many large mitochondria; (Figs
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Fig. 12. Oxyntico-peptic cell with an intranuclear inclusion, surrounded semicircularly by
undifferentiated cells. The endoplasmic reticulum is markedly distended. X 6945

11  12) these are round, with many cristae, and localize supra- and paranuc-
learly.A system of vesicles and tubules is found in the apical part of the cells
(Fig. 13). The well-developed coarse endoplasmic reticulum localizes perinuc-
learly and basally (Figs 11 12). A rich Golgi complex extends around the
nucleus (Fig. 14). Granules of secretion are chiefly found in the apical region,
but several paranuclear granules are also seen. The zymogen granules are
homogeneous and vary in electron density (Figs 4, 16). Lysosomes vary in
number and size (Fig. 14). The nucleus is large, round, rich in chromatin and
is slightly basally placed. Chromatin is abundantly present in the karyoplasm
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Figs 13—14. Cytoplasmic organelles of oxyntico-peptic cells. There are many mitochondria,
tubules and vesicles, a bulky, distended coarse endoplasmic reticulum, a well-developed
Golgi complex, lysosomes and granules of secretion. X21 000

and the nucleolus is prominent (Figs 4, 11). Nuclear inclusions, surrounded
by a limiting membrane and differing in density from the nucleus, are occa-
sionally also seen (Figs 12, 15). Empty cells are slimmer and taller than those
carrying secretion, their free surface is smoother and intercellular contact is
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Fig. 15. The close joint of the nuclear membrane and endoplasmic reticulum is well shown.
In the caryoplasm there is a globular electron-dense inclusion. X 42,000

Fig. 16. Resting oxyntico-peptic cell. Many zymogen granules accumulate in the cytoplasm
in this phase. X6945

closer even above the terminal bar (Fig. 11). Cells beneath the terminal bar
develop more complex interdigitations. In resting cells the number of vesicles
is markedly decreased and the secretion granules are empty.The granular endo-
plasmic reticulum dips deeper into the apical cytoplasm, and its distended
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ductuli are filled by an electron-dense, homogeneous substance (Figs 11, 12,
15). The nucleus becomes slightly displaced towards the luminal surface.

Argentaffin cells also occur among the mature and undifferentiated
(“fibrillovesicular”) oxyntico-peptic cells (Figs 11, 12). These localize along
the basement membrane between columnar epithelium cells. The cytoplasm
contains uniform, round, membrane-coated electron-dense granules, an un-
developed endoplasmic reticulum and a few, small mitochondria. The nucleus
is round and centrally placed.

Discussion

It is generally accepted that the gastric juice of birds is produced by
cells localizing in the thick wall of the proventriculus.

The majority of investigators Kovacs, 1928; Luppa, 1962; Guzsal, 1963;
Michel, 1971) are in accord that the gland epithelium cells localize in the
propria (or superficial propria) and submucosa (or deep propria), but fail to
agree in respect of the presence or absence of a muscularis mucosae.

Others (e. g. Calhoun, 1961) have doubted the existence of superficial
glandulae propriae, stating that mucosal folds and recesses are coated by a
simple columnar epithelium.

In the present study no notable ultrastructural difference was observed
between lining epithelial cells of the proventricular lumen and glandulae
propria cells. The columnar epithelial cells resemble in structure the mucin-
secreting cells lining the lumen and recesses of the mammalian stomach. Ac-
cordingly, the submucosal glands of the avian proventriculus are analogous
to the grooves (sulci) of the mammalian stomach.

The avian proventriculus was first compared with the genuine mammalian
stomach by Browne (1922; cit. Kovacs, 1928). Subsequent light-microscopic
studies disclosed the intricate system of submucosal glands and the exocrine
nature of the gland epithelium (Aitken, 1958; Luppa, 1962; Calhoun, 1961;
Guzsal, 1963). Luppa (1962) concluded from topochemical studies that produc-
tion of HC1 and pepsin is also taking place in the proventriculus, but this awaited
later electron-microscopic evidence. The ultrastructure of submucosal gland epi-
thelium cells was found to be an intermediary type between the mammalian
chief cells and oxyntic cells (Setander, 1963; Toner, 1963) and the term
“oxyntico-peptic cells” was coined on a functional basis. The number of intra-
cytoplasmic zymogen granules, vacuoles and vesicles, as well as the cell shape
differed in fasting and histamine-stimulated birds (Setander, 1963; Toner,
1963). According to Chodnik (1947), each cell is an independent functional
unit, whence they do not release secretion simultaneously. In the present study,
all oxyntico-peptic cells were found to be in the same stage of secretory ac-
tivity.
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Under physiological circumstances poultry consume food ad libitum ;
thus, taking into consideration the storage of food in the crop, gastric secretion
may well take place continuously. Apart from the quality and quantity of
food, the part of the day also plays a role in the intensity of secretion. As no
food is consumed overnight, zymogenic granules and vacuoles accumulate
in the cells — probably under neurohormonal regulation — and their quanti-
tative increase alters the morphology of the cell. Food intake in the morning
is followed by release of the secretion accumulated overnight. The morphologi-
cal signs of this process are, among others, the release of zymogen granules,
decrease of intra-cytoplasmic vacuoles in number, increase of the cell surface,
etc. This can account for the finding that the oxyntico-peptic cells of chickens
killed at dawn resemble those of starved chickens whereas feeding or stimula-
tion with histamine gives rise to similar changes in these cells.

Acknowledgements

The author is indebted to Dr. E. Guzsal, Associate Professor, for valuable advice,
to Dr. P. Kapp, Associate Professor and his coworkers for preparing the electron micrographs.
Thanks are due to Dr. B. Lovas, Senior Research Worker, for the instructions kindly given
to the author in electron microscopic techniques.

SUMMARY

Cell types of the mucous epithelium of avian proventriculus were studied by electron
microscopy in specimens from chickens of both sexes.

Cells of the lining epithelium of proventricular lumen and the epithelial cells of “glan-
dulae propria” were found to be similar in structure to the superficial mucin-secreting cells
of the mammalian stomach. As the lining epithelial cells and crypt cells did not notably differ
in any ultrastructural detail, the terminological distinction of the latter as “glandulae pro-
priae or propriai glands” seems to be unnecessary.

The greater part of the proventricular wall is occupied by the submucosal glands,
which form many roundish or irregularly-shaped lobules. The tubular alveoli are, like in the
lower vertebrates, lined by the so-called oxyntico-peptic cells. The ultrastructure of these
cells owing to their dual function represents a special intermediary type between the chief
cells and oxyntic cells of mammals. The oxyntico-peptic cells perform synchronously a con-
tinuous secretory activity. As poultry consume food ad libitum, the intensity of secretion
chiefly depends on the part of the day.

Among mature oxyntico-peptic cells, undifferentiated forms and “argentophilic”
cells were also encountered.
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The occurrence of diplomastigine flagellates in fish intestine has long been known
but only the species parasitic in salmonids have been studied in greater detail (Schmidt,
1920; Moore, 1923; Davis, 1926). Scanty data are available on the diplomastigines of aquary
fishes (Schaperclaus, 1954; Reichenbach—Klinke, 1966; Kulda and Lom, 1964a),
and only brief reference has been made to such parasites of cyprinids (Schmidt, 1920; Rei-
chenbach—Klinke, 1966; Chen, 1956).

A disease of the fry, usually referred to as “octomitosis”, is commonly occurring in
trout pond farms. Kulda and Lom (1964b) have attributed it to Hexamita salmonis (Moore,
1923), a species mentioned by Schaperclaus (1954) under the name Octomitustruttae. Accord-
ing to Schaperclaus, this parasite occurs not only in trouts, but also in aquary fishes
(Pterophyllum, Cichlasoma and Heterandria species), but Kulda and Lom (1964a, b) showed
that Hexamita salmonis is strictly specific for salmonids and as such distinct from the parasite
found in the angel fish (Pterophyllum scalare), which they identified as the amphibian parasite
Spironucleus elegans (Lavier, 1936). Reichenbach- Klinke (1966) agreed with Kulda
and Lom, but remarked that hexamita-like parasites probably belonging to the species Spiro-
nucleus elegéns (Lavier, 1936) also occur in the common carp. This accords well with the
earlier observation of Schmidt (1920), but attempts for the experimental transfer of Spiro-
nucleus elegéns to cyprinids indigenous in Europe failed (Kulda and Lom, 1964b). Out of
the cyprinids other than the common carp, only the grasscarp (Ctenopharyngodon idella)
was found to harbour a diplomastigine species in the gut, which had originally been described
in China (Chen, 1956) as Hexamitus sp. but, on the basis of the original description, Kulda
and Lom (1964a, b) have believed it to belong to the genus Spironucleus.

The pathogenic effect of hexamites depends, according to Davis (1956), chiefly on
environmental factors and death is caused by enteritis. Schaperclaus (1954) and Reichen-
bach—Klinke (1966) reported that Hexamita (Octomitus) salmonis was occasionally found
in the blood of trouts and Hexamita (Octomitus) intestinalis in that of frogs and tortoises.

No literary data are available on the pathogenic importance of diploma-
stigine flagellates parasitic in cyprinids and littleis known about the similar
parasites of aquarium fishes. The present study contributes some new data
to the knowledge of diplomastigins and of the pathomechanism of the disease
caused by them, on the basis of fatal infections occurring in certain fish species
indigenous in Hungary.

Material and Methods

The examined fishes originated from various pond farms, from the river
Danube and from aquarium breeds.

In the majority of the cases, only the occurrence of parasites was es-
tablished, but if the host showed symptoms, detailed examinations were car-
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ried out. In such cases the parasites found in the fresh carcases or in killed
fishes were examined in stained and unstained preparations. The smears were
stained with the techniques of Giemsa, Pappenheim and Farkas-Mallory
after fixation in methanol. The affected organs were fixed in 4% formalin,
embedded in paraffin, and the sections were stained with haematoxylin and
eosin or with the Farkas-Mallory technique.

Results

Diplomastigine flagellates were often found in the gut of cyprinids.
The majority of grasscarps (Ctenopharyngodon idella) harboured the Spiro-
nucleus (Hexamitus) sp. described by Chen (1956).

Similar parasites were occasionally encountered in the gut of bigheads
(Hypophthalmichthys nobilis) and common carps (Cyprinus carpio) from pond
farms and in that of Chondrostoma nasus and Barbus barbus fishes taken from
the river Danube. Aquarium fishes, above all the angel fish (Pterophyllum
scalare), were also found to harbour diplomastigines.

Morphological observations

All diplomastigines were characteristically equipped with 3 pairs of
anterior flagellae and one pair of posteriorly pointed flagellae. These structures
were only seen in unstained preparations, in the premortal stage when the
movements of the parasite had slowed down. In stained preparations (Giemsa,
Pappenheim) there was no indication of flagellae, only of their intracellular
portions, which took on a pale blue stain against the darker blue cytoplasm
and the red-staining nucleus. In smears stained with Farkas-Mallory’s tech-
nique, many vacuoles became apparent in the homogeneous pink cytoplasm,
which, like the nucleus, did not take on the stain. The protozoon can be re-
cognized by the poor staining affinity of the nucleus and vacuoles also in histo-
logical sections of necrotic liver tissue (Fig. 2). The measurements of the para-
sites are almost identical in live and fixed state; diplomastigines from the liver
of Barbus barbus measured 10—12 by 5—9 /im, those from angel fish 7—9 by
3—5 jum and those from grasscarp 8— 10 by 4—7 pin. All parasites had an
oval or long oval shape.

The generic classification of diplomastigine flagellates (Octomitus, Hexa-
mita, Spironucleus) is based on nuclear morphology. Such studies were not
possible in the frame of the present work hut, accepting Kulda and Lom’s
opinion (1964a, b), | have tentatively classified the parasites into the genus
Spironucleus Lavier. The protozoon found in the grasscarp is clearly identical
with Chen’s (1956) diplomastigine, and the identity of the aquary fish
parasite with Spironucleus elegans Lavier, 1936, is at least very probable. Since,
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however, literary data on the diplomastigine of Barbus barbus are lacking,
it has remained to be clarified whether the Spironucleus parasites occurring
in the gut of European cyprinides are identical with Spironucleus elegans
Lavier 1936 or other known Hexamita or Spironucleus species, or they represent
a new species not previously described. Until information is emerging from de-
tailed studies, | refer to them as Spironucleus sp.

Pathogenicity of the parasites

Losses due to Spironucleus parasites were observed in three fish species.

“Spironucleosis®™ of the grasscarp. The parasite described by Chen
(1956) as Hexamitus sp. and classified by Kulda and Lom (1964a,h) into
the genus Spironucleus were found in the posterior two thirds of the gut of
the grasscarp, occasionally in very large numbers. In some ponds 100% of
the grasscarps were infected. The intensity of infestation was greatest among
the one-summer and two-summer fishes. The establishment of many para-
sites in the gut caused gross lesions: the mucous membrane exhibited red-
dening over the posterior two thirds of the gut and the vessels of the serous
membrane were injected.

Losses attributable to spironucleosis in itself were not observed. A 17 cm
long one-summer grasscarp kept in an aquary showed a severe ascites. As the
case was suspect of infectious dropsy, sample was taken for bacteriological
examination. The volume of the abdomen increased enormously, exophthal-
mia developed and the scales were slightly ruffled (Fig. 1). On abdominal in-
cision a large amount of yellowish-reddish, jellinaceous serum was discharged
from the abdominal cavity. The vessels of the intestinal serous membrane and
of the mesentery were injected and the posterior segment of the gut appeared
as a red tube among the abdominal organs. Some areas of the liver showed a
brownish-grey discoloration. Mucosal scrapings from the purple mucous mem-

Fig. 1. Ascites of grasscarp due to spironucleosis
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brane of the posterior gut contained masses of Spironucleus parasites. The
abdominal exudation was bacteriologically negative, containing only a few
red blood cells. Histologically an early stage of necrosis was found in the liver
and haemorrhagic enteritis in the gut. The propria of the intestinal mucosal
folds and the submucosa contained red blood cells and unidentifiable cellular
elements. The vessels were dilated and in places haemorrhages were seen under
the serosa. The mucosal epithelium was injured and many necrotic epithelial
cells and red blood cells were found in it.

Fig. 2. Spironucleus sp. in colliquated liver tissue of a Barbus barbus fish

“Spironucleosis™ of Barbus barbus. The fresh carcase of a Barbus bar-
bus fish, taken of the Danube river, was markedly cachectic and was there-
fore examined in greater detail. The backline of the 50 cm long fish was
quite sharp and its ribs showed through the skin. On abdominal incision,
about 100 ml of yellowish-reddish fluid was discharged from the abdominal
cavity. The probosces of Pomporhynchus laevis (Acantocephala) were protrud-
ing from the serous membrane over an about 10 cm long portion of the
gut, spaced at 5 mm distance from one another. The parasites localizing in
the lumen were clearly visible through the thinned intestinal wall. In the
liver portion localizing in the intestinal loop, at the site where the probosces
of Pomporhynchus punched the intestinal wall, there was a greenish-yellow,
necrotic, friable liver lesion, about 3 cm in diameter (Fig. 3). The necrotic liver
portion was packed with Spironucleus parasites. About 120 Pomporhynchus
laevis parasites were found in the exposed intestinal lumen (Fig. 4). Scrap-
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Fig. 3. Necrotic detail of liver adjoining the gut portion punched by probosces of Pompo-
rhynchus in spironucleosis of a Barbus barbus fish

Fig. 4. Exposed gut of a Barbus barbus fish. Note the many Pomporhynchus laevis parasites
in the intestinal lumen and residues of necrotic liver portion on the serous membrane

ings from the slightly reddened intestinal mucosa also contained many Spiro-
nucleus stages, hut no parasites were found in the bile and abdominal fluid.

The liver and the gut portion invaded by Pomporhynchus and proto-
zoa were examined histologically. The gut showed but little change: apart
from cross-sections of Pomporhynchus parasites in the lumen, the only ab-
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normality was the extravasation of a few red blood cells in the propria. The
continuity of mural tissue was interrupted by the probosces protruding into
the abdominal cavity and the accumulation of fibrous connective tissue in
their surroundings. The probosces and the surrounding connective tissue ex-
tended beyond the serous membrane into the liver parenchyma. These parts
of the liver were necrotic and the parenchyma transformed to a structureless
mass, owing to colliquation necrosis. Apart from colliquated tissues, cell debris
and many Spironucleus parasites were found in the necrotic liver portions
(Fig. 1). In the areas adjoining the intact liver tissue, nuclei deprived of cyto-

Fig. 5. Necrotic and relatively sound details of liver parenchyma in a Barbus barbus

plasm and groups of disintegrating liver cells were seen. Within intact rows of
cells island-like small or larger areas showed early or advanced degeneration
(Fig. 5). Swelling and liquefaction of the damaged cells was soon followed by
nuclear disintegration.

“Spironucleosis’” of aquary fishes. Spironucleus parasites were often
found in the gut of aquary fishes in the course of routine examinations. In
one case losses in an angel fish stock amounted to 50%. Two individuals
from this stock, a fresh carcase and an appearently healthy fish were autop-
sied. The dead fish exhibited reddening of the skin, haemorrhages and ul-
cerations, especially in the region of the head. Spironucleus parasites were
abundantly present in muscle specimens taken from the affected parts.
The parasites were localized in vessels and in interstitial haemorrhages. Many
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Spironucleus diplomastigines were also found in the gut, gallbladder and vis-
ceral organs. A haemorrhagic enteritis similar to that found in the grasscarp
was observed. The healthy appearing fish showed slight catarrhal lesion in the
gut and a turbid bile, but no other gross lesions. Masses of Spironucleus par-
asites were nevertheless present in the gut and gallbladder, and a few spec-
imens were even found in impressions of muscle originating from various
parts ofthe body. Both fishes harboured many Capillaria (Nematoda) stages in
the gut, 32 and 47 specimens, respectively.

Discussion

As the affected fishes were bacteriologically negative, hut masses of
Spironucleus parasites were found in the changed organs, it seems fairly certain
that the losses were due to Spironucleus infection. Consideration should be,
however, also given to the fact that in every case, predisposing factors had
aggravated the course of the parasitic disease.

In the case of grasscarps, long fasting and retention of a small amount
of chyme in the gut clearly favoured the multiplication of Spironucleus and
the development of enteritis. The parasites reached the blood stream and liver
across the injured intestinal wall, without infecting the gallbladder. The ap-
pearance of exudation in the abdominal cavity was a sequal to haemorrhagic
enteritis.

Spironucleus sp. can also be held responsible for the liver necrosis develop-
ing in Barbus barbus fish. The absence of lesions from the gallbladder and
biliary ducts suggests that Spironucleus stages gained access to the liver
through the tissue injuries caused by Pomporhynchus laevis. As emaciated
Barbus barbus specimens are very frequently encountered and mass losses
have often been observed among the population in the Danube habitat, it
seems highly probable that a complication of Pomporhynchus infection by
spironucleosis is a much more frequent occurrence that might be inferred from
the case described in the foregoing.

The fact that Spironucleus sp. was demonstrable in the blood of many
aquarium fishes, including those free from symptoms, clearly shows that these
parasites, regarded by many authors as harmless gut dwellers, may invade
the body of the host and therefore the Spironucleus spp. parasitic in the gut
of various fish species have to be regarded as organisms capable of causing
parasitaemia under given conditions.

It is concluded from the results that the spironucleosis of cyprinids and
aquarium fishes is a disease similar in nature to trout octomitosis.

Aeta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



106 MOLNAR

Summary

Case reports of “spironucleosis” among cyprinids and aquary fishes are presented
and the conclusion is drawn that the pathogenic importance of diplomastigine flagellates for
these species is similar to that of the so-called octomitosis for trouts.

The diplomastigine flagellates, tentatively classified by the author as Spironucleus sp.,
occasionally caused losses among grasscarps, Barbus barbus fishes and angel fishes. Barbus
barbus showed enteritis, liver necrosis and serous exudation into the abdominal cavity, whereas
angel fishes showed apart from enteritis haemorrhages and ulcerations over the entire body
surface, above all in the head region. In dead or diseased fishes, diplomastigine flagellates
which are typical gut parasites, also appeared in other organs, in the liver of Barbus barbus
and in the peripheral blood of the angel fish.
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There is little information available on the thermosensitivity of the haemolysin of
Escherichia coli. Lovell and Rees (1960) described the so-called filterable haemolysin of
E. coli organisms grown in synthetic media, which was later characterized by Snyder and
Koch (1966) as thermostable. As in our related studies (Muranyi and Juhasz, 1971) the
filterable haemolysin effect proved to be due to acids produced by E. coli cells its thermosta-
bility does not seem to warrant further examinations or explanation.

Snyder and Koch (1966) also studied the thermosensitivity of cell-bound E. coli
haemolysin. E. coli organisms grown in Beef Heart Infusion Broth (DIFCO) for 4—10 hours
lost haemolysin capacity during a treatment for 1 hour at 56 °C.

The present studies were undertaken to examine the behaviour towards
heat of cell-associated E. coli haemolysin and to clarify whether there is rela-
tionship between the reduction of germ count and fall of the haemolysin titre.

The results were evaluated mathematically.

Materials and Methods

The E. coli P 105 (0 138 : K 81) strain, isolated from swine, was used
throughout. Treatment at different temperatures was carried out in a water-
bath. The haemolysin test was set up and germ counts were determined im-
mediately after heat treatment.

Undiluted culture or its twofold serial dilutions in saline containing
0.005 M and a 1% suspension of three times washed sheep erythrocytes were
used in the haemolysin test. The results were read after an incubation for 2
hours at 37 °C. Germ count were determined according to Miles and Misra
(1938).

The mathematical evaluation was made by means of a Hewlett-Packard
9810 A computer.

Results and Discussion

Preliminary experiments showed that while the heat treatment minimized
or even stopped the haemolytic activity, it scarcely altered the germ count,
if at all. Haemolytic activity ceased at 56 °C already in 30 seconds and at 50 °C
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in 15 minutes. Meanwhile the E. coli count fell only by about one logarithmic
order, which might well have been due to the error of the method.

It follows that the bacterial cell suspension may lose its haemolytic
activity without a notable alteration of the count of viable germs. It is, there-
fore, possible to select a temperature range and time interval within which
the reduction of the haemolytic titre can be followed up with the germ count
unchanged. Testing of samples every 5 or 10 minutes showed that titre de-
crease and cessation of the haemolytic activity need a well defineable time of
heating. The results are shown in Fig. 1 and Table I.

GERM-COUNT GERM-COUNT GERM-COUNT
GERM-COUNT GERM-COUNT GERM-COUNT GERM-COUNT
20 A 60 min 10 20 min 10 20 min 12 3 4 min
46° 48° 50° 52°
Fig. 1. Haemolytic titres and E. coli counts during treatments at different temperatures.
——————- haemolytic titre ;--—--—--- - E. coli count
Table 1

Loss of haemolytic activity at different temperatures

Heat Beginning of titre Disappearance of
treatment decrease activity
at °C (minutes) (minutes)
40 180 180
42 60 80
44 30 70
46 30 50
48 15 20
50 10 15
52 2 3
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A mathematical correlation was then sought between titre changes and
temperature of heat treatment. It was already inferred from the reading of
the numerical values that such a correlaton exists in the temperature range
between 42 and 50 °C. The mathematical analysis substantiated this implica-
tion. Titre changes at 40 and 50 °C differed markedly from the other values
measured. Examinations of the values of initial decrease and disappearance
of the haemolytic activity in the function of time showed that the phenome-
non can best be characterized by an exponential regression. The logarithms
of the times of the first appearance of titre decrease were plotted against the
temperature of treatment. The results are shown in Fig. 2.

log time

t
Ox

X

O

o mr pa [ s 50 52 °C

Fig. 2. Loss of haemolytic activity in the function of time. 0 and — — - time of the
first demonstrable titre decrease; X and --------- disappearance of activity

The equation of regression for the initial titre decrease is

Y'= 5.63 — 0.09 X,

where Y ’is the base-10 logarithm of time in minutes and X is the temperature
of heat treatment in °C.

At 0.05 probability level the confidence limits are —0.05 and —0.13.
The correlation coefficient r differs from 0 at P < 0.01 level, indicating a
good correlation between the variables X and Y’, even with the relatively low
number of measurements performed.

The equation of regression for the disappearance of the haemolytic activ-
ity is

Y'= 6.18 — 0.10 X,

where the dimensions of the values of X and Y’ are the same as above and
confidence limits at 0.05 level are —0.05 and —0.15.

Similar to the initial titre decrease, the r correlation coefficient (—0.96)
differs from 0 at the P < 0.01 level.
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It seemed important to ascertain whether the two regression lines are
in fact parallel. As

where 61 and b2indicate the slopes of the regression lines (coefficients of X)
and Sdis computed by the formula*

N Error SQi -|- Error SQ2
= SQx{n - 2)

the result is t = 0.35, which corresponds to P > 0.05. Thus the slopes of the
two lines do not differ significantly, viz., the logarithms of the time of initial
titre decrease and of disappearance of the haemolytic activity change parallel
in the function of temperature.

As the determinations were carried out at 5-minute intervals and titre
measurements were based on twofold serial dilutions, a still greater accuracy
of results can be expected from the use of more refined parameters. The curves
for changes of the haemolysin titre at 42, 44 and 46 °C on the one hand and
at 48 and 50 °C on the other differ in type because more measurements than
available would have been required for an accurate plot of the disappearance
of haemolysin action. This does not, however, affect the regression correlations
demonstrated in the foregoing because these exist between the initial point
and end point of the inactivation of haemolysin.

Summary

Examinations of the cell-bound haemolysin of E. coli showed that haemolytic activity
disappears on heat treatment, whereas the viable germ count is scarcely affected. In the
temperature range from 42 to 50 °C, the time values of the initial titre decrease and of the
disappearance of the haemolytic activity showed an exponential regression when plotted out
in the function of time. The initial titre decrease and final disappearance of titre ran parallel
in the transformed system.
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The clarification of the aetiology of the transmissible gastroenteritis
(TGE) of swine was soon followed by studies on its therapy and prevention.

Swine which recovered from the disease acquire an active immunity, as shown by the
appearance of antibodies in blood and colostrum (Haeltermann and Hutchings, 1956;
Harada et al., 1967; Gualandi, 1957; Szent-lvanyi et al., 1964). The antibodies were
demonstrable in animal experiments (Young et al., 1953) and in vitro (Haeltermann and
Hutchings, 1956; Lee, 1956; Cartwright et al., 1964; Harada et al.,, 1967). The colostral
antibodies protect piglets from TGE born in an infected environment. If colostral protection
is absent, the newborn animals contract the disease and many of them die (Haeltermann
and Hutchings, 1956; Szent-lvanyi et al., 1964). To ensure colostral protection, investigat-
ors in various countries fed to sows exposed to TGE the intestines of piglets died of TGE
(Bay et al., 1953; Saunders et al, 1965; Bohl, 1967; Haeltermann, 1963). Such experi-
ments were also carried out in Hungary (Fehérvari, 1969).

Certain authors used virus propagated in tissue culture for this purpose (Thorsen
and Djurikovic, 1970), others fed newborn piglets with whole blood or serum from conva-
lescent sows several times on the first days of life (Haeltermann, 1963; Noble, 1964;
Saunders, 1964; Vishnyakov and Gorsheva, 1961; Djurickovic and Thorsen, 1970).
Attenuation of the virus by tissue culture passages and vaccine production from the at-
tenuated strain was also attempted, using dog kidney (Welter, 1965) or swine kidney
cell cultures (Thorsen and Djurikovic, 1970).

Studies on the behaviour in SPF piglets of a TGE virus strain (CKp) adapted to swine
thyroid cells have been reported by us (Csontos and Szent-lvanyi, 1971).

On the basis of the results obtained on a laboratory scale, an experimental

vaccine was prepared from the CKp strain and was tested in a field trial, which
is the subject of this report.

Material and Methods

Tissue cultures. Primary pig kidney and secondary swine thyroid cell
cultures, prepared as described earlier (Csontos and Szent-lvanyi, 1971)
were applied.

Virus strains. The 42nd tissue culture passage of the CKp strain was
used for vaccine production. The centrifuged supernatants of 1 : 10 organ sus-
pensions prepared from intestines of piglets died of TGE were used for chal-
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lenge. The infectious material was prepared before the experiments and was
stored at —20 °C until used. The titre of the vaccine was 1045—1065TCID 50/ml
and it was applied intranasally.

Virus neutralization test. This was carried out in secondary swine thyroid
cell cultures with serial serum dilutions.

The milk whey was separated by clotting. Serum and whey samples
were inactivated for 30 minutes at 56 °C. Equal volumes of virus containing
100 TCID5J0.1 ml was added to each dilution and the mixtures were incubated
at 37 °C for one hour. Finally 2—3 tube cultures were inoculated with 0.2—
0.2 ml of each dilution. The test was finally read five days p.i.

Innocuity tests

The CKp strain was carried through 14 passages in pig kidney cell cul-
tures and subsequently through 27 passages in swine thyroid cell cultures.
The 42nd passage of the strain was tested for innocuity on SPF piglets a few
days old (Csontos and Szent-lvanyi, 1971) and on a susceptible sow, which
was given intranasally 5 ml undiluted tissue-culture virus immediately before
farrowing.

Vaccination Vaccination of
piglets

Fig. 1. Results of innocuity testing of the vaccine strain

The sow showed no symptoms after vaccination and out of the 11 pig-
lets born 2 days later, only one had a slight diarrhoea for one day. Blood
samples were taken from the sow and her litter at regular intervals to check
the antibody level. The results are shown in Fig. 1. The appearance of anti-
bodies in the blood of the piglets indicates that the virus was excreted by the
SOW.

The vaccine was tested in two isolated herds. Seventy-seven sows were
vaccinated during the second term of pregnancy. The vaccinées did not show
symptoms.
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Immunization experiments

The vaccine trial was carried out in two sow herds in which TGE had not
occurred. The susceptibility of the sows was confirmed by the serological ex-
amination of prevaccination blood samples. In the first herd 34 of the 70 sows
were vaccinated. Those which were due for farrowing within 3 weeks were
given a single dose, the others received two doses at a 3-week interval. The
farrowing of the twice-vaccinated sows began two weeks after the second dose
and lasted for another two weeks. Blood and colostrum samples were taken
several times from the greater part of the vaccinées. The appearance of anti-
bodies and titre changes are shown in Figs 2a and 2b.

In the second herd 5 of 76 sows were vaccinated on a single occasion
(Fig. 3a), 20 twice at a 2-week interval (Fig. 3b) and 18 twice at a 6-week in-
terval (Fig. 3c).

Challenge experiments

In the first experiment, piglets of two sows vaccinated on a single occa-
sion 3 weeks before farrowing were left with the mother animals for 3 and 4
days, respectively; then two piglets from each litter were taken to the laboratory
for challenge infection. Two other susceptible piglets were also infected
simultaneously with the former four. One sow (No. 119) had serum and co-
lostral whey antibody titres of 1 : 32 and 1 : 2 respectively, the other (No. 16)
had respective titres of 1 :2 and 1 :4 at farrowing.

One ml of the standard virulent virus was applied intranasally for chal-
lenge infection. The intestinal flora of the piglets was normal at challenge.

Two days after challenge the two controls and the piglets of sow No. 16
had a profuse diarrhoea and also the piglets of sow No. 119 had a softer faeces
than normally. On the third day all piglets were similarly ill, some of them even
vomited. Deaths occurred from the 6th day on. Both control animals and one
piglet of sow No. 119, died, the others began to improve and slowly recovered.

Four additional challenge experiments were performed so that the sows
were taken to the institute for farrowing and the different litters were infected
at various points of time after birth. Litters of small size were completed by
piglets of similar age, from similarly vaccinated sows. After challenge, 2 or 3
piglets were isolated from the rest of the litter and were reared artificially to
serve as controls.

The course of the challenge experiments was not undisturbed. In one
case intercurrent infection by E. coli and even Haemophilus (Fig. 4), in an-
other case an aetiologically still unclarified infectious disease (Fig. 7) rendere
the evaluation difficult.

The results are summarized in Figs 4, 5 and 6, which show fluctuation
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Fig. 2a. Dynamics mtibody response to TGE virus. Sows vaccinated with a single dose. Serum and colostral whey titres.
Explanation to Figs 2a—3c: 1, Serum titre before vaccination; 2, Serum titre 10 days after vaccination; 3, Serum titre 14 days
after vaccination; 4, Serum titre 21 days after vaccination; 5, Serum titre 28 days after vaccination; 6, Serum titre 6 weeks
after vaccination; 7, Serum titre 7—8 weeks after vaccination; 8, Serum titre at farrowing; 9, Colostral whey titre at farrowing

Fig. 2b. Dynamics of antibody response to TGE virus. Sows vaccinated twice at a 3-week interval. Serum and colostral
whey titre
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in the antibody titre in the blood and milk of the sows and in the blood of the

piglets as well as in the time and results of challenge infection.
Unlike the first challenge experiment, in the other four the infectious

material (suspension of standard virulent virus) was applied by smearing the

sows’ abdominal region and teats.

Fig. 3a. Dynamics of antibody response to TGE virus. Sows vaccinated with a single dose
Serum titres.

Fig. 3b. Dynamics of antibody response to TGE virus. Sows vaccinated twice at a 2-week
interval. Serum and colostral whey titres.

Fig. 3c. Dynamics of antibody response to TGE virus. Sows vaccinated twice at a 6-week
interval. Serum and colostral whey titres.
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Serum
of sow

Fig. 4. Challenge infection of the piglets of sow No. 106 vaccinated twice at a 3-week interval
Explanation to Figs 4—7: diarrhoea — H piglets; O controls; 8 sows; + loss

Sow
serum
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Fig. 5. Challenge infection of the piglets of sow No. 134, vaccinated on a single occasion
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Fig. 6. Challenge infection of the piglets of sow No. 280 vaccinated twice at a 2-week interval
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Challenge

Fig 7. Challenge infection of the piglets of sow No. 74 vaccinated twice at a 6-week interval

In the 4th infection experiment, the piglets were reinfected intranasally
with 1 ml of the standard virulent virus suspension on the 15th day, to
challenge the immune response developed under colostral protection (Fig. 6F).

Discussion

On the basis of the favourable results obtained in experiments on SPF
piglets (Csontos and Szent-lvanyi, 1971), the vaccine was tested for innocuity
and efficacy in two herds of susceptible pregnant sows. Potency testing re-
quired a challenge infection, because spontaneous TGE did not occur in either
herd.

The titre of the vaccine was 1045—1065TCID50/ml; thus with the applied
dose each sow was given 150,000 to 15,000,000 TCID units of the vaccine virus.

The vaccine proved to he innocuous. All the sows remained without
symptom after vaccination and pregnancy took a normal course. Sow No. 134
proved to be infected by Smedi virus. Only a single sow, which had been vacci-
nated two days before farrowing, was found to excrete the virus. Except for
this single case, the untreated sows and the growing pigs housed together
with the vaccinées did not develop serum antibodies.

Specific antibodies appeared in the serum 10 days after vaccination.
The titre increased gradually for four weeks and remained at the final level for
at least two months. The antibody level of the milk, which is essential for the
protection of the piglets, corresponded roughly with the serum titre of the sow
at farrowing. It did not change for two days, then decreased to a half to one-
eighth of the birth level during the subsequent 2—3 days and remained at
that level for at least 3 weeks. The degree of protection of the newborn piglets
depends on the amount of antibody in the milk and on the time ofthe infection.
If the antibody level is high and the sow has abundant milk, the piglets born
in the infected environment remain healthy and acquire an active immunity
under the protection of the colostral antibodies (Fig. 6).
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The piglets ofthe immunized sows developed TGE when infection occurred
after the second postnatal day or when the milk supply was discontinuous
and/or insufficient (Figs 4 and 5).

After the intake of colostrum, the serum antibody titres of the piglets
roughly corresponded to the titre of the sow’s milk on the first or second day.
The serum titres persisted at the same level for 1—2 weeks. However the ma-
ternal antibodies of the piglets’ serum play no role in protection. The only way
of disease prevention is the inhibition of virus penetration into the intestinal
epithelial cells. This can be achieved if the lumen of the alimentary tract con-
tains antibodies which will neutralize the ingested virus before it has a chance
to become adsorbed to the epithelial cells of the small intestine. Thus a con-
tinuous supply of maternal antibody is required to prevent TGE and lack or
discontinuity of the supply can be held responsible for the susceptibility of
those piglets which had been isolated from the sow after the intake of the first
colostrum or had been infected at a time when either the antibody content
of the milk or the milk production of the sow were low (Figs 4 and 5). This
can also account for the failure of earlier trials to protect the newborn piglets
with convalescent serum. The present findings accord well with the related
observations of Haeltermann and Hooper (1967) and Djurickovic and
Thorsen (1970).

It also follows from the residts that TGE can occur among the piglets
of vaccinated or immune sows if the colostral antibody level is low at the onset
of the outbreak.

We made efforts to envolve an optimal vaccination schedule for the
sows. As mentioned in the foregoing, either a single dose, or two doses at dif-
ferent time intervals, were administered. The two-dose schedule at an interval
of 6 weeks induced the highest antibody response. The logarithms of the anti-
body titres are shown in Table I.

Table 1
Average serum antibody titres (log2 values) of sows vaccinated on different schedules

Blood samples taken at

Vaccination

vaceination interval Z 3 4 6 8
weeks after vaccination
Single dose
| — 2.93
11 — 1.75 2.80
Two doses
in 3 1.00 2.70 4.40 4.45
v 2 2.30 4.90
\ 6 3.00 3.00 6.60

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



VACCINATION EXPERIMENTS AGAINST TGE. | 119

The antibody titres obtained by the above vaccination schedule corre-
sponded to those found in the sows’ blood after natural TGE virus infection.
The first vaccination failed to evoke an immune response in several cases,
owing either to technical error or to individual variations in responsiveness.
It should be noted that the vaccine must reach the pharyngeal cavity to be ef-
fective.

The experiments showed again that young suckling piglets can easily
be immunized against TGE. As the vaccine does not cause symptoms if given
within several days after birth, active immunization of the suckling piglets
may also be taken into consideration in the exposed herds.

Summary

Vaccination experiments were performed with the TGE virus, CKp strain, which had
previously been carried throgh 42 tissue culture passages (15 in pig kidney, 27 in pig thyroid
cell cultures). A total of 77 pregnant sows of two herds were vaccinated 3—10 weeks before
the expected time of farrowing. Part of the sows were vaccinated on one occasion, part
twice, at an interval of 2, 3 or 6 weeks with 5 ml virus suspension on each occasion, by the
intranasal route.

The vaccinated animals showed no symptoms. Only a single sow excreted the virus.
This had teen vaccinated immediately before farrowing. Its piglets had high serum levels of
neutralizing antitodies. The vaccine strain proved to be entirely innocuous on application
to suckling piglets.

The appearance and titre fluctuations of antibodies in serum and milk were checked
by virus neutralization tests several times after vaccination and farrowing. The optimal
vaccination schedule proved t be two doses at a 6-week interval, but high serum and colostral
antibody levels were found when the two doses were administered at a 2-week interval.

The efficiency of the vaccine was tested by challenge infection of piglets farrowed
by the vaccinated sows. It was found that only a continuous supply of antibody-containing
colostrum and sow’s milk can protect the newborn piglets from TGE in an infected environ-
ment. Piglets appropriately supplied with a sufficient amount of maternal antibodies though
the milk remained healthy in the infected premises and even acquired an active immunity
under colostral protection.
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Experimental vaccination of sows in two herds susceptible to TGE virus were described
in a previous paper (Csontos et ab, 1974).

This paper is a report on the persistence of the postvaccination antibody
titres and on the antibody response to revaccination.

Material and Methods

These were the same as described in the first paper of this series and in
other papers related to the topic (Csontos and Szent-lvanyi, 1971; Csontos
et al.,, 1973; Csontos et al., 1974).

Determination of the persistence o f the postvaccination antibody levels

The incidence of TGE in the herds during the six-month period follow-
ing the basic immunization was excluded by a serological examination of the
nonvaccinated control sows. Blood samples were then collected from 45 of the
77 sows of the two experimental herds (A and B) vaccinated six months earlier
on four different schedules: either a single dose was administered, or two doses
at an interval of 2, 3 or 6 weeks (Csontos et al.,, 1974) and antibody levels
were determined by virus neutralization tests.

Determination of the antibody responses to revaccination

The 45 sows of herds A and B were divided into three groups. Sows of
group | (15 animals) were not revaccinated to serve as controls, those of group
Il (16 animals) were revaccinated once on the day of blood sampling to deter-
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mine the postvaccination antibody levels and those of group Il11 (14 animals)
were revaccinated twice, viz., on the day of blood sampling and six weeks
later. Four and ten weeks after revaccination, blood samples were repeatedly
collected from the sows of all three groups and the sera were examined for
antibody level by virus neutralization tests.

Results

The persistence of the postvaccination antibody levels is shown in Figs 1
and 2. Sows of herd “A” (Fig. 1) had been vaccinated half a year earlier either
on a single occasion, or twice at an interval of 3 weeks. Sows of herd “B”

Fig. 1. Persistence of antibody titres in sows of herd “A”, vaccinated once or twice at a 3-
week interval. O titre immediately after vaccination; ffl titre 6 months after vaccination

Sow no.

Fig. 2. Persistence of antibody titres in sows of herd “B”, vaccinated with one dose or with
two doses given at a 2-week or a 6-week interval. O titre immediately after vaccination;
Il titre 6 months after vaccination
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(Fig. 2) had originally been vaccinated during the same period, either on a
single occasion or twice, at an interval of 2 or 6 weeks. The empty columns of
the figures show the antibody levels attained after basic immunization, whereas
the hatched columns show the levels found half a year later.

Antibody responses to revaccination can be seen in Figs 3, 4 and 5. In this
instance the data of the sows of both herds were pooled. The antibody levels
of sows immunized half a year earlier and nonvaccinated again are shown
in Fig. 3, those of sows revaccinated on a single occasion in Fig. 4 and those
of sows revaccinated twice at an interval of 6 weeks in Fig. 5. The three columns
above each earmark number represent the antibody levels found on the day
of revaccination and four and ten weeks thereafter.

Titre

512 -
256 -
128 -

67 74 78 85 95 152 156 260 323 329 330
Sow no.
Fig. 3. Fluctuation of antibody titres in nonrevacciuated sows. Ll antibody level on the day

of revaccination; 2 antibody level 4 weeks after revaccination; m antibody level 10 weeks
after revaccination

Sow no.
Fig. 4. Antibody titres of sows revaccinated once. ||| antibody level on the day of revacci-
nation; Wantibody level 4 weeks after revaccination; m antibody level 10 weeks after re-
vaccination
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Titre

Sow no.

Fig. 5. Antibody titres of sows revaccinated twice at an interval of 6 weeks, 01 antibody level
on the day of revaccination; ~ antibody level 4 weeks after revaccination; m antibody level
10 weeks after revaccination

Discussion

Since, at the time of the closing of the experiment, TGE had not occurred
in the two herds, not even among the nonvaccinated susceptible animals, the
serum antibody titres of the immunized sows found six months after the basic
vaccination were due to the immunization. The titres differed markedly, de-
pending on the schedule of immunization. The mean titres of the sows given
a single dose of the vaccine were much higher than immediately after immuni-
zation. The titres of the sows vaccinated twice at a 2-week interval persisted
at the original level, whereas those of the animals vaccinated twice at an inter-
val of 3 or 6 weeks fell slightly and markedly, respectively. The numerical
evaluation of the results is shown in Table I.

Table |1

Persistence of antibody titres in groups of sows vaccinated at different time intervals

iog2 titre
Sows attained after 6 months
vaccination after vaccination

Vaccinated on a single occasion 2.40* 4.67
Vaccinated twice at an
interval of 2 weeks 4.87%* 4.74

3 weeks 4.66%** 3.77

6 weeks 5 75%*** 2.50

Explanation: *4 weeks after vaccination; ** 2 weeks after the second vaccination;
*** 1 week after the second vaccination; **** [0 days after the second vaccination
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The higher titres fell more markedly than the lower ones. It is of interest
that the antibody levels of the sows vaccinated on a single occasion did not
decrease in any case; a single sow had an unchanged titre, all others showed
an increase. Further investigation would be necessary to discover the cause
of this phenomenon.

The degree of titre increase after revaccination depended on the pre-
revaccination antibody level. Lower antibody titres increased more markedly
than the higher ones. A slight rise in titre was also observed in sows not re-
vaccinated six months following the basic immunization. Immune response
was not notably better in the case of repeated revaccinations than in the case
of a single one. The results are summarized in Table II.

Table 11

Changes of antibody titre after revaccination

log2 titre
Sows on the day of 4 weeks after 10 weeks after
revaccination
Non revaccinated 3.91 5.00 491
Revaccinated once 4.15 6.00 6.00
Revaccinated twice 3.60 6.90 7.60

The aim of the experiments was to find the optimal vaccination schedule
which would ensure the persistence of the antibody titre at a satisfactorily
high level for along time after immunization. Two doses of vaccine administered
at a 2-week interval seemed to meet this requirement, because fairly
high average antibody levels appeared after the basic immunization and these
changed but little within half a year. In spite of this, the fact remains, that
two doses of vaccine, given at an interval of six weeks, induced a higher anti-
body response than the aforementioned schedule. As outbreaks of TGE occur
only in a given period of the year and as a firm protection of the newborn
piglets can only be ensured by a high antibody contents of the colostral and
sow’s milk, we have the intention to carry out a more detailed examination
of the persistence of antibody levels obtained after the six-week immunization
schedule and to determine the point of time when their decrease begins.

Examinations after revaccination showed that the antibody levels per-
sisting six months after the basic immunization could be brought to a high
mean level by a single revaccination. Sows with this high antibody level pro-
vide a firm protection for their piglets born in the critical period of TGE out-
breaks through the high antibody contents of colostrum and milk.
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Summary

Sows experimentally vaccinated against TGE half a year earlier were examined for the
persistence of serum antibody titres and for titre changes after a subsequent revaccination.

The sows originally vaccinated once showed an average rise by 2.27 log, units compared
to the original mean titre. The antibody levels of animals vaccinated twice at an interval of
two weeks showed but slight changes over the period of six months. The titres of sows twice
vaccinated at 3- and 6-week intervals fell by 0.89 and 3.25 log2 units, respectively. Higher
postvaccination titres fell more markedly than the lower ones.

Titre rise after revaccination depended on the antibody level existing six months after
basic immunization. Low titres rose more markedly than the higher ones. The results obtained
by a single or by repeated revaccinations did not notably differ from one another.

It is concluded that the persistence of the postvaccination antibody level can best be
achieved with two doses of vaccine administered at an interval of two weeks and that re-
vaccination with a single dose after half a year gives rise to a fairly high mean antibody level.
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Remarkably enough, the coccidia of the domestic cat are not known in
full detail, although this animal lives in the immediate surroundings of man.
The best known feline coccidium Isospora felis (Wasielewski, 1904) Wenyon,.
1923 is probably the only of its kind which can be differentiated with certainty
from all other isosporas of the cat and dog, due to the characteristic shape and
unusually large size of its oocysts. The characterization ofthe other feline cocci-
dia is uncertain, because species differentiation by oocyst morphology is dif-
ficult or, even impossible.

Next in frequency to Isospora felis is Isospora rivolta (Grassi, 1879) Wenyon, 1923,
but, according to several authors, this is not exclusively a cat coccidium, occurring in other
Felidae and in the family Canidae as well, at least as judged on the basis of oocyst morphology.
Since coccidia are generally characterized by a strict host specificity, one cannot help to feel
sceptical about the alleged identity of the feline and canine Isospora rivolta species.

The less frequent cat coccidium Isospora bigemina (Stiles, 1891) Luhe, 1906 was
reported to have been found in the faeces of the dog, common red fox (Vulpes vulpes) and pole
cat (Mustela pulorius) as well. The alternately positive and negative results of several ex-
perimental infections rendered the validity of the species uncertain until it was demonstrated
that the spherical or elliptic oocysts with a maximum diameter of 10—14 p are actually Toxo-
plasma oocysts, at least in the feline host. Certain observers classified also larger oocysts,
18—20 by 14—16 p in size, as Isospora bigemina; these oocysts contain two sporoblasts or
sporocysts when passed and have a thin wall which soon becomes puckered and associates
closely with the sporocysts. Wenyon himself (1926) wondered about this finding and concluded
that more than one species had been classified as Isospora bigemina in the descriptions.

Railliet and Lucet (1891) described Coccidium bigeminum var. cati from cat suppos-
ing C. bigeminum was specific parasite of the dog.

Apart from the foregoing three Isospora species, several eimeriae have been described
from the domestic cat. Out of them Eimeria cati Yakimoff, 1933, was reported to have been
found in the faeces of the jungle cat (Felis chaus) and Eimeria felina Nieschulz, 1924, in
that of the lion (Panlhera leo). Probably these eimeriae were not genuine parasites of the
above hosts, but belonged specifically to other animals, which had been eaten by the carni-
vores, and these passed the “foreign” oocysts with their faeces.

Apart from the above coccidia no other Eimeria or Isospora species have been described
from the domestic cat.

Experimental

In the course of the Toxoplasma investigations on cats and mice, feline
coccidia were studied in great detail, including the new species whose descrip-
tion is forthcoming. The positive results of six infection experiments performed
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on cats with sporulated oocysts of the new species clearly showed that the
latter is in fact a parasite of the domestic cat. Unfortunately, its endogenous
development could not be studied for lack of pure strains and coccidium-free
cats.

Isospora novocati sp. n.*

Synonym: lIsospora rivolta (Grassi, 1879) Wenyon, 1923, pro parte.

The oocysts are round or subspherical; round oocysts are 24—30 p
(average: 27 p) in diameter, the short elliptic ones measure 22—30 by 21—-27 p
(average: 26 by 24 p). The wall is smooth, light-coloured, 1—1.5 p thick and
bilayered. Being not strong, it puckers in hypertonic solutions in about one
hour. The oocyst wall bears no micropyle.

The oocysts are passed in an unsporulated state. The sporont is found
in an eccentric position within the oocyst wall. Sporulation takes 1—2 days
at room temperature.

On sporulation, the sporocysts are symmetrically arranged, parallel to
the longitudinal axis of the oocyst. They are broad elliptic, 15 by 12 p in size
and do not bear a Stieda body. Neither polar body, nor oocyst residuum is
present in the oocyst. A coarsely granular sporocystic residuum lies between
the banana-shaped sporozoites.

In infection experiments performed at different times on a total of six
young, about 2 months old, cats the oocysts appeared in the faeces 5 days
after the single infection and their number increased rapidly from the 7th day
on. The infection lasted 5—6 weeks in the cats which could not fully be pro-
tected from reinfection, suggesting that the immune response was either weak
or absent.

After the closing of the experiment, the cats were killed. The presence
of oocysts in the ileum showed that the endogenous development of Isospora
novocati takes place in the anterior portion of the small intestine, either in the
duodenum or in the jejunum.

Host specificity. The negative results of infection experiments on four
2-month-old puppies, free from any kind of coccidium, showed that Isospora
novocati is not transferable to dog. The experimental infection was followed
up by coprological examinations, first daily, later at intervals of 3—4 days,
over an observation period of one month.

Pathogenicity. The experimentally infected cats passed oocysts in in-
creasing numbers from the 6th day on. The cats developed a diarrhoea 1—2
days before the excretion of oocysts reached maximum, but the symptoms
subsided with the decline of oocyst discharge.

*As Dubey, Millek and Frenkel (1970) suggested the name Isospora cati — although
only as a nomen dubium — for the designation of Railliet and Lucet’s (1891) Coccidium
bigeminum var. cati. | had better omit this denomination to prevent confusion.
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Fig. 1. Top: Four Isospora novocati sp. n. oocysts in different stages of sporulation. X 1000;
Bottom: lsospora bigemina (Toxoplasma) oocysts shown for comparison. XIOOO

Discussion

The oocysts of Isospora felis are almost twice as large as those of Jso-
spora novocati, whereas those of Isospora bigemina (= Toxoplasma) are much
smaller, thus only the differentiation from Isospora rivolta is explained here
in detail. lIsospora rivolta had originally been found in, and was described
from, the dog. W enyon (1926) gave the dimensions of the oocysts as 20—25 by
15—20 /t, and described them as oval, with a smooth, 0.8 p thick wall consist-
ing of a single layer. Several authors, including myself, observed that the wall
of the canine Isospora rivolta oocysts soon becomes puckered and associates
closely with the sporocysts, whence the oocysts assume a dumbbell-shape.
When the cyst wall disrupts, free sporocysts can appear in the faeces.
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The oocysts of the feline coccidium regarded as lIsospora rivolta differ
from the corresponding stages of the homonymous canine coccidium in several
morphological features. The oocysts of the feline Isospora are round or short
elliptic rather than oval and do not taper at one end. Also, they are larger
than the canine Isospora rivolta oocysts and their wall is apparently stronger,
as dumbbell-shaped oocysts are rarely encountered in cat faeces. Similar ob-
servations were made by Shah (1970), who, however, still regarded the “ellips-
oid to somewhat ovoid” oocysts from the cat 21—28 by 18—23,« (mean:
25 by 21.1 u) in size, as Isospora rivolta.

The negative results of a few infection experiments have affirmed the
host specificity of feline and canine Isospora species. Isospora rivolta had
originally been found by Grassi in the dog and later observers classified the
Isospora of the cat into the same species, merely on the basis of morphological
similarity. Mahrt (1965; cit. Shah, 1970) failed to infect three young cats
with oocysts originating from dog. Shah, although he did not regard Mahrt’s
results as conclusive, infered from them that the Isospora rivolta strains occur-
ring in cats are not the same as those occurring in dogs.

Among the earlier studies mention should be made of the negative cross
infection experiments reported by Bohm (1923). This author failed to transfer
Isospora species from dog to cat and vice versa.

Apart from Isospora rivolta, Isospora felis was used by several investiga-
tors for transinfection experiments on dogs, with invariably negative results.
Taking into consideration the shape and size of Isospora felis oocysts, which
characteristically differentiate them from the corresponding stages of other
feline isosporas, there is reason to suspect that the sporadic positive results
of transinfection experiments may have been based on erroneous observations.
The oocysts of the canine Isospora rivolta and of the feline Isospora novocati,
described in this paper, scarcely differ morphologically and their differentiation
requires tenacious work. As to earlier studies it can be said (Pellerdy,
1965) that the conditions of experiments were not quite what they should
have been; insufficient consideration was given to the experimental animal’s
possible immunity and in evaluating the results of the experiments exagger-
ated importance was attached to the outcome of observations in the field.

In the present experiments, Isospora rivolta-like oocysts from the cat
were not transferable to four young dogs, which had been free from any cocci-
dia prior to experimental infection. In view of this finding and on the basis
of the foregoing considerations it seems justified to regard the similar oocysts
occurring in cat and dog as stages of two independent species. Presumption
of different strains or subspecies woidd be unfounded in the case of coccidia.
As lIsospora rivolta was originally described from the dog, it seems correct to
classify the similar, but by no means identical, cat coccidium as an independ-
ent species, under the name lIsospora novocati.
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Summary

A coccidium of the domestic eat (Felis catus), is described under the name Isospora
novocali sp. n. It resembles to a certain degree the Isospora rivolta of the dog, but has several
well defineable differentiating features. The oocysts are round or elliptic; the round ones
are 24—30 fi in diameter, the elliptic forms measure 22—30 by 21—27 //. Sporulation takes
1—2 days at room temperature, the prepatent period is 6 days. Experimental infection of
young dogs with the sporulated oocysts failed. A massive experimental infection elicited
a temporary diarrhoea in cats.
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Hydrochloric acid is an essential factor in the peptic digestion of mam-
mals. Its main role isthe activation of pepsinogen in the stomach. In addition,
hydrochloric acid acts as an antiseptic agent: the acid pH is unfavourable
to the growth of microorganisms in the stomach. Consequently, the gastric
fermentation of carbohydrates as well as the putrefactive processes are in-
hibited. The gastric acid barrier of the stomach also aids in the prevention of
body infections. Considering the role and importance of hydrochloric acid in
the organism, it is quite understandable that several papers have appeared
in the past concerning the inadequacy of hydrochloric acid secretion in the
stomach of sucking pigs.

Cunningham and Brisson (1957) recorded pH values of 1.85—3.20 in the stomach
of newborn pigs. White et al. (1972) studied the postnatal gastric acid secretion in pigs.
The lowest pH in the stomach content was found at birth: pH 3.0—3.5. According to their
suggestion, this relative acidity can be explained with intrauterine factors: the maternal gastrin
crosses placenta and stimulates foetal stomach. At parturition, this supply of gastrin caeses
and pH increases. At 3 days of age, the mean value for stomach pH is above 5.0. The pH of
the stomach content of 2- to 3-week-old nursing pigs was found in all cases above 3.5 (Cun-
ningham and Brisson, 1957). Others reported similar values: stomach pH of 6-hour fasted
sucking pigs was in average more alkaline than pH 3.4 at all ages up to 5 weeks (Liu et al.,
1954; Walker, 1959).

Judging from the results of the foregoing observations it appears that at the period
of early weaning the pH of stomach content is between 3.5 and 4.5. Since the optimum pH
of pepsin activity is approximately 2, the activity of enzyme is very slight at these pH values.

Several workers studied the origin of H+ ions found in the stomach of sucking pigs.
Since hydrochloric acid appears only after 30 days of age, the authors believed that the nature
of the food and the microflora of the stomach were responsible for the gastric acidity in early
life (Kvastnitskiy and Bakeyeva, 1940). The source of H+ ions is mainly lactic acid, the
product of the bacterial fermentation of carbohydrates in the achlorhydric stomach (Cran-
WELL et al.,, 1968; Noakes et al.,, 1968). Significant quantities of lactic acid were detected
in the stomach contents of sucking pigs at 1 week of age (Friend et al.,, 1963). Hydrochloric
acid secretion sufficient to produce an acidity optimal for the activation of pepsinogen does
not occur until 20—30 days of age (Kvastnitskiy, 1953). No free hydrochloric acid was
detected in the stomach contents either by titration with Topfer’s reagent or by using Gunz-
berg’s test from birth to 5 weeks of age (Walker, 1959). However, hydrochloric acid secretion
may occur earlier when cereals are given after early weaning (Starovoytov, 1956).

In view of the foregoing observations, it can be concluded that despite
numerous excellent studies on sucking pigs, only limited information is avail-
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able on the gastric acid secretion of weaned animals. However, the application
of early weaning as a practical aspect of pork production needs physiological
data concerning the post-weaning period. In order to furnish the missing in-
formations, the present work was undertaken to study the effect of weaning
at 1 week of age on gastric acid secretion. In the first part of our work the pH
of natural stomach samples were compared in sucking and weaned pigs. In
addition, the fractional method of gastric analysis was apjdied in both groups
to establish whether the stomach of the pigs can produce any hydrochloric
acid at all.

Materials and Methods
Experimental animals

A total of 109, mostly cross-bred piglets with ages ranging from 3 to 27
days were used in the investigations. 69 animals nursed their dams throughout
the experimental period, 40 pigs after weaning at 1 week of age ate self-fed
dry rations (crude protein: 25%, fat: 19.2%, ash: 6.7%, N-free extract:
42.9%). The weaned pigs were housed in pens in groups of five.

Experimental procedure

Removal of natural stomach contents. The samples were taken always
in the morning hours between 8 and 10 o’clock. A soft rubber tube, 3to 6 mm
in internal diameter, with a rounded tip and 4—5 lateral holes, was passed
into the stomach and 5—10 ml of content was withdrawn by suction with a
syringe. The piglets were allowed to suckle or feed ad libitum before taking
samples.

Stimulation of gastric acid secretion. 6 to 8 hours fasted pigs were used.
Prior to carry out the histamine test, the stomach was emptied by suction
and was washed with about 40 °C warm tap-water. The washing fluid was
rapidly withdrawn. The same rubber tube was used as at the removal of the
natural stomach contents. After 15 minutes, Peremin (histamine dihydro-
chloride, Chinoin, Budapest) was administered by subcutaneous route in dose
of 0.03 mg/kg body weight. The time at which histamine injection was given
was noted as the zero time. At intervals of 15 minutes from this time, samples
of gastric content were withdrawn from the stomach. The samples were stored
at —15 °C.

Analytical procedure

The stomach content was centrifuged and the supernatant was used for
laboratory determinations. Since in most cases only a small amount of liquor
was obtained, the use of a micro-method was necessary. The pH of the sam-
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pies was measured in a micro-electrode system which consisted of Radiometer’s
pH-meter PHM27 and combined electrode E5021. For the determination of
pH only 0.1 ml of supernatant was needed. When the pH was below 3.0 it
was considered as sample with the presence of free hydrochloric acid.

Results

The pH and free hydrochloric acid in the natural gastric content. The pH
of stomach content of 42 sucking pigs was measured at the pre-weaning period.
The mean pH was found 4.0670.089. 20 pigs w'ere weaned at 7 days of age
and gastric contents were obtained at 5 days intervals until the age of 21—22
days. In this way 39 samples were collected with the mean pH 0f4.4370.145.
Sucking animals of the same age (12—22 days) were also studied. In this case
the mean pH of gastric samples was found 4.9270.184. In the majority of
samples no free hydrochloric acid was present. Only 3 stomach contents taken
from weaned pigs contained free hydrochloric acid.

Stimulated gastric secretion with histamine. For the purpose of presenta-
tion of our results, the secretory responses of pigs were divided into 3 groups.
W ith regard to the special features of gastric secretion in the young pig, the
following categories were formed:

(@) Achlorhydria (absolute lack of hydrochloric acid secretion). After
histamine injection none of the samples contains free hydrochloric acid.

(b) Hypochlorhydria (incomplete secretion of hydrochloric acid). In 1 or
2 of samples can be found free hydrochloric acid.

(c) Chlorhydria (normal secretion of hydrochloric acid). All or 3 of sam-
ples contain free hydrochloric acid.

Table 1

Comparison of hydrochloric acid secretions after histamine stimulation in sucking and weaned
pigs of the same age

Number of types of acid secretion at

11 -12 16 -17 21- 22 24 -27
Type of acid secretoon Total
days of age
S w S w S W S w S w
Achlorhydria 4 3 4 2 3 I 2 | 13 7
Hypochlorhydria — 1 1 1 2 I 2 - 5 3
Chlorhydria 1 1 — 2 — 3 1 4 2 10

S, sucking; W, weaned

The patterns of pH changes are presented graphically in Fig. 1.
In the first part of our work, the gastric acid secretion was studied at
the pre-weaning period. 15 sucking pigs of 3 to 7 days of age were stimulated
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achlorhydria .
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Fig. 1. The figure illustrates the different types of achlorhydric, hypochlorhydric and chlor-
hydrie pH curves. H, histamine injection

with histamine injection. In 12 of the animals studied there was no free hydro-
chloric acid in the gastric juice (achlorhydria). The gastric secretion of 3 pigs
was of hypochlorhydric type, since only in the gastric samples taken at 15
minutes could be detected free acid.

The histamine test was also performed on weaned pigs at 5 days intervals.
At the same time, sucking piglets of the same age served as controls. The
results shown in Table | indicate that most pigs in the sucking group showed
gastric secretion of achlorhydric type, and on the other hand, the greatest
number of pigs weaned at 1week of age secreted free hydrochloric acid (chlor-
hydria).

The relative differences observed in the gastric secretion of unweaned
and weaned pigs are also demonstrated in Fig. 2. In this figure the pH values
of all gastric samples (80—80) obtained after histamine injection are sum-

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



A STUDY OF GASTRIC ACID PRODUCTION 137

marized. The curves of each group give informations about the percentage
distribution of stomach samples in the different pH-intervals. It can be estab-
lished that the greatest part of gastric samples taken by weaned pigs showed
pH values between 1 and 2. In contrast, in case of sucking animals, the peak
of the curve was between pH 7 and 8.

Fig. 2. Percentage distribution of pH values in the gastric juice of unweaned (— — — —)
and weaned (------------- ) pigs with ages ranging from 11 to 27 days, following histamine in-
jection. See text for discussion

Discussion

The stimulation of gastric secretion was performed in 35 sucking pigs.
Only 2 animals (6 per cent of total) responded with hydrochloric acid produc-
tion following histamine injection. In 71 per cent of cases (25 pigs) hydro-
chloric acid was not detected in the gastric samples. These results indicate that
during the first month of life the gastric secretion of sucking animals is pre-
dominantly of achlorhydric type. The lack of hydrochloric acid production
has no deleterious effect on protein digestion, since the pepsin activity of the
stomach tissue is very low during the first weeks (Hartman etal., 1961). Accord-
ingly, there is no need for the activation of enzyme by H'f ions. The gastric
proteolysis is minimal and the small intestine is the main site of the proteolytic
processes. The young pig is capable of producing relatively high amounts of
trypsin (Lucas, 1962). During the first weeks of age, trypsin appears to be
the main protein-splitting enzyme. The efficiency of protein digestion can be
characterized with the high value of apparent digestibility of the sows’ milk
protein which is about 98 per cent until 5 weeks of age (Livingstone et al.,
1960). Consequently, in spite of achlorhydria present in sucking pigs, there is
no disorder in the digestion of proteins. However, the achlorhydria is not
indifferent from the point of view of the organism, since the lack of gastric
acid barrier diminishes the “defensive ability” of the animal against peroral
bacterial invasions. Evidence is provided (Kvastnitskiy, 1953) to indicate
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that gastric juice of young sucking pigs has practically no bactericidal charac-
ter. Significant antiseptic action of gastric juice can be detected only after
40 to 50 days of age.

The situation is quite different in the early weaned pig. From the present
studies it is concluded that when the pigs are weaned at 1 week of age, hydro-
chloric acid is secreted soon after weaning. In most animals chlorhydria was
found before the age of 4 weeks.

Considering the above mentioned observations, the question arises why
the early appearance of hydrochloric acid secretion does not produce a low
pH in the natural gastric contents after weaning. Only7slightly lower average
pH values were noted in the natural stomach contents of weaned pigs (pH 4.43)
than in those of sucking animals (pH 4.92). The relatively small difference
can be explained with the great acid buffering capacity of milk and baby
starter. It was shown in a previous investigation (Kutas et al., 1973) that 1 g
of dry matter of both sows’ milk and baby starter can buffer 4 to 6 ml of 0.1
ml N HC1 while the pH is reduced only to 4.0. Calculating with a dry matter
intake of 200 g per piglet, this amount can buffer about Ilit. of 0.1 N hydro-
chloric acid without diminishing the pH below 4.0.

Summary

A comparative study was made of the gastric acid secretion in weaned vs. unweaned
pigs, from 1 week through 4 weeks of age. The gastric mucosa was stimulated with subcutane-
ous histamine injection and the secretory response was studied by measuring the pH of the
gastric juice. Most sucking pigs were achlorhydric or hypo chlorhydrie: no or only slight hydro-
chloric acid secretion was detected in gastric juice following the administration of histamine.
In contrast, the greatest number of piglets weaned at 1 week of age showed hydrochloric
acid production after histamine injection.

From the present studies it may be concluded that the period of achlorhydria is sig-
nificantly shorter in early weaned pigs when it is compared witd that of sucking animals.
It was noted that the hydrochloric acid secretion develops relatively fast after weaning.
The earlier appearance of gastric acid secretion has beneficial effect on gastric proteolysis
and, at the same time, it may promote the prevention of peroral infections.
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Several Mycoplasma and Acholeplasma species [M. mycoides subsp. mycoides (Edward
and Freundt, 1956), M. bovigenitalium (Edward, 1947), M. bovirhinis and A. laidlawii
(Leach, 1967), M. agalactiae subsp. bovis (Hale, Helmboldt, Plastridge and Stula, 1962),
M. arginini (Barile, Del-Giudice, Carski, Gibbs and Morris, 1968), M. dispar (Gourlay
and Leach, 1970), M. alkalescens and A. modicum (Leach, 1973), M. oculi (Langford and
Leach, 1973)] and serogroups [Leach’s group 7 (Leach, 1967), Al-Aubaidi’s serogroups H,
I, K and L (A1-Adbaidi and Fabricant, 1971)] have been described among the strains of
bovine origin. Some useful cultural and biochemical procedures have been recommended for
preliminary identification purposes (Ern0 and Stipkovits, 1973) but the final identification
of the strains can be performed by serological tests.

The present paper describes serological studies of bovine mycoplasmas
and acholeplasmas by means of growth inhibition (GIT) and metabolic inhibi-
tion (MIT) tests. These studies were performed as a comparative examination
of reference sera some of which had been obtained from Dr. J. G. Tully
(National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, Maryland U.S.A.), from Dr. H. Ern0 (Institute of Medical
Microbiology, FAO/WHO Centre, University of Aarhus, Aarhus, Denmark)
and from Dr. R. H. Leach (Central Public Health Laboratory, Mycoplasma
Reference Laboratory, Colindale Av. London, England), as well as hyper-
immune sera prepared in our laboratory.

Methods

Strains. The strains used for our studies are listed in Table I. All strains
were obtained from the Institute of Medical Microbiology, University of Aar-
hus, Aarhus, Denmark in dried condition. The ampoules were opened and
broth culture was made from each strain, a part of it was dried again, another
part was stored as working culture at —20 °C.

Production of antisera. Antigens for immunization of rabbits were pre-
pared from cultures grown in medium B (Ern0 and Stipkovits, 1973), in
which the horse serum was replaced by 1% PPLO Serum Fraction (Difco).
The cultures being in late log phase were sedimented at 10 000 X g. (Zugléi
Gépgyar) for 40 minutes and the sediment was washed three times in PBS

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



140 STIPKOVITS and VARGA

(pH: 7.2) and resuspended in PBS at 1:20 of original volume. Antigens ob-
tained were stored at —20 °C.

Antiserum production. Young male New Zealand rabbits of 2 kg weight
were used for producing antisera according to the method published by Mor-
ton and Roberts (1967). Two hyperimmune sera were prepared with each
strain and examined with each strain in both GIT and MIT. For comparison
reference sera obtained either from Dr. J. G. Tully, from Dr. H. Ern0, or
from Dr. R. H. Leach were used. No reference sera against Al-Aubaidi’s sero-
groups H, I, K and L were available. Serogroups I, H and K were also ex-
amined by reference sera against M. gateae, M. gallinarum and A. axanthum.

Table 1

Type or reference strains of bovine Mycoplasmas and Acholeplasmas

Species or serogroup Type ;)trrarienference Supplied by Isolated by C?:;L:;Ed
M. bovigenitalium PG 11 Aarhus Univ. Edward (1950) genital
tract
M. bovigenitalium Kalle HE 1 Aarhus Univ. Ern0 (1967) genital
tract
M. bovirhinis PG 43 Aarhus Univ. Harbourne,
Hunter and lung
Leach (1965)
M. arginini G 230 Aarhus Univ. Morris (1968) brain
A. laidlawii A PG 8 Aarhus Univ. Laidlaw and sewage
Elford (1936)
A. laidlaivii B PG 9 Aarhus Univ. Laidlaw and sewage
Elford (1936)
M. mycoides subsp. myc. PG 1 Aarhus Univ. Laidlaw (1931) lung
M. agalactiae subsp. Donetta Aarhus Univ. Hale et al (1962) udder
bovis
Group 7 (Leach) PG 50(N29) Aarhus Univ. Simmons and
Johnson (1963) joint
M. alkalescens PG 51 Aarhus Univ. Hudson and
Etheridge (1963) nose
Group H(AIl-Aubaidi) B 139 P Aarhus Univ.  Al-Aubaidi (1970) uterus
Group | (Al-Aubaidi) B 142 P Aarhus Univ. Fabricant (1950) lung
Group K (Al-Aubaidi) B 107 PA Aarhus Univ.  Al-Aubaidi (1970) 9
Group L(Al-Aubaidi) B 144 P Aarhus Univ.  Moulton (1956) joint
A. modicum PG 49 (Squire) Aarhus Univ.  Langer and
Carmichael (1963) lung
M. agalactiae subsp. PG 2 Aarhus Univ.  Lopez (1934) udder
agalactiae (sheep)
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Growth inhibition test. The GIT was performed according to the technique
described by Stanbridge and Hayflick (1967). Agar plates were prepared
in glass Petri dishes (Orion, Hungary) with a diameter of 6 cm, containing
9 ml of agar medium B. The plates were inoculated by “running drop
technique” with 0.01 ml of concentrated and diluted to 10_1, 10-2 and 10~3
test cultures. After drying of the inoculated plates at room temperature, filter
paper discs (6.0 mm in diameter) soaked with 0.02 ml of antiserum were placed
in the middle of the mycoplasma streak. Plates were incubated at 37 °C in
wet chambers for 4 days. Simultaneously colony forming units (CFU) of each
test culture were determined by plating to find out the proper dilution contain-
ing 105CFU. Results shown in Table Il are data of diameters of growth inhi-
bition zones obtained with the dilution of culture containing 105 CFU.

Metabolic inhibition test. The tested strains were grown in 30 ml medium
B containing 2.0 ml of PPLO Serum Fraction (Difco) instead of horse serum.
The medium incubated to the end of log. phase was frozen in 1.0 ml aliquots
at —20 °C. For the tests media BG, BA and BT described by E rn0 et al. (1973)
were used. Medium BG was used for testing M. mycoides subsp. mycoides
(PG1), M. bovirhinis (PG43), A. laidlawii A (PG8), A. laidlawii B (PG9), A.
modicum (PG49 Squire), A. axanthum (ATCC 25176), serogroups 7 (PG50),
K (B 107PA) and L (B 144P). Because of weak TTC-reduction by M. bovi-
genitalium (PG11) and M. bovigenitalium (Kalle HE1) for the metabolic in-
hibition test the later strain was used in medium BG. Decrease of pH in this
case was approximately 0.4 units only. The following strains were tested in
medium BA: M. arginini (G230), M. alkalescens (PG51), serogroups H (B 139P)
and | (B 142P), M. gateae (CS), M. gallinarum (PG16). M. agalactiae subsp.
agalactiae (PG2) and M. agalactiae subsp. bovis (Donetta) were tested in me-
dium BT. Titration of antigens and serum samples was performed according
to the description of Ern0 et al. (1973).

Results

Groivth inhibition. The results are demonstrated in Table Il. Satisfactory
reactions were produced with both sera prepared by usin the homologous sys-
tems like with the reference sera. A distinct zone of at least 1.5 mm or more
was demonstrated with most of the strains. Partial inhibition was observed
with sera against A. laidlawii A (PG8) only.

Two-way cross-reactions of the same intensity were found between A.
laidlawii A (PG8) and A. laidlawii B (PG9) strains. One-way cross-reactions
were observed between serogroup 7 (PG50) and group L (B 144P) but inhibi-
tion zones were weaker than in the homologous system. The strains B 139 P,
B142 P and B107 PA of Al-Aubaidi’s groups H, | and K were significantly
inhibited by M. gateae (CS), M. gallinarum (PG16) and A. axanthum
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Antisera
PG 11 T
558 0
559 0
PG 43 T
536
537 0
G 230 T
552 0
553 0
PG 8 T
2807 0
2808 0
PG 9 T
592 0
593 0
PG 1 E
568 0
569 0

PG 11

Table un

Comparison of bovine Mycoplasmas and Acholeplasmas in growth inhibition test

PG 43

G 230

2.4

6.5

2.7

PG 8

2.0p
2.0
1.0

1.5
3.3
3.5

PG 9

3.0p
2.0p
1.5p

4.0p
4.1

6.4

PG

4.2
2.0

Type or reference strains

Don.

PG 50

PG 51

B
139 P

B
142 P

B
107 PA

B
144 P

PG 49

PG
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550
551

PG
538
539

PG
583
584

562
563

554
555

617
619

572
573

PG
757
767

PG
548

50

51

49

Notes:

T Tiviy;

_ — — — 5.5 —
— — — — — 6.0 —
_ _ — — — - 3.0
- - — - - — 3.1
_ — — — — 3.9

E, EbnO; L, Leach; O, Own; p, partial inhibition

4.9
2.6
3.9

5.0
5.0

2.8
3.0

2.6
4.0
1.0

35
4.2

5.7
1.5
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Antisera
PG 11 T
558 0
559 0
PG 43 T
536 0
537 0
G 230 T
552 0
553 0
PG 8 T
2807 0
2808 0
PG 9 T
592 0
593 0
PG 1 E
568 0
569 0

Ka 1le

HE 11

5120
1280
10240

Table 111

Comparison of bovine Mycoplasmas and Acholeplasmas in metabolic inhibition test

PG 43

5120
2560
1280

G 230

320
5120
320

PG 8

2560
640

1280

2560
320
1280

PG 9

10240
1280
640

2560
640
1280

Type or reference strains

PG 1 Don. PG 50 PG 51

5120
5120 - - -

5120 — — —

B B B B
139 P 142 P 107 PA 144p PG 49

— — 10

PG 2
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Don.

550
551

PG
538
539

PG
583
584

562
563

554
555

617
619

572
573

PG
757
767

PG
548

50

51

49

Notes: T. Tully; E, EknO; L, Leach; O, Own

10240
10240
5120

1280
2560
2560

40
80

10240
5120

2560

1280
640

5120

5120

5120

2560

320

80

10240

5120

1280

1280

5120

80
20
80

10240
10240
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(ATCC 25176) sera respectively. The sera produced against Al-Aubaidi’s sero-
groups gave an inhibition zone with the mentioned species nearly as much as
their homologous sera (Table I111).

Metabolic inhibition. Sufficient homologous reactions were observed with
newly prepared and with the reference sera too (Table Ill). The homologous
titers varied in a range of 1 :320 to 1 :10240. Reactions with serum dilution
1:10 and more were regarded as positive. Two-way cross-reactions of the
same strength were demonstrated between A. laidlaivii A (PG8) and A. laid-
latvii B (PG9) strains. Two-way cross-reaction was also obtained between
serogroups 7 (PG50) and L (B 144P) but the heterologous reactions were weaker
than that of the homologous system. Metabolic activity of M. agalactiae subsp.
agalactiae (PG2) was inhibited by M. agalactiae subsp. bovis (Donetta) serum.
The titres of these reactions were also weaker than in the homologous system.
Two-way cross-reaction was demonstrated between serogroup H (B 139P)
and M. gateae (CS), serogroup | (B 142P) and M. gallinarum (PG16), sero-
group K (B 107PA) and A. axanthum (ATCC 25176) respectively (Table 1Y).

Discussion

The present studies confirm most of the data published by Ern0 et al.
(1973) and Ern0 and Jurmanova (1973). Most of the mycoplasmas and achole-
plasmas concerned are serologically different from each other. However some
of the strains showed cross-reactions. Our findings are in conformity with the
observations of Ern0 et al. (1973) concerning inhibition of sero-group 7 (PG50)
by the sera against serogroup L (B 144P) in MIT but we didn’t observe any
inhibition of group L (B144 P) with M. mycoides subsp. mycoides (PG1) and
M. bovigenitalium (PG11) in MIT and inhibition of serogroup 7 (PG50) with
M. bovigenitalium (PG11) and M. arginini (G230) sera in MIT and M. mycoides
subsp. mycoides (PG1), M. bovigenitalium (PG11l) as well as serogroup L
(B 144P) sera in GIT.

Since the serological examination of M. mycoides subsp. mycoides (PG1),
group 7 (PG50) and group L (B 144P), sharing major biochemical characteris-
tics (Ern0 and Stipkovits, 1973) showed some relationship in Aarhus and in
our laboratory it is wise to follow the suggestion proposed by Ern0O et al.
(1973) not to attempt any formal classification of these strains till more in-
formations, including DNA homologies will be obtained.

On the basis of the results obtained there is no reason to suppose any
antigen relationship between strains of distinct biochemical characters like
group 7 (PG50), group L/B (B 144P) and M. bovigenitalium (PG11l) as well
as M. arginini (G230) suggested by Cottew (1970).

Our findings are corresponding with Leach’s data (1973) concerning
the results of examination of A. modicum (PG49 Squire). This strain was in-
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Species or
serogroups Tests
Group H GIT
(B 139 P) MIT
M. gateae GIT
(CS) MIT
Group 1 GIT
(B 142 P) MIT
M. gallinarum GIT
(PG 16) MIT
Group K GIT
(B 107 PA) MIT
A. axanthum GIT
(ATCC 25176) MIT

Group H(B 139 P)

562

5.0
1280

25
2560

563

3.3
640

2.2
5120

M. gateae

Erno

3.5
10240

5.0
10240

Table IV

Hyperimmune sera

Group I(B 142 P)

554

5.0
5120

25
160

555

5.0
5120

2.3
80

M. galli-

narum
PG 16
Tully

6.5
10240

6.5
2560

Identification of serogroups H, | and K by means of the MIT and GIT

Group K(B 107 PA)

617 619
Own
2.8 3.0
5120 2560
3.0 2.8
160 160

A. axanthum

ATCC

570

3.0
2560

3.0
2560

25176

571

4.0
1280

1.8
640
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hibited by the homologous sera only, inhibitions by all other sera in low dilu-
tions (1 : 10) are to be considered as non-specific reactions. Our data confirmed
Leach’s suggestion to accept this group as a new species.

It was also confirmed that one-way cross-reaction exists between M.
agalactiae subsp. agalactiae (PG2) antigen and M. agalactiae subsp. bovis
(Donetta) antisera (Ern0 et al. 1973).

There was not any reaction between M. alkalescens and other species or
serogroups supporting Leach’s suggestion (1973) to accept it as a new species.

Our results of cross-testing serogroups H, I and K (A1-Aubaidi and
Fabricant, 1971) with the reference sera of M. gateae, M. gallinarum and
A. axanthum respectively are in conformity with the observations of Ern0
et al. (1973) too.

On the basis of these findings serogroup H belongs to M. gateae, group
I to M. gallinarum and serogroup K to A. axanthum species. Since the first
two species had been isolated from other animal sources (not bovine) the term
of “bovine mycoplasma” for these species should be used with caution. A.
axanthum has been known as a tissue culture contaminant (Tully and Razin,
1970) in light of our results the bovine origin of A. axanthum could be accepted
since three strains had been isolated from the nasal cavity and lung of cattle
suffering from catarrhal pneumonia being A. axanthum.
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Summary

Mycoplasma and Acholeplasma reference strains of bovine origin were tested in growth
inhibition and metabolic inhibition tests. Two-way cross-reaction was demonstrated between
serogroup 7 PG50 (Leach) and serogroup L B 144P(A1l-Aubaidi) in MIT and one-way cross-
reaction in GIT. Metabolic activity of M. agalactiae subsp. agalactiae (PG2) was inhibited by
M. agalactiae subsp. bovis (Donetta) antisera.

Serogroups designated H, | and K (Al-Aubaidi) showed significant two-way cross-
reactions in both tests with M. gateae, M. gallinarum and A. axanthum species confirming
observations of Ern0O, Jurmanova and Leach (1973).
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THE FINE STRUCTURE OF LANKESTERELLA
SP. SPOROZOITES PARASITIC IN THE FROG
RANA PIPIENS.* **
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Zoological Institute, University of Bonn, Germany
and University of Illinois, College of Veterinary Medicine, Urbana
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Studies on the blood-inhabiting protozoa of the frog Rana pipiens revealed two
different species of parasites (Heller, 1972a): a haemogregarine and a small, sporozoite-like
form similar to Lankesterella sporozoites described from frogs and toads (NOLLER, 1913,
1920; Labbé, 1894; Fantham et al., 1942; Sterbens, 1966; Mansour and Helmy Mohammed,
1962). The latter form occurs both within erythrocytes and also within endothelial cells of the
liver, lung and spleen. Since its life cycle is unknown, electron microscope studies have been
made in order to compare its fine structure with those of other Lankesterella species de-
scribed by earlier authors (Garnham et al, 1962; Stehbens, 1966; Buttner, 1968).

Material and Methods

Small pieces of the liver, lung and spleen of Rana pipiens*** infected with
Lankesterella sp. were fixed in 3% glutaraldehyde adjusted to pH 7.2 with
phosphate buffer, and postfixed in 1% osmium tetroxide. The fixed material
was washed several times in phosphate buffer, dehydrated in a graded series
of ethanol followed by propylene oxide, and embedded in Epon. Sections,
made with a Reichert ultratome, were stained with uranylacetate and lead
citrate, and observed with a Hitachi HU 11C electron microscope.

Results

The fine structure of the erythrocyte-inhabiting forms is identical to
that of the forms in endothelial cells (Figs 1, 2, 3, 5). They have all the typical
organelles of a coccidian sporozoite, including a three-layered pellicle (Fig. 7),
about 30 subpellicular microtubules (Fig. 2), an apical complex with a conoid,
two preconoidal rings, a polar ring and a rhoptry-microneme comjdex (Figs

* Supported by Research Grant GB 30800X from the National Science Foundation
and by the Deutsche Forschungsgemeinschaft.
** Some of these results were presented at the 25th annual meeting of the Society
of Protozoologists at Minneapolis, Minn., Aug. 28—Sept. 1, 1972.
*** The frogs were delivered by Nasco, E. G., Steinhilber & Co., Inc., Fort Atkinson,
W isconsin 53538, USA.
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1. 3). Micropores are visible (Fig. 3). Furthermore there are two refractile
bodies (Fig. 3) which are the most characteristic organelles of sporozoites.
The Golgi apparatus is anterior to the nucleus (Fig. 3).

Sausage-like organelles with inner, parallel membranes which are jrer-
pendicular to the organelles’ longitudinal axis are present (Figs 4, 5).

Close to the surface there are vacuoles with membranous and amorphous
contents (Fig. 3). Some specimens contain several amylopectin granules
(Figs 2, 5, 6).

Furthermore the shape of the pellicle seems to be quite interesting.
There are infoldings (Figs 3, 6) at the posterior part of the body w'hich contain
tubular or vesicle-like structures.

In some specimens the pellicle is folded only slightly (Figs 1, 3, 6);
these “waves” seem to be more or less regular. The subpellicular microtubules
(Fig. 3) are straight and do not follow the évagination of the pellicle.

At the anterior end there are slight waves, each one correponding to a
subpellicular microtubule (Fig. 3).

The parasite lies within a parasitophorous vacuole which is membrane-
bound (Figs 1, 2, 5), and sometimes filled with small vesicles or tubules (Figs
1,2, 3,5,7). Some of these vesicles are pinched off from the host cell membrane
(Fig. 7).

The infected cells show' no other evidence of damage; the surface of
the infected erythrocytes is smooth and there are only a few small vesicles
or cisternae within their cytoplasm (Fig. 3).

Discussion

The fine structure of Lankesterella sp. sporozoites from Rana pipiens
as revealed by transmission electron microscopy is similar to that of other
coccidian sporozoites (Porchet-Flenneré and Vivier, 1971; Ryley, 1969; Bar-
dele, 1966; Roberts et al., 1970a, 1970b, 1971) and almost identical with
that of sporozoites of other Lankesterella species (Garnham et al., 1962;
Stehbens, 1966; Buttner, 1968). The sausage-like organelles with the inner
membranes, also described from L. garnhami and L. hylae, are especially
interesting. As far as | know such organelles have not been described from
any other sporozoites. These organelles may therefore be characteristic of

Figs 1—2. Lankesterella sp. 1, sporozoite within an endothelial cell of the liver, 24000X;
2, cross-section of an intraerythrocytic sporozoite, 32000X- Abbreviations for all figures:
ag, amylopectin granule; aw, anterior “waves”; c, conoid; go, Golgi apparatus ; hn, host
cell nucleus; im, inner membranes; mb, membranous bodies; mi, mitochondrium; inn, micro-
neme; mp, micropore; mt, microtubule; mv, membrane of the parasitophorous vacuole;
nu, nucleus; om, outer membrane; pc, preconoidal rings; pf, pellicular folds (“waves”): pi,
pellicular infoldings; pr, polar ring; pv, parasitophorous vacuole; rb, refractile body; ro,
rhoptry; va, vacuole; ve, vesicle
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Fig. 3. Lankesterella sp. Intraerythrocytic sporozoite; (-*-) indicates cysternae and vesicles
within the host cell cytoplasma, 27000X
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Figs 4—7. Lankesterella sp. 4, Membranous body, with inner, parallel membranes (sausage-

like organelle), 31500 X; 5, Intraendothelial sporozoite, 32000 X; 6, Intraerythrocytic sporo-

zoite, 18000 X; 7, Intraendothelial sporozoite; (—») indicates a vesicle which is pinched off
from the membrane of the parasitophorous vacuole, 25000 X
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Lankesterella. Buttner (1968) suggested that there is a close connection
between food vacuoles and the membranous bodies. No such connections
have been found in this species from Rana pipiens. The finding of those or-
ganelles, the typical shape of the parasites, and their location within erythro-
cytes and endothelial cells let us suppose that the organism is a Lankesterella
species.

Furthermore the amount of amylopectin within the parasites leads to
the belief that they have been in their host cells for a considerable length of
time without development. The sporozoites of Lankesterella must enter a second
host, a “transm itter”, before they are able to infect another specific vertebrate
host (Notter, 1913, 1920); Lainson, 1959).

The observations on the parasitophorous vacuole are similar to those
of the earlier authors.

The “waves” of the pellicle are similar to those described by Roberts
et al. (1971) and Desser (1970). The fact that there are only a few such waves
on an almost longitudinal section may he explained as due to a pimple-like
structure (Hettler, 1972b). The slight waves at the anterior part are identical
with the anterior ridges which correspond to the subpellicular microtubules
(Hetter, 1972 b). These waves seem to explain the movement of the organisms.
The Lankesterella sporozoites were apparently fixed during movement within
the parasitophorous vacuole. Thuis suggestion is supported by light micro-
scope observations on living Lankesterella sporozoites which leave the erythro-
cytes almost immediately after blood has been taken from the animal.

The infoldings of the pellicle at the posterior end are similar to those
described by Buttner (1968; Fig. 5a), but the channel-like infolding that
the described (Fig. 5b) was not found. In contrast these infoldings result from
bending of the posterior end of the sporozoite, as seen in serial sections and
observed with the light microscope.
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Summary

The fine structure of Lankesterella sp. sporozoites is almost identical with that of other
Lankesterella species; membraneous organelles (sausage-like organelles) seem to be especially
characteristic of all these species. The pellicle is slightly folded during movement. The shape
of these folds or “waves” is compared with that of Eimeria stiedai sporozoites as revealed
with the scanning electron microscope (Heller, 1972b). The parasitophorous vacuole is
filled with small vesicles which are pinched off from the host cell membrane.
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The usual mechanism of passive protection by colostral antibodies
includes entering of antibodies into the circulating blood of the newborn
animal. In connection with several infectious diseases, however, including
the virus diarrhoea (transmissible gastroenteritis, TGE) of swine, the mech-
anism of passive immunity is different.

Several authors (Aldasy et al.,, 1966; Csontos and Szent-lvanyi, 1971; Mészaros
et al., 1967; Szent-lvanyi et al., 1964) observed in epizootological studies of TGE that piglets
born 2—3 weeks after the recovery of the sow did not develop the disease, although the agent
was stil present in the herd. It was shown later that in such cases protection was due to
colostral antibodies (Bohl et al., 1972; Csontos el al.,, 1973), but not via the blood stream;
in the case of TGE, continuous intake of colostral and milk antibodies is required to neutralize
ingested virus in the intestinal tract, before these could penetrate the intestinal epithelial
cells of the piglet (Boht et al., 1972; Csontos et al.,, 1973; Hooper and Haelterman, 1966).

Information was lacking on the antibody level required to protect piglets
born in an infected environment and on the relation of milk and colostral
antibody titres to the ceasing of the epizooty. Studies on a field outbreak
of TGE are reported in this paper to throw some light on these problems.

Description of the outbreak

The outbreak occurred in a traditionally managed swine farm, where
the sow herd consisted of 500 animals.

Onset of the disease was first observed among feeder swine on 22 January
1972. The sow herd became involved on 28—30 January and the symptoms
subsided after 6 days. Piglets up to 7 days old, born before the onset of the
epizooty, all became diseased and died within 2—4 days. The same occurred
to the piglets born within 14 days from the onset. From the 14th day on sur-
vivors were found in several diseased litters. Among the piglets born 15—17
days after the outbreak losses varied between 50 and 100% in most of the
litters, but in a few litters, piglets did not become involved at all.
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Neither disease, nor losses occurred among the piglets born after the
17th day. Losses were recorded for 7 days.

During the period of epizootological observation, blood and milk samples
were collected from 29 sows at different intervals for virus neutralization test.

Collection of test material

Samples of blood and milk were collected from the sows between 12
and 24 days after the onset of the epizooty. As the outbreak occurred in a far-
rowing period, piglets were born nearly every day. Milk samples were with-
drawn on the day of farrowing and 3, 5 and 7 days later at random from
1—2 teats. Blood samples were taken on the day of farrowing and 7 days
later from the cranial vena cava. Fifteen 1.U. of oxytocin were injected into
the cranial vena cava prior to milk sampling; milk secretion began 1—3 mi-
nutes after the injection.

Virus strain

The CKp strain (Csontos et al., 1973) was used for virus neutralization
test.

Blood sera and colostral (milk) whey

Milk samples were skimmed by centrifugation, then 1/10th volume of
a 10% solution of clotting substance was added and the sample was incubated
for 60 minutes at 37 °C, after a second centrifugation the whey was collected
by pipetting. Serum and whey samples were inactivated at 56 °C for 30
minutes and stored at —20 °C until tested.

Virus neutralization test

Serial dilutions of serum were added to 100 TCID5J0.1 ml virus. The
virus-serum mixture was incubated for 60 minutes at 37 °C and 0.2 ml amounts
from each dilution were inoculated into 2—3 tubes of secondary swine thyroid
cell culture. Final reading was made 3 days after inoculation. The antibody
titres of serum and whey were expressed as the highest dilution producing
complete inhibition of viral cytopathic effect.

Results

Virus-neutralizing antibodies began to appear in serum and whey
samples from sows 14 days after the onset of illness. All the sows farrowed
between the 15th—17th day after the onset of the epizooty had antibodies,
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although some of them at scarcely measurable levels. The titres rose gradually
until the closing of observation on the 21st to 23rd day.

Mean antibody titres were calculated from four milk samples and two
serum samples from each sow. Group averages were then calculated from
individual mean values for the periods shown in Fig. 1. The average antibody
levels thus obtained were then plotted against piglet losses (Fig. 1).

Fig. 1. The relationship between the serum and milk antibody levels of sows recovered from
TGE and mortality rate of their newborn piglets

Individual serum and whey titres showed considerable variations,
ranging from 1:1to 1:256 and 1 :1to 1:64, respectively. Whey antibody
levels did not notably change in the majority of the cases between the first
and seventh day after farrowing, whereas serum antibody levels were, with
the exception of 6 sows, higher after 7 days than on the day of farrowing.

Discussion

The present studies disclosed a close inverse correlation between milk
and serum antibody levels of the sow and the losses from TGE. No antibodies
were found in the serum and milk of sows until 14 days after onset. In accord-
ance with this, piglet mortality approximated to 100% during that period.

Those sows which farrowed between 15 and 17 days after onset had
various levels of virus-neutralizing antibodies in serum and milk. Accordingly,
piglet losses began to decrease also in affected litters.

Some of the litters born in that period were already free from disease.
An inverse correlation could be demonstrated between the antibody contents
of sow’s milk and blood and piglet morbidity and, especially, mortality.
The epizooty ceased also in the suckling piglets by the 21st—23rd day,
whereafter no further piglet became ill (See Fig. 1).

Disease incidence among piglets did not immediately cease upon the
appearance of antibodies in colostrum and milk, owing to the initial low level
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of antibodies and to the still heavily infected environment. The present findings
suggest that the protection of piglets from TGE requires a mean colostral
and milk antibody level of 1:8 or higher; this antibody level prevents in-
fection in the majority of the cases and suppresses the intestinal multiplication
of the virus in the piglets which yet become infected; thereby spreading of
virus to the environment is considerably reduced. Reduction of environmental
contamination also seems to play an important role in the ceasing of the out-
break.

In most cases, milk antibody level did not notably change in the first
week after farrowing. This seems to contradict the prevailing concept that
colostral and milk antibody titres do not change for two days after farrowing,
then decrease 2—8 times during the subsequent 2—3 days and remain at that
level for a longer period (Csontos et al., 1973). The controversial findings
seem to be explainable by the fact that in the present study the immune
response of the sows had not reached its peak by the time of farrowing.
The observation that all but a few sows had higher serum antibody titres
after 7 days than at farrowing weighs in favour of this interpretation.

Important conclusions can also be drawn in respect of active immuni-
zation; in an immunized herd, no susceptible individuals must be left; such
animals might transfer the infection to the progeny of vaccinated, but not
fully immune, sows.
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Summary

The correlation between the decrease and ceasing of piglet morbidity and mortality
from transmissible gastroenteritis (TGE) on the one hand and the increase of colostral and
milk antibody levels of the sows on the other was investigated during a field outbreak of TGE.
Blood and milk samples were taken from those sows which farrowed between 12 and 23 days
after the onset of the epizooty. Blood samples withdrawn on the day of farrowing and 7 days
later, and milk samples collected at farrowing and after 3, 5 and 7 days were tested for virus-
neutralizing antibodies. The antibody titres showed an inverse correlation with the piglet mor-
bidity and mortality in the period of the epizooty. It was concluded that a mean colostral and

milk antibody titre of 1:8 or higher is required to stop disease and losses among the
suckling piglets.
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Eimeria leporis was the first intestinal hare coccidium described as a valide species
on the basis of oocyst morphology and negative infection experiments in rabbits (Nieschulz,
1923). In the ’twenties, Nieschulz regarded all other intestinal coccidia: of the hare (Lepus
europaeus) identical with Eimeria perforons, a parasite of the rabbit (Oryctolagus cuniculus).
According to present knowledge, Lepus species have about 13 Eimerian parasites which can
be differentiated from rabbit intestinal coccidia by oocyst morphology. Their host specificity
has been proved by negative cross infection experiments (Pellérdy, 1956, 1965).

Although the host specificity of Eimeria leporis is now obvious, little
is known about its other properties. The endogenous cycle and pathogenicity
as well as the symptoms and gross lesions occurring in Eimeria leporis-coc-
cidiosis are poorly understood. In order to fill this gap of knowledge, carcases
of hares collected in the Wildlife Biology Station were examined regularly
in great detail and animals were experimentally infected. The findings are
reported in this paper.

Material and Methods

Examination of the carcases of 227 spontaneously died hares submitted
to the Wildlife Biology Station in 1972 and 1973 showed that the death of
14 animals had been due to coccidiosis. The Eimerian species occurring in
the carcases were identified and their distribution was determined. The in-
testines of fresh carcases and of hares killed in an advanced stage of coc-
cidiosis were fixed in formalin immediately after removal and the sections
prepared from them were stained with haematoxylin and eosin, and Mallory’s
stain for further study.

The sequence of endogenous stages could not, of course, he precisely estab-
lished by this method, but schizonts and gamonts originating from infections
at different times could be followed up in serial sections and a close study of
the various types of schizonts enabled a tentative assessment of the sequence
and number of schizogonie generations.
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Two hares aged 2.5 to 3 months were available for experimental in-
fection. To determine the prepatent period, these were infected orally with
two million spornlated Eimeria leporis oocysts each. The infectious material
was taken from an about 1l-year-old hare, which excreted almost exclusively
Eimeria leporis oocysts, and was killed in the premortal state. In addition
to a redescription of Eimeria leporis oocysts, the morphology of the endog-
enous stages and the prepatent period, pathogenicity of Eimeria leporis,
and the gross lesions due to the establishment of the coccidia in the intestine,
are described and the possible immune response is discussed in this report.

Eimeria leporis Nieschulz, 1923

The oocysts are slim, elliptic or often of a bent bean- or kidney-shape
(Figs 4—5). They measure 23—38 by 12—20 p. These dimensions roughly
correspond to these given by Nieschulz — 26—38 by 13—20 p. (average:
32 by 16 p) — except for the lower limits. The oocyst Avail is light, smooth,
about 1.5 p thick and bilayered; it bears a micropyle which is represented
by a 2—4 p wide lighter region of the wall at one pole (Figs 4—5). This area
is made more conspicuous by glycerol treatment; the oocysts appear to have
slightly flattened in the enrichment medium; the micropylar area even be-
comes indented (Figs 4—5). Oocysts maintained for several days in potassium
bichromate solution show creases of the inner layer, converging towards the
micropyle (Fig. 5). In freshly passed oocysts, the sporont is elongated or round,
12—14 p in diameter, with sharp contours and a granular cytoplasm with
well-visible nuclear and nucleolar contours.

Sporulation takes 2—3 days at room temperature. During this period
pyramid stages, represented by rectangular or tapering sporoblasts in the
oocyst, can be observed. The pyramid stages disappear after half to one
hour, suggesting that transformation takes a rapid course. An oocyst residuum
appears after sporocyst development, roughly in the centre of the oocyst
(Fig. 5); this is usually a regular spherical body with sharp contours, 6—7 »p
in diameter, containing granules of various sizes. The oocysts have no polar
bodies.

The sporocysts (Fig. 5) are oval in shape, bluntly tapering at one end,
on which they bear a button-like Stieda body. The sporocyst wall is double-
contoured. The sporocysts measure 9—10 by 6—7 p inside the oocyst, outside
they are somewhat larger, 10—14 by 6—8 p. The sporozoites are narrower
at one end compared to the other and a few refractile granules among them
seem to represent the sporocyst residuum. Sporozoites released by compres-
sion were sausage-shaped and measured 8 by 2 p.

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



STUDIES ON THE DEVELOPMENT OF E. LEPOKIS 165

Figs 1—3. 1, partly opened small intestine of hare. Severe intestinal coccidiosis; 2—3, macro-
gamonts from mucosal scrapings (unstained). X500 and 1000
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Endogenous stages

Endogenous development could not be studied with the desired accuracy
for lack of a pure oocyst material and oocyst-free hares; at all events, these
requirements cannot be met with the present experimental technique. Thus
our findings are approximations at the probability level of 300—500 : 1,
because one in about every 300—500 oocysts found in the faeces of the histo-
logically examined hare belonged to a species other than Eimeria leporis
(Eimeria robertsoni, Eimeria semisculpta, Eimeria europaea or Eimeria hun-
garica).

The duration of the prepatent period was determined as one week on
the basis of the experimental infection of the two young hares. Faecal samples
were examined daily to follow up the time when an abrupt increase of oocyst
output took place in the stool of the animals. It should be noted that the two
hares had been slightly infected with coccidia by the time of the experimental
infection. One rabbit (No. 1) died 4 days after infection and at this time the
other animal seemed listless. Hare No. 1 had only few Eimeria leporis oocysts
in the intestinal contents; No. 2 continued to pass few oocysts, scored as one
cross (-)-) until the 7th day when the quantity of the Eimeria leporis ab-
ruptly reached the level scored as (-)-+ + + )e

The endogenous stages were studied in sections prepared from the in-
testines of an about one-year old hare with an almost pure Eitneria leporis-
coccidiosis, and of hare No. 2, killed in a premortal state 12 days after the
experimental infection.

Endogenous stages occurred along the entire length of the small in-
testine, usually in epithelial cells of the mucous membrane, less often sub-
epithelially, down to the muscularis mucosae (Figs 27—28). Sometimes 3 to
5 parasites were seen in a single epithelial cell (Figs 8, 13, 26, 27 and 28).
Endogenous stages of similar age formed islets or foci in the mucous membrane,
occasionally forming a coherent coat on one or another intestinal villus (Figs
10, 27 and 28), suggesting that the parasites in each islet belonged to the
progeny of merozoites released from a single schizont.

At least two types could be distinguished among the schizogonie stages.
The schizonts designated by us as type A (Figs 6, 7, 8) were less often en-
countered than type B, representing probably an earlier schizogonie genera-
tion. This seems the more probable as the majority of the endogenous stages
found by us were gamonts (Figs 27 and 28), among which many type-B
schizonts representing, in our opinion a later (or probably the last) schiz-
ogonie generation, occurred in fairly large numbers.

Type-A schizonts (Figs 6, 7, 8 and 22) are 6 —14 p in diameter and
contain 2—8 (sometimes more) short, stout merozoites, 4.8 by 1.5—3 p in
size, arranging like the slices of an orange. One or more schizonts are surrounded
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Figs 4—5. Freshly passed and sporulated Eimeria leporis oocysts. X 950 and 1000
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by a parasitophorous vacuole resembling a pale halo. The merozoites have
centrally or almost centrally placed nuclei and a homogeneous cytoplasm,
taking on a dark blue eosin stain. No residuum is present in the schizonts.

Type B-schizonts (Figs 9, 10, 11 and 12) are 10—20 p in diameter, or
even larger and have indistinct contours. They are arranging in groups or
nests. The smaller — probably younger — forms usually contain 16, the larger
— older — ones more (30—50) merozoites. The schizont is surrounded by
a distinct parasitophorous vacuole, much larger than the schizont itself.
The slim merozoites, 8—10 by 1—1.5 p in size, taper at the ends and have
the nucleus nearby one pole. The schizonts are arranged in larger groups
in the lacteals of the villi; such foci may contain several hundred merozoites.
There is no schizont residuum.

A sporadic occurrence of schizonts other than type-A or type-B >vas
also noted. These contained two or four stout, 12—16 p long merozoites, in
which eight to 10 dark spots, probably corresponding to the nuclei, were seen.
Such multinuclcated merozoites are known with several Eimeria species
and are regarded as the predecessors of a gamétogonie generation; there is,
however, as yet no evidence to substantiate this assumption.

The macrogamonts (Figs 2, 3, 7, 8, 16, 17 and 20) usually localize sub-
epithelially inside cells. Early macrogamonts (Fig. 28) are 3—5 p in diameter
and take on a homogeneous haematoxylin stain; often four or five of them
may be present in a single cell. A distinctive parasitophorous vacuole appears
early around the female gamont. Later contours of nuclei appear in the devel-
oping macrogamont; these may reach 5 p and inside them the nucleolus is
2 p in diameter (Figs 21 and 22). The growing macrogamonts tend to loose
staining affinity and blue or eosinophilic granules appear in them. In older
female cells the granules recede towards the periphery, thus the entire cyto-
plasm becomes finely granular and eosinophilic, whereas the nucleus and
nucleolus take on a darker haematoxylin stain. In this phase the female
gamonts are 20—25pin diameter, the receded granules aggregate along the
periphery and fuse into the future oocyst wall. These macrogamonts are
already elongated bodies gradually taking the bent elliptic shape of Eimeria
leporis oocysts (Figs 23, 24 and 25). Oocysts with wall measured 22—32
by 12— 18 p in histological sections (Fig. 26) and the cytoplasm filled the
entire space within the cyst wall.

The microgamonts (Figs 14—19), 3—4 p in diameter, have a dark-
blue-staining cytoplasm and are surrounded by a parasitophorous vacuole.

Figs 6—16. 6—8, Type-A schizonts. Gamonts are also seen in Figs 7 and 8. X about 1000;

9—12, Type-B schizonts. In Fig. 9, note the young stages, in which no merozoites have yet

developed. X about 1000; 13, Early gamétogonie stages. X about 1000; 14—16, Micro-

gamonts. The beginning of lobulation is well visible in Figs 14 and 16. Two advanced macro-
gamonts can be seen in Fig. 16. X about 1000
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Later the contours of many nuclei appear in the cytoplasm (Figs 15 and 17),
the irregularly shaped microgamonts become lobular and attain 15—20 ft
in diameter (Figs 14, 15 and 23). The nuclei arrange along the periphery of
the lobules, which later become detached from one another and young micro-
gametes appear in each around a light residuum (Figs 16—19). The micro-
gametes initially resemble splinters, later they elongate to form slim cells,
lying parallel to one another and twisting around a centrally placed dark
residuum in a regular meridian-like pattern (Fig. 19). The microgamctes
measure 2.5—4 by 0.3—0.5 ft, the central residuum is about 6—8 ft in diameter.
Mature, in all probability released, microgametes are often found in the
relatively large parasitophorous vacuole surrounding the microgamont and
between cells in the adjacent tissues. One or more freshly penetrated micro-
gametes are frequently seen in macrogamctes.

Pathogenicity of Eimeria leporis

Nieschulz (1923) examining the carcases of 50 hares shot as game,
found in those massively infected with coccidia several small greyish-white
foci in the small intestines. Such foci if very numerous, greatly interfere with
absorption. Nieschulz found chiefly gamétogonie stages by histological
examination and the relatively small number of oocysts encountered by him
in the intestinal lumen clearly showed that pathogenicity had been at peak
prior to oocyst development.

Hares develop a clinical or even lethal coccidiosis under special circum -
stances, when reinfection is continuously occurring, e. g. in hare breeds, or
during transport; this is the reason why lethal coccidiosis is so frequent under
such conditions. The mortality is increased by the stress unavoidably imposed
upon the animals by transport (Golosin and TesiC, 1963, Golosin et al.
1963, and TesiC et al. 1963).

In Switzerland, Bouvier (1967) observed in hares intestinal coccidiosis
manifested as a severe enteritis. The main causal agents of this disease were
Eimeria leporis and Eimeria hungarica. The small intestinal epithelium was
found to desquamate in large patches and many endogenous stages were
localizing in the mucosa of the affected intestinal segments.

We observed in carcases of hares submitted from various areas of Hun-
gary a non-haemorrhagic intestinal catarrh and enteritis. The mesenteric
vessels were congested and the capillaries of the intestinal wall were injected.

Post mortem examinations of spontaneously died and experimentally

Figs 17—26. 17—19, microgamonts with microgametes. X about 1000; 20—22, Macroga-

monts. Note the flattened, bent semilunar nucleus of the host cell in Fig. 21 and the schizonts

in Fig. 22. X about 1000; 23—25, mature macrogametes. Two lobular microgamonts are
also visible in Fig. 23. X about 1000; 26, Indented oocyst walls. X about 1000
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infected hares showed that apart from the above, often slight, inflammatory
phenomena, the main gross lesion is represented by greyesh-white foci 1—2
mm in diameter along the entire length of the small intestine, above all in
the ileum. The foci are well-visible through the serosa before exposure of the
intestine. In the case of massive infections, confluent foci may form gyrus-
like irregularly creased areas of a greyish-greenish-white colour, visible through
the intestinal wall. In the opened intestine, enlarged intestinal villi are grossly
visible in the area of the confluent focal lesions. The capillaries of the intestinal
wall are dilated and congested, and scattered groups of granulocytes indicate
an inflammatory process. Microscopically the greyish-white mucosal scrapings
are found to be packed with different stages, chiefly gamonts and oocysts,
of Eimeria leporis (Figs 2 and 3).

Studies were carried out on two hares, aged 2.5 and 3 months, which
had been infected experimentally with a material containing almost exclu-
sively sporulated Eimeria leporis oocysts. Two million oocysts were admin-
istered to each animal by the oral route. Both animals had anatural Eime-
ria leporis infestation at the beginning of the experiment; the infection of
No. 1 was of a low degree, that of No. 2 of a slightly higher degree.

Hare No. 1 died on the fourth day after experimental infection; un-
fortunately, its death was noticed too late so that its putrefied organs were
no longer suitable for histological processing. Post mortem examination of
the emaciated carcase revealed death having been caused by a severe enteritis.
Besides, a medium-degree myocardial degeneration and consequent cardiac
dilatation occurred. Relatively few Eimeria leporis oocysts were found in
the intestinal contents; this was not a surprise because the hare died during
the schizogonie cycle of endogenous development, supposedly due to lack of
a natural infection sufficient to induce an appropriate immune response.

Hare No. 2, which had been more massively infected naturally than
hare No. 1, supposedly possessed a firmer protection. To obtain fresh organs
for histological examination hare No. 2 was killed in the premortal stage
12 days after the experimental infection.

At post mortem examination of hare No. 2, confluent focal lesions, like
those described in the foregoing, were seen along the entire length of the small in-
testine (Fig. 1), but the large-intestinal mucosa appeared intact. The liver was
small, the periportal regions of each of its lobes showed map-like spots dipping
slightly below the surface. In the changed areas, of the size of a small coin
or smaller, confluent yellowish foci, filled by a caseous substance, were found.
Bacteriological examinations were negative; histologically necrosis of the
parenchyma was found in the confluent foci. The presence of a young, pro-
liferating connective tissue in the foci indicated an early stage of organization,
whereas the heterophilic granulocytes surrounding the foci signified an acute
demarcation process.
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Figs 27—28. Intestinal villi packed with various developmental stages. Chiefly macrogamonts
are seen in Fig. 27, but schizogonie stages are also present (centre). Many young gamétogonie
stages are seen to invade epithelial cells of the villi in Fig. 28. X about 500
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Hare No. 2 developed clinical Eimeria leporis-coccidiosis and was Kkilled
in the premortal stage of the disease. The histological findings confirmed
the clinical diagnosis: the schizogonie and gamétogonie stages and oocysts
of Eimeria leporis were present in large numbers within epithelial cells of
enlarged small-intestinal villi and, subepithelially, in the connective tissue.
The majority of the oocysts found in the intestinal contents were Eimeria
leporis; after artificial sporulation, out of 700 oocysts eight Eimeria robertsoni,
three Eimeria semisculpta, two Eimeria europaea oocysts and one Eimeria
hungarica oocyst were present.

The liver lesions of hare No. 2 cannot be regarded as specific, being ob-
viously unrelated to coccidiosis and not responsible for the lethal disease.
They seem to have arisen from an unknown cause, probably vascular ob-
literation.

Discussion

Although Eimeria leporis is a well-known common parasite of the hare,
the present new data on oocyst morphology, the description of endogenous
stages not previously studied and the establishment of the prepatent period
are hoped to contribute to the better knowledge of the species.

Eimeria leporis being present in more hares without causing any dam -
age, cannot be considered to be obligatorily pathogenic. Under circumstances
favouring repeated reinfection, however, the coccidia multiply in the intestine
to such a degree that their presence begins to interfere with the processes
of digestion and absorption. Such circumstances arise above all in captivity
(in hare breeds, during transport, under experimental conditions, etc.) and
apart from the unusual population density also the stress imposed upon
the animals by the artificial environment tends to aggravate the clinical
course of coccidiosis. Related practical observations have been substantiated
by evidence emerging from experimental infections.

Hares acquire only a low-degree immunity to Eimeria leporis-infection.
Although the coccidium is very widespread, young and old hares alike can
develop a clinical Eimeria leporis-coccidiosis under given conditions and in
infection experiments massive doses of oocysts proved to be lethal even to
those hares which had had a slight natural Eimeria leporis-coccidiosis and
thus had not been fully susceptible.

Natural Eimeria leporis-coccidiosis, although usually mild, is believed
to cause economically important losses among hares. The infected animals
loose condition and thus become more susceptible to other diseases and fall
an easy prey to predatory animals.
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Summary

Studies on carcases of spontaneously died hares (Lepus europaeus) submitted to the
Wildlife Biology Station and on two experimentally infected young hares showed that
massive or repeated infection by Eimeria leporis may often cause a lethal coccidiosis. On
the basis of these studies, Eimeria leporis oocysts were redescribed, the endogenous stages
were described in great detail and the prepatent period was established as 7 days. The two
young hares, which had had a slight Eimeria leporis-coccidiosis, developed a lethal disease
on oral infection with two million sporulated Eimeria leporis oocysts; from this the conclusion
was drawn that the immune response to Eimeria leporis is very weak. The low immuno-
genicity of this species may account for its very frequent occurrence in hares.

References

Bouvier, G.: Ann. Parasit, hum. comp. 42 (1967), 551 —559. GoloSin, R. and TeSic,
D.: Yet. Glasn. 17 (1963), 821 —824. GoloSin, R., TeSi6, D. and Terzic, L.: Ibidem 17 (1963),
851—856. Nieschulz, O.: Deutsche tierdrztl. Wschr., 1923, 245—247. Pellérdy, L.: Acta
vet. hung. VI (1956), 451—507. Idem: Coccidia and Coccidiosis, Budapest, 1974. TeSic, D.,
GoloSin, R. and Terzic, L.: Yet. Glasn. 17 (1963), 937—943 and 1047—1052.

Address of the authors: Dr. L&szl6 Pellérdy, 1071 Budapest, Damjanich u. 56;
Dr. Miklés Hénich, Dr. L&szl6 Sugar, 2092 Budakeszi, Pf. 13, Hungary

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974-






Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 24 (1 —2), pp. 177—186 (1974)

EXPERIMENTAL DIARRHOEA IN BABY RABBITS

DUE TO ORAL ADMINISTRATION OF HEAT-LABILE

ENTEROTOXIN OF E. COLI ENTEROPATHOGENIC
FOR SWINE

By

F. Kutas, F. Vetési and G. Semjén

Department of Physiology (Head: f Prof. A. Kemény), Department of Pathology (Head:
Prof. A. Kardevan), University of Veterinary Science and Veterinary Medical Research
Institute (Director: Prof. D. Dekzsy), Hungarian Academy of Sciences, Budapest

(Received November 30, 1973)

The coliform diarrhoea of neonatal pigs is similar to human cholera in several respects:
1. in both diseases, Gram-negative rods proliferate abundantly in the small intestine without
invading the tissues; 2. a massive fluid and electrolyte loss occurs through the morphologically
intact epithelium into the intestinal lumen, resulting fatal dehydration, hemodynamic dis-
orders and death; 3. a common characteristic of both enteropathogenic E. coli and V. cholerae
is their ability to produce enterotoxin(s); 4. the profuse diarrhoea is attributed to these entero-
toxins. Furthermore, an immunological relationship has been demonstrated between the type
2 enterotoxin of V. cholerae and the heat-labile E. coli enterotoxin (JLT) (Gyles and Barnum,
1969; Smith, 1972). There is also evidence, that the pathogenesis of the considerable fluid
secretion caused by V. cholerae or E. coli enterotoxins is essentially the same (Moon et al,,
1971). It follows from the foregoing that those models which had been developed for studying
the diarrhoea-producing effect of V. cholerae and its enterotoxin, should be reliable methods
for the investigation of the factors involved in the pathomechanism of coliform diarrhoea too.
However, the rabbit ileal loop model used for the study of experimental cholera (De and
Chatterjee, 1953) has proved to be an unsatisfactory test for demonstrating the entero-
pathogenicity of E. coli strains of porcine origine (Smith and Halls, 1967; Gitter, 1967).
At the same time, its response to different, particularly heat-labile enterotoxins isolated from
these strains, has been fairly consistent (Moon et al.,, 1970; Smith and Gyles, 1970; Moon
et al., 1971; Moon and Whipp, 1971; Lariviére et al., 1972).

Since the description of Dutta and Habbu (1955), baby rabbits have been extensively
used as a tool of experimental cholera. On the other hand, it was only Smith (1972) who
demonstrated that the oral exposure to LT of E. coli to which Ent plasmid was transferred
from an enteropathogenic porcine E. coli strain, caused diarrhoea in 10-day-old rabbits.

On the basis of these findings, experiments were carried out in order
to prove that E. coli enterotoxin elicited a profuse diarrhoea in baby rabbits
resembling to that of suckling piglets. The LT was given to animals, since
this type of toxin provoked regularly fluid accumulation in ligated segments
of rabbits. Several physiological parameters were recorded thus to examine
whether changes in baby rabbits after the oral administration of enterotoxin
are of similar value to those observed earlier in pigs with coliform diarrhoea
(Kutas and Szabo, 1971).

The final aim of the present study was to develop a method by which
the cardinal manifestation of E. coli diarrhoea could be produced readily
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in intact laboratory animal. It was hoped that the information obtained on
this experimental model would be valuable as a step toward the understanding
of the pathophysiology of coliform diarrhoea.

Materials and Methods

Experimental animals

A total of 62 New Zealand white rabbits derived from 15 litters were
used. The animals of both sexes were 8 to 12 days old and weighed about
110 to 260 g at time of experiment. The healthy sucking rabbits were separated
from their mothers and starved for 6 to 8 hours before the start of experiment.

Strains of E. coli and preparation of whole-cell lysates

For preparing whole-cell lysates (WCL), two hemolytic E. coli strains
were used. One of them, a typical enteropathogenic strain, was kindly sub-
mitted by Dr. H. W. Smith* with the information that No. P99 had been
classified serologically as 0141 : K85ab,K88ab. The other strain (SP70)
isolated from swine with edema disease, belonged to the OK group 0141 :
K85ab. This strain did not cause fluid accumulation in the ligated intestine
of swine. Whole-cell lysates were prepared by the modification of the method
of Gyles and Barnum (1969) as described earlier (Pesti and Semjén, 1973).
The whole-cell lysates prepared from enteropathogenic and non-enterotoxic
strains are referred subsequently to as heat-labile enterotoxin (LT) and
control preparation, respectively.

Administration of xvhole-cell lysates to infant rabbits

Two groups, experimental and control, were formed. The rabbits in
experimental group were treated with LT, those in control group with control
preparation. The volume of whole-cell lysates used in both experimental and
control rabbits was 5 ml, except for the case of animals heavier than 220 g
when 7 ml was given. The preparations were administered per os into the stom-
ach using a polyethylene catheter fitted to a hypodermic needle and 10-ml
syringe. Administration of preparations occupied 1—2 min., after which
the rabbits were kept in separate cages without their mother. Adequate
ambient temperature was maintained with the aid of a heat lamp. The rabbits
which had not died were sacrificed after 10 to 18 hr.

*A.R.C. Poultry Research Centre, Huntingdon, Great Britain
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Collection of samples

Blood samples for determination of standard bicarbonate, glucose and
hematocrit were taken from the jugular vein. After this, the rabbits were
sacrificed by severance of the carotid artery. The heparinized blood samples
collected in this way were centrifuged and the plasma was used for deter-
mination of urea, plasma protein and osmolality.

The urine sample necessary for the determination of pH was obtained
immediately after extermination from the bladder. At the same time, samples
of 1 to 2 ml of large intestinal contents were taken anaerobically from the
experimental animals and the pH, standard bicarbonate and osmolality were
determined. The amount of intestinal fluid found in the large intestine of
control animals was insufficient for analysis. In other cases, the gut was used
for determination of total “intestinal fluid” . After having measured the weight
of the whole intestinal tract, it was slit up longitudinally, dried with filter
paper and weighed again. The amount of intestinal fluid was calculated as
difference of the two weights.

Analytical methods

The majority of the analytical methods used for determination of blood
constituents have been described elsewhere (Kutas and Szabes, 1971). Blood
sugar was determined by the o-toluidine method (Biochcmica Test Combi-
nation, Boehringer Mannheim GMBH). The osmolality of plasma and intestinal
fluid was estimated by freezing point depression with a Knauer Osmometer
(Germany). The pH of intestinal fluid and urine was measured in duplicate
at 38 °C with a capillary electrode (E 5021a, Radiometer, Denmark). The
standard bicarbonate of intestinal fluid was measured by the equilibration
method of Astrup et al. (1960). At the calculation the modified nomogram
of Siggaard Andersen was used (Kiente, 1969).

Bacteriological methods

At post-mortem examination specimens were taken aseptically from
the different segments of intestine and cultured on blood agar plates for
accidental contamination with hemolytic E. coli strains.

Statistics

The statistical significance of difference between mean values was cal-
culated by Student’s t test.
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Results
Clinical signs and symptoms

The results shown in Table | indicate that 32 of the 41 rabbits given LT
developed profuse diarrhoea. Three animals showed mild diarrhoea and 6
rabbits failed to develope diarrhoea but 5 of these exhibited fluid accumulation
at autopsy. One animal showed neither diarrhoea nor fluid accumulation.
It is interesting to record that diarrhoea already began in some experimental
animals 3 1/2—4 hr. after administration of enterotoxin.

The rabbits that developed severe shock were unable to move. Their
skin became cool and cyanotic. Loss of tissue turgor and elasticity was also
observed. Diarrhoea was continuous until the moribund state. Death occurred
as early as 10 hr. or as late as 20 hr. after administration of LT. Ten rabbits
died and 4 were sacrificed in moribund condition.

Table |

Response of rabbits to oral administration of E. coli enterotoxin listed on the basis of clinical
and post-mortem signs

Number of rabbits

Group Diarrhoea Fluid accumulation n intestine
Challenged
Severe Mild No Severe Mild No
Experimental (LT) 41 32 3 6 35 5 I
Control 21 — — 21 — 21

Other diarrhoeic rabbits did not develope shock during the time of
observation and showed only mild clinical symptoms of dehydration. Twenty-
seven animals were exterminated in relatively fair condition 9 to 18 hr. after
administration of enterotoxin.

The control rabbits sacrificed 8 to 24 hr. after treatment did not develop
any diarrhoeal symptoms.

Post-mortem findings

At autopsy, when the abdomen of rabbits given LT was opened, the
distended large intestine appeared prominently (Fig. 1). The stomach was also
markedly dilated and filled with coagulated milk and occasionally some
excess mucus. The stomach wall showed congestion: the dilatation of gastro-
epiploic blood vessels could be observed. After the extermination of affected
animals, no or only slight peristaltic waves were noticed along the walls
of the gut. The small and large intestine, with the exception of duodenum,
was distended and contained a large amount of watery or mucinous-watery,
sometimes slightly reddish fluid. The cecum, colon and mesocolon of the diar-
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Fig. 1. The gastrointestinal tract of 11-day-old, infant rabbit 14 hr. after the administration
of 5 ml LT preparation

rhoeic rabbits were characterized with mild hyperemia and submucosal
edema. In the relatively mild cases, the excessive amount of liquid in the colon
and rectum contained also preformed feces. Macroscopic hemorrhage or ne-
crosis could not be observed in the stomach and intestine. The urinary bladder
was empty or contained only a small amount of urine.

At necropsy of control rabbits no pathological findings were observed.
Bacteriological examination of the intestine revealed that none of the experi-
mental and control rabbits were contaminated with hemolytic E. coli strains.

Table 11

Data relating to loss of body water following LT administration

Experimental (LT) Control
Parameter
n Mean 1 S. E. n Mean S. E.
) g 41 —1151 +0.97 20 +1.25 +0.79
Gain (-f) or loss (—)
of body weight per cent* 4 -6.70  +0.57 20 £0.86  +0.44
Amount of intestinal g 20 8.09 +0.51 10 1.08 +0.21
content
per cent* 20 5.25 +0.46 10 0.80 +0.14

* Expressed in per cent of body weight at beginning of experiment
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Tissues for histopathologic and histochemical examination were also
taken. The results of these investigations will he published in a following

paper.
Laboratory analysis of body fluids

Water balance. The results in Table Il show that an average loss of
6.70 per cent of the body weight was observed in the experimental group.
Since acute losses of weight reflect changes in amount of total body water,
a significant dehydration in the experimental rabbits can be established.
In addition, the accumulated fluid found in the intestinal tract of affected
animals also represents a loss of the body water. Consequently, the amount
of intestinal fluid, 5.25 per cent of body weight can be added to the data of
weight loss. This means that altogether about 12 per cent of body weight
can he considered as water deficit which represents a very severe form of
water depletion.

As shown in Table IIl the laboratory data clearly support the clinical
finding of dehydration. Significant increases of hematocrit and plasma protein
values indicated hemoconcentration due to the diminution of plasma volume.
In order to determine the type of dehydration, the osmolality of plasma was
also measured. No significant differences were observed between the osmolal-
ity values in the plasma of experimental and control animals: 294.86 — and
297.75 mOsm/1, respectively. This refers to the loss of salt and water in isotonic
ratio, consequently the osmolality in plasma remains unchanged, in spite
of the reduction of the extracellular water (isotonic dehydration).

The intestinal contents of the affected rabbits were near-isotonic with
blood plasma. The ratio of osmolalitypiasma to osmolalityjntest;nai fluid was
found to be 1.13.

The increase of plasma urea observed in experimental rabbits is also
characteristic of the advanced form of dehydration.

Table 111

Blood analysis

Experimental (LT) Control
Constituent
n Mean S. E. n Mean S. E.

Hematocrit, % 27 58.85 +2.10 17 42.35 +i.i6
Total protein, g/100 ml plasma 15 7.51 +0.43 13 5.19 +0.31
Urea, mg/100 ml plasma 15 113.27 +21.52 13 48.62 +5.73
Standard bicarbonate, mEqg/1

plasma 28 15.98 +1.40 17 23.85 +0.41
Osmolality, mOsm/1 plasma 7 294.86 +4.75 8 297.75 +7.62
Glucose, mg/100 ml blood 16 14944  +12.81 1 135.27 +9.20
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Acid-base balance. As shown in Table Ill, after administration of LT
a significant fall of standard bicarbonate was observed in the blood of rabbits.
It should be noted that at terminal state very low values were found: in all
4 rabbits exterminated in moribund condition the standard bicarbonate
values were less than 10 mEq/1. The metabolic acidosis can be explained with
the intestinal loss of bicarbonate. Table 1V shows that the average bicarbonate
concentration of intestinal fluid (35.26 mEq/l) was more than twice as high
as that of plasma (15.98 mEq/1).

Table IV

Analysis of large intestinal contents

Experimental (LT)
Constituent

n Mean S. E.
pH 18 7.19 + 0.01
Standard bicarbonate, mEqg/1 31 35.26 + 2.10
Osmolality, mOsm/1 9 259.22 + 6.82

In spite of the fact that the intestinal content of the enterotoxin-treated
rabbits was rich in bicarbonate, its mean pH was found relatively low, only
7.19. This can be explained with the high carbon dioxide tension present in
the intestinal fluid. Pco2 values were found between 66 and 136 mmHg in
16 of the total 20 samples collected. In 4 rabbits the intestinal carbon dioxide
tension was higher than 150 mmHg.

The values of urine pH were of the similar magnitude in both groups.
Control: pH 6.6 ~ 0-21 (n = 19), experimental: 65" 0.37 (n = 7).

Statistical analysis of the data are presented in Table V.

Table V

Statistical analysis of the mean values

P (less than the

L Direction of change value shown)

Determination in the mean Experimental vs.
Control
Body weight Decrease 0.001
Intestinal water Increase 0.001
Hematocrit Increase 0.001
Total protein, plasma Increase 0.001
Urea, plasma Increase 0.02
Standard bicarbonate, plasma Decrease 0.001
Osmolality, plasma Slight decrease NS*

Glucose, blood Slight increase NS

* NS, not significant
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Discussion

In accordance with the findings of Smith (1972), our experiments on
infant rabbits clearly proved that these animals are highly susceptible against
LT elaborated by E. coli. It has been demonstrated that when LT of entero-
pathogenic E. coli strains of porcine origin comes into direct contact with
intestinal mucosa, there follows a hypersecretion of intestinal fluid. Fluid
accumulation, diarrhoea develops and in severe case the animal dies. In
contrast, after the administration of WCL of non-enterotoxigenic E. coli
strains no pathological signs were observed. On the basis of these results it
may be concluded that enterotoxin is responsible for diarrhoea observed in
our experimental rabbits.

The toxin produces changes in ion flux across the epithelium of the
intestine. Enterotoxins elaborated by both V. cholerae and E. coli stimulate
intestinal adenyl cyclase and the resulting increase in cellular adenosine-3’:5’-
monophosphate (cAMP) is a signal that produces changes in ion transport
(A1-Awgati et al.,, 1972). In our experiments an enterotoxin-induced copious
secretion of salt and water into the infant rabbits’ intestinal lumen could be
observed. It has been demonstrated that severe diarrhoea developed within
3 to 4 hr. following orogastric administration of E. coli enterotoxin. A near-
isotonic, bicarbonat-rich fluid was accumulated mainly in the large intestine.

The loss of isotonic intestinal fluid took place very quickly and caused
isotonic dehydration. The average water deficit of about 12 ml per 100 g body
weight observed in our experiment indicated very severe form of dehydration,
since the normal plasma volume for 11-day-old rabbits has been estimated
at 5.17ml per 100 g of body weight (Littte, 1970). The rapid fall of the volume
of extracellular water led to circulatory insufficiency which became the prom-
inent feature of the clinical picture. Circulatory collapse developed in a few
hours after the first symptoms of diarrhoea. In this shock phase uremia also
developed, as the glomerular filtration rate decreased. Diarrhoeal loss of
alkaline fluid depleted the bicarbonate pool of extracellular fluid and caused
metabolic acidosis. It is interesting to compare the bicarbonate level of in-
testinal fluid to that of host plasma. As seen previously, in the shock phase
there was over two times the concentration of bicarbonate in the intestinal
fluid as there was in the plasma. If its absorption took place, the bicarbonate
pool present in the intestinal content could at least partially compensate
the severe form of acidosis in the extracellular fluid.

It should be pointed out that the effectiveness of renal regulation is
limited against the disturbances of the water and acid-base balance. The neo-
natal rabbit, like the human baby, piglet, puppy etc. has a poorly developed
renal function compared with the adult. Such “renal immaturity” is evident
in the neonate’s inability to produce very concentrated urine when dehydrated
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(Datton, 1968). The results of our experiments indicate an inadequate renal
compensation, since no significant difference was observed between the urine
pH values in acidotic and normal animals.

The changes seen after the administration of E. coli enterotoxin in
infant rabbits resemble those found by us in naturally occurring form of
mucoid enteritis associated with E. coli in rabbit (Vetési and Kutas, 1973),
as well as in that of enteric colibacillosis in piglet (Kutas and Szabe¢, 1971).
However, there were certain differences in the clinical and post-mortem
picture. Excessive fluid accumulation and distension of large intestine were
more characteristic of the disease observed in rabbit. Such differences can be
explained with the different anatomical and physiological features of digestive
system in rabbit and swine. One of these is that, in contrast with the pig,
the rabbit vermiform appendix is a secretory organ. The volume of fluid
produced by the appendiceal secretion of adult rabbit has been estimated
20—80 ml per day (Blackwood et al., 1973). At any rate, the informations
obtained by means of infant rabbit model seem pertinent to an understanding
of the mechanism of diarrhoea caused by E. coli and may help to clarify the
pathophysiology of disease.

The response of ligated intestinal loops of pig jejunum and rabbit ileum
have been widely used for study of E. coli enterotoxin. In our opinion, the
infant rabbit model has several advantages when it is compared to these
experimental systems:

(1) Because of the antimicrobial action of stomach during the suckling
period, the stomach and small intestine of baby rabbit are practically sterile
(Smith, 1965; Smith, 1966). Thus, the response following administration of
enterotoxin is not disturbed by the interaction of intestinal microflora and
the different immunological background.

(2) No preparatory and surgical pre-treatment is necessary.

(3) The intestinal tract remains unobstructed.

(4) While the ligated intestinal loop preparation is essentially a static
system, the infant rabbit model offers an opportunity to study the intact
animal.

(5) Baby rabbits are readily available and less expensive than either
pigs or adult rabbits.
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Summary
The E. coli enterotoxin-induced pathophysiological changes were studied in infant
rabbits and compared to the response of control animals treated with whole-cell lysate from
non-enterotoxigenic strain.
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It has been shown that heat-labile enterotoxin produced from enteropathogenic E.
coli strain of porcine origin produces diarrhoea, causing a characteristic clinical response and
post-mortem change, while the whole-cell lysate from non-enterotoxigenic E. coli strain
fails to do so.

The changes after administration of enterotoxin were closely resembling those observed
in the naturally occurring form of rabbit mucoid enteritis and coliform diarrhoea of piglets:
increased fluid secretion into the intestinal lumen, diarrhoea, severe dehydration, metabolic
acidosis and uremia.

The volume and composition of fluid accumulated in intestine was also studied. When
compared to host plasma, this fluid was high in bicarbonate and nearly isoosmolar.

The infant rabbit has been suggested as a suitable experimental model for the study
of effect of E. coli enterotoxin.
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Recent world-wide interest in mycoplasma research has resulted in a
marked increase in the number of known species from various hosts. Among
the many new species several pathologically important ones have been detected
(Hayflick, 1969), which differ from the earlier descriptions, but their system-
atic position is still unclear.

The main problem of mycoplasma research is that the test materials
usually contain more than one species of which some are saprophytic. Species
differentiation is rendered difficult by the variable nutritional requirements
and growth ability of the various strains as well as by the inadequate knowl-
edge of the biological properties of certain species.

The clarification of the aetiological role of mycoplasmas is preconditioned
by the identification and close study of the various species involved in the
pathological processes. Detailed investigation and comparison of the known
species and the elaboration of standard procedures, especially of simple
biochemical tests, for species identification, are therefore imperative. Related
studies have been supported by the competent teams of the World Health
Organization (WHO).

This paper is a report of comparative studies on the commonly occurring
swine mycoplasma species Acholeplasma granularum (Switzer, 1964), Myco-
plasma hyorhinis (Dinter et al., 1965), M. hyopneumoniae (syn.: M. suipneu-
moniae) (Goodwin et al., 1965; Mare and Switzer, 1965) M. hyosynoviae
(Ross and Duncan, 1970) and A. laidlawii (Schimmel and Pustovar, 1971).

Materials and Methods

Strains. The following reference strains, supplied from the FAO/WHO
International Reference Centre for Animal Mycoplasmas (Institute of Medical
Microbiology, University of Aarhus, Aarhus, Denmark), were used:

A. granularum (Friend)
M. hyorhinis PG 29
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M. suipneumoniae “J” (ATCC 25934)
M. hyosynoviae AMRC/C 104

A. laidlaivii A PG 8

A. laidlaivii B F —8

All strains were subcultured three times after a previous filtration and
the third subculture was distributed in test tubes and stored at —70 °C. In
all experiments, the third subculture was used as the initial material.

Media

BE medium (one lot)
Heart Infusion Broth (DIFCO, USA),

according to producer’s prescriptions 90 mil
Inactivated horse serum 20 ml
Yeast extract (prepared as described by

Hayflick) 10 ml
10% thallium acetate solution
(Fischer Scientific Co., USA) 1 ml
1% 2,3,5 triphenyl-tetrazolium-chloride

(MERCK, GFR) 1 ml
0.2% deoxyribonucleic acid
(from calf thymus, SIGMA, USA) 1.2 ml
200,000 1U/mIl penicillin 0.25 ml

In solid media, the heart infusion hroth was replaced by heart infusion
agar.

All examined strains except M. suipneumoniae were grown in the BE
medium. M. suipneumoniae was cultured in the media proposed by Goodwin
and Pryor (1970), Friis (1971) and Gourlay and Leach (1970). The same
media were used in the biochemical and resistance tests, after a slight modifi-
cation if required.

Determination of the growth curves

The strains were grown on streak plates of BE agar for 3—4 days, after
which agar blocks, each bearing a single colony, were excised and transferred
to 2 ml BE broth or to hroth containing glucose or arginine, hut no tétra-
zolium chloride (see below). The blocks were homogenized in the broth and
germ counts were determined in terms of colony-forming units (CFU). The
broth cultures were then incubated for 10 days, during which CFU were
determined daily. The “J” strain of M. suipneumoniae was grown on Goodwin’s
agar inoculated with 0.2 ml of a 1 : 100 diluted broth culture and 0.5 X 0.5 cm
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blocks of Goodwin’s agar were transferred to 2 ml each of Goodwins’s, Friis’s
and Gourlay—Leach’s medium containing broth for growth curve deter-
mination. The latter was in this instance not based on CFU, but on the deter-
mination of the highest culture dilution that changed the colour of the broth
culture in 7 days when added to it in 0.1 ml amount (Figs 1, 2).

CFU (log 10
Fig. 1. The growth curve of swine Mycoplasma species.-------------- M. hyorhinis PG 29; — « —
M. hyosynoviae; — — — M. suipneumoniae
Fig. 2. The growth curve of swine Acholeplasma species. ------------- A. Laidlaivii A PG 8;
— o— m— A. laidlawii B PG 9; — — — A. granularum (Friend)

Determination of the culturing conditions

The broth cultures of the strains were diluted at tenfold steps up to 10“e
and from each dilution 0.01 ml was inoculated onto 4 BE plates, from M.
suipneumoniae to 4 Friis’s agar plates. The first series of agar plates were
incubated under aerobic conditions, the second in an atmosphera of 95%
nitrogen -)- 5% carbon dioxide, the third in nitrogen atmosphere, for 10 days

Acta Veterindria Academiae Scientiarum Hungaricae 24, 1974



190 STIPKOVITS et al.

at 37 °C. The fourth series was incubated with a burning candle placed in the
incubating jar. Growth results were read every other day according to the score
evaluation system of ErnO et al. (1967) in which the index characterizing the
growth properties of the strain is calculated from the scores indicating colony
outgrowth with regard to the degree of dilution of the inoculum and time of
inoculation.

Examination of biochemical properties

Decomposition of carbohydrates (glucose under aerobic and anaerobic
conditions, mannose, sucrose, galactose, mannitol, sorbitol, xylose), arginine
and urea was examined in liquid BE medium containing 1 ml Bacto PPLO
serum fraction (DIFCO), 5 ml 10% substrate solution and 5 ml 60 mg/100 ml
phenol red, but neither tétrazolium chloride nor horse serum. The heart
infusion broth and yeast extract were treated with glucose oxidase, peroxidase
and arginase before added to the medium. The carbohydrate-containing media
and the basal BE medium (control) free from substrate were adjusted to pH
7.8, the arginine- and urea-containing media and the corresponding basal
(control) BE medium to pH 7.3. The reaction was read on the basis of colour
change, daily for the first 5 days and every other day subsequently. The
reaction was regarded as positive if the fall or rise of the pH reached at least
0.5 unit in comparison to the pH of inoculated and uninoculated substrate-
free control media.

The reducing capacity of the strains was tested under aerobic and
anaerobic conditions in BE broth containing 1 or 5 ml 1% triphenyl-tetra-
zolium chloride and 1% Bacto PPLO serum fraction, in broth containing
rabbit meat extract (Atuotto et al., 1970), and in BE broth containing 5 ml
1% potassium tellurite and 0.24 ml 0.1% methylene blue solution. Reduction
of the first two substrates was indicated by a red colour change, that of the
third substrate by discoloration of the cultures.

Inoculation technique

Substrate-containing and substrate-free media were inoculated each
with a single colony obtained from a 3—4 day agar culture of the strain
tested and 0.1 ml from each tube culture was transferred to an identical
medium 2—4 days later, depending on the growth curve. In the meantime
BE streak plates were prepared to check mycoplasmal growth. Tube cultures
to be incubated under anaerobic conditions were inoculated with material
from cultures grown aerobically on medium containing the same substrate.
Each examination was made in three replicas. To exclude bacterial contami-
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nation, positive reactions were always checked by streaking on blood agar
plates.

The hydrolysis of aesculin was examined by the method of Wiltiams and
Wittler (1971), phosphatase activity and serum digestion were tested accord-
ing to Atuotto et al. (1970), film and spot formation and cholesterol require-
ment according to Edward (1971, 1950). Arbutin decomposition was examined
on BE agar, containing 1.2 ml 10% arbutin (hydroquinone-beta-D-glycopy-
ranoside, SIGMA) and 1.2 ml 5% ferric citrate, but no triphenyl-tetrazolium -
chloride. The reliability of the tests was checked by means of the test strains
proposed by Aluotto et al. (1970).

Examination of sensitivity to sodium chloride, sodium azide, methylene blue,
Tween 80, sodium taurocholate, pH 5.5 and pH 9.5

These tests were carried out on modified BE media in which triphenyl
tétrazolium chloride was replaced by 3.6 g sodium chloride, 6.0 ml 10%
sodium taurocholate, 15 ml 1% sodium azide, 2.5 ml 10% Tween 80 or 2.4 ml
1% methylene blue per lot. Sensitivity to pH was examined on the usual
BE agar plates with pHs adjusted to 5.5 and 9.5, respectively. The freshly
prepared solid test media and the BE basal medium were inoculated with
0.01 ml of undiluted and 10_3-diluted broth culture, respectively. The test
plates were incubated for 14 days, and if growth was observed, the re-
spective agar block was excised and transferred to an identical medium. If no
growth occurred in 10 days, an excised agar block was transferred to BE broth
to check the survival of mycoplasmas. The test was repeated several times.

Examination of sensitivity to sodium polyanethol sulphonate, digitonin and
antibiotics

0.01 ml of culture dilutions containing 105 CFU were transferred to
solid BE medium from which the penicillin component was omitted if anti-
biotic sensitivity was tested, and discs containing the test substances were
placed on the surface of the medium. The discs were soaked with 0.02 ml 5%
sodium polyanethol sulphonate (Hoffman—La Roche and Co., Switzerland)
(Kunze, 1971) or 0.02 ml 0.01% Digitonin (Merck, GFR) dissolved in ethanol,
and were dried for 24 hours. Antibiotic sensitivity was tested by means of
ready-to-use discs (HUMAN, Budapest) containing 10 pg erythromycin, 30 pg
kanamycin or 15 pg polymyxin B. The radii of the inhibition zones were
measured after 3—4 days; in the case of M. suipneumoniae, the incubation
time was 10 days.
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Examination of M. suipneumoniae

The biochemical and resistance tests were carried out on cultures grown
in the Gourlay-Leach medium. The lactalbumin hydrolysate, Hartley’s
Digest Broth and foetal calf serum constituents of the media used for testing
carbohydrate, arginine and urea decomposition, were pretreated with glucose
oxidase, peroxidase and arginase. The quantity of substrates was the same as
in the BE test media. Glucose and phenol red were omitted from those media
which were used for testing the hydrolysis of aesculine and arbutin, and the
serum component was inactivated for one hour. Cultivation of the strains
and inoculation of the test media were performed as previously described.

Results

All the strains except M. suipneumoniae grew readily in solid and liquid
BE medium, and M. suipneumoniae grew well in solid or liquid Goodwin’s,
Friis’s and Gourlay-Leach’s media. The growth rate of the strains can be seen
in Figs 1and 2; the acholeplasmas grew as a rule faster than the mycoplasmas.
In cultures of the A. laidlawii A PG 8 and A. laidlawii B F-8 strains, the
number of CFU was high until the 7th day. In A.granularum (Friend) cultures
the CFU decreased in number from the 5th day on. The counts of M. hyorhinis
PG 29 were high for four days, whereas those of M. hyosynoviae AMRC/C104
began to decrease abruptly after reaching maximum CFU on the third day.
The M. suipneumoniae “J” strain was characterized by a slow growth, reaching
maximum titre on the 7th day, but this maximum was by 2 —3 logarithmic
units lower compared to the titres of other strains. The titre fell abruptly
after the 7th day. In liquid media containing glucose or arginine, the growth
rate was the same as in the BE medium during the initial days of incubation,
but later the reduction in the CFU value was more pronounced than in the
substrate-free media.

Cultures of the A. laidlawii A PG 8 and A. laidlawii B F-8 strains showed
the colour change indicative of glucose decomposition already on the first
day and the acholeplasma counts scarcely changed until the 6th day. The
cultures of the A. granularum (Friend) strain began to take on a yellow colour
after 3—4 days, and the acholeplasma counts tended to reduce from the 4th
day. With M. hyorhinis PG 29, the colour change indicating carbohydrate
decomposition remained indistinct throughout, whereas with M. hyosynoviae,
shift of the pH to the alkaline region owing to arginine decomposition began
to appear on the third and on the very day the mycoplasma counts began to
decrease.

Peak values of growth under different conditions of culturing are summa-
rized in Table I. The M. suipneumoniae strain grew exclusively under anaerobic
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Table 1

Growth of various Mycoplasma and Acheloplasma species under different atmospheric conditions

Atmosphere
Strain

N. +95¥2 ’\éé* “candle jar” Air

M. granularum Index 5.0 52 5.0 5.2
(Friend) CFU 2.0x10s 8.0 X 10" 5.0x107 9.0xI07

M. hyorhinis Index 4.0 4.2 5.0 4.4
PG 29 CFU 20xI107 6.0 X107 7.8x107 6.0 XIO7

M. hyosynoviae Index 4.0 4.2 4.8 4.0
AMRC/C 104 CFU 2.0 XHO 6 4.2XHK06 4.9 X106 2.7X106

M. suipneumoniae Index 3.2 3.6 3.4 0.6

“J” ATCC 25934 CFU 1.0x10s 4.0x10s 3.6x10s n.t.

A. laidlaivii A Index 6.8 6.0 7.4 6.6
PG 8 CFU 35xI107 1.OXxIO7 1.0XHO7 25x107

A. laidlaivii B Index 6.2 6.2 6.2 6.8
F-8 CFU 1.OxIO7 2.0 X107 2.1 X107 5.0x 107

conditions, whereas the other strains grew equally well in aerobic and anaerobic
conditions.

Among the examined strains M. hyosynoviae, M. hyorhinis and M.
suipneumoniae were found to require cholesterol. The A. laidlaivii A and B
strains and A. granularum grew readly also in cholesterolfree medium. The
above three mycoplasma strains were sensitive to sodium polyanethol sul-
phonate and digitonin, whereas the remaining were not (Table II).

Table 11

Cholesterol requirement and sodium polyanetholsulphonat and digitonin sensitivity of the
examined strains

Sensitivity to

Cholesterol

Strain requirement sodium poly-
anethol- digitonin
sulphonate
A. granularum — - -
(Friend)
M. hyorhinis + 8.0* 8.0
PG 29
M. hyosynoviae + 5.0 6.0
AMRC/C 104
M. suipneumoniae “J” + 15.0 7.0

(ATCC 25934)

A. laidlaivii A — — —
PG 8

A. laidlaivii B — _ —
F—8
*The figures designate the radius of the inhibition zone in mm
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The following strains displayed a glucose-decomposing activity: A.
laidlawii A PG 8, A. laidlawii B F-8, A. granularum (Friend), M. hyorhinis
PG 29 and M. suipneumoniae “J”. The glucose decomposing activity of the
latter two strains was, however, less distinct compared to that ofthe others and
the fall of the pH scarcely exceeded 0.5 unit. As to the other carbohydrates,
xylose and galactose were weakly decomposed by M. suipneumoniae and
aesculin was decomposed exclusively by the A. laidlawii strains, but mannose,
mannitol, sucrose, sorbitol, cellobiose and arbutin were not broken down by
any of the examined strains, nor was urea.

Arginine was decomposed by M. hyosynoviae. Phosphatase activity was
positive with M. hyorhinis, film and spot formation with M. hyosynoviae.
All examined strains reduced triphenyl-tetrazoliumchloride under anaerobic
conditions and M. suipneumoniae reduced it also under aerobic conditions.
The latter strain was the only one which reduced potassium tellurite. Methylene
blue was reduced by all strains except M. hyosynoviae under anaerobic condi-
tions (Table I11), but by none under aerobic conditions. Serum digestion was
not found with any strain.

Table 111

Biochemical properties of the examined strains

Strains
M. hyo- M. suipn. i .
Test A. gran. M. hyorh. synoviae e A. laidl. A. laidl.
(Friend) PG 29 (AMRC/C (ATTC A B
104) 25934) PG 8 F-8
Glucose
aerobic + + + - + + +
anaerobic + o+ _ _ + + +
Galactose — — - + — _
Xylose - . . + - —
Aesculin — . - X + +
Arginine - — + + — - —
Triphenyltetrasolium chloride
aerobic - — - + + +
anaerobic + + + + + +
Potassium tellurite
aerobic — — - + — —
anaerobic _ _ + + _ _
Methylene blue
aerobic - — - — — —
anaerobic + o+ + (+) + +
Phosphatase activity - + - - (+) -
Film and spot formation R
Symbols used: (+) mild reaction; -f- moderate reaction; + + strong reaction; — negative;

X no growth
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As to the resistance tests, M. suipneumoniae was found to be sensitive
to all substances and antibiotics tested. M. hyorhinis behaved similarly, but
erythromycin inhibited its growth to a lesser degree than that of M. suipneu-
moniae. M. hyosynoviae was resistant to sodium azide and erythromycin,
A. granularum to sodium azide, pH 9.5 and polymyxin B and the A. laidlawii
A and B strains resisted sodium azide. Tween 80, sodium chloride, polyxin
B and pHs 5.5 and 9.5. (Table 1V)

Table IV

Resistance tests of the examined strains

M. hyo- M. suipn.
Wyn

| a gran. M. hyorh. synoviae A. laidl. A. laidl.
(Friend) PG 29 (AMRC/C (ATCC A B
104) 25934) PG 8 F—8
Sodium chloride S S S S R R
Methylene blue S S S S S S
Tween 80 S S S S R R
Sodium azide R S R S R R
pH 55 S S S S R R(i)
pH 95 R S S S R R
Sodium taurocholate S S S S S S
Erythromycin 31 6.0 0 > 30 22.0 24.0
Polymyxin B 0 > 25 > 25 > 30 0 0
Kanamycin 16 > 20 25 > 30 10.0 9.0

Symbols used: S, sensitive; R, resistant

Discussion

Most of the swine mycoplasma (acholeplasma) strains tested grew well
in the BE medium, which had been shown earlier to suit the growth require-
ments of most bovine mycoplasma strains as well. M. suipneumoniae grew
in all special media tested, but only under anaerobic conditions, whereas
most other strains grew readily on both aerobic «nd anaerobic culturing. The
growth of the acholeplasma strains was fast, that ofmycoplasmas, especial-
ly of M. suipneumoniae, was much slower.

~he finding that the mycoplasma (acholeplasma) counts of the cultures
are related with the colour change caused by decomposition of glucose or
arginine, seems to be of importance. The intensity of the yellow discoloration
of glucose-containing broth cultures of A. laidlawii strains was directly related
with the CFU for 5—6 days; in A. granularum cultures, the same phenomenon
lasted only 4 days. The counts of M. hyosynoviae cultures were already fairly

13* Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



196 STIPKOVITS et al.

low when the colour change became apparent. Shift of the pH by more than
0.5 grade step resulted in a marked decrease of the mycoplasma count of
M. suipneumoniae cultures.

This correlation should be taken into consideration when first isolations,
transfers or biochemical examinations of mycoplasma (acholeplasma) strains
are made.

The main differentiating feature of mycoplasma and acholeplasma
strains is cholesterol requirement. The methods proposed for its examination
(Edward, 1971; Razin and Tulty, 1970) can be replaced for routine purposes
by the much simpler tests of sensitivity to sodium polyanethol sulphonate
and digitonin.

Important information for species differentiation can be obtained from
biochemical and resistance tests, e.g., A. granularum can be differentiated
from A. laidlawii by lack of aesculin hydrolysis and sensitivity to sodium
chloride, Tween 80 and pH 5.5. The present findings are in good accordance
with Turty and Razin’s (1968) observation that A. laidlawii A and R strains
cannot be differentiated from one another on the basis of behaviour in biochemi-
cal tests, a slight difference being found only in sensitivity to pH 5.5.

The differentiation of mycoplasma strains is also possible by biochemical
tests. M. hyosynoviae decomposes arginine, but does not break glucose, whereas
M. hyorhinis behaves just oppositely. As the sugar-decomposing activity of the
latter strain is often very slight, complementary tests for phosphatase activity
and sensitivity to sodium azide and erythromicin are generally useful.

M. suipneumoniae behaves differently from both aforementioned species,
especially in respect of growth ability, nutritional requirements, distinctive
erythromycin sensitivity, decomposition of galactose and xylose and reduction
of triphenyl tétrazolium chloride. As M. hyorhinis and M. suipneumoniae
frequently occur in one and the same host and the former grows more readily in
the special media than the latter, only an approximate indentification of
already isolated cultures is possible by the mentioned tests. The differentiation
of the two species in mixed cultures is, however, impossible, because they
behave almost identically in the resistance tests. The fastly growing M. hyorhi-
nis is less sensitive to erythromycin than M. suipneumoniae, whence the
selection of the latter cannot be carried out by suppression of the former’s
growth with the antibiotic.

In summary, it is advised that with unknown, new mycoplasma isolates
certain biochemical and resistance tests be performed before they are subjected
to the extraordinarily work-consuming serological examinations. On the basis
of the premilinary results, testing with fewer type sera is sufficient to confirm
the preliminary classification of the isolate. The following tests are helpful in
preliminary identification: cholesterol requirement, resistance to sodium
polyanethol sulphonate and digitonin, decomposition of glucose, arginine,
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galactose, xylose and aesculin, film and spot formation, phosphatase activity
and resistance to sodium chloride, sodium azide, pH 5.5 and 9.5, Tween 80 and
erythromycin.

Summary

The properties of representative strains of various swine mycoplasma and acholeplasma
species were compared by standard methods. The following biochemical properties were found
to serve as important criteria of species differentiation: cholesterol requirement, sensitivity
to sodium polyanethol sulphonate and digitonin, decomposition of glucose, arginine, aesculin,
galactose and xylose, phosphatase activity, film and spot formation, and resistance to sodium
chloride, sodium azide, pH 5.5 and 9.5, Tween 80 and erythromycin.

A correlation was demonstrated between changes of the pH of medium and the number
of colony-forming units (CFU) in the cultures; this correlation should be taken into con-
sideration at the propagation and transfer of mycoplasma (acholeplasma) strains.
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Infectious bronchitis virus (IBV) belongs to the Coronavirus group
(Estola, 1970) and is known to have several strains differing in antigenic
composition and pathogenicity to chickens.

Little is known about its multiplication and other biological properties such as inter-
feron (IF) induction. In our best knowledge only one report has been published on the IF
production of an IBV strain (Yurov, 1967).

The present communication deals with the IF-inducing ability of various
IBV strains and some characteristics of the IF production during multiplication
of IBV.

Material and Methods

Viruses. Strains Beaudette 222 (B222) and Massachusetts 41 (M41) of
IBV were kindly provided by V. von Bilow, Bundesforschungsanstalt fir
Viruskrankheiten der Tiere, TUbingen; strains LED and PV were isolated from
local epidemics in Hungary (Lomniczi and Stipkovits, 1968). Some data
concerning the pathogenicity of various strains are summarized in Table 1.

Table |
Some biological properties of IBV strains
Activity in

Chicken embryo

IBV strains
Chicken Survival, CEF
Passage hours
B222 No symptoms > 200th < 40 CPE, growth
LED Symptoms 48th > 48 No CPE, no growth
M41 Symptoms 4th > 96 No CPE, no growth
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The origin of the other viruses such as Newcastle disease virus (NDY), Sindbis
virus and Semliki Forest virus (SFY) has been described elsewhere (Lomniczi,
1973).

Propagation and titration of viruses. These were carried out in 9-days old
eggs as described earlier (Anon. 1963; Lomniczi and Stipkovits, 1969;
Lomniczi, 1973).

Cells. Chicken embryo fibroblast cell (CEF) cultures were prepared
according to Lomniczi and Burke (1970).

IF production, IF titration and pretreatment of cells with IF were done
as described previously (Lomniczi, 1973). IF titrations were performed in
tube cultures by recording inhibition of cytopathic effects (CPE) of Sindbis
virus. IF yields were expressed in international units (I. U.) established on the
basis of comparison with Chick Research Standard A 62/4 sample, kindly pro-
vided by the Medical Research Council, London.

Results

IF production in chickens. Six-week-old chickens were inoculated with
doses of 107 ELD SJ100 g body weight of IBV. Of three strains studied, only
strain B222 induced measurable amounts of IF (20 I. U./ml) in the sera of
chickens as tested 4 hours post-infection.

IF production in eggs. In embryonated eggs only strain B222, which
killed the embryo rapidly, induced IF, while strain LED, which had undergone
much fewer passages in chick embryo, failed to induce measurable amounts of
IF (Fig. 1).

IF induction in CEF. Of the three strains studied only B222 induced IF
in chick cells (Fig. 2). Appearance of IF coincided with that of CPE and attained
maximum by 48 hours following infection. At that time about 90 per cent of
cells showed CPE characteristic for IBV. Both strains LED and M4l had
elicited neither IF induction nor CPE in CEF culture by the 96th hour after
infection.

10 20 30 40 80

Hours after infection

Fig. 1. Induction of IF with IBV strains in egg. B222 -« ; LED A-—-
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Hours after infection
Fig.2. Induction of IF with IBV strains in CEF cultures. B222 ¢ --—------ :LED A ------ M4l B e -

Attempts to render non-inducer strains to be inducers. According to our
experiences (Lomniczi, 1973, 1974) two methods, namely irradiation with
ultraviolet light (UV) of the virus or IF-pretreatment of chick cells rendered
both NDY and Aujeszky’s disease virus good inducers. However, when strain
LED was examined under the same conditions no IF could ho detected (Table

.

Tabic 11

Attempts to convert strain LED into an IF inducer

IF yields
Virus treatment  Cell treatment
24 hours 48 hours
None none < 10 < 10
uv none < 10 < 10
None IF* < 10 < 10

* Cells were pretreated with 80 1.U. of IF for 18 hours.

Conditions influencing IF induction by IBV . Effects of certain treatments
on IF induction by strain B222 are shown in Fig. 3 and Table Ill. IF induction

Table 111

Effect of trypsin, heat and UV-irradiation on the IF-inducing ability of IBV

Virus IF yield
. Titre
Strain Treatment eld5 40 hours 56 hours
B222 none 107 40 320
B222 trypsin, 60 min. n.d. 40 320
B222 UV, 4 min. 101.5 < 10 < 10
B222 37 °C, 1 day 1028 10 20

n.d. = not done

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



202 LOMNICZI

was unaffected by trypsin treatment of the virus, whereas it was significantly
decreased by other treatments affecting the infectivity (exposure to heat and
UY -irradiation) or reducing the multiplication capacity of the virus (IF-
pretreatment of cells). Accordingly, CPE became less distinct under these
conditions. The close relationship between virus multiplication and IF induction
is reflected by the relative independence of IF yields at late stage of infection
(56 hours) on the size of the inoculum (Fig. 4.) This suggests that at multiplici-
ties of not higher than 1.0 some product during virus replication serves as IF
inducer rather than the input virus itself.

Hours after infection

Fig. 3. Effect of IF-pretreatment on IF induction by strain B222. Normal cells ¢ -------- ©F-
pretreated cells 0 -—mmv

Fig. 4. Effect of virus dose on IF induction with B222. IF at 40 hours o-------- CIF at
56 hours fi--------

Interference by IBV strains. When CEF cultures infected with various
IBV strains were superinfected with NDY, only B222 showed a significant
interference activity in CEF (Table 1V.)

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



INTERFERON INDUCTION 203

Table TV

Interference of IBV strains with NDY

Interfering CPE and yield of NDV
None 90% 3.2x10« PFU/mlI
B222 0% 3.2x10s PFU/mI
LED 50% 2.4x10« PFU/mI
PV 80% 2.4x10« PFU/mI

Superinfection with NDV was carried out 14 hours after infection with IBV.

Discussion

The present studies have revealed that from different strains of IBV
only B222 proved to be a good IF-inducer in various systems. In the chicken
embryo and CEF culture B222 not only induced significant amount of IF, but
also showed a higher virulence than strains LED or M41. In the egg maximal
IF yield occurred when the embryo died and in CEF, when more than 75 per
cent of cells showed CPE. Coincidence of higher virulence with better IF
induction has been described in other virus-cell systems as well, namely
during infection of western equine encephalitis virus (Lockart, 1963), mengo-
virus (Campbell and Colter, 1967), Kilham rat virus (Kitham et al., 1968)
and NDV (Lomniczi, 1970, 1973).

Strains LED and M41 seem to be ab ovo unable to induce IF in contrast
to NDV, another virus being noninducer in untreated state. However, NDV
can be converted to be an inducer, suggesting that some product of the virus
or of the replicative cycle may prevent the expression ot the IF-inducing
ability in NDV-infected cells (Sheaff etal.,, 1972; Lomniczi, 1973), in contrast
to non-inducer strains of IBV.

IF induction by B222 is closely associated with virus replication, for
IF production could be prevented by either inactivation of virus infectivity or
inhibition of virus multiplication with IF. On the basis of these observations
the type of IF induction by IBV is largely similar to that of SFV since the
same treatments resulted in the same response as far as IF production is
concerned (Lomniczi, 1973). In SFV-infected CEF culture an IF treatment
resulting in a 2000-fold decrease in virus yield caused more than 90 per cent
inhibition of IF production (B. Lomniczi, unpublished results). It has been
shown that in the case of SFV, IF inhibits virus RNA synthesis (Mécs et al.,
1967) and RNA synthesis in turn is necessary to optimal IF induction (Lom-
niczi and Burke, 1970). Consequently, it is possible that in IBV-infected
CEF cells it is also the virus RNA accumulating during virus replication
which serves as IF inducer.
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Strain B222, which was able to multiply in CEF to a limited extent,
interfered with the growth of NDY, while other strains did not. This fact
suggests that the latters have negligible activity in CEF. These findings are in
accordance with those of Beard (1967), who also observed that some viral
activity was needed for IBV in interfering with NDY.

Summary

Interferon- (IF) inducing ability and conditions of IF production by three strains of
infectious bronchitis virus (IBV) were compared. Only strain Beaudette at high embryo
passage showed significant IF induction in chickens, in eggs and in chick embryo cell culture.
Maximal yield of IF in chick cells occurred at 48 hours when about 80 per cent of the cells
showed destruction. Virus inactivation by heat or ultraviolet light, and suppression of virus
growth by IF-pretreatment of cells, reduced IF production. IF production did not decrease
significantly when the multiplicity of infection was reduced from 50 infectious units to 0.1,
therefore, it has been concluded that molecules accumulating during virus replication and
capable of inducing IF are more likely candidates for inducer than the RNA of the input
virus. These conditions affected IF induction of Semliki Forest virus likewise, thus the IF
inductions, by SFV and IBV are of similar types. Potentiating effects, such as UV-irradiation
of the virus and pretreatment of the cell with IF, failed to convert two non-inducing strains
of IBV into IF inducers.
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Greenough, P. R., MacCALLUM, F. J. and Weaver, A. D.: Lameness in cattle. Oliver and
Boyd, Edinburgh, 1972. Pp. 478.

The volume is divided into three main parts and a total of 43 chapters.

The first part (eight chapters) discusses the forms of lameness in cattle in general,
with regard to economic importance. This is followed by a description of the functional anat
omy of the extremities. The methods of sedative treatment as well as local and general an-
aesthesia are also outlined under this heading. Fixation and methods of examination of the
extremities are described in great detail. The preparation of roentgenograms is demonstrated
and instructions are given for their evaluation.

The second part (eleven chapters) deals with the diseases of the foot. The richly illustrated
introductory chapter gives a detailed anatomical description of the region. The artériographie
and venographic illustrations of the blood supply of the foot deserve special mention.

The subsequent chapter deals with the diseases of the skin, horny part and corium of
the foot in great detail. Communication of the names of diseases in several languages, including
Chinese, in this and other chapters of the book greatly facilitates orientation in the literature.
The chapters on ulcer of the sole and purulent processes of deep foot tissues are very instructive
and well illustrated. The last chapter describes the modes of care and surgical treatment of the
foot (partial amputation, resection of foot joint and of deep and superficial flexor tendons).

The third, most comprehensive part, consisting of 23 chapters, is devoted to diseases
of the legs and thighs. A separate chapter deals with the diseases of the different anatomical
structures, such as joints, tendons, bones, muscles and nerves. The most outstanding part of
this chapter is the description of joint diseases, completed by excellent illustration.

It is a great merit of the authors that, apart from independent diseases of the extrem -
ities, they deal with secondary affections resulting from infectious diseases, and with ex-
tremity lesions related to dietary error.

The list of round 800 references can well be regarded as a complete bibliography of the
topic. A detailed Subject Index facilitates orientation in the book.

Although the value of the illustration material has already been referred to in this
review, it should be pointed out once again. The Figures, 252 black-and-white photos and 24
colour plates, distinguish themselves in addition to a great scientific value by a rare typo-
graphical perfection.

Such a detailed discussion of extremity diseases in cattle is unique of its kind in present-
day veterinary literature. Although due consideration is given to the theoretical aspects of
all topics, the main purpose of the book is clearly to satisfy the demands of practitioners and
clinicians. The book js useful to all veterinarians, but cattle specialists in particular can
rely on it as on an indispensable fundamental work.

Dr. Laszl6 Tamas

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974
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ACTA VETERINARIA

TOM 24 - BbIl. 1-2
PE3IOME

YYBCTBUTE/IbHOCTb K TYBEPKY/IUHY
CEHCUBUNBbHbBLIX NTNM®OLNTOB

L. TYBOM u T. CAHTO

M3yyanacb 4yBCTBUTENbHOCTb IUMGPOLUTOB MOPCKUX CBUHOK, MPUBUTBIX XUBbIMU
KynbTypamun pasHbix wTtammoB Mycobacterium bovis, M. avium, M. ulcerans n M. xenopei,
K aHTUreHam pa3HbiXx MUKObGaKTepuii. B KauyecTBe aHTUreHa ynoTpebnsnuncb npenapatbl Tybep-
KynuHa PPD, OYMLLEHHbIA aHTUreH 0603HavYeHMs Ps M nNpoBepeHa UX aKTMBHOCTb B MPOBOLU-
poBaHMM «bnact-TpaHchopmayuny.

CpaBHUB WHAYKTUBHbIA 3h(eKT bblubero u ntuybero PPD, o6HapyXeHO, 4YTO B CEHCU-
6nnusnposaHHbliXx M. bovis numdounTax MX nokasatenu 6bIAM 6AM3KKM Apyr K gpyry. 3ato
nMenacb CylecTBeHHasi pasHuua B 3TUX NoKasaTensax, ecam NMMAQoLUTbl CeHCMO6UNN3NPoBanmnch
M. avium. He 6b110 pasHuUbl B AeiCTBUU HA AUMGBOUUTLI YNOMAHYTbIX aHTUIEHOB, eCNu IKcne-
PUMEHTaNbHbIX XWUBOTHbLIX NpuBUAM M. ulcerans n M. xenopei COOTBETCTBEHHO.

AHTUTEeH Ps, nonyyeHHbln 13 wTamma M. bovis ANS5 BbI3biBan 6nact-tpaHchopmauunto
TONbKO B rPpynmne >XWBOTHbIX, MPUBUTbIX M. bovis. JlumdouunTbl APYrux rpynn >XUBOTHbIX
Ha 3TOT aHTWUreH He pearuposasnu.

K 3MM300TONOMTUN N KNNHUKE BUPYCHOW MAHMNEMKOMEHWW KOLWEK
XOPBAT 3., MAMM /1. n BAPTA A

Ha ocHoBaHUW TwaTenbHbIX HabnwgeHnii Ha 1770 KowKax M3y4yanucb 3NM300TONOTUSA
M K/IMHMKA BUPYCHOW NaHnenkoneHnn (MHMEKLMOHHOIO racTpo-aHTepuTa) Kowek. O60cobneHbl
pasHble KAMHU4Yeckue (opMbl 60n1e3HU, paspaboTaH 3PpeKTUBHbIN cnocob Tepanum u onpe-
feneHa AMHamMumKa o6Hapy>XXuBaemocTu 60Me3HWM MO OTAeNbHbIM MNOpaM roga W BO3PACTHbIM
rpynnam. lpoBefieHbl 3KCNEPUMEHTbI MO M30NALMU BUpyCca U MNONYYEHUIO BaKUWHbI.

3a pecatunetme (1962—1972) cpeanm 7944 Kowek KAnHUKM 1770 (22,3%) 6oneno
naHnelikoneHuven. BcnbllWwKKM 60ne3HN Habnwganucb rnaBHbIM 06pa3oM BeCHOW W 0CeHblO.
Yawe 60nenn Kowkwm Bo3pacta 7—12 mecaueB (38,8%).

Cpean NojocTpoi, oCTPO M XPOHMUYECKOW ¢opM 60Me3HM 4alle BCEro perucrtpupyercs
ocTpas. [ns Hee xapakTepHbl Bbicokasa TemnepaTtypa (40,4—42,0° C), NnoBTOPHble PBOThI,
TSOKeNbli 3KCMKO3 u neikoneHna (500—500 nelikounmToB B MM3). Y OAHOW 4acTU 60NbHbIX
Habnwganca HeKpo3 CAM3UCTONM A3blka B Buae 3—4 MM-ii nonocbl (MapruHanbHbll abeuecc).
[Ansa XpoHMYecKoi opmbl 601e3HM XapaKTepHbl YNOPHbIA KULIEYHbI KaTap, aHeMUS U KaxeKTu-
YeckKoe COCTOfHMe.

B Tepanuu oco6oe 3HauyeHMe WMeeT BHYTPMBEHHOe BBeJeHWE KPOBU KOLIEK CTap-
Lero Bospacta UanM UMMYHU3MPOBAHHbIX XXWBOTHbIX, BBeAeHWE XUAKOCTU (gerungpaumnna) u gns
npotunnakTMpoBaHNA BTOPUYHbIX 6aKTepuanbHbiX WH(PEKUUI BBeAeHWe 4vepe3 POT HEOMULMHA
nopowka u xnopameHnkKona MWHbEKLUN.

Kpome TsXenoi MopbugHOCTM 60Me3Hb XapaKTepusyeTcA BbICOKON NeTanbHOCTbIO.

Bupyc nsonumposancs u3 pasHbliX opraHos 47 nabBliunx KoweK. M3 opraHoB 6 XWUBOTHbIX
yhanocb M30NMpoBaTb BUPYC NaHNeAKONeHWW BO BTOPUYHOW KoOllaybeli MOYeYHOU KneTou-
HON KynbType.

VICKyCcCTBEHHOE 3apaXeHWe BUPYCOM MOKasano, YTO MH(EKLWOHHbIA NapUHro-aHTepuT
N BMpPYCHas NaHNeiKOoNeHUs KOLWeK 3TO OfHa M Ta Xe 60/e3Hb.

Mpu nomowmn BuUpyca, KyNnbTUBUPOBABLUEroCA Ha BTOPUYHONM KOWaybeil MNOYEYUYHOW
KNeTOYHOW KyNnbType, nonyyeHa obpaboTaHHas (opmMasiMHOM BaKLuWHa, He ycTynawowas B
3h(PeKTUBHOCTU BaKUWHe «dennposak» (upmbl BepuHreepke.



BnAbl MAPAM®NCTOMYMOB KPYIHOIO
POFATOIo CKOTA U OBEL B BEHIPUU

O. LWEN

OnucbiBatoTcs Tpu Buga poga Paramphistomum (P. daubneyi Dinnik, 1962, P. ichi-
kawai Fukui, 1922, P. leydeni Ndsmark, 1937) n3 KpynHoro poratoro ckoTa u oBel, BeHrpuu.
Cpegn Hux P. daubneyi o6HapyXuBanca TonbKO B KpynHoMm poratom ckoTe, P. ichikawai un
P. leydeni rnaBHbiM 06pa3om B 0BL,AX W pexe B KPYMNHOM poraTtom CKoOTe.

Ha ocHoBaHUM cneLntUYHOCTM MPOMEXYTOUYHOr0 X03AMHa U MOP(OIOrMYECKUX CBONCTB
aBTOPOM [J0Ka3aHO, 4YTO paHblle OMUCAHHbIA W3 BeHrpuu Bug P. microbothrium Ha camom
nene sasnsaetca P. daubneyi.

[laeTca peTanbHbI aHanu3 cxofHblX nNpusHakos P. (liorchis) scotiae n P. leydeni.

CEPONOMMYECKUWE WCCNEAOBAHWUA HA OBHAPYXEHWE BWPYCOB,
BblI3bIBAIO LW VNX 3ABONEBAHUS
ObIXATENbHbLIX NYTEN U MUWEBAPUTENBHOIO TPAKTA
KPYMHOIMO POFATOr0O CKOTA B FOCYAAPCTBEHHbBIX
XO3ANCTBAX KOMUTATA SEWNEP

3. MOYAPW, 3. LWLATW, HO. KWLLLL,
3. OHOJIELLN n /1. OBAPU

MpoBoAMNMCL CeposorMyeckne WuccnedoBaHna B 14 rocyfapcTBEHHbIX X03alicTBax
KomuTata (06nactu) deilep Ha BbifABAEHME HENTpanM3UpPylOLWMX aHTUTe NpoTMB BUpyca
BUpPYCHOro noHoca (BI), mHdekuynoHHoro 6poHxo-puHuta (MBP) 1M ageHoBMpycoB, Aanblue,
KOMM/IEMEHT CBA3bIBAOLWMX aHTUTEN NPOTMB xnamMuguin. Cpean 1988 npo6 KpoBU MepeyuncneH-
Hble aHTUTena o6HapyXeHbl B NMpo6ax KPOBU M3 OTAe/bHbIX X03AWCTB B C/eAyloleM COOTHO-
LIEHNN:

Bupyc UBP 0—52% B CpejHem 14,8%
Bupyc B 7T—73% B cpejHem 33,2%
afileHoBuMpYyC 34—86% B cpefHeMm 66,2%
Xxnamunamsa 0—32% B cCpeAHeEM 8,2%

CpaBHMBaeTCA pe3ynbTaT CEPOSIOTMUYECKUX WUCCNefoBaHU NPobd KPOBU U3 KAUHUYECKU
3[0p0BbIX W 60NbHbLIX PeCNUPATOPHbIMU W 3HTepasibHbIMU 60N1e3HAMU MOronoBbeB. ABTOPbI
NPUXOAAT K 3aK/IOYEHUIO, COracHO KOTOPOMY B MOF0/10BbAX C KJAUHUKOMW M 3KOHOMUYECKUM
yuiep6om aHTuTena npotms Bl n ageHoBUpYycOoB o6HapyxuBalwTcA B 60/blUeM MNpoLeHTe
XXWBOTHbIX, YeM B TaKOBbIX KJIMHWYECKMN 3[0POBbIX NOronoBbeB. Takoli pasHMLUbl B 06HAPYXMW-
BaemMoe™ aHTuUTen npotus WBP n xnammgum He 06Hapy>XeHO.

Ha ocHOBaHWM CKa3aHHOro MOXHO MPUIATU K BbIBOAY, YTO afeHoBupycbl U BIM urpatwoT
60nee BaXHY0 Poab B 3TUONOrMU BUPYCHbIX 3a60/1eBaHU AblXaTeflbHbIX NyTel W nuLieBapu-
TeNbHOro TpaKTa cpefn KPYMHOro poratoro ckoTa rocyfapCTBEHHbIX X03AMCTB KOMUTata deliep,
yem Bupyc MBP wn xnamungun.

3ABOJIEBAEMOCTb MONOAbIX TYCEN BLETHAMA
XAH H. B.

B nocnegHue rofbl 3aperucTpmpoBaHbl BCMNbIWKK 3aboneBaHuii, KOTOpble Ha MecTe
AMarHocumpoBanmnm Kak 4ymy ryceil. Mo cBoeli aNnM300TONOrUU, KAUHUKE, NaTonoroaHaToMu-
YecKol KapTUHe W NaTOrMcTONOrMYeCKUM W3MEHEHWAM OHW O4YeHb NOXO0XW Ha 3aboneBaHuA,
NMeHyeMble B BeHrpuyn MHMNOIHLONA rycen.

B BbeTHame 60n1et0T 06bl4HO rycaTa 1—3-HefeNbHOro Bo3pacTta M CMePTHOCTb B Mep-
Bble roAbl pocturaet 60—90%. OnucbliBalOTCA K/AMHUYECKWE TMPU3HaAKW, naTosoroaHaro-
MWYecKre WM NaTorucTosIorMyeckme WU3MeHeHMs 60M1e3HM MONOAbIX ryceir BbeTHama. B pac-
npocTpaHeHWn 6one3Hn B BbeTHaMe BaXKHeWLW Y PoOSb Urpanv He MHKYbGaLMOHHble CTaHLUK,
a 0YeHb XWBOe MNepemelleHMe HaceneHUss u ryceil, pasHbiX WHOULUPOBAHHbIX CPeACTB yXxoAa,
ABNAKOWMXCA CNeACTBMEM BOEHHbIX COObITUNA.



M3 opraHoB ecTecTBEHHO 3apasMBLUMXCA BbeTHAMCKUX TFyCeil aBTOPOM MW30/1MpOBaH
BUPYCHbIA wWTamMM (0603HavYeHUs V). BbeTHaAMCKWUA BUPYCHbIA WTaMM V U BEHTFepCKUin BUpy-
CHbI WTamMM B pasmHOXaloTCcA B FMCTONOMMYECKON KynbType thunbpobnactoB rycMHoro 3apo-
fbllwa, HO 6e3 OLEHUMOro umTOonaToreHHoro addekTa. 3apoabiw yTku Cairina moschata Boc-
NPUUMUMB K BUPYCHbIM WTammam V n B. O6a wTamMma pe3sucTeHTHbl K BO3[eACTBUIO XN0pO-
opmom, pH 3, Temnepatypoi, 0,25% TpuncuHa, 0,2% HaTpua pogeumncynbdata un 0,1%
canoHuHa. locne naccaxa 4Yepes ryCUMHbIN 3apofblll BUPYSIEHTHOCTbL BUpyca V ocnabena.

Mpobbl HeliTpanusauumn 1 NepeKpecTHOM 3alWUTbl CbIBOPOTKM MoKasanu, 4YTto CTPyKTypa
BbETHAMCKOr0 BMPYCHOro wTamma V, Hauuale obHapyxumBaemMoro B BeHrpum wrtamma B un
M30NMpoBaHHOro B [oNNaHAWM Bupyca He OTAMyaloTCcsa APYr OT gpyra.

nonynAunMoHHO-rEHETUNYECKOE M3YYEHWE
TPAHCO®EPNHOBbIX BAPMNAHTOB B HEKOTOPbLIX
nonynaunAax BEHIEPCKOIO CKOTA

. woouw, 3. TMAOMNEPT nr. yoHToW

B pasHbix Nonynsuusax BeHrepckoro CKoTa u3dyyanucb reHoBasi 4yactoTa CbIBOPOTOUYHOrO
TpaHcepuHa wn cerperauma annenein cpegm 18 816 ronoB XMBOTHbIX, CAyXalwnx ana 9166
cnyyaeB nop6opa. O6GHapyXeHO 6 TpaHC(epuHOBLIX anneneil. Mpu cnapuBaHUM TFOMO3UTOT-
HbIX KOPOB W reTepo3nroTHbIX 6bIKOB Cpeiun TensaT 06HApYXXEeHO MaTeMaTU4YecKu JOCTOBepHoOe
OTCYTCTBME TFeTepPO3UTOTHbIX 0cobeil, To ecTb fAokKasaH T. Ha3. adekT, “unlike-homozygous-
mother effect” (maternal-foetal incompatibility). Kpome atoro npu aHanmse no KartTta6 u
coTp. (1964) o6Hapy>XeHO He Mano OTK/NOHEHWI B cerperaynn 0TAeNbHbIX (DEHOTUMNOB annenew.
[aHHble ABNAOTCSA MNOATBEPXAEHUEM 06GHAPYXEHHOro ApYyrumMunm aBTopamMu (akta, 4YTO Nou-
MOpP(U3M TpaHCHEePUHOB KPYMHOro Poratoro CKoTa He sIBASIETCS YpPaBHOBELIEHHbIM MOAUMOP-
hU3MOM; CUMTAETCA BEPOSITHbIM, YTO OH CTOUT MOJ BO34ENCTBMEM MOKa HepacwugpoBaHHbIX
MMMYHOJIOTUYECKNX WU (PU3NOMOTMYECKUX (aKTOPOB.

OAHHBIE K AVUMAOCTOMO3Y MAJIbBKOB TOJICTOJIOBUKA
K. MOJIHAP

Cpean 3-HefenbHbIX ManbkoB Tonctonobuka (Ctenopharyngodon idella), Bbipawmsato-
wunxeca B npyae, Habnwopganacb 90%-Has rnbenb. MpuunHoli rmbenn mManbkoB ANWUHbI 1,7—2,5
CM fBUANCL murpupyowmne uepkapum Diplostomum spathaceum B Ts)keno 601bHbIX XUBOT-
HbIX 06HapyXeHo 20—25 oceBLINX NMMYNHOK B 4YeyeBule rnasa m 10— 15 murpupyrowmx Tako-
BbIX. MUrpvpoBaHuemMm LepKapuii BbI3blBaNUCb 06HapPy>XMUBaemMble MYyCTbIM [/1a30M KPOBOWU3NMUSA-
HUA.

Monaswwne B opbUTanbHyl MNOAOCTb WMAM rnasHoe A6/0KO LepKapuum OKpyxaeT, Kak
npaevno, nponudepaTuBHas TKaHb.

OAHHBIE K TEMOFPAMME BYWBONA W BEPB/O QA
. BOKOPU

MpunBoAATCA AaHHble UCCNEef0BAHUA KPOBMU (KOSIMUYECTBO 3pUTPOLMTOB, 6e/blX KPOBSAHbIX
Teney, remornobuMHa, remMaTtokpuTa, KauyeCTBEHHOW KPOBSAHON KapTuHbl, PO3J) 47 340p0BbIX K
cTpajaroLwmx pasHbiMu 601e3HAMU B3POC/AbiX 6yiBOMOB M 6YNBOAAT, a Takxe 35 B3poCAbIX
Bep6ntogoB. ConocTaBiAs HEMHOIOYNCNEHHbIE NMTepaTypHble faHHble CO CBOMMU, aBTOP yKasbl-
BaeT Ha TO, YTO CpefHee KO/IMYECTBO 3PUTPOLUTOB Y 6ONbHbIX XUBOTHbIX (B3pocnble 6yliBonbl
— 4,5 MnH.; 6yliBonsiTa — 5,5 M/AH.) 6bIZI0 MEHbLIUM, YeM Y 340POBbIX XWUBOTHbIX (5,8 1 6,5
MJ/IH. COOTBETCTBEeHHO). KonnyecTBO 6efbiX KPOBAHbIX Tesel y 601bHbIX XXWUBOTHbIX MOBbICU-
nocb npubnusntenbHo Ha 50% (11 700 n 12 400 cooTBeTCTBEHHO). B nokasaTene remorno6uHa
N reMaToKpuTa He 6bl/1I0 CYLLECTBEHHOW pasHULbl MeXAY 340P0BbIMU U 60/IbHBIMU XXUBOTHBIMU.
B KpoBSIHOW KapTuHe 60nbHbIX 6yliBonoB Habnwganca casur Bneso (66 v 57%-Haa HeWTpo-



hunnsa cooTBeTCTBEHHO). PO3 y 60MbHbIX XWBOTHbIX, 0CO6EHHO B NepBble ABa 4aca, 6blna
ObicTpoil. CpeaHWii guameTp 3pUTPOUMTOB paBHANCA 5,1 MUKpPOHaM.

B 1 mm3 KpoBu Bep6/aOAOB HacuyMTbiBanocb B cpegHem 5,5 MAH. apuTpoumToB, 13200
6enblX KpOBAAHbIX Teney, obHapyxeHo 11,8 r% remorno6uHa v 29% rematokputa. KpoBsaHas
KapTuHa 6bina 10 cnabo numdounTapHoi, To HelTpodunbHoW. Temn PO3 y Bep6ntofoB 6bin
oYyeHb MeA/SIeHHbIM M ocCeflaHne 3aKOHYMNOCb TONbLKO nocne 72—96 vacoB; ¢ 24-0ro 4aca OHO
6b110 YacTO ABYX(a3HbIM.

NNXOPAOOYHAA, OBLLAA ®OPMA NMHPEKLUMNOHHOIO
PNHOTPAXEWTA CPEAWN TENAT

A. BAPTA, A. KUWWAPWN un L. BENAK

B noronoBbsiX KPYyMmHOro poratoro CKoTa KPYMHbIX X03AMCTB, 0CO6GEHHO cpeaun TensaT
1—6-MecAYHOro BO3pacTa, pexe CpPeAnm MONOAHSAKA W MAEeMEeHHbIX XWBOTHbIX, 4YacTO Perucr-
pupoBanocb Ts)XKenoe 3aboneBaHne MNpyY HaNMYUU KAMHUKW CO CTOPOHbI [blXaTeNbHbIX NyTeM,
HaHocsllee 60NbLWIOA 3KOHOMMYeCKU yuwep6. TemnepaTypa 60MbHbIX TeNAT MOBbiCMAAcb A0
41—42° C, XXUBOTHble 6bIMN YrHeTEHHbIMWU, Y HWX Habnwpanca oTkas oT Kopma, UCTeyeHue
CNN3N U3 HOCOBOW MOMOCTU M NEHWUCTOE CAOHOOTAeNeHNe, NHOrga 60/M1e3HEHHbIN CYX0 Kallenb.
Mocne oCcTpbIX NMPU3HAKOB YacTb XMBOTHbIX BbI3A0pOBENa, y ApPYroi yacTu pasBunacb XpPOHMU-
yeckas Cepo3HO-THOWHas nHelMMoHuA. TMagex wuHorga gocturan 20%. Y B3pOC/AbIX XWUBOT-
HbIX 6ecxapaKTepHOe, OCTpOe, NMXopajoyvyHoe 3aboneBaHWe AblXaTeNlbHbIX MNYTei MNPOXOAUNO
no6poKayecTBeHHO, 6€3 BO3HUKHOBEHWS CONYTCTBYHMOLWEN NHeAMOHUW. N3 60NbHBLIX TeNAT B
TKaHeBbIX KynbTypax yaanocb usonuposaTb Bupyc IBR. [aHHOoe 3a6oneBaHue No ann3ooTo-
NOrnnM N KNUHNUKe OTAMYaeTCsa OT Aocene U3BECTHbIX 5 hopm 60ne3Hn (3aboneBaeMocTb BEPXHUX
OblXaTeNbHbIX NyTel, BUPYCHOe BOcCNaneHwe Bnaranuuia, aHkKepanuT, KOHBLIOHKTUBUT, abopT),
BbI3blBaemMoli Bupycom IBP; no3atomy 3To obuiee NmMxopajgoyHoe 3aboneBaHWe [fblXaTelbHbIX
nyTein MOXHO cuuTaTb 6-0li hopmoli 6onesHun, Bbi3biBaeMoli Bupycamu IBR.

370l hopmoii 60ne3HN B BeHrpum HaHocuTca 6Gonblie yuiep6a, Yem BCEMU OCTaNbHbIMU
thopmamn BMecTe.

ANTEKTPOHHO-MMNKPOCKOMNMMNYECKOE N3YYEHWE
CTPYKTYPbl XENNESNCTOIO XENYAKA KYPbI

. XOPBAT

M3yyeHbl BCe TWMbl 3NUTENMANbHbIX KMETOK XENe3ncToro xenygka Kypbl.

dnuTenunanbHble KAETKW MPOCBeTa XenygKa W TaKoBble Xene3 nNponpuu no CTPOeHUo
He OT/IMYaNnUCh OT NOBEPXHOCTHbIX KMETOK M/IEKONUTAKLWUX, BbIAENAOWMNX MYLUH. TTOCKONbKY
pasHuLbl B CTPOEHUMN 3NUTENMUANbHbLIX KETOK XENe3ncToro Xenyaka v KAeTOK KPUNT He 06-
Hapy>XXeHOo, aBTOP COMHEBAETCA B MPaBWU/IbHOCTU OTAUM(epeHLMaLMM NOCNeAHUX NPU MOMOLLU
TepMUHA <«Kese3bl Mponpumn».

BoNblWy 4acTb CTEHKWM >XXEeNe3sncToro >enyakKa CcocTaBAAT «Xenedbl Cy6MYKO3bl»,
OpraHM3oBaHHble B MHOXECTBEHHble KpyrnoBaTble WUAWM HenpaBWbHOW (GOpMbl A0NbKU. Ty6y-
Ne3Hble Xenesn.Tble XenyaouKu, Nofo6HO HU3LW MM MO3BOHOYHbLIM, BbICT/aHbl TaK Ha3blBaeMbIMU
«OKCUHTUKO-NENTUYECKUMU» KNeTKaMu. VX ynbTpacTpyKTypa sBAAeTCA XapaKTepHOW cMecbto
TaKoBOU rNaBHbIX W 06KNAAO0YHbIX KNETOK, YTO SBNSAETCA CNefiCTBMEM ABOWNHOW (GyHKUWUWN eaun-
HOW KNeTKu. KNeTKW BblAeNsitoT cofepXumoe GecrnpepbiBHO. B ycnoBUSIX KOPM/EHUS BBO/O
WHTEHCUBHOCTb BblAe/IEHUS 3aBUCUT rNaBHbIM 06pasoM OT MOpbl AHSA.

Mexay 3penbiMU «OKCUHTUKO-MENTUYECKUMU K/eTKaMu» WUMerTcsa HeguddepeHumpo-
BaHHble W «apreHTadMHHbIe» KNETKU.

OAHHBIE K «0OKTOMWMNTO3Y» (CMNPOHYKJ/TEO3Y)
UMOPUHUA N AKBAPUNHBIX Pblb

K. MOJIHAP

Ha ocHOBaHMM JaHHbIX U3yYeHUS HECKOIbKbIX C/ly4yaeB aBTOp NPUXOAUT K 3aK/IIOYEHMUIO,
cOrnacHo KOTOPOMY XFyTUKOBble cemeiicTBa Diplomastiginae gns umnpuHuWg M akBapuliHbiX
pbl6 TaKoro >Ke NaTos0orM4YeckKoro 3HauyeHUs, Kakoe OHW MpeAcTaBAAT Mpu TakK HadblBaeMoM
OKTOMWTO3e MOCTPYroB.



Buabl, BK/OYeHHble aBTOPOM B pof Spironucleus, MOryT Bbi3blBaTb rM6enb amypa,
ycaya v NIeCTHUUYKMN.

Y amypa napasuTbl Bbi3bIBAIOT 3HTEPUT, acLMUT U 06LLYI0 BOAAHKY. Y ycaua Haboganuco
3HTEPUT, HEKPO3 MeyeHU 1 06pasoBaHMe Cepo3HOro BbINoTa B GPIOLIHON MOMOCTU; Yy IECTHUUKM
3HTEPUT, fafiee KPOBETEKM U HEKPO3 Mo BCeMy Tey, HO 0COGEHHO Ha rosioBe. XapakTep-
HOCTbIO TUBENN 3TUX PbIG SBUNOCH, UYTO 3TV TUMUUHbIE KULIEYHble NapasuTbl B 60/bLLOM KOMM-
yecTBe 0GHAPYXMBANWCb B MeYeHW ycaya U B KPOBM amypa M JIECTHUUKW.

M3YYEHUWE TEMNEPATYPHOWN YYBCTBUTENBLHOCTMU
FEMOJIN3NHA, CBA3AHHOIO C KNETKOW ESCHERICHIA COLI

®. MYPAHU un LLL KOXAC

ABTOpaMu u3syyanacb TemnepaTypHass UYyBCTBUTENIbHOCTb TFeMO/IM3NHA, CBA3AHHOrO ¢
KneTkoii Escherichiacoli. OHM 06Hapy>Xunun, 4yTo OT TepM0o06pPaboTKM 6e3 CyL,ecTBEHHOro no-
BpeX/AeHUsa MWKPOBHOro uucna remMonusvpyowmnii agdekT npekpawaetca. B npegenax 42 —
50° C KaK HayasbHble MOKa3aTenn MOHWXKEHUS TUTPa, TaK U CPOK MOJIHOTO ero MCYEe3HOBEHMUS
npu n3o6paxeHUn (YHKLUOHANLHOrO B3aMMOOTHOLLIEHWSI C TeMMnepaTypoil MokasbiBaeT 3KCMO-
HeHUManbHyl perpeccuio. B TpaHChOpMUpPOBAHHOW cucTeMe MNoKaszaTeslm HayasbHOro MOHU-
XEeHUA TUTPa M ero MoSIHOF0 WMCYE3HOBEHUS W3MeHSTCs mapanfiefibHo.

OKCMNEPUMEHTbI MO BAKUWHALWNW MNMPOTUB
BMPYCHOIO MOHOCA CBUHEWN

. BSAMMOCBA3b MEXAY BAKUMHWPOBAHWEM CBUHOMATOK N KOJTIOCTPAJIbHbIM
VMMYHWTETOM TOPOCAT

M. YOHTOLW, T. CEHT-UBAHW n A. BEHEJA

MpoBOAMAUCL 3KCMEPUMEHTbI BaKLWHUPOBAHMA BUPYCOM MOHOCa CBUHeN (transmissive
gastro-enteritis, TGE) o603Ha4yeHnss CKp, naccupoBaHHoro 15 n 27 pa3 B CBUHOI MOYeYHON ©
CBUHOI LNTOBUAHOXENME3NUCTON KNETOYHON KynbType COOTBETCTBEHHO. B fByx cTajax Bak-
LMHUPOBAHO BCEro 77 CYrnopoCHbIX CBMHOMATOK 3 —10 Hegenb Ao onopoca. OfHa 4YacTb CBUHO-
MaTOK BaKLUMHMpoBanacb OfWH pas, fpyras — fABa pasa C NMPOMeXYTKOM BpeMeHu B 2, 3 1 6
HejleNlb COOTBETCTBEHHO. Bupyccogepxalwas >XUAKOCTb BBOAMNACb B HOCOBYH MOJOCTb.

BakunHMpoBaHne CBMHOMATKW MepeHOCUNIMN 6ecCMMNTOMHO. BbifeneHne supyca Habntwo-
fanocb TONbKO Yy OAHOM CBMHOMATKMW, MPUBUTOW HeMnocpeACTBEHHO Mepej onopocom. B kposu
NopocAT 3TOW CBMHOMATKM NOSIBU/INCL B BbICOKOW KOHLUEHTpauuu BUPYC HeliTpanusnpyouiue
aHTuTena. BaKUWHHbIA BUpyc oKasanca 6e3BpefHbIM B OTHOLUEHWW MOPOCAT.

Mocne BakuuMHaLMM K MOTOM Mocne onopoca NPo6oi HelTpanusauum perucTpuposanu
NosiB/IEHWEe U W3MEHEHWe KOHLeHTpauuu aHTuTen B KpPoBWM U Mosno3use. Hambonee yaobHbIm
0Kas3asiocb BaKLUMHWPOBaHWEe ABa pasa C MPOMeXYTKOM BpemMeHW B 6 Hefenb. OT BaKUMHaLUi ¢
NPOMEXYTKOM B [iBe HefJenn B KPOBW W MO/I03MBEe CBMHOMATOK O6HapyXeH BbICOKWIA YpOBEHb
aHTUTen.

S(h(PeKTUBHOCTb BaKLUMHbI KOHTPOAMPOBAAWU 3apaxeHuem mnopocAT. O6HapyXeHO, 4TO
Ha He61aronosly4yHoOM MecTe 3alMTy NOPOCAT MOXHO ObecnevynTb TO/IbLKO B TOM Ciy4ae, ecnu
OHMN 6ecnepe6oilHO 6yAyT NonyyaTb MOIO3MBO M MONOKO, coAepiallee aHTuTena. Ecnmn ypoBeHb
aHTUTeN B MOJIOKe MOHWU3WUACA, UKW MOPOCAT OTOMAM OT MATKM Moc/e BbICOCAHUSA MOJI03MBA, OHU
NerKo 3apaxalincb, X0TA UX KPOBb BCerga cojepxasna aHtutena. Ecnu nopocata 6ecnepe6oliHo
cHabXxanucb aHTMTena cofep>kalimMm MONOKOM, TO OHM He 60/s1ennM Ha He61aronoay4yHom MecTe
M Noj 3awuToli aHTUTen npuobpetann UMMYHUTET.



OKCMEPUMMEHTbBI MO BAKUMHALWNWN MPOTUB
BMPYCHOIO MOHOCA CBUHEW

Il. MEPCUCTUPOBAHWE TUTPOB MOKASATENEN N UX W3MEHEHWE MOC/E MOBTOPHOWM
BAKLMHALMM

A. BEHEOA, 3. MOYAPU n E. LLUATU

Mpopgomkan HauyaTble paHbLUe 3KCNEePUMeHTbI N0 BaKLMHaLWK NPOTUB BUPYCHOr0 NoHoca
cBUHeli (transmissive gastro-enteritis, TGE) y CBMHOMATOK, MPUBUTBLIX NONrOfa TOMY Hasaj
BaKLWHON C >XXWBbIM BUPYCOM, M3yyann MnepcucTupoBaHne TUTPOB aHTUTEN U WX WU3MeHeHue
nocne MOBTOPHON BaKLUWHaLUW.

M3yuyas nepcucTupoBaHue nokasaTeneil TUTpa, 06HAPYXWAW, UTO CPefjHU TUTP Ha
2,27 log Bbllle TAKOBOro y CBMHOMAaTOK, NPUBUTbLIX MOArofa ToMy Has3ad. OH XXe Y XWBOTHbIX,
fBaXAbl NMPUBUTBIX C MPOMEXYTKOM BpeMeHW B [iBe HefeNin, He U3MEHWSCA; Yy [BaXbl NPUBK-
TbIX XXWUBOTHbIX C MPOMEXYTKOM BpemeHW B 3 U 6 Hefjenb TUTep noHu3mnca Ha 0,89 log 2 u
3,25 log 2 cooTBeTCTBEHHO. MOHMXEHNE BbICOKMX TUTPOB BCerga 6b110 60nee CyLeCTBEHHbIM,
YeM HU3KUX.

MokasaTenn TWTpa Yy MNOBTOPHO MPUBUTBLIX CBMHOMATOK 3aBUCe/IM OT YPOBHA TUTpa
aHTUTeN B MOMEHT UX BTOPOA MPuMBMBKWU. HU3KMe nokasaTennm TUTpa NOAHANUCL Gonee cylye-
CTBEHHO, 4YeM BbiCOKMe. OT NOBTOPHOIM peBaKUUHAaLUM He MO0JIy4eHO CYLIeCTBEHHO NyYluero
pesynbTaTa, 4eM OT pas3oBOW TaKOBOWA.

Ha ocHOBaHMM faHHbIX aBTOPbl MPUXOAAT K 3aKJ/IIOUEHUIO, COr/lacHO KOTOPOMY Mepcu-
cTupoBaHWe nokasaTesneil TUTpa Hambonee BbIpasuTeNbHO MOC/Ae ABYXKPaTHOW BaKuuHauum ¢
NPOMeXYTKOM BpPeEMeHW B [Be Hefenu, TO eCTb pas0BbiM MOBTOPEHMEM BaKUWHaLWW nofarojga
CNyCcTA YpOBeHb aHTUTEN Yy CBUHOMATOK (opmupyeTcsa Haubonee 61aronpusitHo.

M3YUYEHWE KOKUMAMNO3O0B KOLIKN
n. NMENNEPON

[laeTca onucaHne HoBOro BMaa Kokumamm kowkw (Felis catus) Isospora novocati sp. n.,
HanoMMHalLWero HeEMHOXKO cobauunii Bug Isospora rivolta. O6a BuAa MOXHO Nerko oTaudg-
thepeHumMpoBaTb APYr OT gpyra. KpyrnosaTble Uan KOpOTKWe 3NNMNCOUAHbIE O0OLMCTbI NpoMepa
24—30 /T (Kpyrnble opmbl), anm 22—30 x 29—27 /rm. CpPOK CNOPYNMPOBAHUSA MPU KOMHATHOM
TemnepaType paBHseTca 1—2 fgHAM, npenaTeHTHbIA nepuos — 6 AHAM. Co6ak He ypanocb
MHBa3NpoBaTb ero CrnopysMpoBaHHbLIMUW oouMcTaMu. MaccuBHas MHBa3Ws Bbi3blBana y KOLIEK
nepexofHbIi MOHOC.

M3YUYEHWNE NMPOAYKUWW XENYAOUYHOIO COKA
Y MOPOCAT B CBA3UN C PAHHEW OTBUBKOWN

®. KYTALW n N. CABO

MpoBedeHO CpaBHWTe/IbHOE W3y4YeHWe MNPOAYKLUMU >KeNyAOUHOro cokKa Yy OTOUTbIX K
noAcocHbIX nopocAT ¢ Koi Ao 4-ii Hegenu xusHu. XenyfoyHaa cnmsnctas 060104Ka CTUMY K-
poBanacb MOAKOXHbIM BBefjleHWEeM TFUCTaMUHa, CeKPeTOPHbIM >e OTBeT M3y4yancs MpoBepKoW
pH >kenyaouyHoro coka. BONbLWWHCTBO MOACOCHbLIX MOPOCAT 6bIIO axXJ0POrMAPO3HLIM UK
rTMNOXM0POrMAPO3HLIM: Bblfje/1IeHNA CONAHOM KWCMOTbl MOC/e BBEAEHWA TMCTaMWHa WK COBCEM
He Habnoganu, unm obHapyXeHO coBceM cnaGoe ee Bblfje/leHNe B XXeNy[O4YHOM cOKe. 3aTo
6ONbLWIMHCTBO OT6UTbLIX B 1-HeAeNbHOM BO3pacTe MOPOCAT MNOCAe MHBEKUUW TUCTaMuWHa Bbl-
[eNAno C XenyfoYHbIM COKOM CO/IAHYI KUC/OTY.

Ha 0oCHOBaHUM MONYYEHHbIX AaHHbIX MOXHO 3aKMOUYUTb, YTO CPOK ax/opornfgpun cy-
LeCTBEHHO KOpoYe B Cnyyae paHHel OTGMBKM MOPOCHAT, YeM Y MOACOCHBIX XWBOTHbIX. OG6Ha-
PYXEeHO, 4YTO BblfjefleHNe CONAHON KWUCNOTbl HacTynaeT CKOPO Moc/ie oT6MBKW. PaHHee nosiB-
NleHne XeNnyAo4YHON KUCNOoTbl 61aroTBOPHO CKasblBaeTCA Ha JXelyA0YHOM MpoTeosn3e, KpoMme
3TOro OHa MOXEeT MpodnnaKTMpoBaTb MNepopasbHoOe 3apaxeHue.



CEPONOITMYECKOE MN3YYEHWE BblYbWX
MWKOMNA3M U AXONEMNA3M

N. WTUMKOBWY un /1. BAPTA

PethepeHTHble LUTaMMbl MUKOMa3M W axosennasm 6bl4bero MPOMCXoXAeHNA n3yyanuch
B Npo6ax TOPMOXeHWs pocTa u meTabonmsma. [okasaHO Hanuuue ABYXCTOPOHHel nepekpecT-
HOW peakumun mexpgy ceporpynnamu 7 PG 50 (Leach)n L B 144P/Al-Aubaidi B npobe meTa-
60nM3Ma M OfHOCTOPOHHEW TakoBO B Npobe TOpMOXeHUA pocTa. MeTabonnyeckas akTUBHOCTb
M. agalactiae subsp. agalactiae (PG 2) Topmo3unacb aHTUCbIBOPOTKOW M. agalactiae subsp.

bovis (Donetta).
Ceporpynnbl, 0603HaveHHble bykBamun H, | n K (Al-Aubaidi), nokasbiBanu cTaTucTu-

YeCcKM [0CTOBEpPHble [BYXCTOPOHHME MepeKpecTHble peakuunm B 06emx npobax c Bugamu M.
gateae, M. gallinarum un A. axanthum, noaTBepXfjas nNpaBWbHOCTb HabnwgeHnii pHo, HKOp-
MaHoBa ¥ Jlny (1973).

TOHKAA CTPYKTYPA CMNOPO3ONTOB BMAOB
LANKESTERELLA,
MAPASUTUPYIOWNX B RANA PIPIENS

. XENNEP

ToHKasi CTpyKTypa BugoB poga Lankesterella moutn wngeHTU4YHas. Mem6paHOBUAHbIE
(coccko o6pasHble) opraHensibl KaXyTcss 0CO6eHHO XapaKTepHbIMW Ans Bcex BUAoB. MMennu-
Kyna npu gBuXXeHWU o6pasyeT HEBbICOKME CKNafKW. dopMa 3TUX CKIALOK WUN «BOSIH» CPaBHM-
BaeTCcA CO cknagkamu crnopo3onTtoB Eimeria stiedai. MapasuTodopHass BaKyo/lb HamosIHEHa
ManbIMU Ny3bipbKamMu, OTOPBaBLUIMMWUCA OT MeMOpaHbl X03AWHHOU KNETKMW.

MMMYHONOITMYECKOE M3YYEHWE
NMHPEKLUMNOHHOIO NTACTPOSHTEPUTA CBUHbBU

9. BEHEAA, 3. MOYAPU u Ab. FARIAY

Bo BpemMsa BCMbIWKKW MHPEKLMOHHOIO racTpo3aHTepuTa cBUHel (transmissible gastroen-
teritis) nsyyanacb Koppenauma Mexgy NoHMWXKeHUneMm 1 npekpaieHnem 3a6onesaeMocTn N cmMepT-
HOCTW OT 3TOI 60/1€3HN C OJHOW CTOPOHbI W NOBbILIEHNEM aHTUTEN B MOM03MBE U MOSTIOKE MaTOK,
c Apyroi. O6pasubl KpoBM M MONOKa 6panncb OT TeX CBMHOMATOK, KOTOpble MOPOCUANCHL K
12-y n 13-y gHAM nocne HacTynneHuws 6ones3Hn. O6pasubl KPOBU, MOMyYeHHble B AeHb onopoca
N Ha 7 aHeli no3xe, n o6pasubl MONOKa, NONYYeHHble B AeHb onopoca ¥ nocne 3, 5 n 7 aHen,
n3yyanucb Ha BUPYC HeWTpanusuMpylowmne aHTuTena. TUTPbl aHTUTeN OblIM OTpULATENbHO
nponopuMoHanbHbl 3a60/1€BaeMOCTM M CMEPTHOCTU MOPOCAT B MOMEHT BCMbIWKK 60ne3Hn. Ha
OCHOBaHWUM MONYYEHHbIX [aHHbIX MOXHO MNPUATU K 3aK/IOYEHWIO, COrnacHO KOTopomy 3a60-
neaemMocTb M rubenb cpegum nNopocAT NPoUNaKTUPYeTCA TONbKO MPU COOTHOLIEHWW TuTpa
aHTUTen B MON03MBe U Mo/oKe 1:8.

K UMNKNY PA3BUTNA
EIMERIA LEPORIS
N EE MATOFEHHOCTW ANA 3ANLA

N. NENNEPAN, M. XEHUX wn /1. LUYTAP

M3yyeHune TylleK CMOHTAHHO WHBa3WPOBaHHbIX 3aiilleB U [BYX WCKYCCTBEHHO 3apaXeH-
HbIX MO/ioAbIX 3aliueB (Lepus eupaeus) mokasano, 4TO MacCMBHasi WAW MOBTOPHble WHBa3UU
cCnopynupoBaHHbIMK ooumnctamu Eimeria leporis MoryT 6biITb NPUYUHON NeTanbHOro KOKLM-
avosa. [laeTcs HOBOe onucaHue Mopdonoruu ooumucT E. leporis, getanbHoe onucaHue 3HAO-
reHHbIX CTaguil pasBUTWUA W BbISICHEH MpenaTeHTHbIN Mepuoj pasBUTUA, KOTOPbI paBHsAeTCA
7 pHAM. [Ba MONoAbIX 3aiila, cTpajalolimx cnabbiM Kokuuamnosom E. leporis, oT 3apaxeHus
yepes poT 2 MUAAMOHAMW CNOPY/NPOBaHHbIX OOLMUCT CMepTesbHO 3abonenun. Ha ocHoBaHUM
3TOro aBTOPbI 3ak/04alT, 4YTo K E. leporis BbipabaTbiBaeTcs ToONbKO cnabblit uUMMyHUTeT. Cnabas
UMMYHOFEHHOCTb BMAA MOXeT OblTb MPUYMHON €ro LMPOKOro pacnpocTpaHeHus.



3KCMNEPUMEHTANBbHBIA MOHOC ¥ AHEBHbLIX KPO/NBYAT,
Bbl3BAHHbIW BBEAEHWEM YEPE3 POT 3HTEPOMATOMEHHOIO A4
CBVHbW TEMNNO-TABWNJ/IBHOITO 3HTEPOTOKCUHA E. COLI

¢. KYTAW, ®. BETEWN wn I. WEMbEH

M3yyannce naTtou3Monornyeckme W3IMeHeHUst Y TMOACOCHbIX KpPONbYaT, BbI3BaHHbIE
3HTEPOTOKCUHOM E. coli, 1 cpaBHMBaNUCb C OTBETHbIMU PeakLUAMU KOHTPO/bHbIX XUBOTHbIX,
06paboTaHHbIX MOMHbIM K/IETOYHbIM /IM3aTOM He 3HTEPOTOKCUMYECKUX LITAMMOB.

[lokasaHo, 4YTO Tenno-nabuNbHbIA TOKCUH, NMPOAYLMUPYEMbIA 3HTEPOMATOreHHbIM LWITaM-
MoM E. coli CBUHOFO MPOUCXOXAEHUSA, BbI3bIBAET MOHOC C XapaKTepPHbIMU KAMHUYECKUMMN CUMII-
TOMaMn W NaTo/N0roaHaTOMUYECKUMU U3MEHEHUSMU; MOMHbIA KNEeTOUHbIN NU3aT He 3HTEPOTOK-
CMYECKUX WTammoB E. coli 3TUX CMMNTOMOB He BbI3bIBaET.

DHTEPOTOKCMHOM Bbl3BaHHbIE U3MEHEHUSA OYeHb HAMOMWHANN TaKoBble MPU eCTECTBEHHOM
MYKOWAHOM 3HTepUTe KPONMKOB W KONMGaLMAMe3HOM MOHOCe MOPOCAT: yCUUBaeTCA Cekpe-
LUMa B NPOCBeT KULIEYHUKA, HAcTynaeT MOHOC, Tshkenasa gerngpauus, Mmetabonuueckuii aunpgos
n ypemus.

M3yueHbl KONMYECTBO W COCTaB XWUAKOCTU, HAKOMUBLUECS B KULIeYHMKe. 0 cpaBHeEHUIO
C nnasMoil xo3amHa oHa 6orata 6uKapboHATOM M M300CMOTUYHA C HEW.

MoAcocHble KpofbyaTaKaXyTca yaobHol Mogenbto Ans u3yvyeHUs apdekTa 3HTEPOTOK-
cuHa E coli.

CPABHWUTENBbHOE M3YYEHWE CBWHbLIX BUAOB
POOA MYCOPLASMA

N. WTUMKOBWM, A. WWMMEN v /1. BAPTA

CTaHfapTHbIMM MeTOofaMu M3y4yeHbl CBONCTBA penpe3eHTAaTUBHbIX CBUHbIX BUAOB poja
Mycoplasma wn Acholeplasma. Ana guddepeHumaynum BuAoB YA0OHbLI cnegylowme obHapy-
)XeHHble NPU3HaKW: NOTPeBHOCTb B X0/ecTeposie, YyBCTBUTENbHOCTb K HaTpuUio MoOAMaHeTona,
cynboHaTy W AUTMTOHUHY, paclenneHue rAKo3bl, aprMHUHA, 3CKY/NNHA, ranakTosbl U KCU-
nosbl, ocartasHad aKTUBHOCTb, o6pa3oBaHMe MNMAEHKW W NATHA; Pe3NCTEHTHOCTb K Xaopupy
HaTpuA, asmay Hatpusa, pH 55 u 9,5, TeBuH 80 u 3puTpoMULUHY.

O6HapyXeHa B3auMMOCBA3b MeXfAy pH nuTaTenbHOW cpeabl U KOAWYECTBOM KOIOHMO
hopmupytowmx egmHun (colony-forming units) B KynbTypaxX; 3TO COOTHOLUEHWE HYXWUM
yu4nTblBaTb NpU KYNbTUBUPOBAHUW W MepeceBe MWUKOMNNA3MO3HbIX (aX0Nenna3mMo3HblX) LWTaH-
MOB.

CNOCOBHOCTb MHAOAYKUWUWN MNHTEP®EPOHA
PA3BHbIMW WTAMMAMW BUPYCA NHOPEKLWMOHHOIO
BPOHXNTA

B. TOMHNLN

CpaBHMBanNuUCb CMNOCO6HOCTb MHAYKLMM WHTepdepoHa M ycnoBus ero obpasoBaHuA
TpeMs LlWTaMMaMy Bupyca UHPEeKLMOHHOro 6poHXxuTa. TonbKo WTamMm BogeT nocne 60nbLIOro
KONMYecTBa Maccaxei Yepes KypuHbI 3apofblll MHAYLMPOBAN B LbINAATaxX, B AiLaxX U KneTou-
HOW KynbType M3 KYpUHOro 3apofbllia o6pasoBaHue MHTepdepoHa. MaKcumanbHoe Konuue-
CTBO WHTepdepoHa B LUbINAAYbUX KNeTKax o6HapyxuBanocb K 48 yacam, Korfja npuMepHO
80% KneTOK NoKasbiBano AeCTPYKUMiO. MHaKTMBMpOBaHMe BMpyca TemnepaTypoi u ynbTpa-
(hMONMETOBbIMU NlyyamMun W TOPMOXeHUe PasMHOXEeHWs Bupyca nyTem npejBapuTenbHON ob6pa-
60TKN KNETOK MHTeP(epoOHOM CHMXAT MNpPofyKUWUI WHTepdepoHa. MpoayKumMsa nHTepdepoHa
He MOHM3UNacb CTaTUCTUYECKU [AOCTOBEPHO, €CAW WHTEHCUBHOCTb 3apaXeHus cHusmnm c 50
MHMEKLMOHHbIX efnHuLy Ao 0,1, noaTtomy mpegnonaraeTcs, 4YTO UCTOYHWKOM WHAYKUUMN ABNSA-
I0TCA MOMeKy/bl, HAKOMAAWOLWMECA NPKU PasMHOXEHUWN BMUpyca U CnocobHble MPOAyLMpPOBaTb
UHTepdepoH, a He PHK Bbigensioweroca Bupyca. dTU Xe YCNOBUA AeCTBYIOT Ha UHAYKLWIO
UHTepthepoHa Bupycom Cemnunku PopecT. Takum 06pasomM, MHAYKLUM MHTepthepoHa BUpycamu
CeMnnkn dopecT U UHHPEKLMOHHOTO GPOHXUTa ABNATCA NOA0GHOro Tuna. MoTeHUUPYOLWUM
BO3/elicCTBMEM, @ UMEHHO 06/1y4YeHMeM BUpYyca yNbTpaduoneToBbIMU yyaMun WA npejBapuTesb-
HO/ 06paboTKOW KNEeTOK WMHTepdepoHOM, He yaanocb npeob6pasoBaTb fABYX LWITaMMOB Bupyca
MH(EKLMOHHOro G6POHXMTa, HEe MHAYLUPYIOLWMX 06pa3oBaHue MHTepdepoHa B WHAyUUpYOLiMe
TaKoBble.
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VISCERAL LARVA MIGRANS
OF NEOASCARIS VITULORUM IN LABORATORY
ANIMALS

By

O. A. Atallah, |I. Mossalam and M. S. Abdel-Rahman

Pathology, Microbiology and Parasitology Dept. Faculty of Vet. Med. El Zagazig
and Pathology and Parasitology Department Faculty of Vet. Med. Cairo University

(Received March 19, 1973)

The reactions to parasites of man in abnormal hosts have been exten-
sively studied. The reverse situation, in which man himself is the abnormal
host for parasites of other animals, has received considerably less attention.

A few cases were reported by Takata (1951), and Mendheim et al. (1952) in which
animal ascarids have infected humans and developed to sexual maturity in much the same
manner as in their normal hosts. Due to its rarity, the importance of this type of infection is
relatively small, yet, it cannot be overlooked. On the ground of a study of cutaneous larva
migrans Beaver et al. (1952) believe that various nematode larvae behave similarly both in
man and animals.

More important phenomena of animal ascarid infection in humans involve the type called
visceral larva migrans by Beaver et al. (1952). Beaver (1954), smith and Beaver (1953)
and Beaver (1956) suggest that this condition may exist more frequently than is commonly
presumed, especially in children. pent et al. (1956) state that the close association of young
children with dogs and cats establishes an ideal set of circumstances under which infective
ova may be ingested. The infective eggs of Neoascaris vitulorum may cause the same syndrome
when swallowed by the farmers living in close contact with the farm animals, especially cattles
and buffaloes.

The present authors have undertaken a fundamental study on the prog-
ress of histopathological changes in the laboratory animals experimentally
infected with N. vitulorum.

Materials and Methods

Rabbits, guinea pigs, rats and chickens of 40, 75, 20 and 7-day-old-
respectively, were used in this work. Five individuals from each species were
experimentally infected with about 5000 infective eggs of Neoascaris vilulo-
rum. One animal of each group was slaughtered 1, 2, 3, 7 and 10 weeks after
infection. The methods of obtaining eggs, infection and processing tissues
are the same as described by Mossalam et al. (1971 and 1972).
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Results
Liver

Rat: Liver of the infected rats showed some lymphocytic infiltration
around the bile ducts.

Guinea-pig: The larvae were present among hepatic cells (Figs 1, 2).
They were apparently alive or degenerated and surrounded by eosinophils,

Fig. 1. Larvae among hepatic cells without inflammatory reaction in liver of guinea pig
7 days after infection. Haem.-eos. X 1000

Fig. 2. Larva among hepatic cells of guinea pig 21 days after infection. Haem.-eos. X400
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neutrophils, fibroblasts and cellular debris 3 weeks after infection. Patches
of variable size showing coagulative necrosis of hepatic cells and subcapsular
haemorrhages were frequently seen. Few eosinophils infiltrated the interstitial
tissue and some hepatic cells were dissociated. Portal tracts presented numer-
ous eosinophils inside the congested portal veins thickened hyalinized wall of
hepatic arterioles, infiltration with lymphocytes and eosinophils and prolifer-

Fig. 3. Patch of granular eosinophilic and basophilic debris in liver of rabbit 4 days after
infection. Haem.-eos. X200

ation of fibroblasts. The lumen of some bile ducts contained eosinophilic
granules. The macroscopic picture showed numerous grayish white foci 7 weeks
after the infection.

Rabbit: Liver examined 1 week after the infection exhibited small
interstitial patches of lymphocytes and fibroblasts. Most of the bile ducts
were dilated, exhibited thickened fibrosed wall and contained granular eosino-
philic debris inside their lumen (Fig. 6). Liver examined 3 weeks after the
infection was congested and presented large areas of coagulative necrosis with
thrombosed portal veins. Hepatic sinusoids contained fairly numerous sidéro-
cytes. Few fibrin threads hanged from the hepatic capsule. Excessive amount
of hemosiderin occupied the sinusoids, cytoplasm of macrophage and hepatic
cells 7 weeks after the infection. Fatty change of the hepatic cells and granu-
lomatous nodules were present together with focal granular eosinophilic debris
(Fig. 3). The macroscopic picture presented white nodules of 3—7 mm in
diameter 7 weeks after the infection.
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Chicken: Larvae were present among hepatic cells 1 and 3 weeks after
the infection. They were surrounded in some areas with fibroblasts. Inter-
stitial aggregations of lymphocytes alone, or together with eosinophils and
foreign body type giant cells were present. These aggregations caused pressure
atrophy of the surrounding hepatic cells (Fig. 4). Patches of necrotic hepatic
cells, lymphocytes, heterophils and giant cells were frequently seen near the

Fig. 4. Granulomatous nodule causing pressure atrophy of hepatic cells in a chicken 7 days
after infection. Haem.-eos. X 1000

portal tract 7 weeks after the infection. The epithelial lining of the bile ducts
was desquamated. The wall of some bile ducts was thickened with fibrous
tissue.

Lungs:

Rat: Larvae were present in pulmonary tissue 1 week after the infection.
These larvae were surrounded with eosinophils, macrophages and giant cells
which were frequently encapsulated with fibrous tissue infiltrated with eosino-
phils (Fig. 5).

Guinea-pig: Larvae were present 2 and 3 weeks after the infection.
The inflammatory reaction around the larvae consisted of fibrous tissue sur-
rounded with numerous eosinophils, few neutrophils and some macrophages
and giant cells, both of the foreign body and the Langhan’s types (Fig. 6).
Diffuse interstitial fibrous tissue proliferation and eosinophilic infiltration
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Fig. 5. Patches of eosinophils, macrophages and giant cells of foreign body type in lungs of rat
7 days after infection. Haem.-eos. X400

with collapsed and emphysematous pulmonary tissue were seen. Nodules
with necrotic eosinpohilic center surrounded by macrophages, giant cells and
eosinophils were frequently observed. Peribronchial smooth muscles were
hypertrophic, and the wall of some arterioles was thickened, hyalinized,

Fig. 6. Eosinophils, macrophages and giant cells both of the foreign body and Langhans types,
lymphocytes the lungs of guinea pig 7 days after infection. Haem.- eos. x400
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vacuolar and infiltrated with few~ eosinophils. The visceral pleura showed
focal thickenings due to fibrous tissue proliferation. The epithelial lining of
most bronchioles was hyperplastic and partially desquamated, and the lumen
contained mucous exudate. Macroscopically, the lungs presented lobular
pneumonia 1 week after the infection. Most of the lobules were either red or
brown.

Fig. 7. Larva and interstitial fibrous tissue proliferation in lungs of rabbits 21 days after
infection. Haem.-eos. x400

Rabbit: Larvae were present near the pleura (Fig. 7) 3 weeks after the
infection. Small haemorrhages and fibrous tissue proliferation were present
particularly under the pleura. The pulmonary blood vessels were congested.
A perforation in the pleura was represented with thickened borders due to
fibrous tissue proliferation.

The macroscopic picture show ed fairly numerous petechial haemorrhages
throughout the pulmonary tissue.

Chicken: The pulmonary tissue showed necrotic patches surrounded
by macrophages, fibroblasts and giant cells. Lymphocytic infiltrations appeared
as nodules in the interstitial tissue or as aggregations in the lamina of the
bronchioles (Fig. 8) with desquamated epithelial lining. Peribronchial and
perivascular infiltration with eosinophils were prominent.

Kidneys:

Guinea-pig: Larvae were present among cortical renal tubules 3 weeks
after the infection (Fig. 9). Patches of lymphocytes, plasma cells, eosinophils
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Fig. 8. Lymphocytic infiltration in the lamina propria of bronchioles with desquamated
epithelial lining in chicken 49 days after infection. Haem.-eos. x200

and fibroblasts were scattered in the cortex (Fig. 10) or under the epithelial
lining of the renal pelvis (Fig. 11). Some of these patches contained larvae.
Bowman’s capsules of glomeruli adjacentto the inflammatory areas were thick-
ened. Hyaline casts were present inside the renal tubules 10 weeks after the in-
fection. The macroscopic picture showed few whitish foci of 1—2 mm diam-
eter in the cortex 7 weeks after the infection.

Fig. 9. Larva among renal tubules in guinea pig 21 days after infection. Haem.-eos. X400
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Fig. 10. Aggregation of fibroblasts, eosinophils, lymphocytes and plasma cells in renal cortex
of guinea pig 49 days after infection. Haem.-eos x200

Rabbit: Few white foci of about 2 mm in diameter were present in the
renal cortex 7 weeks after the infection.

Chicken: Patches of lymphocytes, eosinophils and fibroblasts were seen
mostly near the renal capsule.

iig. 11. Lymphocytic infiltration under the epithelial lining of renal pelvis in guinea pig
14 days after infection. Haem.-eos. x400
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Fig. 12. Eosinophilie granular necrotic patches in myocardium of guinea pig 49 days after
infection. Haem.-eos. X200

Myocardium:

Rat: Patches of lymphocytic infiltration and hyalinized muscles were
seen 7 and 10 weeks after the infection. Epicardium displayed aggregations
of lymphocytes.

Guinea-pig: Larvae were present among the muscle fibres 3 weeks after

Fig. 13. Showing Anitschkow myocytes in wall of coronary arterioles in guinea pig 14 days
after infection. Haem.-eos. X 1000
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the infection. These larvae were degenerated and surrounded with young
fibroblasts and eosinophils. Patches of haemorrhage, necrosis and eosinophils,
fibroblasts and giant cells were present among muscle fibres (Fig. 12) partic-
ularly in the papillary muscles of the left ventricle. Histiocytes resembling to
Anitschkow myocytes (Fig. 13) were prominent in the Avail of coronary ar-
terioles. The latter were frequently surrounded with edema, eosinophils and
fibroblasts. Fibrinous threads projected from the epicardium 7 weeks after
the infection.

Fig. 14. Showing infiltration of heterophils and lymphocytes among muscle fibres of myo
cardium of chicken 49 days after infection. Haem.-eos. X 1000

Chicken: The myocardium was infiltrated with heterophils and lympho-
cytes 1 and 7 weeks after the infection (Fig. 14). Epicardium was edematous
and infiltrated by the above mentioned cells. Nuclei of the cardiac muscle
cells were generally similar to the Anitschkow myocytes particularly in the
Avail of the left ventricle.

Brain: No larvae were found.

Rat: Meninges were congested and haemorrhagic 2 weeks after the in-
fection. White matter of the cerebellum presented few haemorrhagic patches,
and the Purkinje cell layer was edematous.

Guinea-pig: Areas of leukomalacia in the cerebrum and cerebellum were
seen 1,2 and 3 weeks after the infection. The Purkinje cell layer was edematous.
Pia mater was focally infiltrated with lymphocytes (Fig. 15).

Ada Veterinaria Academiae Scientiarum Hungaricae 24, 1974



VISCERAL LARVA MIGRANS OF N. VITULORUM 217

Fig. 15. Focal infiltration with lymphocytes in pia mater of guinea pig 21 days after infection,
Haem.-eos. X200

Fig. 16. Showing larvae surrounded with a thick fibrous tissue capsule in submandibular
lymph node of rat 49 days after infection. Haem.-eos. xIOOO
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Rabbit: Areas of malacia in the white matter were present 3weeks after
the infection.

Spleen: No larvae were found.

Rat: Megakariocytes were numerous 1 and 2 weeks after the infection.
The Malpighian corpuscles were hyperplastic and patches of eosinophils were
present. Few megakariocytes were seen 7 and 10 weeks after the infection.

Guinea-pig: Aggregations of eosinophils were present 1 and 7 weeks after
the infection.

Rabbit: Most Malpighian corpuscles were depleted of lymphocytes 1 week
after the infection.

Chicken: Few heterophils accumulated in the red pulp, and the Mal-
pighian corpuscles were hyperplastic 2 weeks after the infection.

Lymph node:

Rat: Larvae were present in the submandibular lymph node 7 weeks
after the infection. A thick wall of fibrous tissue surrounded the larvae (Fig.16).

Discussion

Sprent (1954) demonstrated that migration of ascarid larvae may follow
the tracheal route, the somatic one or both. The present findings support
those of B arren (1971) who demonstrated a somatic migration for Neoascaris
vitulorum in mice. Similar results were reported also by Schwartz (1922)
who found larvae of Neoascaris vitulorum in the liver, lungs and kidneys of
guinea pigs which were fed embryonated eggs.

The lesions caused by the migrating larvae were most extensive in guinea
pig, moderate in rat and mild in chicken and rabbit. These variations of lesions
may be due to the number oflarvae invading the tissue in the various hosts, as
it is known that brain of mouse is more susceptible to invasion with larvae of
Toxocara canis than that of rat or guinea pig (Sprent, 1955). Such lesions
may also be attributed to allergic reactions (Ershov and Naumicheva, 1966),
or pathogenic microorganisms carried by the larvae.

The presence of larvae was almost consistent in the liver, lungs and kid-
neys, rare in myocardium and lymph nodes, and was not seen in brain and
spleen.

Lesions in various organs were manifested by granular eosinophilic and
basophilic necrotic debris and inflammatory cells, mainly eosinophils, lympho-
cytes, fibroblasts, macrophages and giant cells. This is in accordance with
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Sprent (1958) who stated that visceral larva migrans cause multiple granulo-
ma formation in various organs particularly in the liver and lungs.

Migration of the larvae in various organs induced lesions of variable
significance. Hepatic lesions were characterized by being mild in rat. showing
degenerative and necrotic changes in guinea pig and rabbits; and by aggre-
gations of lymphocytes in chickens. The numerous eosinophils inside the
congested portal vein suggest eosinophilia which was also observed by Smith
and Beaver (1953) in a child infected with eggs of Toxocara canis and Mercer
et al. (1950) who reported a syndrome of chronic eosinophilia and eosino-
philic infiltration of the liver, containing ascarid larvae in a child.

The pulmonary lesion manifested by granulomatous pneumonia was
in line with McCraw and Lautenslager’s observations (1971) who reported
an outbreak offoetal pneumonia in calves naturally infected with large number
of Ascaris suurn larvae (Dewaele et al., 1972). The absence of haemorrhagic
areas from pulmonary tissue may indicate that larvae did not break through
air-sacs as the diameter of larvae is less than 0.02 mm (Fulleborn, 1925).
This finding may support the somatic migration demonstrated by Warren
(1971) in mice.

The presence of larvae among renal tubules is also indicative of somatic
migration, such larvae may cause albuminuria as suggested by the presence
of hyaline casts inside the lumina of renal tubules.

The cardiac lesions were outstanding, but did not reach the degree of
interference with the cardiac function, as no general venous congestion was
noticed. However, the fibrin threads and lymphocytes in the epicardium in-
dicate the presence of pericarditis caused by larvae which pierced the epicar-
dium. Becroft (1964) reported fatal myocarditis in mice due to Toxocara
canis.

The absence of ascaris larvae in the brain is usually attributed to tracheal
migration (Sprent, 1952), but the present work as well as that of Warren
(1971) suggest somatic migration. Yet, the presence of haemorrhagic patches
in meninges and brain suggests that larvae could have migrated through the
brain.

The finding of larvae inside the submandibular lymph node shows that
the larvae could have migrated through lymphatics. This is in accordance with
Matoff (1949) who found ascarid larvae in mesenteric lymph nodes, and con-
cluded larval migration through the thoracic duct. Lymph nodes may seem
to react with excessive fibrous tissue production as suggested by the thick
fibrous tissue capsule around the larva.

Egyptian farmers are usually in contact with the feces of cattle in the
form of fertilizer or fuel. This may contaminate their food and expose them to
infection with Neoascaris vitulorum. Another source of infection may be the
consumption of unboiled milk from infected animals. Warren (1971) concluded
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that calves acquire infection from their dams through milk. Consumption of
such unboiled milk by man may expose him to repeated infection with larvae
of Neoascaris vitulorum. W hether such repeated infection may occur and cause
cirrhosis and ascites, needs further investigation.

Acknowledgements. The authors express their deep gratitude to Prof. Dr. M. Shams
E1-Din Moustafa, head of Pathology, Microbiology and Parasitology Department and Dean
of the Faculty, for his great interest through this investigation.

Thanks are also due to M. F. A. Fanmy, assistant Professor of Histology, for his kind
help in preparing the microphotographs.

Summary

Laboratory animals and chickens were experimentally infected with embryonated eggs
of Neoascaris vitulorum.

Larvae of this parasite were present in the liver, lungs, heart, kidneys and lymph
nodes. Lesions were mainly granulomatous and more severe in guinea pigs. The authors
suggest that larvae of Neoascaris vitulorum may cause visceral larva migrans in human.

References

Beavek, P., Snyder, H., Carrera, G., Dent, J. and Lafferty, J.: Pediatrics 9 (1952),
7. Beaver, P.: Vet. Med. 49 (1954), 199. Beaver, P.: Exptl. P&rasitéi. 5 (1956), 587. Becroft,
D. M. O.: N.Z. Med. J. 63 (1964), 729. Dent, J., Nichols, R., Beaver, P., Carrero, G. and
Staggers, R.: Am. J. Path. 32 (1956), 777. Dewaele, A.,, Morgado, A., Brassinne, M.,
Pecheur, M. and Brouwers, J.: Annales de Med. Vet. 116 (1972), 105. Ershov, V. S. and
Naumicheva, M. |.: Trudy VIGIS 12 (1966), 175. Fulleborn, F.: Arch. Schiffs, u. Tropenhyg.
29 (1925), 5. IMatoff, K.: God. Vet. Med. F. T. 25 (1949), 652. McCraw, B. M. and Lautens-
lager, J. P.: Can. Vet. J. 12 (1971), 87. Mendheim, H., Scheid, G. and Schmidt, J.: Zschr.
Tropenmed. und Parasit. 3 (1952), 368. Mercer, R. D., Lund, H. Z., Bloomfield, R. A. and
Caldwell, F. E.: Am. Jour. Dis. Child. 80 (1950), 46. Mossalam, |., Atallah, A. O. and
Hosney, Z.: Acta vet. hung. 21 (1971), 405. Mossalam, |., Atallah, A. 0. and Hosney, Z.:
Acta vet. hung. 22 (1972), 71. Schwartz, B.: Philippine J. Sei. 20 (1922), 663. Smith, M. and
Beaver, P.: Pediatrics 12 (1953), 491. Sprent, J. F. A.: J. Inf. Dis. 90 (1952), 165. Sprent,
J. F. A.: J. Parésitoi. 40 (1954), 608. Sprent, J. F. A.: Parasitology 45 (1955), 4L Sprent,
J. F. A.: Parasitology 48 (1958), 184. Takata, |.: Kitasata Arch. Exp. Med. 23 (1951), 151.
Warren, E. G.: Internat. J. Parasit. 1 (1971), 85.

Acta Veterinaria Academiac Scientiarum Hungaricae 24, 1974



Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 24 (3), pp. 221—233 (1974)
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Introduction

Electron microscopy of Coccidia is a rather young branch of protozoo-
logical research. The first investigations were carried out less than 20 years
ago. With the improvement of fixation and embedding methods for electron
iniscroscopy, the quality of these investigations and results increased consider-
ably. Ultrastructural approaches were of special importance for this group of
Protozoa, because their small size makes them a poor subject for light micros-
copy. After those new techniques were applied, numerous and often surprising
results were obtained in a short time. Therefore, the taxonomy of the sub-
phylum Apicomplexa (= Sporozoa Piroplasmids) has been revised and is
no longer based on developmental characteristics, but on ultrastructural
criteria.

Our research team at Bonn has been involved in ultrastructural in-
vestigations on Apicomplexa (Gregarinia, Coccidia, Haemosporidia, Piroplas-
mida) for more than 15 years. A review over the last 12 years will be given
herein.
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Fine structure of deveplomental stages

Originally, a major part of our investigations was concerned with the
ultrastructure of different coccidian developmental stages. The results of these
observations were subsequently used as a basis for further investigations in
transformation of different stages, in developmental processes, in cytochemistry
and in other problems. Furthermore, ultrastructural research on various species
allowed and led to generalizations and conclusions important not only for all
coccidia and their taxonomic subgroups, but also for related sporozoan groups.

An example of these comparative investigations is the research on mero-
zoites of Eimeria perforons and E. stiedai and on intracellular trophozoites
(merozoites) of Toxoplasma gondii (Scholtyseck and Piekarski, 1965).
Ultrastructural features common in merozoites of both Eimeria species are
the pellicle consisting of an outer unit membrane with an underlying complex
of 2 inner unit membranes, anterior and posterior circular openings in the
inner membrane complex, and a conoid located in the anterior opening.
Further characteristic organelles are subpellicular microtubules, paired or-
ganelles (rhoptries) and micronemes in connection with the conoid. A Golgi-
apparatus is usually located at the anterior periphery of the nucleus.

A comparison with intracellular stages of T. gondii showed the same
structure and arrangement of organelles as in Eimeria merozoites, with only
quantitative differences (Scholtyseck and Piekarski, 1965). We then
suggested the inclusion of T. gondii into the coccidia, based on the high
similarity of these results.

Other studies dealt with the ultrastructure of merozoites of other species
and genera. While investigations on E. falciformis (Pertérdy et al., 1971)
and E. tenella (Scholtyseck and Mehlhorn, 1970; Strout and Scholtyseck,
1970) confirmed earlier findings on the general ultrastructure of eimerian
merozoites, merozoites of Aggregata eberthi (Eimeriorina, Aggregatidae)
(Hetter, 1970) and Babesia spp. (Apicomplexa, class Piroplasmida) showed
distinct differences (Friedhoff and Scholtyseck, 1968, 1969, 1972).

Merozoites of eimerian species have 22, 24 or 26 subpellicular micro-
tubules (depending on the species) (Scholtyseck and Mehlhorn, 1970),
whereas about 60 microtubules are found in A. eberthi (Hetter, 1969) and 32
are found in Babesia bigemina (Friedhoff and Scholtyseck, 1969). At the
apical pole, the inner membranes leave an opening for the conoid in Eimeria
and Aggregata spp.; a conoid is not present in Babesia spp. (Scholtyseck
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et al., 1970) and in Haemosporina. In species of the genus Eimeria, often 2
rhoptries (paired organelles) and many micronemes are located in close prox-
imity to the conoid, whereas A. eberthi shows more than 2 rhoptries. In Babesia
species, 2—3 rhoptries and many micronemes are located at the site of the
anterior opening of the inner membrane complex (Scholtyseck and Mehl-
horn, 1970).

Recently, comparative investigations on cyst-stage merozoites of Sarco-
cystis tenella, Besnoitia jellisoni, Frenkelia sp. and T. gondii (Mehlhorn and
Scholtyseck,1973; Muller et al., 1973c; Scholtyseck et al., 1970) confirmed
the establishment of a close relationship between these genera and their in-
clusion into the suborder Eimeriorina. Like merozoites of other Eimeria spe-
cies, they have the typical 3-layered pellicle with a conoid in the anterior pole
and 22 subpellicular microtubules. More than 2 rhoptries are usually present.
Endodyogeny as the exclusive way of multiplication is common in all 4 genera
(Kepka and Scholtyseck, 1970a, b). Except in Frenkelia sp., the cyst has been
shown either to have developed from a parasitized host cell or to be aparasitized
host cell (in Besnoitia jellisoni) (Mutter et al., 1973d).

Y et another interesting aspect of the investigations on these 4 genera is
the functional morphology of the infective stages. In the developmental
sequence of metrocyte — intermediate cell — merozoite inside the cyst,the
conoid becomes longer and its diameter decreases, becoming more and more
a tapered (“pin-pointed”) penetration organelle. In addition to this shape
change of the conoid, which can be seen in S. tenella and Frenkelia sp., the
number of rhoptries and micronemes also increases in the above mentioned
developmental sequence (Mutter et al., 1973c). Species-specific ultrastructural
characteristics were found for all 4 parasites.

Not yet understood is the role of the microtubules in the motility of
merozoites. Although the loss of motility in schizonts and gamonts coincides
with the disappearance of microtubules on electron micrographs of these stages,
only hints for the possible function of microtubules can be given. One of these
hints is the dislocation of subpellicular microtubules observed in merozoites
of E. falciformis, where they lose the connection to the pellicle and extend
across the inner cytoplasm in bending (flexing) merozoites (Scholtyseck
et al., 1972a, b).

Of similar interest were comparative studies on macrogamonts of dif-
ferent eimerian species (Mehlhorn, 1972a,b; Scholtyseck, 1962; Scholtyseck
et al.,, 1969; Scholtyseck and Hammond, 1970; Scholtyseck et al., 1966;
Scholtyseck et al.,, 1971a; Scholtyseck et al.,, 1971b; Scholtyseck and
Spieker, 1964), of Klossia helicina (Adeleorina) (Schulte, 1971b; Volk-
mann, 1967) and of A. eberthi (Hertter, 1969). After the transformation of
merozoites into usually immotile macrogamonts, subpellicular microtubules
are lost and the amount of reserve polysaccharide decreases, at least in E.
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perforans (Scholtyseck, 1964; Scholtyseck etal., 1971a). In macrogamonts
of all species, the typical sporozoan pellicle consists of an outer unit membrane
and a complex of 2 inner unit membranes. In the process of maturation, i.e.
during the development into macrogametes, several ultrastructural changes
occur. In most eimerian species, the 3 unit membranes of the pellicle are re-
duced to either 2 outer membranes with underlying osmiophilic material
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— in E. bovis (Scholtyseck and Hammond, 1970; Scholtyseck et al., 1966)
and E. maxima (Mehthorn, 1972; Scholtyseck et al.,, 1971a)—, or to one
outer unit membrane with underlying osmiophilic plaques — in E. tenella
(Scholtyseck et al. 1969a), E. stiedai (Scholtyseck et al., 1966), E. perforons
(Scholtyseck, 1962; Scholtyseck et al., 1966), and E. falciformis (Schol-
tyseck et al.,, 1971a; Scholtyseck et al.,, 1971b) —, or to a middle membrane
with over- and underlying osmiophilic material — in E. auburnensis (Schol-
tyseck et al., 1966). In all cases, the osmiophilic material is interpreted as a
relict of the other unit membranes. The change in pellicle ultrastructure seems
to occur at different growth stages in different species. In A. eberthi (Heller,
1969) and in K. helicina (Schulte, 1971b; Volkmann, 1967), this degeneration
of the pellicle does not occur.

All eimerian species show 2 different kinds of wall-forming bodies (called
WEB), which develop subsequently during the maturation process (Scholty -
seck et al., 1971b; Scholty'seck and Strout, 1968). The type built first lies
in a vacuole which is derived from the Golgi-apparatus and is of a spongeous
structure. As these wall-forming bodies give rise to the inner part of the oocyst
wall, they are called WFB 1l. Occasionally, 2 or more WFB Il are located
inside one vacuole. During the course of maturation, homogeneous electron-
dense, membrane-bound vesicles, called WFB 1, develop out of smaller vesicles
and assume a peripheral position between the pellicle and the WFB 1. After
fertilization, the WFB | flow together and form the outer layer of the oocyst
wall (Scholtyseck et al.,, 1969a, b).

Only one type of wall-forming bodies is present in A. eberthi (Heller,
1969). As no special oocyst wall is formed in this species, the wall-forming
bodies, which resemble the WFB | -type of Eimeria spp., give rise to the
spore wall. In K. helicina (Schulte, 1971b; Volkmann, 1967), organelles re-
sembling the WFB 11 of the eimerian type have been found, but their partic-
ipation in the formation of oocyst or spore walls has not been shown.

Fig. 1. A diagrammatic representation of endodyogeny. a) Merozoite prior to division, b)
Formation of an intranuclear spindle apparatus at the anterior pole of the nucleus. The Golgi-
apparatus and the Golgi-adjunct are dividing, the anlagen of the two developing daughter
cells, with conoids and centrioles, become visible. The inner membrane complex is formed de
novo, c¢) Development of daughter cells continues. U-shape of the nucleus, with one protrusion
into each of the two daughter cell anlagen. d) Nuclear division completed. At the anterior pole,
the outer pellicular membrane begins to invaginate, leading to the separation of the daughter
cells, e) Progressing separation. The outer pellicular membrane and, especially in the posterior
part, the inner membrane complex of the mother cell have been taken over by the two develop-
ing daughter cells.

Abbrevations: C, conoid; CE, centriole; DV, dark-walled vesicle (Golgi-adjunct); GO,
Golgi-apparatus; IM, inner pellicular membrane; MI, mitochondrion; MM, middle pellicular
membrane; MN, microneines; N, nucleus; NF, intranuclear spindle fibrils; NU, nucleolus; OM,
outer pellicular membrane; P, polar ring; PC, posterior cone; PM, pellicle (inner membrane
complex) of the developing daughter cell anlagen; PP, posterior polar ring; RO, rhoptries
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At the surface of macrogamonts of all species, special peripheral structures
extend into the parasitophorous vacuole surrounding the parasite (Schol-
tyseCKet al., 1971b). Their form and function will he considered in the chapter
on host-parasite relationship.

Developmental processes

This chapter will be divided in two parts. The first, dealing with asexual
development, will consider schizogony (merogony) and sporogony; the second
part — sexual development — will deal with gamogony.

la. Schizogony (merogony)

After having invaded a host cell, sporozoites of all Eucoccidiorida (Schi-
zococcidia Grell) undergo a growth phase which terminates in the development
of two to several thousand merozoites from a single schizont or from schizont
subunits. These merozoites usually invade new host cells, where schizogony is
repeated. After a species-specific number of merogonies (schizogonies), mero-
zoites develop into sexual forms. This process will be considered later.

In both E. perforons and E. stiedai, schizogony follows a similar pattern
(Hettler and Scholtyseck, 1971; Scholtyseck, 1965a, b). Nuclear divisions
occur in the growing schizont, until about 50 nuclei are evenly distributed
throughout the cytoplasm. Then, each single nucleus with the surrounding
cytoplasm is separated from the plasmodium by flat, membrane-bound cis-
ternae. It has not yet been determined whether these cisternae originate from
the endoplasmic reticulum (probably with some participation of the Golgi-
apparatus) or whether they represent cross-sections of deep pellicular in-
vaginations. At the moment, a combination of both processes seems to be most
likely. Finally, each nucleus plus the surrounding cytoplasm develop into a
merozoite, with the inner membrane complex being formed de novo and the
outer pellicular membrane being derived from the outer membrane and/or
endoplasmic membranes of the schizont.

Additional information on the early developmental processes is available
from investigations on E. falciformis (Pettérdy et al., 1971), E. conforta
(Marter et al., 1973b), E. canadensis (Muller et al., 1973a), and E. tenella
(Strout and Scholtyseck, 1970). In all these species, the sporozoite first loses
its shape and rounds up into a uninucleate schizont (trophozoite). Second, the
inner membrane complex breaks down, while nuclear divisions take place.
In E. canadensis (Multer et al.,, 1973a), nuclear divisions sometimes occur
before the sporozoite rounds up. This leads to the formation of a sporozoite-
shaped schizont. In the so-called small schizonts of E. stiedai (Heller, 1971),
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nuclear divisions and the development of new merozoites occur in merozoites
of the previous generation, which are then called merozoite-shaped schizonts.

E. canadensis differs from the other species mentioned in regard to the
formation of merozoites (Muller et ah, 1973a). Here, several thousand mero-
zoites are formed only at the surface — not throughout the cytoplasm — of
several schizont subunits. This means that the formation of merozoites is more
like a growing process at the surface than like an invagination of the outer
membrane around the interiorly developing merozoite as in other species.

In our investigations on Frenkelia sp., we found that this species in its
cyst stage multiplies by means of endodyogeny (Kepka and Scholtyseck,
1970a; Kepka and Scholtyseck, 1970b). This process, known from Toxo-
plasma., Besnoitia, and Sarcocystis, starts out from a uninucleate merozoite
(or metrocyte, or intermediate cell) (Murter et al., 1973a, b, c). Shortly before
nuclear division sets in, 2 pairs of centrioles can be seen at one pole of the
nucleus. Then, an intranuclear spindle apparatus is formed, the Golgi-appa-
ratus and the Golgi adjunct (dark-walled vesicle) divide, and the inner mem-
brane complex and the conoids of 2 daughter cells are formed in close connection
to the centrioles and the dividing nucleus (Kepka and Scholtyseck, 1970b;
Fig. 1). The daughter cells grow and develop inside the mother cell, until they
finally take over the outer pellicular membrane of the metrocyte and become
free. An event, similar to endodyogeny, was found in E. stiedai (Hetter, 1971)
and, recently, in E. tenella. Here, the last nuclear division during merogony
can be interpreted as an endodyogeny. The conclusion of these studies is that
endodyogeny may be considered as primary agamic reproduction (Scholty-
seck, 1973). Additional detailed information on the role of the centrioles and
the nuclear spindle apparatus was obtained for E. falciformis and E. maxima
(Mehthohn et al., 1973).

Ib. Sporogony

Investigations on the formation of sporozoites are hindered to a rather
large extent by the barriers to fixation media built up by the oocyst and sporo-
cyst membranes. Occasional findings in Aggregata eberthi (Hetter, 1969) and
Klossia helicina (Volkmann, 1967) gave some information on the ultrastructure
of spores, but are not considered sufficient for any statement on the develop-
mental processes involved.

Il. Gamogony

As the maturation process of macrogametes was already mentioned in
the chapter on ultrastructure of developmental stages, this section will deal
only with the development of microgametes, i.e. with microgametogenesis.
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Our investigations have been carried out on E. auburnensis (Hammond
et al., 1969; Hammond et al., 1969), E. bovis (Hammond et al., 1967a), E .falci-
formis (Scholtyseck et al., 1973), E. maxima (Mehlhorn, 1972a), E. perforons
(Hammond et al.,, 1967b; Scholtyseck, 1965), E. stiedai (Hammond et al.,
1967a, b), and on A. eberthi (Hett1er,1970a). In ail cases, microgamonts undergo
numerous nuclear divisions which closely resemble those described for mer-
ogony (schizogony). However, the resulting nuclei are not distributed evenly
as in schizonts, but form a line adjacent to the inicrogamont’s surface (Schol-
tyseck et al., 1972). This surface, which previously underwent a reduction
of the inner membrane complex, shows many micropores, with the exception
of E. stiedai (Hammond et al., 1967a). In E. auburnensis (Hammond et al.,
1969; Hammond et al., 1967Db), the surface is increased considerably by deep
pellicular infoldings and fissures. A similar process in E. maxima (Mehlhorn
1972; Scholtyseck, 1963a) and A. eberthi (Heller, 1970a) results in the forma-
tion of several blastophores (gainont-subunits), thus increasing the surface
area and the number of inicrogametes formed to several thousands. In most
species investigated, this first (growth) phase is completed before the second
(differentiation) phase starts simultaneously for all gametes. Only in E. falci-
formis was a successive development of microgametes observed (Scholtyseck
et al., 1973).

The differentiation process begins with the appearance of 2 centrioles
and a mitochondrion adjacent to each nucleus. Then, the surface immediately
above each nucleus protrudes and gradually elevates, incorporating the cen-
trioles plus developing flagella, the nucleus and the mitochondrion. During
this process, the nucleus undergoes an interesting differentiation process. Most
of the karyoplasm condenses in the area next to the centrioles, while the nu-
cleus becomes slender and cylindrical. While in E. perforons (Scholtyseck,
1965a) and in A. eberthi(Helter,1970a) the whole nucleus becomes incorporated
into the developing gamete, only the dark, condensed area is incorporated in
E. auburnensis (Hammond et al., 1969), E. falciformis (Scholtyseck et al.,
1973) and E. maxima (Mehlhorn, 1972b). No information on this problem is
available for E. bovis and E. stiedai. Therefore, a residual part of the nucleus
is formed in the above mentioned species, which is connected to the main
part within the microgamete through a narrow stalk. A circular osmiophilic
layer supporting the stalk is present in all species (Scholtyseck et al., 1972).
Finally, after the mitochondrion has been incorporated into the gamete and
has assumed a position in nuclear groove, the gamete becomes free and stretches
into its final, slightly curved shape. While all eimerian microgametes were
found to be bounded by a single unit membrane, three membranes were re-
ported for A. eberthi (Hetter, 1970a).

Of special interest is the number of flagellae in these microgametes. While
3 flagellae have been found only occasionally in E. auburnensis (Hammond
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et al.,, 1969), this number occurs regularly in E. falciformis (Scholtyseck
et al.,, 1973), E. maxima (Mehlhorn, 1972b), E.perforons (Scholtyseck, 1965a),
and A. eberthi (Hetter, 1970a). Two of the flagellae, which all originate in basal
bodies, are completely free, while the third one is attached for a short distance
to the main body of the microgamete. In E. maxima (Mehthorn, 1972b) and
in E. auburnensis (Hammond et al., 1969), microtubular relics of probably
a fourth flagellum were detected occasionally. In E. maxima (Mehlhorn,
1972), these microtubules originate from a fourth basal body. Up to now, it
has been impossible to determine how the basal bodies in the tip of the micro-
gamete develop from the 2 centrioles seen in the proximity of the nuclei
during the early differentiation phase.

Host-parasite relationship

The main place of host-parasite interaction is the parasitophorous vac-
uole of the host cell, which usually surrounds all intracellular stages (Schol-
tyseck, 1963a, b; Scholtyseck, 1968). The exact origin of the vacuole and of
its limiting membrane is not completely understood. However, there is con-
siderable evidence that small vesicles in the host cell cytoplasm first are arrang-
ed peripherally around the intruded parasite. Then these vesicles break and
form a large vacuole containing the parasite, with the limiting membrane
being built out ofthe membranes of the small vesicles (Scholtyseck, 1963b).

On the parasite’s surface, two special structures, the micropores and
the intravacuolar tubules, are built up and become active during the para-
site’sdevelopment (Scholtyseck et al., 1966a, b). In all eimerian species as well
as in the genera Babesia, Aggregata and Klossia, the micropore consists of a
bulb-like invagination of the outer pellicle membrane and a supporting collar-
like opening of the inner membranes (Scholtyseck and Mehlhorn, 1970).
Micropores of that structure are present in motile extracellular stages like
sporozoites, merozoites and microgametes as well as in several intracellular
stages. However, during the phase of active growth, micropores differentiate.
The invagination becomes deeper, and material from the parasitophorous
vacuole is incorporated into the parasite. Then, at least in E. tenella (Schol-
tyseck and Strout, 1968), food vacuoles can be seen forming at the base of
the micropore. The collar-like support ring formed by the two inner membranes
is present in all stages, even in macrogamonts or schizonts, in which the inner
membrane complex has been reduced in all other surface areas (Scholtyseck
and Mehlhorn, 1970).

The second type of organelles which can be found at the parasite’s surface
are the intravacuolar tubules. Up to now, we have found them in macrogametes
of A. eberthi (Hett1er, 1970a), K. helicina (Volkmann, 1967) and of all eimerian
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species investigated in our laboratory except of E. stiedai (Scholtyseck et al.,
1971b). In K. helicina, they were found in microgametes, too (Schulte, 1971b).
The tubules show a cross-striation in longitudinal sections and reveal, in
cross-sections, filamentous subunits building up the tubule wall (found only
in E. maxima) (Mehlhorn, 1972b). The way these tubules are attached to
the parasite is not quite clear yet; they seem to originate from osmiophilic
plagues immediately underneath the pellicle (Scholtyseck et ah, 1966a, b).
In E. perforans (Scholtyseck and Schafer, 1963), these tubules touch the
membrane of the parasitophorous vacuole, suggesting a role in the transport
of nutrition.

In macrogamonts of E. auburnensis (Hammond et ah, 1967b) and of A.
eberthi (Hetter, 1969), deep pellicular infoldings can be observed, which
differ distinctly from micropores. The pellicle, limiting these invaginations, is
not changed in its ultrastructure. Occasionally, vacuoles can be seen formed
at the bottom of the invaginations, suggesting a pinocytic activity.

Host-parasite relationships are not evident only in the above mentioned
structures of parasitic origin, but in structures of host origin as well. The
membrane of parasitophorous vacuoles harboring macrogametes often forms
intravacuolar folds in many different eimerian species. Although the size of
these folds varies with the species and with the developmental stage of the
parasite, their width usually is about 1/3 to 1/4 of that of an intravacuolar
tubule. In E. auburnensis (Hammond et al., 1967), these folds become detached
from the membrane and seem to degenerate in the parasitophorous vacuole,
thus increasing the amount of nutritive material available for the parasite.
Similar processes occur at intravacuolar folds of the parasitophorous vacuole
in macrogametes (Scholtyseck et al., 1971b) and young cyst forms (Muller
et al., 1973c) of Toxoplasma gondii.

In microgamonts of E. auburnensis (Hammond et al.,, 1967), in macro-
gametes of A. eberthi (Herter 1969), and in cysts of Besnoitia jellisoni (Muller
et al.,, 1973c), the membrane of the parasitophorous vacuole forms small
vesicles which are pinched off into the vacuole, where they disintegrate.

Of special interest for evaluating the host-parasite relationship were
some findings on the development of E. tenella in macrophages (Scholtyseck
et al., 1969). Although the exact developmental process involved here is not
quite understood, it seems likely that schizogony (merogony) takes place in
these macrophages. At the same time, degenerated (digested) merozoites and
other developmental stages are present in the same macrophage. This can be
interpreted as evidence for the extremely high degree of adaptation and re-
sistance coccidian parasites can develop. Successful parasitism of a macro-
phage has to be considered as a major advancement.
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Cytochemistry

Cytochemical investigations have been carried out on macrogametes of
E. perforans (Scholtyseck, 1964), on macro- and microgamonts of K. helicina
(Schulte. 1971a; Schulte, 1971b), and on merozoites of Besnoitia jellisoni
(Mehthorn and Scholtyseck, 1973a; Senaud et al., 1972), Sarcocystis tenella
(Mehthohn and Scholtyseck, 1973b) and Frenkelia sp. (Mehthorn and
Scholtyseck, 1973a). Their objective was to gain information on the nature
of reserve polysaccharides and on different phosphatase activities. In all
investigations, the polysaccharide was shown to consist of a glycogen-type
component, which was named “Coccidien-Glykogen”. In E. perforans (Schol-
tyseck, 1964) and K. helicina (Schulte, 1971a), the polysaccharide granules
were digested by a-amylase, and a- as well as B-amylase were found effective in
B. jellisoni (Senaud et al.,, 1972). Therefore, the amylopectin character of
these granules suggested by other authors is still doubtful (compare Geyer,
1973; Karlson, 1972; Richter, 1969).

Acid phosphatase activities were found in merozoites of B. jellisoni,
S. tenella, and Frenkelia sp. (Mehthorn and Scholtyseck, 1973a, b). Their
localizations were in the endoplasmic reticulum, in the perinuclear space and
between the mitochondrial membranes. In S. tenella and Frenkelia sp., addi-
tional acid phosphatase was found in the Golgi-adjunct (multimembraned
vesicle) and between the middle and inner pellicular membrane. In macro-
gamonts of K. helicina, acid phosphatase was found in the wall-forming
bodies (Schulte, 1971a).

Alkaline phosphatase activity in macrogametes of K. helicina occurred
in micropores and in the peripheral cytoplasmic matrix, often in the proximity
of wall-forming bodies (Schulte, 1971a). In microgamonts of this species,
the enzyme activity was evenly distributed over the parasite.

Proposals for future investigations

One of the results of our research of the last 10 years is the increasing
awareness of questions not yet answered. As far as basic ultrastructure is
concerned, the obstacles of oocyst and spore walls need to be overcome by
some kind of cytochemical method to gain information on the morphology
of the sporont. As soon as its structure is understood, the process of sporogony
should be investigated and compared to schizogony (merogony). It is of high
interest to find out whether sporogony, too, is to be considered as a modified
endodyogeny.

Confirmation of earlier findings and further investigations are necessary
for macro- and microgamonts. In macrogamonts, the findings on the pellicular
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ultrastructure need to be confirmed for several different species, preferably
in a comparative study using different fixation and embedding procedures.
In microgamonts, the flagellar complex and the origin of the basal bodies
need further clarification. Also, the residual nucleus observed in some species
should be investigated in regard to the DNA — RNA-distribution.

The main problem, however, will likely be the cytochemistry of intra-
cellular parasitism. This calls for enzymatic investigations on the metabolism
of the host cell (compared to non-parasitized cells) and on problems like the
metabolism of polysaccharides in the parasite. Enzymatic investigations
should be carried out as well on the parasitophorous vacuole to gain informa-
tion on the role of intravacuolar tubules and similar structures. Cytochemical
approaches will also lead to a better understanding of motility and penetration
processes. For all these investigations, tissue culture work will be extremely
helpful.

Finally, the research objects for all investigations should be not only
Eimeria spp. (with a few exceptions in the past), but should come from as
many coccidian families as possible, including Haemosporina and Piroplas-
masida.

References

Friedhoff, K. T. and Schottyseck, E.: J. Parasit. 54(1968), 1246—1250. Friedho f¥,
K. and Scholtyseck, E.. Z. Parasitenk. 32 (1969), 266—283. Friedhotf, K. T., Scholtyseck,
E.and weber, G.: Z Parasitenk. 38(1972), 132— 140. Geyer, G.: Ultrahistochemie. Stuttgart,
1973. Hammond, D. M., Schottyseck, E. and Chobotar. B.: J. Protozool. 14 (19673), 678—
683. lidem: Z. Parasitenk. 33 (1969), 65—84. Hammond, D. M., Scholtyseck, E. and m iner,
M. L.: J. Parasit. 53 (1967b), 235—247. Het1er, G.: Z. Parasitenk. 33 (1969), 44—64. 1dem:
Ibidem 33 (1970a), 183— 193. 1aem: Ibidem 34 (1970b), 251— 257. 1aem : Protistologica 7 (1971),
461— 469. Hetter, G. and Scholtyseck, E.: PrOtiStOlOgiCa 7 (1971), 451— 460. K artson, P.:
Kurzes Lehrbuch der Biochemie. Stuttgart, 1972. K epxa, O. and Schottyseck, E.: Naturwiss.
57 (1970a), 139—140. 1iaem : Protistologica 6 (1970b), 249— 266. Menhihorn, H.: Z. Parasitenk.
39 (1972a), 161— 182. 1dem: Ibidem 40 (1972b), 151— 163. 1dem: Z. Parasitenk. 40 (1972c),
243— 260. Mehthorn, H., and Scholtyseck, E.. Z. Parasitenk. 41 (19733), 291—310. tidem:
IV. Int. Congr. Protozool. Clermont-Ferrand, 1973b. Menthorn,H.. Senaud, J. and Schotrty-
seck, E.. C. R. Acad. Sei. Paris 275 D (1973), 835—837. Mut1er, B. E. G, Devos, A. J. and
Hammond, D. M.: J. Protozool. 20 (1973a), 293—297. Murier, B. E. G, Hammond, D. M.
and Scholtyseck, E.: Z. Parasitenk. 41 (1973b), 173—185. Mua11er, B. E. G, Mehthorn, H.
and schortyseck, E.: IV. Int. Congr. Protozool. Clermont-Ferrand, 1973c. lidem: 26th Ann.
Meet. Soc. Protozool. Houston (Texas), 1973d. Pet1érdy, L., Haberkorn, A., Mehthorn, H.
and schottyseck, E.: Acta vet. hung. 21 (1971), 433— 443. Richter, G.: Stoffwechselphysio-
logie der Pflanzen. Stuttgart, 1969. Schottyseck, E. O.: J. Protozool. 9 (1962), 407—414.
ldem: Z. Parasitenk. 22 (1963a), 428—474. 1aem: Z. Zellforsch. 61 (1963b), 220—230. 1dem:
Ibidem 64 (1964), 688— 707. 1dem: lbidem 66 (1965a), 625— 642. 1aem: Z. Parasitenk. 26
(1965b), 50—62. 1aem : Ibidem 31 (1968), 67—84. 1dem: Ibidem 42 (1973), 78— 104. Schoity-
seck, E., Gonnert, R. and H aberkorn, A.: Z. Parasitenk. 33 (1969), 31— 43. Scholtyseck, E.
and H ammond, D. M.: Z. Parasitenk. 34 (1970), 310— 318. Scholtyseck, E, Hammond, D. M.
and e rnst, J. V.. J. Parasit. 52 (1966a),975— 987. Scholtyseck, E., Kepka,o. and Piekarski,
G.: Z. Parasitenk. 33 (1970), 252—261. Sschottyseck, E. and Menthorn, H.: Z. Parasitenk.
34 (1970), 97— 127. Scholtyseck, E. Mehthorn, H. and Friedhoff. K.: Z. Parasitenk. 34
(1970), 68—94. Scholtyseck, E., Mehthorn, H. and H aberkorn, A.: Z. Parasitenk. 37 (19713),
44—54, Scholtyseck, E., Mehthorn, H. and H ammond, D. M.: Z. Parasitenk. 37 (1971b),
1— 43. tidem: Ibidem 38 (1972), 95— 131. Scholtyseck, E., Mehthorn, H. and Senaud, J.:

Acta Veterinaria Academiac Scientiarum Hungaricae 24, 1974



RESEARCH IN COCCIDIA 233

Z. Parasitenk. 40 (1972), 281—294. Schottyseck, E.. Pettérdy, L., Mehthorn, H. and
Haberkorn, A.. Acta vet. hung. 23 (1973), 61—73. Scholtyseck, E. and Piekarski, G.: Z,
Parasitenk. 26 (1965), 91— 115. Sschottyseck, E., Rommer, A. and Het1er, G.: Z. Parasitenk.
31 (1969), 289—298. schottyseck, E. and scnhafer, D.: Z. Zellforsch. 61 (1963), 214—219.
Scholtyseck, E. and Spieker, D.: Z. Parasitenk. 24 (1964), 546—560. Scholtyseck, E. and
Strout, R. G.: Z. Parasitenk. 30 (1968), 291—300. Scholtyseck, E, Strout, R. G. and
Haberkorn, A.. Z. Parasitenk. 32 (1969), 284—296. Scholtyseck, E. and Voigt, W.-H.: Z.
Zellforsch. 62 (1964), 279—292. Scholtyseck, E., Volkmann, B. and Hammond, D.m.: Z.
Parasitenk. 28 (1966b), 79—94. schuite, E.: Z. Parasitenk. 35 (1971a), 188—204. ldem:
Ibidem 36 (1971b), 140—157. 1dem: Ibidem 36 (1971C), 193—205. Ssenaud, J,, Mehthorn, H.
and Scholtyseck, E.. Z. Parasitenk. 40 (1972), 165—176. Strout, R. G. and Scholtyseck,
E.: Z. Parasitenk. 35 (1970), 87—96. Voikmann, B.: Z. Parasitenk. 29 (1967), 159—208.

Address of the authors: Bodo Mutirer, Dr. Erich Schoirtyseck, Zool. Institut,
53 Bonn 1, W. Germany

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1474






Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 24 (3). pp. 235- 240 (1974)

INFECTIOUS (VIRAL) ENTERITIS,
A NEW GOSLING DISEASE IN THE SOVIET UNION

(Review)

By

L. M. Kontrimavichus

All-Union Veterinary Research Institute (director:
J. R. Kovalenko), Moscow, USSR

(Received October 20, 1973)

The establishment of large-scale goose farms was begun in different
areas of the Soviet Union after 1960. In several farms, production results were
poor and rearing losses were high. This was initially attributed to lack of ex-
perience, and, chiefly, to management failures and feeding errors. From 1963,
the suspicion was increasingly gaining ground that in certain districts the
losses were due to a previously unknown goose disease, which had not yet
been described. Studies were immediately begun on epizootological course,
symptoms and gross lesions of the disease and toxicological, bacteriological
and virological examinations were performed. The causal agent was identified
as a virus and the picture was named after the most characteristic symptom
as “infectious enteritis” (Kontrimavichus et al., 1966).

Epizootological observations. Goslings simultaneously released from the
hatchery usually became diseased in all farms to which they had been distrib-
uted. Many observations suggested that the causal agent is transmitted
through the egg, and day-old goslings are already infected at transport from
the hatchery. The average latency period was 5—10 days, but also older
goslings developed the disease. Adult geese and young chicks and ducklings
kept together with sick goslings did not become infected. But the disease
spread to small farms in nearby villages, uniformly affecting goslings origi-
nating from the hatchery and those naturally hatched on the spot (Kontri-
mavichus, 1972a).

Losses usually ranged from 30 to 80%, but occasionally all goslings died.
Mortality from the disease was especially high among the offspring of one-
year-old layers. The outbreaks occurred among the Gorky and Kuban breeds,
known for their high egg production. Day-old goslings of the Arsamas and
Grey Steppe breeds could be infected experimentally, but the losses were
much lower than among the other two breeds (Kontrimavichus, 1972a).

Symptoms. At the beginning of the outbreak, varying periods of latency
were followed by an abrupt death, without preceding symptoms. Later the
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disease took a longer course. The goslings showed listlessness and inappetence
and huddled together, obviously seeking warmth. Some birds shook frequently
their head, as ifto get rid of nasal discharge, others showed a watery salivation.
The body temperature of the diseased birds was 41.0—41.7 °C, not differing
from that of the healthy ones. Severely diseased birds often had a watery
diarrhoea, with occasionally sanguinolent streaks. Some goslings showed a
protracted course of disease; these ate little, preferred to squat with the head
bent to one side, and were markedly retarded. In three farms many sick
goslings also showed nervous symptoms (convulsions, movement disturbances)
at 2—3 weeks of age. A greater or lesser number of the sick birds recovered
and could practically overcome growth retardation until about two months
of age (Kontrimavichus, 1970c, 1971; Kontrimavichus and Elbert,
1968).

Gross lesions. Those goslings which died abruptly in the early stage of
the outbreak did not usually show gross lesions. Later the main change was
enteritis, varying in type and severity. In acute cases, the enteritis was
haemorrhagic, in chronic cases it was fibrinous. The fibrin sometimes formed
a loosely attaching coat on the intestinal mucosa, in other cases it formed
a lamellar, tubular or plug-like structure. Dense, viscous mucus was often
found in the nasal cavity and sometimes also the proventricular mucous
membrane teas covered by a mucinous coat. Different degrees of myocardial
degeneration were found; sometimes the heart was whitish and dilated. The
liver was swollen and hyperaemic in most cases. In cases free from a secondary
bacterial complication, the spleen was normal.

Microscopic lesions. Goslings died or killed in premortal state after
natural or experimental infection uniformly had enteritis and often also a
haemorrhagic or fibrinous enterocolitis.

The liver and kidneys were hyperaemic and groups of cells showed
different degrees of degeneration. The myocardial cells also showed different
stages of degeneration, up to complete disintegration.

Apart from the above changes, Akulov (1970) observed congestion of
the splenic sinusoids, proliferation of lymph follicles, increased heterophil
leucocyte counts and oedema of the perivascular connective tissue and tra-
beculae. Vertinskiy et al. (1973) also found lesions in the respiratory tract
and in all parts of the brain.

Chemical and toxicological examination. No toxic levels of NaCl, nitrite,
mercury or arsenic compounds were found either in the gosling feed or in
gastro-intestinal contents.
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Mycological examinations. Pathogenic fungi (Aspergillus sp., Candida
sp., etc.) were not found in the gosling feed, nor in various organs of the
carcases.

Bacteriological examinations. The organs of most carcases were found
to be bacteriologically sterile. In certain cases, especially in the second part
of the endemic outbreaks, S. typhimurium, S. anatum or E. coli, in other cases
diplococci and streptococci were isolated from the carcases. Neither the diplo
nor the streptococci were pathogenic for mice and rabbits by the intraperi-
toneal route. Infrequently Clostridium perfringens type A strains were isolated
from the liver.

As to the intestinal flora, the absolute numbers of E. coli, B. proteus,
Pseudomonas sp., Cl. perfringens, and occasionally, also of Salmonella sp. or
other facultatively pathogenic bacteria increased considerably compared to
normal. The altered bacterial flora may aggravate the course of the disease
and thus increase losses. At all events, the bacterium-free filtrate of intestinal
contents with changed flora composition did not kill mice, rabbits and guinea
pigs on intravenous and intraperitoneal administration, whence the lethal
effect of bacterial toxins absorbed from the intestine could be excluded
(Kontrimavichus et ab, 1972).

To obtain evidence of egg transmission of the agent, the 379 goose
embryos which died in different stages of hatching were also examined bac-
teriologically. E. coli, Salmonella sp., Pseudomonas sp. and cocci were isolated
from many embryos, but infection experiments in goose embryos, with each
isolate in itself and in various combinations, failed to contribute any important
data to the knowledge of the aetiology.

Virological examinations. Goslings originating from unaffected flocks
were inoculated with organ homogenates or intestinal contents from carcases
of goslings spontaneously died or killed in a severe state of illness. The goslings
inoculated either orally, subcutaneously or intranasally developed disease.
Experimental infection was also successful with Seitz filtrates of the infectious
material. Out of a total of 247 goslings used in 18 infection experiments, 209
died within 12 days after infection, including latency for 4—8 days. The 172
birds set up as controls and kept in isolation from the rest did not develop
the disease (Kontrimavichus, 1970a).

Isolation of the virus was initially attempted in embryonated goose
eggs preincubated for 12— 15 days. Certain organ homogenates killed the em-
bryos within 2—6 days. Several embryos showed cutaneous hyperaemia and
oedema, sometimes haemorrhages and liver degeneration. Later well-repro-
ducible results were obtained in eggs preincubated for 10 days, as proposed
by Derzsy et al. (1970). In the first passage only a single strain was capable
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of killing all embryos. After a few transfers, however, further strains caused
regularly embryonic death. The latency period became shorter, ranging from
2 to 6 days, and virus titres of the chorioallantoic fluids rose to the level of
10 4—10-A Apart from the lesions described in the foregoing, oedema of the
chorioallantoic membrane, dilatation of the heart and myocardial degeneration
were observed (Kontrimavichus, 1971).

The pathogenicity of the virus for day-old goslings did not change after
five passages in primary embryonic goose kidney cell culture. Cytopathic
changes began to appear from the second passage on. Rounding, vacuolization
and gradual pycnosis of part of the cells was followed by their detachment
from the tube wall, resulting in discontinuity of the cell monolayer (Kontri-
mavichus and Mayboroda, 1968).

The virus could not be propagated in chick or duck embryos and it was
not pathogenic for day-old chicks, ducks, mice, guinea pigs and rabbits. It was
found to agglutinate the red blood cells of goose, duck, chicken, horse, sheep,
swine, rabbit and guinea-pig (Kontrimavichus, 1971).

The virus is resistant to ether and chloroform, it is not affected by anti-
biotics and maintains infectivity in 40% glycerol at 2—4 °C for two years,
in dried form for one year at the least. It resists heat treatment at 60° for 15
min, but is killed by on exposure at this temperature for 30 min (Kontri-
mavichus, 1970b, 1971).

Diagnostic differentiation. Although the virus responsible for the gosling
disease was not pathogenic for chicks and ducks either by natural contact
or by experimental infection, it seemed worthwhile to examine whether gos-
lings were susceptible to the Newcastle disease virus (NDY) strains occurring
in the Soviet Union, and to duckling hepatitis virus.

Goslings 18—26 days old were infected with the velogenic T strain of
NDV, and six weeks old goslings were immunized with the mesogenic H strain.
The experimentally infected birds developed nervous symptoms (paralysis of
wing, torticollis, compulsive movements) and if the disease took a longer course,
haemagglutination inhibiting (HI) antibodies appeared in the blood serum.
The birds immunized with strain H also had serum HI antibodies up to a
titre level of 1 :320.

Experimental infection with the NDV strains T, H and LaSota was
uniformly lethal to goose embryos. The dead embryos showed cutaneous
hyperaemia and haemorrhages, and the chorioallantoic fluids agglutinated
chicken erythrocytes up to dilutions from 1 :640 to 1 :2560.

It follows that young goslings are susceptible to the velogenic strains
of NDV, hut develop symptoms distinct from those of infectious enteritis.
Infection or immunization with the vaccine strain induces an HI antibody
response and the chorioallantoic fluids of emhryonated goose eggs infected

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



INFECTIOUS (VIRAL) ENTERITIS 239

with velogenic, mesogenic or lentogenic NDV strains agglutinate the chicken
erythrocytes (Kontrimavichus, 1972b).

It was reported (Wachniic and Novacki, 1962) that duckling hepatitis
virus is pathogenic for goslings. In our own experiments, goslings infected with
strains 0, P or Ki of duckling hepatitis virus became diseased, their growth
was retarded and 25% of them died. At post mortem examination, enlargement
and light yellow discoloration of the liver and congestion of the gallbladder
were found, but no other changes could be observed (Kontrimavichus and
Mayboroda, 1970; Akulov et ah, 1972).

The susceptibility of goose enbryos and day-old goslings to duckling
hepatitis virus is an important experimental observation, but there is no
evidence of its natural incidence in the Soviet Union. The symptoms showed
on experimental infection were, nevertheless, distinct from those of natural
and experimental infectious enteritis among goslings.

Certain authors reported susceptibility of goslings to duck plague virus,
but the picture and the properties of the agent were distinct from those ob-
served with the gosling disease.

During the recent decade a gosling disease, more or less similar to in-
fectious enteritis, had been reported from several countries under various
names, such as “goose influenza”, “goose plague”, “ascitic hepato-nephritis”,
“gosling hepatitis”, etc. From the diseased or dead birds chloroform-resistant
virus strains were isolated, which were classified by some workers as reoviruses,
by others as parvoviruses. Two authors (Csontos, 1967; Kaleta, 1969)
reported isolation of adenovirus strains from droppings of healthy geese and
from liver homogenates of diseased geese, but did not comment on patho-
genicity. The goose adenovirus isolate of Coudert (personal communication)
was not pathogenic for goslings.

It follows that none of the known goose viruses can be held responsible
for the disease causing outbreaks in the Soviet Union since the years 1960—
1963. The causal agent of the disease termed as “infectious enteritis” is clearly
an as yet unknown virus whose systematic position remains to be clarified
like that of the strains isolated from the gosling disease in other countries.

Therapy and prevention. Treatment with different antibiotics, chemo-
therapeutics and paratyphoid serum, either alone or in various combination,
had neither therapeutic, nor preventive effects (Kontrimavichus et ah, 1966).

Sera from convalescent geese contain antibodies and confer a high-
degree protection on susceptible goslings at an 0.5—1.5 ml prophylactic dose
level. Losses among goslings preventively treated with convalescent serum
ranged from 0 to 14%, compared to a 50—100% loss in the control groups,
which were given paratyphoid antiserum, normal goose serum, antibiotic,
or no treatment whatever (Kontrimavichus et ah, 1966; Kontrimavichus,

3 Acta Veterinaria Academiae Scientiarvm Hungaricae 24, 1974



240 KONTRIMAVICHUS

1968,1969,1971). According to Kapitanaki and Chechula, (1970) and Fadyin
et al. (1971), the citrated blood of convalescent geese is of similar protective
effec tto convalescent serum.

Veterinary hygienic and administrative measures are now regularly
taken to prevent the spread of the gosling disease. Introduction of geese from
infected farms to “clean” flocks is prohibited. Infected flocks are treated as
closed stocks and restrictions are imposed upon sale of eggs and geese. Regular
disinfection of goose houses, hatcheries and machinery is performed (Kontri-
mavichus, 1971). These measures seem to he sufficient for the prevention of
further spread. The duration of carriership is not yet known and for the time
being regular treatment with convalescent serum or blood is the only means
of reducing losses.
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A respiratory and intestinal disease of lambs (Bélak et al, 1974) and the partial char-
acterization of the isolated virus (Bétak and Palfi, 1974) were reported previously.

Results of the experimental infection of lambs with the isolated reovirus
designated H /Il are presented in this paper.

Materials and Methods

Seven artificially nursed, 2—4 weeks old merino lambs were experi-
mentally inoculated. Blood samples were examined for antibodies, basal
temperature was recorded, nasal, conjunctival and rectal swabs were collected
prior to infection. The virus for inoculation was in its 3rd passage and propa-
gated as described previously (Bétak and Paifi, 1974). Supernatants of in-
fected and control cell cultures were centrifuged at 5000 r.p.m. for 30 min
at 4 °C. The media were tested for mycoplasmas. Five lambs were inoculated
intratracheally with 1 ml, and intranasally with 2 ml of a suspension containing
101 TCIDSYmI H /Il virus. The two control lambs were similarly inoculated
with the supernatant of uninfected cell cultures. The inoculation was repeated
on the following day. Nasal, conjunctival and rectal swabs were collected daily
for 3weeks and rectal temperatures recorded twice a day. Swabs were examined
for the presence of virus as described in detail previously (Bértak and Palfi,
1974). One infected lamb was killed on day 8 post infection (p.i.). Its organs
and those of another died on day 11 p.i. were examined pathologically, viro-
logically and for the presence of bacteria, mycoplasmas and chlamidiae.
Second blood samples were collected from all the survivors on day 21 p.i.
Both first and second blood samples were examined for the presence of virus-
neutralizing antibodies. Paraffin-embedded and haemalaun-eosin stained
preparations were examined histopathologically.
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Results

The first clinical symptoms appeared between day 4 and 6 p.i. The ani-
mals showed a temperature rise of 0.6—0.9°C. Four lambs had diarrhoea,
their condition worsened on the second week. Serous ocular and nasal discharge,
sneezing and dyspnoea could be observed in all infected lambs. Mild enteritis,
enlarged intestinal and peribronchial lymph nodes, rhinitis, tracheitis and con-
solidation of lungs were found macroscopically in the lamb killed 8 days p.i.
Microscopically a mild catarrhal inflammation with a beginning necrosis of
the upper layer of mucosa (Fig. 1) were seen in some parts of the nose and a
slight proliferation on other areas (Fig. 2). The mucous membrane was in-
filtrated by lymphocytes and granulocytes. Infiltration was stronger in some
submucous areas. Diffuse interstitial pneumonia was found in the lungs, the
interalveolar septa were thickened due to mononuclear infiltration, the lumen
of alveoli and ducti alveoli collapsed (Figs 3, 4). In the lumen of several alveoli
desquamated and degenerated alveolar epithelial cells were seen (Fig. 5).
Several inflammation cells also appeared among these epithelial cells.

One of the lambs died on the 11th day p.i. Its death was preceded by
a temperature rise of 1.2 to 1.4 °C. Enteritis, a focal catarrhal pneumonia
in the anterior parts of the lungs (Fig. 6) and a catarrh of the upper airways
were found pathologically. Bacteriological examination of the spleen, lungs,
peribronchial and intestinal lymph nodes of killed and died animals gave
negative results. Neither mycoplasmas nor chlamidiae could be isolated from

Fig. 1. Mucosa in the nose of a 3 weeks old lamb with a mild catarrhal inflammation, HE stain,
X400
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Fig. 2. Mucosa with a slight proliferation in the nose of a lamb aged 3 weeks, HE stain, X 650

Fig. 3. Interstitial pneumonia in a 3 weeks old lamb. Infiltration of interalveolar septa,
HE stain, X 95
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Fig. 4. The interalveolar septa infiltrated with inflammation cells in the lungs of a 3 weeks
old lamb, HE stain, X400

Fig. 5. Desquamated and degenerated alveolar epithelial cells in the lumen of alveoli, HE
stain, X 400
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Fig. 6. Lungs of a 3 weeks old lamb, focal catarrhal inflammation

the lungs. Enterococci and non-haemolyzing E. coli were cultivated from the
intestines. The further lambs of the infected group showed the mild respiratory
and intestinal symptoms as described above. These clinical symptoms lasted
approximately for two weeks.

On the 4 to 9th day p.i. the H/Il strain could he re-isolated from the
nasal and rectal swabs collected from the infected animals. Virus was not
isolated from the conjunctivae and from the suspensions prepared from the
organs of killed and died animals. No specific antibodies were found in the
blood of the lamb killed on day 8 p.i. In the second blood samples collected
21 days p.i. neutralizing antibodies appeared at a titre of 1 :64 in two, and
1:128 in one animal.

Discussion

Although the H /Il virus strain was isolated from an epidemic in which
a viral background was supposed, and where a titre rise in specific antibodies
was found, it seemed to he necessary to investigate the pathogenicity of the
isolate. In spite of the wide distribution of reoviruses there are different opin-
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ions concerning the role of these agents in inducing disease (Baskerville
et al., 1971; Lamont, 1968; McFerran and Connor, 1970; Pnhitip et al.,
1968; Phitip, 1970; Rosen and Abinanti, 1960). Both successful and un-
successful attempts to produce experimental disease have been reported.

Lamont et al. (1968) reported on experimental infection of calves with
type 1 and type 2 reoviruses. They found that reoviruses were involved in
respiratory diseases of this species. Reovirus type 3 has been isolated by Scott
et al. (1970), from a cat supposed to be died of panleucopenia. In experimental
infection reoviruses were found to be of mild pathogenicity to cats. In a similar
experiment interstitial pneumonia could be produced in dogs (Lou and
Wenner, 1963) experimentally infected with reovirus. Field cases and experi-
mental diseases were observed in mice and rats (Cook, 1963; Kitham and
Margolis, 1973; Phirtips et al.,, 1970). Reovirus has also been isolated from
swine (Kasza, 1970). In the case of this species further investigations are
needed to clarify the pathogenicity of reoviruses.

The first isolation of reovirus from sheep has been reported recently
(McFerran etal.,, 1969; McFerran et al.,, 1973). The strains, isolated in North-
ern Ireland from the faeces of both clinically normal and diseased lambs, all
belonged to type 3 of reoviruses. Until now no reports have been available
on isolation of other types of reovirus from sheep or on the pathogenicity of
reoviruses in this species.

On the basis of the results presented here it can be stated that the first
type 1 reovirus strain, isolated from an epidemic en masse and designated
H/ll,w as capable of causing disease in young lambs after an incubation period
of 4 to 6 days. The upper and lower respiratory and intestinal tracts were
involved in the experimentally induced disease and similar clinical signs
were observed in the field cases. Bacteria could not be cultivated from the
diseased and other parenchymal organs, a normal intestinal bacterial flora
was found. The animals shed the virus with their nasal discharge and faeces
and gave serological response.

The seriousness of the symptoms tvas influenced to a high extent by the
individual resistance of infected animals. Lambs of high vitality showed re-
latively mild clinical symptoms. The symptoms ceased at the end of the third
week p.i. On the basis of field cases it is most likely that in animals of lower
vitality the virus infection can be fatal without any bacterial complication.
But the heavy losses recorded in the two large farms were due to virus-induced
processes complicated by secondary bacterial invasion. The climatic disturb-
ances, extremely intensive, unnatural keeping and unsatisfactory housing
experienced in the field cases can make the symptoms more serious and in-
fluence the disease basically induced by the reovirus.

Acknowledgement. Thanks are given to E. TURY for preparing the histopathologieal
preparations.
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Summary

Lambs were infected experimentally with reovirus strain type 1 (H/II) isolated from
sheep during a field epidemic. After an incubation period of 4 to 6 days 0.6 to 0.9°C rise in
temperature, ocular and nasal discharge, sneezing, dyspnoea and diarrhoea could be observed
in 2 to 4-week-old lambs infected intratracheally and intranasally. Enteritis, catarrh of the
upper airways and diffuse interstitial pneumonia were found in a lamb killed 8 days post
infection (p.i.). The symptoms worsened in a lamb of lower vitality and this animal died on day
11 p.i. Necropsy revealed enteritis, catarrh of the upper respiratory tract and multifocal
catarrhal pneumonia. Clinical signs ceased in the survivors at the end of the third wgek, and
specific neutralizing antibodies in titres between 1 : 64 and 1 : 128 appeared in the convalescent
sera against the H /Il strain. Virus could be reisolated from the nasal and rectal swabs between
4 and 9 days p.i. On the basis of the experimental infection and field cases it is concluded
that reoviruses play an active role in the aetiology of respiratory and intestinal diseases of
young lambs.
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of Veterinary Science and the Central Veterinary Institute (Head: A.vanyi),
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Most of the bovine herpesviruses described so far were isolated from diseased animals
(IBR, bovine mammilitis, pseudorabies, malignant catarrhal fever). An antigenically different
group of the herpesviruses with not clarified aetiological significance was isolated from cattle
showing different clinical symptoms (Bartha et al., 1967; storz, 1968; Bodon et al., 1970;
Mohanty €t al., 1971; smitnh et al., 1972; van der Maaten and Boothe, 1972) Luther et al.
(1971) have recently isolated a herpesvirus from the kidneys of an apparently healthy calf follow-
ing a 29-day-long cultivation period. Luawig and storz (1973) reported on the activation of
a herpesvirus from normal bovine foetal spleen cells after a prolonged cultivation.

The present report describes the isolation of herpesvirus from normal
calf kidney cell cultures after a relatively short cultivation period.

Materials and Methods

Monolayers were prepared from the kidneys of a two months old calf
showing no clinical signs or lesions. Primary and secondary bovine kidney cell
cultures (BK) were grown in Eagle’s Basal Medium supplemented with 10%
and 1% foetal calf serum for growing and maintenance, respectively. Fixed
cells grown in coverslip cultures were stained with haemalaun-eosin or with
acridine orange and examined for viral inclusions. Electron microscopic ob-
servations, physicochemical tests and characterization of viral nucleic acid
were carried out as described elsewhere (Bétak and Palfi, 1974). Plaque
formation was observed in Petri dishes, using a semisolid overlay medium
consisting of Parkers’s Medium 199,5% foetal calf serum and agar or methyl-
cellulose (Tylose, MH 4000, Hoechst). The cultures were kept in a humified
5% CO02incubator at 37°C for six days, fixed in formalin and stained with
Giemsa stain. Antisera were prepared in rabbits, chessboard virus neutralization
tests were carried out in test tubes with the following viruses and antisera:
IBR, pseudorabies, bovine adenovirus type 1, equine rhinopneumonitis
(ERP), bovine herpes mammilitis (BHM) and bovine herpesvirus Movar
33/63. Two calves aged 3 months were inoculated intratracheally (3 ml), on
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to the conjunctiva (0.2 ml) and intranasally (3 ml) by injecting of a 1060
TCID5/mI suspension of the isolate in its 5th passage. Rectal temperatures
were taken daily and the animals were examined clinically. Nasal swabs
were collected every second day during a 2-week observation period.

Results

Small groups of rounded and refractile cells forming plaques were ob-
served in spontaneously degenerating secondary BK cultures after an 8-day-
incubation period. Cowdry type A intranuclear inclusion bodies were detected
in haemalaun-eosin-stained cells (Fig. 1). The CPE disappeared in two con-
secutive blind passages and could be observed again in the third passage. It
appeared already on the third day post inoculation (p.i.) in the higher passages.
Stained with acridine orange, infected cells contained yellow-green nuclear
inclusions, characteristic of herpesviruses. Incomplete viral particles in the
nucleus (Fig. 2) and membrane-limited vacuoles in the cytoplasm (Fig. 3)
were seen in ultra-thin sections. In physicochemical tests the isolate designated
BPX/11 proved to be sensitive to heat, chloroform, trypsin, pH 3, saponin
and sodium deoxycholate and it could not be stabilized with bivalent cations.
Its replication was inhibited by DNA inhibitors. It formed very small plaques

Fig. 1. Intranuclear inclusion bodies, 72 hours p.i. Bovine kidney cell culture. HE stain, X 300
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Fig. 2. Incomplete particles of BPX/11 strain in the nucleus of a bovine kidney cell, 72 hours
p.i. Ultra-thin section, X39,000

under the agar, and plaques 1to 2 mm in diameter under the methylcellulose
overlay. The strain showed very low antigenicity in rabbits. In serum neutraliza-
tion tests it proved to be distinct from IBR, pseudorabies, bovine adenovirus
type 1, ERP, BHM, but serologically related to the Movar 33/63 strain. During
the observation period the calves showed no clinical symptoms and the virus
could not be reisolated.

Discussion

On the basis of its physicochemical and antigenic properties the BPX/11
isolate proved to be different from the viruses of infectious rhinotracheitis
and bovine herpes mammilitis and to belong to the bovine herpesvirus type
represented by the Md@var 33/63 strain. The BPX/11 strain was isolated from
cell cultures prepared from the kidneys of an apparently healthy calf. Isolation
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Fig. 3. Free incomplete particles of the BPX/11 strain in the nucleus and complete virions in
vacuoles in the cytoplasm. Ultra-thin section of a bovine kidney cell 72 hours p.i. X28,000

of a bovine herpesvirus with similar properties from an apparently healthy
calf was reported only by Luther et al. (1971), following a 29-day-long
cultivation. The BPX/11 strain produced CPE in its first passage on the 8th
day, in later passages 48 to 72 hours p.i. Experiments on a limited number
of animals indicated that it was not pathogenic for calves, although the con-
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ditions caused by this latent virus may be different in large cattle populations.
The new isolate showed low antigenicity in rabbits. These findings present
further information on the presence of latent herpesviruses in apparently
normal organs.

Summary

Isolation of a virus from spontaneously degenerated tissue culture of bovine kidney
origin is reported. The isolate represents a herpesvirus on the basis of its physicochemical,
morphological and biological properties. Serologically it is related to the Mévar 33/63 strain of
bovine herpesvirus. In experimental infection no pathogenicity was observed. The fact of
isolation presents further information that apparently normal calves can carry herpesviruses.

Acknowledgements. The authors are indebted to Dr. P. k app for the electronmicroscopic
observations and to Dr. A. Bartha for his advices.
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The ultrastructure of the visceral tumours and peripheral nerve lesions in field cases
of Marek’s disease has been described (0kada, 1970: Okada and Fujimoto, 1971, Wight,
1969), but little is known of the early lesions and their fine structure in the acute form of MD.

In the course of our study on the histogenesis of acute MD, some of the early lesions
were examined with electron microscope. In the present paper the cytomorphology of the
tumours and lesions is described. The results confirm our earlier observations (Kardevan
et al., 1973) that the lymphoid cells, which form the tumour lesions in acute MD are cyto-
morphologically uniform and characteristic for the tumour cells.

Materials and Methods

One-day-old chicks were infected intraperitoneally with a virus strain,
obtained from the Veterinary Medical Research Institute, Hungarian Academy
of Sciences, Budapest. The strain had been isolated from acute MD. The virus-
inoculated chicks were killed 21, 26 and 33 days after infection and portions
of fresh tissues showing lesions of MD were removed from heart, liver, kidney,
spleen, ovary, bursa of Fabricius and peripheral nerves. For comparison,
tissue fragments were collected from a freshly-killed control chick, kept sep-
arately in an isolator.

Tissue specimens were fixed in buffered osmium tetroxide (Pallade),
dehydrated in ethanol and embedded in Durcupan. Ultra-thin sections were
cut with Reichert ultramicrotome and electron micrographs were prepared
with a Tesla BS type 613 electron microscope.

Results

The visceral tumours varied in size, but in general they were small,
nodular, whitish and appeared homogeneous on their cut surface. They con-
sisted of lymphoid cells and the cytomorphology of the tumour cells in different
organs was nearly the same.
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Fig. 1. Lymphoid cells in the ovary tumour lesion: note the intranuclear herpes virus particles
(arrow) X9260

The lymphoid cells were of variable size and large. But the general
appearance of all the tumour cells was nearly the same and they differed
only little in shape and morphology. In the tumours, the proliferated cells
were very close to each other and only little or no intercellular substance were
observed (Fig. 1).

The tumour cells were almost round or oval, sometimes slightly polyg-
onal in shape. The hyaloplasm was less electrondense. In the cytoplasm only
few mitochondria were observed, which were distributed in small groups and
usually located at one pole of the tumour cell (Figs 2, 8).

Mitochondria in the young tumour cells were uniform and large, but in
those showing pronounced nuclear lesions, some larger mitochondria were
also observed (Fig. 6). The Golgi apparatus in the tumour cells was small
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Fig. 2. Lymphoid cells with few mitochondria, light endoplasmic reticulum and poor cyto-
plasmic cell organelles in liver lesion X9260

and poor. It was made up of only little lamellar membranes with flat vesicle
(Fig. 8). The rough and smooth endoplasmic reticulum was only scattered
here and there, and the greater part of the ribosomes were either free or evenly
dispersed. Sometimes they were clustered in small groups (Figs 2, 8, 9).

The nucleus of the tumour cells was round or oval, and, in general,
larger than the normal nucleus. The ratio of the nucleus to the cytoplasm was
raised. The greater part of the nuclear chromatin was often adhered with the
nuclear membrane, forming a dark clump near the nuclear border (Figs 1, 2.).

In the centre of some of the nuclei a clear zone was observed, and in
the nucleus chromocentromes, remnants of the dense, compact, aggregated
chromosomes were often dispersed (Fig. 2).

In other occasions, disintegration of the nuclei and nuclear membranes
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Fig. 3. Severe condensed dark chromatin material making a dark ring along the nuclear
membrane of an ovarian tumour cell X 19,800

were observed (Fig. 4). Early signs of nuclear disintegration were often seen’
with severe condensed dark chromatin material forming a dark ring along the
nuclear membrane (Fig. 3).

Very often, nuclear invagination and évagination, one or several in
number was observed, resulting in a deformation of the nucleus (Figs 6, 7).

The invaginated portion of the nucleus often contained cytoplasmic
organelles (Fig. 5).

The nucleolus in the most of the tumour cells was large, prominent,
eleetrondense and homogeneous (Figs 2, 4, 9).
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Fig. 4. Tumour cells in the liver showing disintegration of the nucleus and the nuclear mem-
brane X9260

Discussion

The results of our investigations with light (Kardevan et ah, 1973) and
electron microscope suggest that the lesions of the MD were formed by lymph-
oid cells. Similar results were published by Doak et al. (1973), after our
work had been completed and the ultrastructure of the visceral lesions in MD
has been the subject of few other publications (Okada, 1970; Miadenoy
et ah, 1972). Our materials for this study were collected from comparatively
early lesions of experimentally produced MD. In this and the previous reports
it was shown that the tumour lesions in MD were formed by lymphoid cells,
immature and undifferentiated in character. The tumour cells varied signif-
icantly in morphology from normal lymphocytes. They were poor in cyto-
plasmic cell organelles and many of them showed nuclear invagination and
évagination.

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



260 THAKUR

Fig. 5. Nucleus of a tumour cell in kidney showing invagination and pocket formation; note
the cytoplasmic cell organelles X19,800

In the present work, the ultrastructure of normal lymphocytes was not
investigated separately. The ultrastructure of the tumour cells was compared
with that of the normal lymphocytes as described by others (Maxwel1 and
Trejo, 1970). The lymphoid cells in the tumour lesions in MD were larger than
the normal lymphocytes. The cytoplasm of the tumour cells was poor in cell
organelles and the younger ones contained excess mitochondria in accordance
with earlier findings (Okada, 1970; Mladenov et al., 1972). The immature
lymphoid cells in MD had a morphological structure and appearence typical
and characteristic of tumour cells (Achong and Epstein, 1966; Anderson,
1966; Mittar et al., 1969) with a characteristic change in the shape of the
nucleus.

The chromatin substance in the tumour cells was loose and slightly dis-
persed. There were characteristic invaginative and evaginative changes, pock-
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Fig. 6. Nucleus of an ovarian tumour cell with several invaginations, évaginations and
unipolar mitochondria X 19,800

et formation and similar other changes in the form and shape of the nucleus.
However, some of the other changes in the morphology of the nucleus, viz.
nuclear blehs, ear protrusion and multivesicular nuclear formations described
in spontaneous cases of MD (M1adenov et al., 1972) were not observed in
the early lesions.

In one case intranuclear herpesvirus particles were observed in the ovary
tumour lesions of MD (Kardevan et al., 1973; Thakur, 1973). These virus
particles were naked and incomplete (Fig. 10).
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Fig. 7. Tumour cell in the kidney showing nuclear invaginations and poor cytoplasmic cell
organelles X 19,800
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Fig. 8 Tumour cell in the liver showing poor Golgi apparatus, little lamellar membrane with
flat vesicle x 9260
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Fig. 9. Liver tumour cell with large, dark and electron-dense nucleolus X 19,800
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Fis. 10. Naked incomplete herpesvirus particles in the nucleus of an ovarian tumour cell
X 80,400
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Summary

Early gross tumours and lesions produced in chicks after experimental infection with a
virus isolated from acute Marek’s disease (MD/7/1970) were examined with electron micro-
scope. The cytomorphology of the tumour cells of lymphoid character are described. The
tumour cells were poor in cytoplasmic cell organelles and often had characteristic nuclear
invagination and évagination. They had a typical morphology characteristic of tumour cells.
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The histogenesisof Marek’s disease (MD) has been described by several authors (Payne
and Biggs, 1967; Okada and Fujimoto, 1971; Kardevan etah, 1973: szeky and Vanyi, 1973)

In the present paper we describe observations with electron microscope on the histo-
genesis of the lesions. The cytoinorphology of the lymphoid cells, which form the main tumour
lesions in acute MD, has been described in the accompanying paper (Thakur, 1974). Further-
more, we have shown (K ardevan et ah, 1973) that the initial cell proliferation which leads to
tumour formation in acute MD, starts from the walls of small blood vessels (undifferentiated
mesenchymal tissues) in the visceral and peripheral nerve tissues. The present investigation
at the ultrastructural level confirms our previous finding.

Materials anf Methods

These were the same as described in the previous paper. Semi-thin sec-
tions were stained with toluidine blue.

Results

In order to study the histogenesis of the MD lesions at the ultrastructural
level, we observed especially the walls of small blood vessels, particularly the
adventitial cells. On the basis of our previous results (Kardevan et al., 1973),
obtained with light microscopy, this site was considered to be the area of the
initial proliferation after infection with the MD virus.

The results have confirmed the above observation. The cell proliferation
was always in relation to, and seemed to start from the walls of the adjacent
small blood vessels, irrespective of the organ in which the tumour was growing.
The proliferated lymphoid cells were in connection with, and proliferated from
the walls of the small blood vessels (Figs 2, 3, 4). The normal position and re-
lation of the adventitial cell in liver are shown in Fig. 1.

The cell proliferation started initially from the perivascular areas (Figs
5, 6) and an infiltrative expansion of these cells finally led to the formation
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Fig. 1. Normal position of the adventitial cell in the perivascular space in liver X9260

of tumour. The resulting tumours, especially those in the visceral organs, are
visible to the naked eye.

In peripheral nerves two types of lesions were observed: one appeared
to be thickened grossly and showed heavy infiltration of lymphoid cells
microscopically, and another type that showed neither gross thickening nor
any significant cell proliferation.

In the first type of the peripheral nerve lesions lymphoid cells were ob-
served, similar to those seen in the visceral organs (Figs 7, 8, 9) and the cell
proliferation, being perivascular in nature, was in good relation with the blood
vessel walls (Fig. 9).

The second type of nerve lesion was characterized by vacuoles in the
myelin sheath (Figs 11. 12). These probably indicate an injury to the outer
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Fig. 2. Lymphoid cell proliferation in the perivascular area in a kidney lesion X9260

membrane of the Schwann cells. This is observed well in comparison with the
normal picture of the nerve in the control bird (Fig. 10).

Discussion

The present investigation confirms our light microscopic findings con-
cerning the histogenesis of the MD lesion (Kardevan et al., 1973). It uni-
formly shows that the initial proliferation in MD is perivascular in nature.
The perivascular cell infiltration starts from the walls of small blood vessels,
as a proliferation of multipotent mesenchymal cells, viz. adventitial cells.

Lesions in the peripheral nerve in MD have been described in detail and
classified into various types like A, B, and C (Payne and Biggs, 1967), types
I, 1, 11l (Wight, 1969), T5T2and B types (Okada and Fujimoto, 1971).
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Fig. 3. Perivascular lymphoid cell proliferation in a tumour lesion of liver X9260

These lesions were described and classified on the hasis of the cellular pro-
liferation and the lesions observed in various stages of the disease.

The Tj type of peripheral lesion was characterized as proliferation of
uniform small lymphoid cells, whereas the type T2 lesion was described as
consisting of pleomorphic cells, like small, medium and large lymphoid cell
population with few reticulum cells. The type R lesions were described as in-
filtration by small lymphocytes, plasma cells, frequently accompanied by
oedema and proliferation of Schwann cells (Okada and Fujimoto, 1971).

The results of the present investigation on the histogenesis of the early
lesions in acute MD indicate that the lesions are produced as a result of a chain
reaction in which infiltration and proliferation of lymphoid cells are character-
istic. Both types of cellular reactions, Tt and T,, types may be observed de-
pending on the various stages of the disease. Thus the cellular reactions in
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Fig. 4. Perivascular lymphoid cell proliferation with unipolar aggregation of mitochondria in
liver X 9260

MD, both Tj and T2types, either together or separately, can he observed,
and this reaction is regarded here as characteristic of acute MD.

The R type lesions (Okada and Fujimoto, 1971), on the other hand may
represent a chain reaction, which is produced as a reactive inflammation in
the peripheral nerve; it follows the initial reaction and appears after a severe
regressive change in the nerve. This perhaps indicates an injury to the outer
membrane of the Schw ann cells, the myelin sheath (demyelination). However,
in the early lesions of peripheral nerves, we failed to observe plasma cell
infiltration.

This investigation further suggests that the histogenesis and nature
of MD lesions in the visceral organs and peripheral nerves are initially the
same. The initial cell proliferations were always observed in relation with, and
starting from the connective tissues, situated in the walls of the small blood
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Fig. 5. Perivascular lymphoid cell proliferation in liver. Semi-thin section, toluidine blue
stain  x900

vessels both in the visceral and peripheral nerve lesions. In the peripheral
nerve also the initial proliferation was observed from the walls of the small
blood vessels situated in the endoneural, epineural and perineural connective
tissues. Sometimes only vacuolation was observed in the myelin sheath of
nerves showing no marked lesions like cellular infiltrations of the lymphoid
cells.

The other changes in the peripheral nerves in MD, like early activation
of Schwann cells, lymphoblasts, and varied morphological changes in shape
and size of the nucleus in tumour cells were in conformity with the earlier ob-
servations (Wight, 1969; Okada and Fujimoto, 1971). However, virus par-
ticles were not observed in the lesions of the peripheral nerve.

Acknouledgements. The author is thankful to Prof. Dr. A. Kardevan for his constant
encouragement and help in carrying out this work. Thanks are also due to Mrs. Gy. Pethi.s,
technician, for the electron micrographs and preparing the photographs.
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Fig. 6. Perivascular proliferation of pleomorphic, lymphoid cells in a liver lesion. Semi-thin
section, toluidine blue stain X900
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Fig. 7. Proliferation of lymphoid cells (pleomorphic) in a peripheral nerve lesion. Semi-thin
section, toluidine blue stain X900
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Fig. 8. Proliferation of lymphoid cells in a peripheral nerve lesion in MD X9260
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Fig. 9. Perivascular proliferation of lymphoid cells in a peripheral nerve in MD X 9260
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Fig. 10. Ultrastructure of a normal peripheral nerve in the control chick X39,000
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Fig. 11. Vacuoles in the myelin sheath of a peripheral nerve lesion in MD without cellular
proliferation X9260

Acta Veterinaria Acadet.iiae Scientiarum Hungaricae 24, 1974



EARLY LESIONS IN MAREK’S DISEASE. II. 279

Fig. 12. Vacuolation in myelin sheath in a peripheral nerve lesion X 19,800
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Summary

An electron microscope study on the histogenesis of the early lesions in acute Marek’s
disease (MD) has confirmed our previous results obtained by light microscopy. The cell prolif-
erations were perivascular in nature and were observed to start from the walls of small blood
vessels, initially as a proliferation of multipotent mesenchymal cells, the adventitial cells.
Infiltration by, and proliferation of pleomorphic lymphoid cells are characteristic features
leading to tumour formation in MD. The cell proliferations in the visceral organs and those in
the peripheral nerves were similar in nature.
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The first isolations of ovine parainfluenza-3 (PI-3) virus strains were reported by Hore
(1966) in the U.K. and by Ditchfield (1966) in Canada. Isolations have been also made in
Australia (St. George, 1969), in Bulgaria (Haralambiev et ah, 1969), in New Zealand
(Carter and Hunter, 1970) and in the USA (Parks ct al., 1972).

This report is concerned with the characterization of a PI1-3 virus isolated
from Hungarian sheep showing respiratory disease.

Material and Methods

Ten merino sheep, aged 4 months were transported to our Institute for
experimental purpose. On the day of arrival nasal discharge, sneezing and
accelerated respiration could be observed in the animals. The sheep showed
these mild clinical symptoms for 8 days. The body temperature was by 0.5—1 °C
higher during this period, than after ceasing of the symptoms. Nasal swabs
were taken daily for 14 days. Sera were collected on the day of arrival and
two weeks later.

The virus isolation was attempted from the nasal swabs using secondary
ovine foetal kidney (OFK) cell cultures. The cells were grown in Eagle’s Mini-
mal Essential Medium (MEM, Difco) with lactalbumin hydrolysate (0.5%)
and foetal calf serum (15%). Earle solution (Difco) was used as maintenance
medium. Physicochemical properties and the type of viral nucleic acid were in-
vestigated by the method described before (Berak and PALFI, 1974). Plaque
formation was observed in Petri dishes under agar or methylcellulose (Tylose,
MH-4000, Hoechst) overlays in 5% CO., millieu at 37 C°. Identification of
the isolate was attempted by the means of haemadsorption, haemagglutination
(HA), haemagglutination inhibition (HI) and serum neutralization (SN) tests
using specific antisera prepared in rabbits against the UMEA strain of PI-3
viruses and against the new isolate. Antisera were produced by intravenous
inoculation of rabbits at weekly intervals for 4 weeks with 1 ml of virus sus-
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pension (10~6TCID-0/ml) and bled two weeks after the final injection. Guinea
pig erythrocytes were used in haemadsorption, HA and HI tests. Serological
methods were carried out as described elsewhere (Berak and PArfi, 1974).

Results

A viral agent was recovered from seven of the sheep. It could be isolated
from the nasal swabs collected on the 1—6th days after arrival. Refractile and

Fig. 1. Large syntitium and intracytoplasmic inclusion bodies. Ovine foetal kidney culture,
72 hours p.i. H.E. stain, 300 X

elongated groups of cells were seen by native examination on the third day
p.i. in the second passage of inoculated cell cultures. Eosinophylic intracyto-
plasmic inclusion bodies were found in haemalaun-eosin-stained preparations
characteristic of PI1-3 viruses (Deibetl and Hotchin, 1961). Large syntitia
formation was also observed (Fig. 1). In further passages syntitia were seen
containing more than 40—50 nuclei. In physicochemical tests the isolate de-
signated HOB/11 proved to be heat-labile at 56 C° not stabilized in the pres-
ence of bivalent cations, sensitive to lipid solvents, pH 3, sodium deoxycholate
and saponin (Table 1I).
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Table 1

Effect of physicochemical treatments on the infectivitv titre of the HOB/11 virus

Infectivity titre 1°gioTCID50mI)
Type of exposure

Pre Post
56°C 30 min 7.0 1.25
50°C 60 min in distilled water 7.0 4.50
50°C 60 min in M MgCL 7.0 1.75
20% Chloroform 16 hours 4°C 7.0 <1.0
0,125% Trypsin 30 min 37°C 7.0 1.75
Saponin 7.0 <1.0
Sodium deoxycholate 7.0 <1.0
pH 3 30 min 37°C 7.0 <1.0

The replication of the HOB/11 isolate and that of the known PI-3 virus
(UMEA) was not inhibited in the presence of 50 pg/ml IUdR, while it was
reduced in the case of the virus of Aujeszky’s disease (KF/61 strain) (Table II).

Table 11

Behaviour of HOB/11 isolate and known RNA and DNA
viruses in the presence of IUdR

Virus titre (logl0TCID50mI)
Virus strains

IUdR Control
HOB/11 7.0 7.0
UMEA 6.25 6.50
KF/61 <1.0 5.75

Plagues of an average diameter of one millimeter were observed under
both overlays.

Haemadsorption tests were positive on monolayers inoculated with the
HOB/11 strain. The virus fluid of these OFK cultures agglutinated the guinea
pig erythrocytes at a titre of 1 :64. HA titres were 1 :16 when the virus was
propagated in bovine kidney (BK) cultures. The HI titres were </ 1:10 in
the sera of the diseased animals on the day of arrival. In the convalescent
sera 1 :32—1 : 64 titres were found, one animal had a titre of 1 : 128.

A close relation was found between the HOB/11 isolate and the UMEA
strain when reading the results of the HI and SN tests (Table III).
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Table 111
Result of HI and SN tests

Sera

Viruses HOB/11 UMEA

HI titre SN titre HI titre SN titre

HOB/11 1024 256 512 512

UMEA 256 256 1024 512
Discussion

The cytological changes observed in the infected cultures were compar-
able with those described for the PI-3 viruses. Not only intracytoplasmic in-
clusion bodies were observed, but also a very strong tendency in inoculated cul-
tures for forming huge syntitia. In the physicochemical tests the HOB/11
strain proved to be sensitive to chloroform, indicating the presence of a lipo-
protein envelope. Its further characteristics and the type of nucleic acid
suggest that the HOB/11 isolate represents a paramyxovirus. In the serological
tests it proved to be related to the UMEA strain of PI1-3 viruses. The HOB/11
strain readily replicated not only in OFK cells, but also in BK cultures. It is
noteworthy, that similar infectivity titres were found in both types of cell
cultures, but the HA titres were always higher in the tissues of sheep origin.
It seems to be necessary to study the further differences or similarities between
the sheep isolate and PI-3 viruses of bovine origin.

The HOB/11 strain was isolated from sheep showing mild respiratory
symptoms. On the basis of the significant rise of specific antibodies during the
convalescent period it seems to be presumable that the isolated strain played
an etiological role in indicating these symptoms. Around the date of transporta-
tion a mild respiratory disease occurred also in the farm from which the animals
originated.

Considering that Hore and Stevenson (1967, 1969) and St. George
and Kiefman (1972) already reported on the causative role of ovine PI-3
viruses in viral pneumonias of sheep, we also attach importance to investigate
the pathogenicity of the new isolate in lambs, as well as to study the serological
distribution of PI-3 viruses in the local sheep populations. This work seems to
be necessary to be done because in a previous survey we have found that
52.8% out of 377 examined sheep sera had higher than 1:16 HI titres
against the HOB/11 isolate.

Faye and Charton (1967) reported pneumonic lesions in lambs infected
with a bovine PI-3 virus. Stevenson and Hore (1970) have found in their
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experiments that calves were susceptible to an ovine PI-3 virus, and lambs
also to a PI-3 virus of bovine origin. In the time of isolation of the HOB/11
strain from sheep, severe epidemics occurred in this country also among cattle
populations most likely due to PI-3 viruses. According to these findings the
possibility of the natural transmission between the two species cannot be
excluded.

Summary

A virus strain was isolated from the nasal swabs of 4 months old merino sheep showing
a mild respiratory disease. The isolate designated HOB/11 was characterized in physicochemi-
cal and serological tests and it proved to belong to parainfluenza 3 viruses. According to the
serological findings the isolate may be regarded as an etiological factor in respiratory disease
of sheep. The possibility of transmission of PI1-3 viruses between cattle and sheep populations
should be brought up.
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In the previous paper (Debzsy et al., 1970) a report was given on isolating a virus
designated “B” from dead goslings in embryonated goose-eggs. The virus proved to be resistant
to chloroform, heat and various chemicals, it failed to agglutinate the red blood cells of various
animal species. Goslings infected in fields and experimentally became ill within 6—10 days
with a high mortality. Muscovy ducks (Cairina moschata) and embryonated eggs were also
susceptible to the virus. No other birds could be infected successfully. 9—11-day-old goose-
embryos inoculated via the allantoic cavity were killed by the virus, as a rule, at the 3—8
days p.i. Meanwhile, attempts were made to adapt the virus to different kinds of monolayer
tissue cultures with no success. Later on, it was stated that the virus replicated in goose-
embryo fibroblast cells but no visible cytopathic effect was caused by it (Hahn, 1972).

This report describes the adaptation of the “B” virus strain to goose
embryo fibroblast cell culture and its partial characterization, performed in
this system.

Materials and Methods

Virus. The 8th-egg-passaged virus of strain “B” was used in attempts
for adaptation to fibroblast cell cultures. The allantoic fluid of the infected
embryos served as inocula. The virus of 15—20th passage numbers in tissue
culture was characterized physicochemically and electronoptically.

Cell culture. 14-day-old goose embryos were used for fibroblast cell
cultures by standard methods. Virus culture medium was TCM-199 (Difco)
supplemented with 0.5% lactalboumin hvdrolyzate and 5% inactivated fetal
calf serum. TC Earle solution (Difco) served as maintenance medium with
2% fetal calf sera. 100 meg of streptomycin and 100 units of penicillin per ml
were added to both media. Virus titrations were performed in usual manner
and 0.2 ml was used as infection dose. 3 tubes per dilutions were inoculated
before seeding of cells except for the determination of the nucleic acid type.

Hemagglutination. Human group 0, guinea pig, chicken, rat, mouse,
goose and sheep red blood cells were attem pted to agglutinate at 4,22 and 37 °C.
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The diluent used was PBS of pH 7.2—7.4. The incubation period lasted
4—6 hours.

Electron microscopy. 320 ml of tissue culture harvest were treated with
fluorocarbon three times and centrifuged at 12,000 rpm for 60 min at 5 °C
(Janetzki K24 centrifuge). The virus was pelleted by idtracentrifugation of
123,000 g for 90 min at 5 °C (Spinco model L2—65B, Type Ti60 rotor). The
virus pellets were resuspended in 1ml PBS of pH 7.2. The electron microscopic
studies of the virus were made by Dr. Kapp at the Dept, of Pathological Anat-
omy of the Univ. of Veterinary Science, Budapest. Formvar-coated and car-
bon stabilized grids were covered with a small drop of the virus suspension.
After a short drying period the grids were stained with a drop of 2% phospho-
tungstic acid (PTA) in distilled water adjusted to pH 7.0 by KOH. The grids
were examined in a Tesla BS613 electron microscope.

Chloroform sensitivity. Virus suspensions were mixed with chloroform
v/v and shaken for one hour at 37 °C. This was allowed to stand for 18 hours
at 4 °C. Controls were set up with PBS instead of chloroform. The infectivity
of both was determined in tissue cultures.

pH-stability. The pH-stability at pH 3 of the “B” virus strain was de-
termined using a method described by Prummer (1963).

Temperature sensitivity. Glass ampoules containing the virus suspension
were immersed into a waterbath of 56 °C for 30 min and 60 °C for ten minutes.
At the end of the incubation period the ampoules were put into an ice bath
and the virus was titrated parallel with the untreated control samples.

The type and strandedness of the nucleic acid. The type of the nucleic
acid was determined by 5-iodo-2-deoxyuridine (IUDR) inhibition test. Tube
cultures of not confluent monolayer were inoculated with 0.2 ml virus suspen-
sion and incubated for 3 hours at 37 °C. After that, they were washed twice
with PBS and the medium, containing 50 meg IUDR/mI| was added. Infected
control tubes were similarly prepared without IUDR. After 5 days the culture
fluids were assayed for infectivity. Newcastle and pseudorabies viruses served
as controls of known nucleic acid type.

The strandedness of the nucleic acid was tried to determine by acridine-
orange staining according to the method described by Mayor and Hirr (1961).

Results

Virus propagation. All attempts to adapt the egg-passaged virus to
completely confluent monolayer tisssue cultures were without success. W hen
inoculating the virus into the suspension of cells to be plated or monolayer
of 70—80% confluency, a well-defined c.p.e. was seen both in native and stained
preparations. After 72—96 hours p.i. shrunking and rounding up of the cells
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Fig. 1. Intranuclear inclusion body caused by “B™ virus strain in goose-embryo fibroblast
cells. Stained by hem.-eos. X 1000

were visible in different areas of the cell-sheet. Later on, the cytoplasm of
the affected cells disappeared and the cells detached from the glass. In prepara-
tions stained by hematoxyline-eosin a large number of the nuclei contained
an eosinophilic intranuclear inclusion body. This was first detected between
36—48 hours p.i. (Fig. 1).

Hemagglutination. The virus failed to agglutinate any of the erythrocytes
tested at different temperatures.

Heat resistance. No decrease in the infectivity of the virus coidd be de-
tected after exposing it to 56 °C for 30 and 60 °C for 10 min (Table I).

Chloroform sensitivity. The infectivity of the virus was not decreased
by chloroform treatment, moreover, a slight increase could be achieved in
the titer of the virus (Table 1).

pH-stability. No change in the virus infectivity was detected after ex-
posing the virus to pH 3 for 60 minutes at 37 °C (Table I).

Electron microscopy. Small particles of 20—22 nm in diameter were seen
electron microscopically using negative contrast staining technique. The nwural
particles were aggregated and they were empty in a high percentage. No en-
velope could be seen and the particles were hexagonal in shape (Fig. 2). These
findings were supported by those obtained at the IFFA Institute, France,
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Table |
Results of the physicochemical tests

Infective titers+
Tests

treated control
Heat
56 °C for 30 min 104-5 104.5
60 °C for 10 min to4-3 104.5
Chloroform 105.5 104.75
pH 3 i04'5 104.5
IUDR 100.39 103.5

*The titers were calculated by method of Reed-Muench (1938)

by Dr. Tektoff who found viral particles only in the nuclei in the ultra-thin-
sectioned preparations (personal communication).

Nucleic acid type. A significant decrease was found in the titer of the virus
replicated under media containing 50 mcg/ml IUDR. This indicates a DNA
nature of the nucleic acid (Table I). The strandedness of the nucleic acid of the
“B” virus strain could not be specified by the method used since the results
obtained were unconclusive.

Discussion

The “B” virus strain has been isolated in 9—10-day-old goose embryos
inoculated via the allantoic cavity. When older embryos were used only a slight
virus replication could be achieved. Meanwhile, the attempts to adapt the virus
to goose embryo-kidney and fibroblast monolayer tissue cultures were with
no success. At the same time, when the virus was inoculated into suspension
of cells to be plated or not yet confluent monolayer, the virus replicated in
cells with visible and well-defined c.p.e.This finding is similar to that described
by Parker et al. (1970) on the MYM (minute virus of mice) a member of the
parvovirus group. It was also reported by Bachmann (1972) and Sieg1 and
Gaxjtschi (1973) that other parvoviruses also needed dividing cells for the
replication.

The cytological studies revealed that the “B” virus strain replicated in
the nuclei ofthe infected cells causing intranuclear inclusion bodies of Cowdry A
type. The morphology of the viral particles showed hexagonal appearance and
it measured 20—22 nm in diameter. No envelope was demonstrated electron
microscopically. The virus proved to be resistant to the chloroform and heat

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



292 KISARY and DERZSY

treatment. The infective titer of the virus was not influenced by the pH 3.
The “B” virus strain contained DNA since the replication could he prevented
by adding IUDR to the culture media.

Schettler (1971) reported on isolating a small DNA-containing virus
from goslings being affected by similar disease. However, Schettler (1973)
described that his isolate caused intranuclear inclusion bodies in the affected
cells and “typical formation of syntitia” in the same culture. We do not re-
gard the latter as specific to the c.p.e. caused by the goose parvovirus, since,
it can be often observed in uninfected cultures, especially, when incubated
for a long period. On the other hand, it has not been excluded by Schettler
(1973) that his isolate involves two different viruses. This seems to be backed
by his electronoptical findings, that is, a particle of 40—45 nm and another
with a diameter of 20—22 nm were seen.

Dannacher et al. (1974) recently reported on characterization of a small
DNA-containing virus isolated from goslings. It is worth to be noted, that
no intranuclear inclusion bodies were observed by him in the infected cultures,
but pycnosis of the affected cells was described as characteristic type of c.p.e.

On the basis of all properties investigated and described above we pro-
pose that the “B” virus strain should be regarded as a possible member of
the parvovirus group.

Acknowledgements. The authors wish to thank Assoc. Prof. Dr. P. Kapp and Mrs. Eva
Pethes for the electronmicrograph. The excellent technical assistance of Miss Magdolna Sza-
mosi and Mrs. Katalin VOROS is also acknowledged.

Summary

The virus strain “B” isolated from dead goslings has been adapted to goose embryo
fibroblast cell culture. The virus caused eosinophilic intranuclear inclusion bodies in the affected
cells. In the physicochemical tests it proved to be resistant to the chloroform and heat treat-
ment and stable at pH 3. The type of the nucleic acid was DNA as it was determined by IUDR
inhibition test. The virions measured 20—22 nm in diameter in negatively stained preparation,
electron microscopically. Based on these properties we propose that the “B” virus strain should
be regarded as a possible member of avian origin of the parvovirus group.
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Toxoplasma infection is known to occur in various species of kangaroos kept in zoos:
it was observed in Macropus bennetti (Ratcliffe and Worth, 1951; Grunberg, 1959; Mo6ller,
1962; Mandelli et al.,, 1966), Macropus rufus (Hackel et al., 1953), Macropus rufogriseus
(Ratcliffe, 1953; Hilgenfeld, 1966), Macropus robustus (Ratcliffe, 1953), Protemnodon
bicolor (Thompson and Reed, 1957), Megaleia rufa, Macropus giganteus (Hilgenfeld, 1966)
and in a species not nearer identified by Biering-Sérensen (1953).

Infection was sometimes suspected while the diseased animal was alive (Jaksch, 1959),
but as a rule it was not recognized until post mortem or histological examination (Ratcliffe
and Worth, 1951; Grunberg, 1959; Moller, 1962; Mandelli et al.,, 1966, etc.).

Evidence was also presented by successful transmission of Toxoplasm to albino mice, by
administration of organ suspension from dead kangaroos into the abdominal cavity (MOLLER,
1962) and/or brain (Mandelli et al. 1966) of the experimental animals. The preliminary diag-
nosis could be confirmed on the basis of the appearance of developmental stages in the ab-
dominal cavity and — more often — of cysts in the brain.

The source of the Toxoplasma infection of captive kangaroos could not be identified in
the previous cases, although certain authors (Thompson and Reed, 1957; Hilgenfeld, 1964)
offered a hypothetical explanation, but failed to confirm it.

In the present case, Toxoplasma infection was demonstrated in three
dead kangaroos by histopathological examination of certain organs and ex-
perimental transmission to a cat, and the possible source of infection could
also be traced.

Experimental

Materials and methods

Post mortem examination of the carcases of three derby kangaroos
(Thylogale (= Wallabia) eugenii) was performed in the Department of Pa-
thology.

Specimens of spleen, liver, kidneys, adrenals, pancreas, stomach, various
intestinal segments, mesenteric lymph nodes, urinary bladder, lungs, heart
muscle, brain, spinal chord, diaphragmai muscle and several skeletal muscles
were secured for histological examination. The organs were fixed in 10% for-
malin, embedded in paraffin and the sections were stained with haematoxy-
lin and eosin.
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Toxoplasma cysts were isolated by feeding pieces of certain organs
(brain, spinal chord, heart and diaphragmai muscle) of the carcases to a toxo-
plasma-free young cat. Toxoplasma gondii oocysts were collected from the stool
of the cat by flotation and were administered orally to albino mice. Brains
of mice killed at various periods after the 14th post-infection day were bo-
mogenated and Toxoplasma cysts were demonstrated microscopically in un-
stained smears prepared from brain suspensions. A similar procedure was em-
ployed in investigations into the source of infection.

Clinical observations

Three derby kangaroos, one male and two females, kept in the same run
in the Budapest Zoo, developed nervous symptoms (disturbance and in-
coordination of movements) almost simultaneously in September 1973. The
animals also showed listlessness and loss of appetite and one even had dysp-
noea. One kangaroo died on the second day after the manifestation of the
symptoms, the other two succumbed on the tenth day. The latter two animals
showed progression of the movement disturbance and gradual loss of condition

Fig. 1. Loose focal lesion, consisting of glia Fig. 2. Magnified detail of Fig. 1. Injured
cells, nearby a cerebral vessel. HE stain, cells localizing inside the glia cell focus har-
about X275 bour single tachyzoites and groups of tachy-
zoites surrounded by a parasitophorous vac-

uole (arrow). HE stain, about x700
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until death. During the last days, there was a flaccid paralysis of certain
muscle groups and compulsive movements appeared in the terminal stage.
Exclusively symptomatic treatment was applied.

Post-mortem and histopathological examinations

No notable gross lesions were found on post-mortem examination.

On microscopic examination of brain and spinal chord from the animal
which had died first, circumscribed, loose foci, consisting chiefly of glia cells,
were found to occur sporadically in various areas, above all along the vessels
(Fig. 1). Inside the foci the glia cells and infrequently also nerve cells showed
regressive phenomena (nuclear pycnosis and lysis, rarefication of cytoplasm
and necrosis of the cell). Solitary tachyzoites and groups of tachyzoites estab-
lished themselves intracellularly, the latter being usually surrounded by a
parasitophorous vacuole (Fig. 2). Only few Toxoplasma cysts w'ere found in
the brain and spinal chord. The two kangaroos, which had died later, also
showed the sporadic focal proliferation of glia cells in brain and spinal chord.
The localization of the foci was again not characteristic, but they were more

Fig. 3. Circumscribed glia cell proliferation Fig. 4. Toxoplasma cyst localizing nearby a
in the brain. Note necrotic cells in centre of cerebral vessel. HE stain, magnification
focal lesion and the Toxoplasma cysts localiz- about X 1800

ing nearby (arrow). HE stain, about x275
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numerous than after the shorter course and the densely arranged glia cells
surrounded the necrotic brain areas (Fig. 3). Toxoplasma cysts did not usually
occur inside the foci, but outside the latter chiefly free cysts of various sizes
were frequently found (Fig. 4). There was also a perivascular histio-lympho-
cytic infiltration in certain non-characteristic localizations.

The heart muscles of the three animals showed different degrees of
change. The circumscribed focal lesions and often also the adjacent interstitial

Fig. 5. Circumscribed inflammatory cell Fig. 6. A group of tachyzoites localizing ina
reaction in the heart muscle. Low magni- heart muscle cell inside the area of the inflam-
fication view, about X 40 matory cell reaction (arrow). HE stain, about

X 700

tissue were infiltrated by histiocytes and lymphocytes (Fig. 5). In areas of
acute or semi-acute myocarditis or nearby, large groups of tachyzoites localized
in muscle cells showing regressive lesions (Fig. 6). Varying numbers of tachy-
zoite groups established themselves in myocardial cells farther away from
the lesion.

Similar focal inflammatory lesions and intracellularly localizing groups
of tachyzoites were also found in the tongue muscle.

One or both adrenals showed circumscribed necrotic lesions, involving
chiefly the cortical part (Fig. 7). Nuclear pycnosis, rhexis and lysis and rare-
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Toxoplasma cysts occurred in various segments of the small intestine,
localizing in the propria of the mucosa, which appeared intact and did not show
inflammatory reaction around the cysts.

Bodies reminding of Sarcosporidium cysts were found in the skeletal
muscles, diaphragmai muscles and in oesophageal muscles. The parasites had
an elongated shape and some showed indications of a compartmental inner
fication of the cytoplasm took place in those cells which harboured single
tachyzoites or groups, and free Toxoplasma cysts were localizing between

Fig. 7. Necrotic focal lesion in adrenal Fig. 8. Toxoplasma cysts in necrotic field of
cortex. Low magnification view, about x40 adrenal. HE stain, about x275

the deteriorating cells (Fig. 8). The normal appearing tissue in the surroundings
of fresh necrotic foci showed only hyperaemia.

Circumscribed necrotic foci, containing nuclear debris, were also found
in the mesenteric lymph nodes. No developmental stages of Toxoplasma could
be detected either in the foci or in the adjacent intact tissue,
structure. No inflammatory cellular reaction was seen around those muscle
cells which harboured the Sarcosporidium-Uke cysts. Such bodies were also
found in single muscle cells of myocardium and tongue.

No microscopic lesions were found in organs other than the above.

Isolation of Toxoplasma from the carcases of the kangaroos

Specimens of brain, spinal chord, myocardium and diaphragmai muscle
of the two kangaroos which died after iliness for ten days, were fed to a young
cat, which was free from Toxoplasma to judge from preceding faecal
examinations. Throughout the experiment and for two weeks before it, the
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cat was kept in isolation and was fed with great care to avoid intercurrent
Toxoplasma infection. Seven days after the ingestion of organ pieces from
the carcases, the cat began to pass T. gondii oocysts with the faeces and
continued to discharge them for several subsequent days.

Mice could be infected experimentally by oral administration of oocysts
collected from the cat. Toxoplasma cysts appeared in the brain of the mice
at about 14 days after infection. The strain has been maintained in mice ever
since.

Investigations into the possible source(s) of infection

A few days after the death of the kangaroos, a local investigation was
made in the kangaroo premises of the Zoo. In the fodder store, which consisted
of several rooms, including a preparatory room, a she-cat with two 6-weck
old kittens was found, which lived there permanently. Dry cat faeces was
found in all rooms and samples of it contained a medium amount of T. gondii
oocysts. A few oocysts were also found in the freshly passed faeces ofthe mother
cat. The latter ceased to discharge T. gondii oocysts after kept in isolation for
a few days. Faecal examination had negative results with the two Kkittens.

Mice were infected orally with T. gondii oocysts obtained from the dry
cat faeces collected at the spot. Four days after infection the mice died in a
severe pulmonary haemorrhage, because apart from T. gondii oocysts many
embryonated (infective) Toxocara mystax eggs were present in the infectious
material. In the mouse, being a paratenic host of the latter parasite, the larvae
released from the eggs, penetrated across the intestinal wall, and caused severe
lung injuries in the course of migration. Homogenates prepared from mesen-
teric lymph nodes and liver of the dead mice were administered orally or intra-
abdominally to further mice. Twenty-one days later Toxoplasma cysts were
found in unstained smears of brain suspensions from both groups of mice.

Mice infected orally with T. gondii oocysts isolated from fresh cat faeces
had Toxoplasma cysts in the brain two weeks after infection.

Twenty common mice, captured in the fodder store, were killed and their
brains were examined for the presence of Toxoplasma cysts, but none were
found. Blind transfers of brain homogenates from these animals were not
made.

Unfortunately, the fodder supply from which the kangaroos had been fed
before their illness run out completely by the time of the examinations.

Discussion

All three kangaroos were found to have died in acute or semi-acute,
generalized Toxoplasma infection.
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Unlike most cases reported by other authors, the carcases did not show
necrotic-inflammatory change or ulceration in the digestive tract and generally
no gross lesion was found in any organ. Microscopic lesions related to the pres-
ence of Toxoplasma occurred above all in the brain, spinal chord, heart and
tongue muscles, adrenals and mesenteric lymph nodes. The most frequent
changes were a proliferative, acute or semi-acute, focal inflammation (in brain,
spinal chord, heart and tongue muscle) and circumscribed focal necroses (in
adrenals and mesenteric lymph nodes). Developmental stages of Toxoplasma
(intracellularly localizing solitary tachyzoites or groups of tachyzoites, less
often cysts) were found inside or nearby the lesions, occasionally also in distant
organs (e.g. in the propria of the small intestine). The microscopic lesions were
in every respect similar to those described in other reports of Toxoplasma
infections in kangaroos. In all three cases, the brain and spinal chord were
the most affected parts; this accords well with the clinical observations.

However, apart from developmental stages of Toxoplasma, sac-like bodies
reminding of Sarcosporidium were also present in the heart and tongue muscle,
oesophageal muscle layer, diaphragmai muscle, and certain cell groups of the
skeletal muscles.

Isolation of Toxoplasma from the carcases is generally made by inocula-
tion of organ homogenates into the abdominal cavity of mice. In this instance,
isolation was attempted by oral administration of the infectious material to
a susceptible young cat. The T. gondii oocysts passed by the cat were trans-
mitted orally to mice. These successful transinfection experiments accord well
with the recent knowledge about life cycle of the Toxoplasma. It appears that
the probable concurrent infection with Sarcosporidium did not interfere with
the results of the infection experiments.

Examinations on the spot showed that the most probable source of in-
fection had been the she-cat which had lived with her two Kkittens in the fodder
store from which the kangaroos had been supplied. T.gondii oocysts were dem -
onstrated in dry cat faeces found all over the store and in the fresh stool
of the mother cat as well. The low number of oocysts in the faeces and the
fact that the cat ceased to discharge oocysts a few days after being examined
regularly indicate that it had older Toxoplasma infection.

The simultaneous severe infection of the three kangaroos may well have
resulted from the consumption of fodder (probably the grits) heavily contami-
nated with oocyst-containing cat faeces.

Apart from the known susceptibility of kangaroos to Toxoplasma in-
fection, the disease and death of all three animals kept in the same run may
chiefly have been due to a massive infestation.

The illness of the kangaroos was neither preceded nor followed by sim-
ilar infection of other animals supplied from the same store and preparatory
room. This might have been a chance coincidence but may as well have
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been due to the dissimilar susceptibility or, probably, resistance of the other
animals.

The infestation of the kangaroos was promoted by the working routine
of the attendants, viz., that Monday rations (often also the fodder ration) were
as a ride prepared on the preceding Friday afternoon. Thus a massive contami-
nation of the rations with cat faeces could take place over the weekend during
which also the freshly passed, non-infective oocysts may have undergone
sporulation. This seems the more possible as derby-kangaroos have the habit
of moving and eating during dusk and evening hours, so that they usually
did not touch the Monday supply until the late hours of the afternoon and
evening. Accordingly, at least 72 hours had elapsed between the preparation
and ingestion of the Monday ration, a time long enough for the sporulation
of T. gondii oocysts.

This again reminds of the importance of rigorous hygienic measures
in Zoo animal management in general, and of the prevention of contamination
of feed by cat faeces in particular.

It should be mentioned that our data concerning the onset of the disease
may not have been accurate because, as already mentioned, derby-kangaroos
usually keep quiet during the greater part of daytime and so the attendants
may not have noticed the symptoms until they became quite severe.

This is the first report of the incidence of Toxoplasma infection among
derby-kangaroos (Thylogalef= Wallabia) eugenii), which means that an
additional species of the family Macropodidae are susceptible to this parasite.

Summary

The death of three derby-kangaroos (Thylogale (= Wallabia) eugenii), kept in the same
run in the Budapest Zoo, was found to have been caused by Toxoplasma infection. The diag-
nosis was established on the basis of histopathological examinations and experimental trans-
mission to a young cat by feeding pieces of organs from the dead kangaroos. The cat, which
had been kept in isolation before the infection experiment, began to discharge T. gondii oocysts
a few days after ingestion of the organ pieces. Mice could be infected experimentally with
sporulated oocysts collected from the faeces of the cat.

Investigations in the premises disclosed that the kangaroos became in all probability
infected by the ingestion of fodder contaminated with cat faeces. Dry cat faeces found in the
preparatory room and the fresh faeces of a cat permanently living there, both contained Toxo-
plasma oocysts, which caused fatal disease on experimental transmission to albino mice. The
importance of rigorous hygienic measures in Zoo animal management and the importance of
cats in the dissemination of Toxoplasma infection are pointed out.

The present paper is the first report of Toxoplasma infection in derby-kangaroos, new
hosts of the parasites in the family Macropodidae.
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Rabbits with mucoid enteritis develop hypotonic dehydration, decompensated meta-
bolic acidosis and azotaemia (Vetési and Kutas, 1973). The pathological changes can be
attributed mainly to the effect of enterotoxin produced by enteropathogenic E. coli strains.
Oral administration of E. coli enterotoxin provokes increased fluid and electrolyte secretion
into the intestinal lumen of baby rabbits (smitn, 1972; K utas et al.,, 1974). It has been sup-
posed that toxic products such as endotoxins released by E. coli bacteria can be resorbed
through the desquamated intestinal mucosa of rabbits with mucoid enteritis (vetesi, 1970).
Consequent toxicosis associated with hypovolaemia due to fluid loss results in severe shock
which causes the death of animal. Knowing the characteristic effects of bacterial endotoxins
on carbohydrate metabolism (Thomas, 1954; sanfora et al.,, 1960), it seemed to be interesting
to study the metabolism of carbohydrates in rabbits with mucoid enteritis. Unfortunately,
little information is available on this mechanism, only Kruiningen and wirttiams (1972) re-
ported rise of blood sugar in affected rabbits, without any comment on the reason of hyper-
glycaemia.

Because of the lack of literary data, the more fundamental changes
that occur at a cellular level need to be investigated in order to bring about
a fuller understanding of metabolic disorders in mucoid enteritis. The present
work was undertaken to study the intermediary steps of carbohydrate metab-
olism of affected rabbits with biochemical, histochemical and electron
microscopic methods.

Materials and Methods

A total of 39, weaned cross-bred (“Fehérgydngy”) rabbits with ages
ranging from 4 to 11 weeks were used in this study. The material was almost
identical with that used in our previous paper (Vetési and Kutas, 1973).
Of the 39 animals examined 23 developed naturally occurring form of mucoid
enteritis and 16 served as healthy controls. The rabbits were fed a commercial
granulated fattening diet ad libitum. In view of the diurnal rhythm of glycogen
metabolism, the examinations were carried out always in the early afternoon
hours. Procedures used for taking of samples, extermination of animals etc.
have been described elsewhere (Vetési and Kutas, 1973).
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Level of blood sugar was determined by the o-toluidine method (Bio-
chemica Test Combination, Boehringer Mannheim GMBH). Presence of urinary
glucose was detected by Clinistix test (Ames Company).

Immediately after exsanguination, specimens were taken from the liver,
kidney and heart muscle of 18 affected and 6 healthy rabbits. The specimens
were fixed in absolute ethanol and in some cases in 8 per cent solution of
buffered formalin. The tissues were embedded in paraffin and stained with
periodic acid-Schiff reagent, with and without prior amylase treatment.

The histochemical study of the distribution of glucose-6-phosphatase
in the cells of liver and kidney was made by the freezing method of Chiquoine
(1953). Specimens were taken from 3 diseased and 2 control animals.

For the purpose of electron microscopic study, about 1 mm3 fragments
were cut from the liver of 3 diseased and 2 control rabbits. The samples were
fixed in 2 per cent solution of osmium tetroxide buffered according to Pallade.
The fixation took place at -|-40C temperature for 2 1/2 hours. The fixed spec-
imens were dehydrated in alcohol-series, embedded in Durcupan-ACM-
mixture and sectioned on a Reichert-OM-U2 ultramicrotome. The specimens
were examined with a Tesla-BS 613 electron microscope.

Results

The most characteristic clinical symptoms and post-mortem findings of
rabbits with mucoid enteritis have been presented in a previous communica-
tion (Vetési and Kutas, 1973).

Values for blood sugar of 19 affected and 14 healthy animals are shown
in Table I. It can be seen that most of the blood sugar values of controls were
found in a relatively narrow interval (91—120 mg/100 ml). In contrast, only
3 rabbits with mucoid enteritis had blood glucose concentration within these
normal limits. The majority of affected rabbits (n = 12) were hyperglycaemic,
in 4 other cases mild or severe form of hypoglycaemia could be demonstrated.

No glucose could be detected in the urine of 7 rabbits with mucoid enter-
itis, although 5 of them were hyperglycaemic. The urine of the control animals
(n = 5) did not contain glucose either.

Besides the determination of the blood sugar, the glycogen stores of
the organism were also studied. On the basis of the histochemical investigations
it could be established that the distribution of glycogen granules appeared
normal in the hepatocytes of the healthy controls (Fig. 1). The glucose-6-
phosphatase enzyme was also unformly distributed in the parenchymal cells
of liver.

In contrast to the healthy rabbits, a characteristic decrease of glycogen
content was observed in the liver of affected animals. In a few instances, the
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Table 1
Blood sugar levels in control rabbits and rabbits with mucoid enteritis

Characterization  of _BIOOd sugar (mg/100 mh

condition Range : Individual values rabbits
Hypoglycaemia, severe 0-40 40, 36 2
Hypoglycaemia, mild 71 - 90 71, 73 2
97, 117 2
92,* 95* 96,* 97*, 98*, 99,*
91-120
103,* 111,* 111,* 114,* 116«, 13*
Normal
118,* 118*
124 1
121 -140
131* 1*
Hyperglycaemia, mild 141 -200 144, 183, 187 3
Hyperglycaemia, severe 201 -300 207, 219, 248, 254, 277, 5
301 - 400 310, 317, 339, 369 4

* Control animals

glycogen granules disappeared only in the periphery of the lobules, near by
the periportal zone (Fig. 2). In most cases, there was no demonstrable glycogen
present in the hepatocytes of the intermedial zone either. Only the cells around
the central vein contained glycogen granules (Fig. 3). Higher activity of he-

Fig. 1. Liver of control rabbit. Abundant PAS-positive glycogen granules in the hepatocytes;
¢, central vein; p, periportal zone; XIIO approximately

7 Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



306 VETESI and KUTAS

Fig. 2. Liver of rabbit with mucoid enteritis. Cells adjacent to the periportal zone (p) contain
no glycogen granules. PAS reaction; c, central vein; xI110 approximately

patic glucose-6-phosphatase was found in the periphery of the lobules than
in the centrilobular zone (Fig. 4).

Electron micrographs of the liver of rabbits with mucoid enteritis cor-
roborated the significant decrease in cellular glycogen content. Hypertrophy
of the smooth and to a certain extent, of the rough endoplasmic reticulum
was observed (Figs 5 and 6).

Fig. 3. Liver of rabbit with mucoid enteritis. Depletion of glycogen. PAS-positive glycogen
granules are only around the central vein (c); x| 10 approximately
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Fig. 4. Liver of rabbit with mucoid enteritis. Higher activity of glucose-6-phosphatase in the
periphery of the lobules; ¢, central vein; x40 approximately

Fig. 5. Liver of rabbit with mucoid enteritis. Slight hypertrophy of the endoplasmic reticu-
lum (er) in the hepatocyte. Electron micrograph; X17,820
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Fig. 6. Liver of rabbit with mucoid enteritis. Hypertrophy of the endoplasmic reticulum (er)
in diffuse form. Electron micrograph; X 17,820

Histochemical examination of myocardial fibres of affected rabbits
showed also reduction in glycogen. In some cases, the disappearance of glyco-
gen was so advanced that only some fibres contained glycogen granules.

The brush border in the proximal renal tubules of the affected rabbits
was more intensively stained with periodic acid-Schiff reagent than that in
control animals. In some rabbits with mucoid enteritis, differently from the
controls, PAS-positivity stained, fine granulates and larger corpuscles could
be observed in the epithel cells of the convoluted tubules. Following amylase
treatment, the brush border and the larger corpuscles were invariably stained
with PAS reagent, while the finely granulated material disappeared and no
PAS-positivity could be detected.

The activity of glucose-6-phosphatase was higher in the renal cortex of
diseased rabbits than in that of controls.

Discussion

From the present studies it can be established that mucoid enteritis
caused breakdown of hepatic and heart muscle glycogen to glucose, con-
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sequently hyperglycaemia developed. However, at the terminal stage of
disease when the glycogen stores were depleted, the blood sugar began to fall
toward hypoglycaemic levels.

A greatly increased hepatic glucose-6-phosphatase activity could he
observed especially in the periphery of the lobules where the most active
form of glycogenolysis was detected. This enzyme is essential in the glyco-
genolytic action of liver and kidney, cleaving glucose-6-phosphate to free
glucose and phosphate. At the same time, it was characteristic the hyper-
trophy of the endoplasmic reticulum where the glucose-6-phosphatase enzyme
is localized (Ericsson, 1966; Muller, 1971). The endoplasmic reticulum is
known as the main site of the hepatic glycogenolysis (Mutter et al., 1966).

As shown in the present paper, an excessive accumulation of glycogen
was observed histologically in the proximal tubules of kidney. Studies in
alloxan-diabetic rats showed also glycogen deposition in the. proximal tubules
(Curtis et al., 1947). Thirty-fold higher level of glycogen was found in the
renal cortex of diabetic rats than in that of controls (Anderson and Stow-
ring, 1973). The accumulation of glycogen in the kidney could be explained
with the increased rate of renal gluconeogenesis. The diabetic state was ac-
companied by depletion of hepatic glycogen, hyperglycaemia and glycosuria.
Thus, the metabolic changes of carbohydrate balance were similar to those
observed on rabbits in the present study. However, a characteristic difference
was that the urine of hyperglycaemic rabbits with mucoid enteritis did not
contain glucose. The aglycosuria may be in relationship with the circulatory
failure of the shocked rabbit. In this condition hypotension develops and
urine formation ceases when the arterial pressure falls below 60 to 80 mmHg
(Brand, 1956). The urinary bladder of the affected rabbits was empty or
contained only 1—2 ml of urine, indicating clinical signs of anuria or oliguria
(Vetési and Kutas, 1973). There is a further explanation for the aglycosuria,
with regard to the findings of Foidi et al. (1948). The authors observed
passive rediffusion of glucose through the degenerated tubular epithelium.
Since rabbits with mucoid enteritis develop tubulonephrosis, it is possible
that the unabsorbed glucose of glomerular filtrate diffuses hack into the blood-
stream.

The exact mechanism and reason of the increase of blood sugar are not
clear. According to the present opinion, hyperglycaemia associated with
endotoxin shock is due, at least in part, to adrenaline released from the adrenal
medulla. Sanford et al. (1960) observed that adrenalectomy, with cortisol
replacement, prevented the hepatic glycogenolysis produced by the injection
of endotoxin into rats. Benedeczky and Bertok (1968) described intensive
disappearance of catecholamine granules in the adrenal gland of endotoxin
treated rats. One of us (Vetési, 1974) found similar phenomenon in adult
rabbits after injection of E. coli endotoxin. One the other hand. Kertai
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(1972) could not produce hyperglycaemia in depancreatized and insulin
treated dogs following endotoxin injection. This observation suggests the
possible role of pancreatic glucagon hormone in the mechanism of hyper-
glycaemia. Both adrenaline and glucagon act similarly: the hormones activate
hepatic phosphorylase via the adenyl cyclase-cyclic AMP system. Evidence
has been obtained to indicate that the rise in adenyl cyclase activity is one
of the earliest cytotoxic effect in endotoxin shock (Jacobson et al., 1972).

In addition to the effect of endotoxin, it should be taken into consid-
eration that hypoxia and acidosis described in rabbits with mucoid enteritis
(Vetési and Kutas, 1973) may be also responsible for stimulated glyco-
genolysis. It is known that hypoxia causes rapid breakdown of liver and
muscle glycogen. Under anaerobic conditions, the carbohydrates are decom-
posed via the Embden— Meyerhof glycolytic pathway with a less efficient rate
of ATP formation. Since an adequate supply of oxygen is necessary for glyco-
gen synthesis, the glycogen stores are soon depleted. Furthermore, severe
acidosis due to faecal bicarbonate loss also stimulates glycogenolysis. Elias
(1912) showed that intravenous injection of acid into dogs reduced hepatic
glycogen content and caused hyperglycaemia.

After all, it can be established that due to several glycogenolytic factors,
a sharp reduction in the cellular glycogen content occurs. Since glycogen is
the main intracellular substrate as energy source, with progression of shock,
there may be a decrease in the energy production of cells. Considering the
vital function of the organ, the fall in the heart glycogen level seems to be
especially deleterious.

The results of the present investigation suggest that depletion of glycogen
stores may account in large part for the development of the irreversibility
in shock caused by mucoid enteritis.

Acknowledgements The authors gratefully acknowledge the valuable technical assistance
of Mrs. T. Kadar, Miss L. Kovats and Mrs. Gy. Pethes.

Summary

The effect of naturally occurring mucoid enteritis on the carbohydrate metabolism
was investigated with biochemical, histochemical and electron microscopic methods. Besides
the examination of affected rabbits, studies were also performed on healthy animals of the
same herd.

The carbohydrate metabolism of rabbits with mucoid enteritis can be described as
follows: increased glycogenolysis in liver and heart muscle, high activity of hepatic and renal
glucose-6-phosphatase, aglycosuric hyperglycaemia, accumulation of glycogen in the proximal
tubules of kidney.

The authors suggest that severe disturbances in carbohydrate metabolism, first of all
the depletion of cellular glycogen stores, may account in large part for the fatal end of disease.
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The pathogenicity of the vegetative form of Toxoplasma for humans and
various animals has been elucidated in great detail by extensive investigations
conducted since the beginning of this century. Little, is however, known about
the effects of Toxoplasma gondii oocysts, passed by the cat and sporulating in
the outside world, on non-feline hosts after taking them up orally.

Frenkel (1973) made in his textbook a brief reference to oocyst pathogenicity, illus-
trating it with a few histological pictures, but not explaining it in a greater detail. More infor-
mation is emerging from the report of Dubey and Frenkel (1973), who concluded from studies
on four Toxoplasma strains that orally administered oocysts were definitely pathogenic for
mice, although the degree of damage varied with the strain. Two strains caused a lethal toxo-
plasmosis in the mouse on oral administration of very few — 1to 10 — oocysts, whereas the
other two required a massive dose — at least 1000 oocysts — to produce the same effect.
Systematic investigations into the pathogenicity of Toxoplasma gondii oocysts for mice have
not yet been reported.

The present studies were carried out with the aim to throw more light
on the problem by infection experiments and detailed analysis of gross and
microscopic lesions.

Materials and Methods

Part of the oocysts used in the studies were isolated from young cats
in this laboratory (strain “Budapest”), part belonged to the strain “Gail”
received through the courtesy of Professor Piekarski (Bonn, GFR).

Both strains were maintained by serial transfers in mice as follows: organ
suspensions prepared from cyst-containing mouse brain in saline were ad-
ministered orally through a gastric tube to susceptible mice. Those surviving
the infection developed Toxoplasma cysts in the brain after a certain time.

The shortest interval between transfers from mouse to mouse was 15
days, the longest 187 days in our hands. Administration ofthe brain suspension
to the recipient was always carried out per os and within one hour after the
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extermination of the donor. Prior to transfer, the presence of cysts in the in-
fectious material was ascertained by microscopic examination.

To obtain oocysts from cats, first the Toxoplasma infected mouse brain,
secondly the entire mouse was fed to cats of various ages. Part of the cats
began to pass oocysts after one week; these were, after an appropriate enrich-
ment and purification, sporulated in a 2% aqueous potassium bichromate solu-
tion at room temperature, washed several times in water by centrifugation
and stored at -j-4°C until used. The oocysts were counted in a Buerker-type
haemacytometer and the results were compared with those obtained by the
traditional simple method of parasite egg and oocyst counting, viz., oocysts
were counted in 20—25 fields of vision under a coverslip placed on 0.05 ml
suspension, the average number of oocysts for one field of vision was calculated
and multiplied by the number of fields in the entire area of the coverslip and
the result was multiplied by 20 to obtain the total number for one ml. The
counts determined by the two procedures were always in good accordance
with each other.

For mouse pathogenicity studies, oocysts of both strains were obtained
from cats as described above and were administered orally to groups of albino
mice. The individual dose range was five oocysts to one million. Mice killed
by the toxoplasma infection were processed either immediately or 1—2 hours
after death at the latest. Specimens secured from various organs (several
segments of small intestine, mesenteric lymph nodes, liver, spleen, kidneys,
pancreas, lungs, heart, brain, etc.) for histological examination were fixed in
10% formalin, embedded in paraffin, and the sections were stained with haema-
toxylin and eosin.

In three experimental groups, isolation of bacteria was attempted from
various segments of small and large intestine and liver, under aerobic condi-
tions, on common and blood agar as well as on Drigalski’s medium.

Appropriate control mice of the same age and breed and maintained
under identical conditions were set up with each experimental group.

Experimental

a. Isolation of the “ Budapest' strain. About two years ago a young cat
examined was found to pass with the stool large amounts of oocysts, which
appeared to correspond to the type formerly known as lIsospora bigemina.
They were round or elliptic, and 11—15 by 9—12 pm in size. The oocysts
were sporulated in the laboratory and administered to 10 mice, which all died
between 5 and 11 days after infection. The infection experiment was repeated
on three additional occasions, again on groups of 10 mice, using 50,000 to
100,000 oocysts as individual dose. The infection was lethal in every instance.
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Out of 10 mice infected about one and a half months later two had a
protracted course of disease: one died on the 13th day after infection, the
other was killed in the terminal stage simultaneously. These two mice had
Toxoplasma cysts in the brain, which were never found in mice died earlier.
The strain could be maintained by oral transfer of the cyst-containing brain
material to susceptible mice.

Several biological properties of the isolate were compared with those of
the strain “Gail” and the two strains were found to be essentially similar.
No morphological differentiation was possible on the basis of brain cysts and
oocysts passed by the cat and no notable difference was found either in mouse
pathogenicity.

Table |
Pathogenicity of cysts of various ages of the Toxoplasma strains “Budapest” and “Gail” on oral

administration to the mouse

. Strain Gail Strain Budapest
Latency period

(days) Number of mice died within 14 days/number
of mice infected

15 3/10

19 1/10
20 0/10
22 2/10
23 0/10 0/10
35 7110

37 1/10
47 1/10

70 5/10 2/10
77 2/10
106 7110 5/10
187 5/10 3/10

b. Pathogenicity of Toxoplas/na cysts. Oral infection with cyst-containing

brain material killed the majority of the mice within 14 days, the minority
survived. The mortality was still higher and the symptoms were more severe
when brains of mice containing older cysts after a long-standing infection were
used. In such cases losses often reached 70%, whereas with young cysts the
maximum mortality was 30% (Table I). The higher pathogenicity of old cysts
may have been due to the greater number of bradyzoites inside them or,
probably, to the development of futher cysts from the released bradyzoites.*

*The term “bradyzoites”, proposed by Frenker (1973), is used to designate the appar-
ently resting developmental stages formerly designated as zoites or merozoites, which localize
inside the cysts, as opposed to the vigorously multiplying tachyzoites (formerly called tropho-
zoites, proliferative stages, etc.), which occur single, in pairs or in groups of various sizes in
different organs.
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The observation that some of the surviving mice unexpectedly began to show
rotating movements after a relatively long symptomless period, weighs in
favour of this implication. The rotating movements, lasting a few days, may
well have been the sign of development of new cysts in the brain. This accords
well with the microscopic finding that apart from the usual cysts, 40—50 ftm
or even more in diameter, the brains of mice with a long-standing toxoplasmosis
often contained smaller forms as well (Fig. 1).

C. Pathogenicity of Toxoplasma oocysts. Experimental infection
sporulated oocysts of the “Budapest” and “Gail” strains killed almost all mice,

Fig. 1. Toxoplasma cysts of various sizes in the brain of one and the same mouse, about two
months after oral infection with cyst-containing brain material. Unstained preparation;
X about 750

irrespectiv e of their age, within 5— 11 days. Survival was exceptional and oocyst
infection could well be regarded as lethal for mice. The two strains did not
notably differ in respect of pathogenicity.

Investigations into the oocyst dose required for pathogenic effect led to
the surprising discovery that neither severity of the infection nor death seems
to depend much on the actual number of orally administered oocysts (Table
I1). As in the previous experiments individual doses of 105—10600cysts proved
to be 100% lethal for mice, only doses of 50,000 or less oocysts were tested for
pathogenicity in the comparative experiments. As seen in Table Il, mice given
the larger doses usuallv died earlier than those fed with the smaller ones. There
were, however, several exceptions, e.g., the first mouse in the group treated
with 5000 oocysts already died on the sixth day, whereas among mice given
50.000 oocysts, losses began to occur one day later. Mice given the lower doses
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Table 11

Pathogenicity of oocysts of the strain “Budapest” on oral administration to mice

Number of oocysts 50,000 5,000 500 50 5
used for infection

No. of experiments 1 [N 1 11 1 A [l 11 [l

No. of mice 4 3 3 4 3 3 4 3 3 4 3 3 4
6. day p.i. -r
7. day p.i + o+ + o+
8. day p.i. - + + . ¥ ¥
9. day p.i. T + 4+
+ + + + + + +
10. day p.i. + + + + o+
11. day p.i. + + + + - -
+
Survivors . +
p.i. =post infection

usually died between 9 and 11 days after infection, whereas in the large-dose
groups very few animals survived the ninth day.

d. Clinical observations. Mice infected orally with oocysts of strain
“Budapest” or strain “Gail” became listless a few hours before death. Their
hair was ruffled and dirty and the skin of their tail and ear assumed a bluish-
grey tint. Part of the diseased mice developed diarrhoea, passing instead of the
normal pellets a pasty or watery stool admixing with mucus. In some cases
practically the entire faeces consisted of a viscous mucus, forming occasionally
a cylindrical clot. The perianal hair was glued together by the mucous faeces,
which soiled the hair also in other parts and the cylindrical clot of mucus often
adhered to the root of the tail. It should be mentioned that the other part of
the animals did not show any sign of diarrhoea, although otherwise they were
severely ill.

The terminal stage was characterized by weakness of the hind part of
the body, greater or lesser increase of abdominal volume, slow, swaying
movements and, finally, complete prostration which was followed by death
within seconds or minutes.

e. Gross lesions. In a few carcases the spleen was swollen, but in the major-
ity it appeared normal. A portion of the small intestine was distended, above
all the ileum, but occasionally also some segments orally to the ileum, showed
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Fig. 2. Intestine of mice died after oral infection with oocysts. Note distension of the small
intestine and enlargement of intestinal lymphatic follicles (f.l.) and mesenteric lymph nodes
(I.m.). Roughly natural size

distension over a greater or lesser distance (Fig. 2). The wall of the small in-
testine appeared either dark red, or greyish-white or greyish-yellow when
viewed through the serosa, and it was always glossy, owing to serous infiltra-
tion. The distended portion of the small intestine was filled by transparent
slightly opalescent or turbin contents, which were either watery or mucous and
viscous, infrequently jellinaceous in consistency. There was a distinct mural
thickening in the affected portions. The contents of the large intestines rarely

Fig. 3. Segment from small intestine of a mouse died after oral infection with oocysts. The
intestine is distended, the enlarged intestinal lymph follicles (f.l.) are conspicuous and an
enlarged mesenteric lymph node (I.m.) is seen in the centre. About double life-size
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resembled those of the small intestine, but usually they were either pasty or
normal. The mucous membranes of both small and large intestines were grey-
ish-white, less often dark red in colour, but always appeared swollen and
thickened.

The lymphatic follicles of the small intestine enlarged to the size of a
millet seed and, protruding beneath the serosa, could easily be distinguished
from the darker intestinal wall by their greyish-white colour (Fig. 3). In cer-

Fig. 4. Section from small intestine of a mouse died after oral infection with oocysts. Sub-
epithelial plasma deposition lifts the mucous endothelium. HE stain; X about 110

tain cases greyish-red eroded areas, showing the contours of lymphatic follicles
were found in the mucosa corresponding to the follicles.

The mesenteric lymph nodes enlarged to different degrees (sometimes
enormously), assumed a greyish-white colour and showed, together with the
surrounding mesenteriuin, a serous infiltration (Figs 2—3). Upon incision,
glossy, juicy areas of indistinct structure alternated with nacreous, pin-prick
foci.

The liver usually appeared normal, in a few cases it was slightly enlarged,
greyish-brown in colour and rigid. The surface of its incisions showed loss of
structural definition and sometimes a few greyish-white, pin-prick foci were
seen on them. The parenchyma was friable. The kidneys were normal.

The lungs showed hyperaemia and acute emphysema of varying severity,
but no other lesion. In a few cases there was a general, acute dilatation of the
heart.

f. Microscopic lesions. In various segments of the small intestine, serum
like fluid staining homogeneously with eosin separated the mucous epithelium
from the propria (Fig. 4). The epithelial coat of the intestinal villi was shed
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in large patches in several places, the shreds admixing with the contents of the
intestinal lumen (Fig. 5). Occasionally the epithelial desquamation was limited
to the apical parts of the villi.

The cytoplasm of most epithelial cells was loose and vacuolized. Cells
in the process of desquamation or already shed showed nuclear pycnosis and
rhexis. Developmental stages of toxoplasms coidd not be detected in the
intestinal epithelial cells. In certain cases many bacteria were found al the

Fig. 5. Complete desquamation of the epithelial layer in small intestine. HE stain; X about 110

luminal side of intestinal epithelial cells and, after their desquamation, on the
surface of the denuded propria.

The propria of the mucosa, including the stratum villosum of the villi,
showed an accumulation of fluid and loss of structural definition. In places, infil-
trating neutrophilic granulocytes and residues of deteriorated cells (macro-
phages) were also seen in it (Fig. 6). Complete destruction of the mucosal
glands occurred in several parts of the denuded areas. In certain intestinal
segments only the connective tissue of the propria and inside the fibrous net-
work residues of deteriorated cells were left. The mucosal vessels were usually
markedly distended and filled with erythrocytes. Lymph spaces and lymph
vessels in the intestinal wall were as a rule distended and filled by lymph con-
taining various numbers of cells.

The intracellular stages of toxoplasms (minor or major groups of tachy-
zoites) usually localized in the cytoplasm of macrophages (reticulum cells),
less often in other cells (e.g., neutrophilic granulocytes) of the propria. In
certain places single stages were encountered in an extracellular localization
(Fig. 7). Tachyzoites were found in the muscularis mucosae, occasionally also
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Fig. 6. The mucous epithelium of the small Fig. 7. Released tachyzoites (arrows) in the
intestine is lifted from the intestinal villus propria of the small intestine. HE stain;
by accumulation of homogeneously staining X about 700

fluid (serum). The villous layer of the villus

contains many cell debris, proliferating reti-

culum cells and neutrophilic granulocytes.
HE stain; x about 275

in the submueosa, occurring sometimes in groups inside the cytoplasm of
macrophages. Neither the muscle layer, nor the serous membrane of the in-
testine showed notable lesions.

Extracellularly localizing single tachyzoites and groups of tachyzoites
inside the macrophages were found in the lymph spaces, lymph capillaries
and minor lymph channels of the intestinal villi (Fig. 8).

In the intestinal lymphatic follicles the wide lymph spaces were filled
by a fluid rich in cells and cell debris. Groups of various numbers of tachyzoites
occurred inside the reticulum cells forming the basic structure of lymphatic
follicles (Fig. 9). The reticulum cells showed a vigorous phagocytic and prolif-
erative activity.

The mesenteric lymph nodes showed various degrees of reticulum cell
hyperplasia and the cells themselves displayed a vigorous phagocytic activity.
The distended sinuses were filled by lymph, containing desquamated cells of
sinusoidal endothelium and cell debris. The desquamated endothelial cells
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Fig. 8. Group of tachyzoites inside a reticulum Fig. 9. Intestinal lymph follicle. The lymph
cell localizing in the lumen of a distended spaces are distended and filled by lymph usu-
mural lymph capillary in the small intestine. ally containing cell debris. Groups of tachy-
HE stain; X about 1800 zoites are seen inside a few reticulum cells.

HE stain; X about 700

and the reticulum cells of the supporting structure contained one or more
tachyzoites (Fig. 10).

The liver cells were in the state of cloudy swelling and the cells of the
RHS system showed various degrees of focal or diffuse proliferation. Groups of
tachyzoites were sometimes found in proliferating cells (Fig. 11).

The splenic follicles were slightly enlarged and their reticulum cell ele-
ments showed a vigorous phagocytic activity. Part of the reticulum cells had
fragmented nuclei, others were shrunken, and some of them were proliferating.
No Toxoplasma stages were found in the spleen, only a few structures remi-
niscent of them.

In the kidneys, the secondary contorted tubules showed tubulonephrosis
of varying severity.

No notable microscopic lesions were found in the pancreas, heart and
lungs. The brains of those mice which died within 5—11 days after infection
neither contained Toxoplasma cysts, nor showed changes related to the presence
of Toxoplasma.
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Fig. 10. Group of tachyzoites surrounded Fig. 11. Group of tachyzoites in a proliferat-
by a parasitophorous vacuole inside a reti- ing hepatic RHS cell. HE stain; X about
culum cell of a mesenteric lymph node. HE 1800

stain; X about 1800

In the brains of the survivors, cysts and intracellularly localizing groups
of tachyzoites were found from the 13th day on. The establishment of the
parasites in the brain was accompanied by histio-lymphocytic infiltration
along some meningeal and cerebral vessels and focal proliferation of glia cells
in the brain. Toxoplasma stages were found in various parts of the brain.
By the time the stages established themselves in the brain, little if any indi-
cation was found of the organic lesions described in the foregoing.

g. Bacteriological examinations. Isolation of bacteria was attempted
from the intestinal contents and livers of mice from three experimental groups,
infected with different oral doses of oocysts. In every case, pure cultures of
Escherichia coli bacteria were isolated in great number from various segments
of the small intestine and from the caecum and colon. Mice examined bacterio-
logically before oral infection with oocysts yielded no bacteria in the contents
of the anterior third or half of the small intestine, whereas in the posterior
part as well as in the caecum and colon only very few E. coli organisms were
present among the other flora components (e.g., enterococci).
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Occasionally a few colonies of E. coli could be isolated from the liver
of oocyst-infected mice, but in the majority of the cases the liver was bacterio-
logically negative.

The aqueous suspension of Toxoplasma gondii oocysts used for the ex-
perimental infections proved to be negative when checked bacteriologically.

Discussion

According to the present studies, the feline Toxoplasma gondii strains
“Budapest” and “ Gail” are very similar in respect of morphological character-
istics and pathogenicity for the mouse.

In infection experiments, oocysts passed from the digestive tract of the
cat caused a severe, usually lethal disease in both young and old albino mice
on oral administration. In certain cases five oocysts were sufficient to kill the
mouse after a period of illness, but as a rule, pathogenicity was more pronounced
with larger oocyst doses.

Microscopic examination revealed developmental stages of T. gondii
in various organs ofthose mice which succumbed to oral infection with oocysts.
Various numbers of stages were found in the villous epithelium of intestinal
villi, in deeper layers of the propria, in intestinal lymph follicles and mesenteric
lymph nodes and, infrequently, in the liver parenchyma. Single tachyzoites
or groups of them chiefly occurred in reticulum cells, less often in other cells
(e.g., in neutrophilic granulocytes and endothelial cells of lymph sinuses).
The vigorous intracellular multiplication of tachyzoites injures and kills many
cells. The pronounced phagocytic activity of the RHS cells in various organs
(lymphatic follicles of small intestine, mesenteric lymph nodes, liver and
spleen) plays an important role in the destruction of the parasites.

No cysts were found in the brain of those mice which died within 11
days after experimental infection. In survivors cysts appeared 13 days after
infection at the earliest.

Lesions indicative of myocarditis, pneumonitis and encephalitis, as re-
ported by Dubey and Frenkel (1973) were not found by us. A focal ence-
phalitis, which was in all probability related to Toxoplasma infection was nev-
ertheless found in those animals which had survived the 11th day and were
killed at a later time.

Oral infection with cysts in brain suspension proved to be less severe
than oocyst infection: a greater or lesser part of the infected mice survived
and bradyzoites developed inside the cysts in their brain. The greater mortality
observed on using brain material from mice with a long-standing toxoplasmo-
sis may have been due to the multiplication of Toxoplasma cysts in the brain
of the donors.
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The surprising observation that very few oocysts could produce a lethal
illness, although death ensued somewhat later than with massive doses, has
led us to speculate whether the fatal outcome was in fact due primarily to the
establishment of the parasites in the host followed by cell destruction by the
developmental stages and, probably, by the production of the hypothetical
toxotoxin. The symptoms (mucous stool, severe peripheral circulation insuf-
ficiency), postmortem findings (accumulation of fluid in the intestinal lumen,
serous infiltration of the intestinal wall) and, especially, the microscopic lesions
(desquamation of epithelium owing to subepithelial plasma accumulation in
the small intestine, regressive lesions of epithelial cells, distension and con-
gestion of blood and lymph vessels with blood and cellular lymph, respectively,
tubular nephrosis, etc.) suggested that the death was caused by shock. The
experimental observations indicate that the shock was elicited by a toxic
effect, viz., an enterotoxaemia, in which E. coli bacteria also played a role, to
judge from their marked increase in certain intestinal segments of the sick
animals. The explanation lies close at hand that Toxoplasma invasion brings
about various functional disorders in the intestine, one of which is manifested
by the exalted growth of E. coli, a component of the normal flora. The con-
siderable amount of toxin (endo- and enterotoxins), released by the greatly
multiplied E. coli organisms may, in addition to the direct effect of toxo-
plasms, play a decisive role in the development of enterotoxaemia, viz., of
acute endotoxin shock in mice orally infected with oocysts. The intestinal
changes found by us in fatal cases ofexperimental murine toxoplasmosis were si-
milar to those observed by Bertok and TOTH (1963) in mice treated intraveno-
usly and intraperitoneally with the LPS-fraction of E. coli endotoxin, and even to
those found in rabbits with the mucous enteritis generally attributed to entero-
toxaemia (Vetési, 1969). It is known that the development of enterotoxaemia
is promoted by predisposing factors, e.g., in rabbits the mucosal injuries and
functional disorders caused by intestinal coccidiosis may greatly favour the
establishment of mucous enteritis (Lotiger et al., 1969). We are therefore of the
opinion that in mice infected orally with T. gondii oocysts, enterotoxaemia,
viz., the toxin shock related to the extreme multiplication of E. coli in the
jntestinal contents, plays a decisive role in the fatal outcome of the disease.

Summary

A Toxoplasma strain designated “Budapest” was isolated from a cat of unknown origin
by oral administration of the sporulated oocysts to mice. The strain was maintained by oral
transfer of mouse brains containing cysts to mice at intervals ranging from 15 to 187 days.
The mouse pathogenicity of the strain “Budapest” was similar to that of the strain “Gail”,
isolated in Bonn (GFR). The majority of the mice infected orally with oocysts discharged by
the cat died within 5—11 days and even doses as low as 5 oocysts were sufficient for a lethal
effect.

Postmortem examinations showed distension of, and accumulation of fluid in, the small
intestine, serous infiltration of the intestinal wall, signs indicative of peripheral circulation in-
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sufficiency, enlargement of intestinal lymphatic follicles and mesenteric lymph nodes and
extreme multiplication of E. coli in certain intestinal segments. Microscopic examination re-
vealed the presence of developmental stages of Toxoplasma in various organs (intestinal mucosa,
intestinal lymphatic follicles, mesenteric lymph nodes and, occasionally, liver).

Most gross and microscopic lesions strongly suggested that the death of the mice in-
fected with Toxoplasma oocysts was caused by an acute shock. Bacteriological examinations
of the intestinal contents indicated that an exalted growth of E. coli bacteria and a consequent
enterotoxaemia plays an important role in the development of lethal shock in mice orally
infected with Toxoplasma oocysts.
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Successful isolation of adenoviruses from sheep was reported only by
McFerran et al. (1969, 1971) so far. The aetiological role of these viruses has
not been studied yet. Recently we have also succeeded in the isolation of an
adenovirus from lambs showing respiratory symptoms. The virus, designated
Het/3 proved to be closely related to type 2 of bovine adenoviruses and was
found to be pathogenic for both lambs and calf. These findings will be soon
published elsewhere. However, more recently we have isolated further adcro-
viruses from an epidemic en masse among fatted lambs.

The epidemic occurred in the end of January among fatted lambs of a
large farm. The cross-breed lambs, weighing 12— 13 kgs, were transported
from different farms and collected in five modern buildings, 2000 animals in
each. The lambs were given the same premixed food already 2—3 weeks before
transportation. Seven eight days after arrival the onset of diarrhoea, 2—3
days later sneezing, serous nasal discharge and lacrimation could be observed.
Sudden deaths also occurred (approx. 10 per cent of the total losses), in these
cases focal catarrhal pneumonia, catarrh of the upper respiratory tract,
enteritis, enlarged peribronchial and intestinal lymph nodes were found patho-
logically. Histopathological examinations revealed acute alterations of in-
flammation and lymphoid hyperplasia in the lungs and in the lymph nodes.
The diarrhoea ceased after approx, one week, but the acute respiratory symp-
toms persisted for a further week. The application of antibiotics did not result
sufficiently. In the majority of the cases the respiratory disease became chron-
ic. It was most likely due to the insufficient ventillation, high ammonium
concentration and humidity. Cough could be observed for a long time, chronic
bronchitis, bronchiolitis and peribronchial pneumonia were found. Both
acute and chronic respiratory processes were often accompanied by secondary
bacterial complications. Severe respiratory symptoms were seen in these cases
with frequent deaths (90 per cent of total losses). Pasteurella haemolytica could
be cultivated from the lungs of animals died in this period. From the beginning
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of the epidemic 259 animals died and 430 were emergency slaughtered within
two months. It is worth to note that altogether 378 lambs died and 1323 were
emergency slaughtered during a whole year in 1973.

Viruses were isolated in embryonic sheep kidney cultures from a high
number of freshly diseased lambs. The agents, isolated from the nasal and
rectal swabs, proved to belong to the adenovirus group on the basis of their
physicochemical and biological properties. In the convalescent sera 1 :32—
1 : 128 titre neutralizing antibodies were found against the isolated adenovirus.
No antibodies were detected in the sera of freshly diseased lambs. Detailed
histopathological and virological studies will be reported elsewhere.

Summary

An epidemic en masse among fatted lambs is reported. The animals showed respiratory
and intestinal symptoms, by necropsy catarrhal pneumonia, catarrh of the upper respiratory
tract and enteritis were found. In majority of the cases the respiratory symptoms became
chronic. Both acute and chronic processes were followed by bacterial complications. From the
freshly diseased animals adenoviruses were isolated, the isolates played an aetiological role
in the disease.

References
McFerran,J. B.,, Netson, R.,, McCracken, J. M. and Ross, J. G.: Nature (LOnd.), 221

(1969), 194, McFerran, J. B., Netson, R. and Knox, E. R.: Arch. ges. Virusforsch. 35
(1971), 232.

Address of the authors: Dr. Sdndor Bsi1ak, Dr. Vilmos pa1fi. 1143 Budapest, Hungéria
krt. 23, Hungary

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



Acta Veterinaria Academiae Scientiarum Hungaricae, Tomas 24 (3), pp. 329—333 (1974)

SOME GROWTH CHARACTERISTICS OF GOOSE
PARVOVIRUS STRAIN “B”

By
J. KISARY

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

(Received June 5, 1974)

The causal agent of a fatal disease of goslings has been recently identified as a parvovirus
(Schettler, 1973; Dannacher €t ah, 1974; K isary and Derzsy, 1974)Am|d characterization
of the “B” virus strain many difficulties were encountered as far as the in vitro propagation
was concerned. The “B” strain could be adapted to the cell culture system only when it was
inoculated into the suspension of cells to be plated. Consequently, the goose parvovirus strain
“B” needs rapidly dividing cells for replication as do other members of this virus group (Bach-
mann, 1972; Parker et ah, 1970; sieg1 and Gautschi, 1973)

The purpose of this work was to study the factors influencing the in
vitro replication of the goose parvovirus strain “B” in order to define the op-
timal conditions for virus isolation and further studies of the virus.

Materials and Methods

Tissue culture and virus. Goose embryo fibroblast cultures were made as
has been earlier described (Kisary and Derzsy, 1974).

Goose parvovirus strain “B” in the 31st tissue-culture-passage was used.

One-step growth experiment. 6 x 107 freshly trypsinized cells were infected
with 2 X 10°TCID50virus. After an adsorbing period of 30 min at 37°C in a CO,,
incubator the cells were centrifuged at low speed and washed with PBS three
times. After the third centrifugation the cells were resuspended in growth
medium and seeded into 20 plastic Petri dishes (60 mm). The cultures were
incubated in a CO, incubator for 120 hours and samples were taken in every
12th hours. The growth medium was assayed for infectivity of extracellular
virus and the three times washed and frozen-thawed cells for cell-associated
virus. The samples were kept at —20°C until centrifuged before assayed.

Post-seeding susceptibility of cells to the virus infection. 6x10 c freshly
trypsinized cells were infected with 2XxX FOOTCLUS0 virus and incubated for 30
min at 37°C. After that, the cells were washed and centrifuged three times with
PBS, finally they were resuspended in 10 ml growth medium and seeded into
2 plastic Petri dishes. Furthermore, 2—2 cultures were infected with FOOTCLUS0
virus at different intervals after the seeding.
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The cultures were incubated for 5 days, respectively. Then they were
frozen and thawed three times and centrifuged. The supernatants were kept
at —20 °C until assayed for infectivity.

The effect of cell concentration on the virus yield. 5,5 X107 cells were in-
fected with 1081 CID 50 virus. After the adsorption period of 30 min at 37 °C the
cells were washed and centrifuged three times at low speed. Finally the re-
suspended cells were seeded into 10 plastic Petri dishes (60 mm) with increasing
number ranging between 1—10x10° cells/dishes. After an incubation period
of 5 days the cultures were assayed for infectivity.

Results

One-step growth curve. The results of the one-step growth experiment are
summarized by Fig. 1. Since the goose parvovirus strain “B” is very stable,
residual infectivity could be detected at each sampling time before appearance
of the progeny virus. It was detected first intracellularly at the 36th hour
p.i. and at the 48th hour, extracellularly. The infective titre of the extracel-
lular virus exceeded that of the intracellular one between 84—96 hours p.i.
At the end of the growth cycle only 10% of the progeny virus remained
cell-associated.

Post-seeding susceptibility of cells to the virus infection. The highest in-
fective titre could be achieved when the virus was inoculated into the suspen-

log,

W m EXTRACELLULAR VIRUS
[ o INTRACELLULAR VIRUS

12 24 36 48 60 72 84 96 108 120
HOURS AFTER INFECTION

Fig. 1. One-step growth cycle of the goose parvovirus strain “B”
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TIME OF INFECTION AFTER SEEDING OF CELLS

Fig. 2. Post-seeding susceptibility of cells to the virus infection

Fig. 3. The effect of the cell concentration on the virus yield
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sion of cells to be plated or at the 4th hour after the seeding. The yield of the
virus was lower by 1 log when cultures were infected between 4—24 hours
postseeding. A striking decrease in the infectivity was found in case of cultures
infected at 48th hour after the seeding of cells (Fig. 2).

The effect of the cell concentration on the virus yield. As it is shown in
Fig. 3 the higher the concentration of cells was the lower infective titre could
be obtained.

Discussion

Earlier many attempts were made without success to adapt the egg-
propagated goose parvovirus strain “B” to tissue culture system. However,
when the virus was inoculated into the suspension of cells to be plated no
further difficulties were encountered with its in vitro replication (Kisary’
and Derzsy, 1974).

In order to improve the methods used in work with this virus it seemed
necessary to study its production kinetics and the factors influencing the in
vitro replication.

The intracellular progeny virus could be detected after an eclipse period
of 36 hours, while the extracellular one was first found after 48 hours p.i.
Up to the 84th hour the infective titre of the intracellular virus was higher than
that of the extracellular one. After 96 hours p.i. onlv the 10% of progeny viruses
remained cell-associated.

Siegl and Gautschi (1973) studied the optimal conditions of parvovirus
Lulll replication in synchronized cell cultures. They had come to the conclu-
sion that the events of the viral nucleic acid synthesis were closely bound to
the late S phase of cell cycle when the cells were in the status of “physiologic
competence”.

The goose parvovirus strain “B” also seemed to require growing cells
for the replication. This was revealed in the slight — if any — virus replica-
tion when a completely confluent monolayer was infected, whereas, a relative
high virus yield was obtained by inoculating the virus into the suspension of
cells to be plated. On the other hand, the high concentration of cells to be
seeded influenced unfavourably the conditions of virus replication by decreas-
ing the number of the dividing cells.

On the basis of the results discussed above the highest yield of the goose
parvovirus can be expected in tissue culture system if the virus is inoculated
into the suspension of freshly trypsinized cells adjusted to the proper concen-
tration.
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Summary

A study was performed on the replicative cycle of goose parvovirus strain “B” and
factors influencing the virus replication in tissue culture system. The intracellular progeny
virus was first detected after an eclipse period of 36 hours p.i. followed by the release of the
extracellular progeny virus at the 48th hour p.i. The total cycle of the in vitro replication took
about 96 hours when the 10% of the progeny viruses remained cell-associated. The post-seeding
susceptibility of cells to the virus infection was demonstrated gradually decreasing. The high
concentration of cells to be plated influenced unfavourably the virus yield.
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Soon after the pandemic caused by the H2N2 subtype of the human in-
fluenza Avirus in 1957, Romvary et al., (1962) isolated, from pigs kept in a fat-
tening plant in Hungary, a strain sharing the human H2 haemagglutinin. This
was the only strain with human H2 haemagglutinin isolated from pigs during
the H2IN2 era of the human influenza. In the same stock haemagglutination-
inhibiting (HI1) antibodies to the influenza A/Singapore/1/57 (H2N2) strain
were demonstrated in 45% of the serum samples tested.

Early in 1969 during the so-called Hong Kong (H3N2) influenza pan-
demic Romvary and Yizy (1971) collected serum samples from pig stocks
and succeeded in demonstrating anti-113 antibodies in 13 to 73% of the sera.
This was the first demonstration of Hong Kong influenza virus infection in
pigs. Prompted by this finding, the World Health Organization (Geneva)
organized a co-operative study on this subject. It was shown that in years
1970 and 1971 the Hong Kong virus was widespread in pigs, in some geo-
graphical areas even in higher percentage than found by us in Hungary. Late
in 1971 Romvary isolated in India (State Farm, Haringhata-Kalyani, West
Bengal) a haemagglutinating virus strain from tracheal and bronchial mucosa
of an emergency-slaughtered pig 70 kg in body weight. The pig showed ele-
vated temperature (40.0—40.8°C), serous nasal discharge, lacrimation, weari-
ness and anorexia. Early in 1972 serum samples from 187 pigs, of those slaugh-
tered in the abattoir nearest the above-named fattening plant, were tested for
H1 antibodies using the isolate as antigen; 113 pigs (60%) had antibodies up
to a titre of between 1:16 and 1 :512. Nearly the same titres were obtained
with an antigen prepared from the influenza A/Hong Kong/1/68 (H3N2)
strain. (The strain was kindly supplied by the World Influenza Centre, London.)
W ith the isolate guinea pigs were immunized. The resulting antiserum inhibited
the Hong Kong virus up to 1 :256, indicating that the isolate was closely
related to the reference strain.
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Results

Early in 1973, blood samples were collected from 861 pigs, mainly young
sows in 42 farms situated in 13 counties of Hungary. In identical units of 13
of the stocks, sampling was repeated 20, 45 and 58 days later. Of the samples
471 (55%) proved to be positive for H1 antibodies when tested against a strain
influenza A/Hungary/1/73 (H3N2) from man in the same epidemic period when
the blood samples were collected by us.

In each of the 13 counties 33 to 73% of the tested sera proved to be
positive up to a dilution of 1 :16 to 1:128. In some of the stocks the first
screening failed to reveal positive sera, whereas 20, 45 and 58 days later anti-
bodies could be demonstrated in 52, 67 and 92% of the tested animals (Table 1I).

In farm No. V1, on the other hand, 78% of the pigs were positive as early
as on 20 January and this percentage did not change during the subsequent
45-day period.

In farm No. VIl samples were collected from several units over a nearly
three-month period. The seropositivity rate showed a well-defined rise.

Table 1

Serial screenings in swine stocks for anti-Hong Kong H1 antibodies

No. of blood Of these positive
Farm No. Dates of screenings samples tested
No. per cent
I 18/1/73 20 0 0
28/2/73 12 2 17
il 12/12/72 17 0 0
8/2/73 12 1 91
in 18/1/73 18 0 0
712173 25 13 52
v 4/1/73 15 0 0
10/3/73 18 12 67
A 24/1/73 19 1 5
23/2/73 13 10 77
A 20/1/73 18 14 78
22/2/73 26 20 77
6/3/73 22 18 82
\All 13/12/72 15 5 23
712173 20 9 45
15—17/2/73 37 24 65
3/3/73 23 20 87

*= Farm No. V is 25 km away from farm No. VI
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In several stocks which showed a positivity over 60% in the first two
months of 1973, the surviving sows and boars of about one year of age had
antibodies in 8to 17%. At the same time the seropositivity rate for the animals
aged several years was found at 28%.

In farm H. clinical symptoms and postmortem findings proved the pre-
valence of enzootic bronchopneumonia for a long period of time. Piglets over
one month of age, weanlings, and also piglets kept in the fattening plant, were
affected. The resulting loss had approached 25% by the weanling age. Some
sows showed the mastitis-metritis syndrome. In some case Mycoplasma hyo-
pneumoniae was isolated from the lungs, whereas in one of these the nasal
and laryngeal mucosa yielded a haemagglutinating virus strain which proved
to belong to the Hong Kong subtype.

Attempts to infect pigs with Hong Kong virus strains

Minnesota and conventional piglets 8 to 10 weeks of age were inoculated
intranasally with the strain llungary/1/73 ofhuman origin. The majority of the
inoculated piglets and their litter-mates developed fever up to 40.3—40.9°C
3 to 5 days after inoculation. Blood was taken from the infected piglets on
the 26th postinoculation day and the sera were tested for HI antibodies, using
pigeon erythrocytes and an antigen prepared from the strain 1/73 by ether
extraction. The antibody titres of the infected miniature piglets reached 1 : 64
or 1:128, while those of the litter-mate control sera did not exceed 1 : 16.
The virus-infected conventional piglets became accidentally infected by
Escherichia coli strain of haemolytic activity. The postinfection serum titres
of these piglets did not exceed the | : 16 level. The virus could be re-isolated
from the artificially infected animals, even from those infected by the haemo-
lytic E. coli, and also from the contact controls, between the 2nd and 7th
postinfection days.

W ith the 2nd passage of our Hong Kong subtype strain of piglet origin
three miniature piglets were inoculated. These and all the three contact con-
trols developed fever. The virus could be re-isolated from inoculated piglets
from the 24th hour on through a week and from the controls between post-
inoculation days 2 and 7. Three weeks after inoculation the HI titre attained
1:256—1:512 in the artificially infected piglets and 1:32—1 :128 in the
contacts. Seven days after a booster dose from the same strain the titres were
found to be higher by two or three log, units.

In a further experiment one piglet of a three-month-old Minnesota litter
was infected with our Hong Kong subtype strain of piglet origin. The litter-
mates were isolated from the infected litter for varying number of days,
then placed back. The virus was recovered from those placed back 4 or 9 days
postinoculation up to the 6th day of exposure, but could not be recovered from
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those placed hack 19 days or more after artificial inoculation. On the 51st
day, i.e. two weeks after the last (i.e., 6th) litter-mate had been exposed,
homologous antibodies were demonstrated up to 1:16 or 1:32 even in the
sera of those contacts which had not yielded virus. This means that the virus
persisted for at least 37 days in the litter. By the 8th day after a booster dose
the titres had risen by 2 or 3 log2 units.

Discussion

In four counties, all of which were already afflicted by the influenza
outbreak as early as in the second half of December, 1972, 60—100% of the
collected serum samples proved to be positive for 111 antibodies when tested
w'ith the virus simidtaneously prevalent in humans. Some relationship between
the time of appearance of the outbreak in humans and the antibody response
of pigs was also observed. However, due to the low number of samples collected
from some counties, the geographical spreading of the virus in pig stocks
cannot be followed on the basis of the present studies. Anyhow, considering
the rapidly rising rate of seropositivity, it seems to be likely that the virus
spread rapidly from pig to pig, showing a high contagiosity. The primary
source of infection must have been personnel of farm.

In the second half of January, the seropositivity rate was 5% in farm
No. V as contrasted to the 78% for farm No. VI. In the following 30-day period
the seropositivity for farm No. Y reached the latter level. It should be noted
that the human population of the village to which farm No. Y belongs was
reached by the intensive wave of the epidemic some three weeks after the
first blood sampling.

The anti-Hong Kong antibodies had disappeared or fallen to a rather
low level by the 6th to 10th postepidemic month. Somewhat higher titres
persisted in the sera of older sows and hoars, supposedly because the antigenic
stimulus was a secondary one for some of these.

The virus strain sharing the human H3 haemagglutinin was isolated by
us from a suckling piglet simultaneously infected by M.hyopneumoniae. The
double infection and the consequent decrease in milk secretion must have played
a role in the 25% loss of suckling piglets. In the respect it seems to he of interest
that the pigs which were accidentally infected by an E. coli strain of haemolytic
activity gave poor HI1 antibody response to the influenza virus infection.

The persistence of the Hong Kong virus in our experiment for at least
37 days suggests that an influenza outbreak in pigs may last as long as there
are nonimmune animals in the stock. Earlier, considering that the virus usu-
ally cannot be re-isolated after the first week (Tateno et ah, 1965; Francis
and Maassab, 1965; Hoyle, 1968), the virus was believed to disappear very
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soon. Recently Wilkinson and Bortand (1972) observed multiplication of
the A/PRB/34/HON1 virus in human embryonic lung monolayer cultures as
late as on the 52nd day after infection, suggesting that virus-producing cells
may long survive.

Summary

Rapid spreading of influenza virus infection was observed in swine stocks during an
influenza outbreak caused by a derivative of the Hong Kong virus. A considerable part of the
tested stocks became affected within 20 to 58 days. At the end of this period 52% to 92% of
the animals in the different stocks had haemagglutination-inhibiting antibodies to an influenza
virus strain isolated from the simultaneous outbreak from man. Antibodies remained demon-
strable for 6 to 10 months. It was shown in an experimental model that closed stocks may
remain infected for relatively long periods of time, actually 37 days.

A virus strain sharing the H3 haemagglutinin of human influenza A virus was isolated
from the nasotracheal mucosa of a diseased one-month-old piglet. In the same affected stock,
where loss of suckling piglets had reached 25%, Mycoplasma hyopneumoniae was isolated from
the lungs of piglets. The double infection associated with a reduced milk secretion may be
responsible for such losses.

In piglets the simultaneous presence of haemolytic E. coli and Hong Kong influenza
infection prevents the producing of specific HI-antibodies to the latter causative agent.
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The occurrence of influenza viruses in animals is in the focus of interest
all over the world. Investigations in this field are aimed at revealing (i) the
aetiological role of these viruses in animal diseases, (ii) the susceptibility of
animals to human influenza viruses, (iii) the changes in the antigens of the
influenza virus envelope and (iv) the mechanism of the persistence of influenza
viruses during interepidemic periods. Influenza A viruses have been isolated
from outbreaks affecting horses, pigs and birds.

In Hungary, influenza A virus strains bearing the human H2 haemagglutinin were
isolated in 1959—1960 from pig and sheep as reported by Romvary et al. Afterwards virus
strains sharing the H3 haemagglutinin of human influenza A virus were isolated by Romvary
from one-month-old piglet, turtle dove and dogs, respectively. In 1970—1971 Soviet authors
(Izmaitov etal, 1973; Fatkhuddinova et al., 1973; WHO Newsletter, 1973) isolated influenza
virus strains from sporadic cases, and during an outbreak, of respiratory disease in cattle.
These strains appeared to be closely related to the prototype strain of the H3N2 subtype of
influenza A virus (strain A/Hong Kong/1/68) as confirmed by G. C. schi1ia (World Influenza
Centre, London). All these isolations took place in a period when the human population was
afflicted by an outbreak caused by a closely related virus.

The present paper is a preliminary report on our recent investigations
which have been resulted in isolating three strains of infuenza A virus from
diseased cattle.

Materials and Methods

Nasal swabs of acutely ill animals and samples from the borders ofintact
and acute catarrhal pulmonary areas of emergency-slaughtered animals were
examined. The samples were homogenized, and antibiotics were added. Each
sample was inoculated into the amnioallantoic cavity of 5 embryonated hen’s
eggs and 5 embryonated duck eggs preincubated for 9 to 12 and 10 to 15 days,
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respectively. The eggs were opened after 3 to 7 days reincubation or as the
embryo has died. In several cases four blind passages were performed.

In the haemagglutination and haemagglutination inhibition (I11) tests
chicken and guinea pig erythrocytes were applied. The serum samples were
pretreated with heat, trypsin and potassium periodate as directed by WHO
circular in 1967. Immunodiffusion test was performed as described by
Beard (1970).

Results

Cases. Virus was isolated from three stocks each consisting of 50 to 200
cattle including calves 4 to 6 months of age, young cattle and beef cattle. The
animals were suffering from the so-called “epizootic cough” associated with
general (anorexia, lassitude, etc.) and respiratory symptoms (nasal discharge
and lacrimation; deep, initially dry, then wet, strong coughing). The outbreak
ceased in a stock, depending on the size of the stock, in 1to 3 weeks. Several
animals were lost. Postmortem examination showed small areas with acute
catarrhal pneumonia as well as alveolar and interstitial emphysema and
bronchitis, occasionally with asphyxiai haemorrhages. No gross changes were
seen in other organs. Bacteria could not be isolated.

Virological investigations. Virus was isolated in one case without blind
passage and in two cases in the second or third passage in embryonated hen’s
eggs. Several embryos died onthe 4th day, the remaining eggs were opened 3 to
7 days after inoculation. The pretreated positive amnioallantoic fluids formed
a precipitation bend with anti-influenza human and bird sera.

In the HI test no inhibition was obtained with antisera to the reference
strains of human, equine, swine and avian influenza A viruses. The set of
avian influenza viruses was kindly supplied by the World Influenza Centre,
London. One of the strains was submitted to the World Influenza Centre,
London, for identification. It was found by G. C. Schild that its neuramini-
dase antigen is identical with the N2 antigen of human influenza A virus and
its haemagglutinin is unrelated to the influenza A virus strains Hong Kong/1/68,
Singapore/1/57, FM1/47, PR8/34 and the fowl plague virus. Postepidemic sera
were obtained from two of the three stocks yielding virus, 3 to 5 weeks after
the outbreak, 10 from one stock and 20 from the other. All the HI titres to the
homologous virus ranged between 1 :10 and 1 :80. In the surroundings of the
farms yielding virus no human influenza outbreak was noticed in the months
preceding the outbreaks in animals.
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Conclusions

The results presented here suggest that, besides parainfluenza-3 virus
(Reisinger et. ah, 1959), adenoviruses (Kiein et ah, 1959, and others),
rhinovirus (BOGEL and Bohm, 1962) and other viruses, influenza A virus
strains may play an aetiological role in “epizootic cough” of cattle. Although
the outbreak spread rapidly, the course of the cases yielding virus was
relatively slow.

Further investigations are needed to clarify the aetiological role of the
influenza A virus in “epizootic cough”. From the aspect of public health it
is of interest that one of the virus strains shares the N2 neuraminidase with
the influenza A virus strains having been prevalent in humans since 1957.
It should be noted that our isolate is different from the strains isolated from
cattle in the Soviet Union.

Summary

Three influenza A virus strains were isolated from cattle stocks consisting of calves,
young cattle and beef cattle suffering from a disease diagnosed as “epizootic cough”. One of
the isolates has been proved different from all the strains isolated from man, horses, swine and
birds so far, in bearing a human influenza neuraminidase antigen (N2) and an unknown
haemagglutinin.
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VARIA.

The international Committee on Laboratory Animals (ICLA) will hold its 6th Symposium in
Thessaloniki, Greece, on 8—12 July 1975 on the themes:

1. Laboratory Animals in the study of reproduction.

2. Training in laboratory animal science.
Interested scientists are invited to submit papers related to these main topics. Two hundred

words abstracts should be mailed before February 1st, 1975 to the Chairman of the Programme
Committee:

Dr. Nicolae Simionescu

Yale University School of Medicine
Cell Biology Department

333, Cedar Street

New Haven, Conn. 06510

U.S.A.

Proceedings of the Symposium will be published.
Fuither details are available from the Chairman of the Programme Committee.
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PE3IOME

MUTPUPYHO W AA TNHYNHKA
NEOASCARIS VITULORUM
B TABOPATOPHbLIX XXNBOTHbIX

0. A ATAJTNAX, . MOCCAJTTAM n M. C. ABOENT-PAXMAH

NabopaTopHble >XWBOTHble W LUbINAATa 3apaxanucb saiuamu Neoascaris vitulorum,
coflepXalWuMy NHBA3NOHHbIE TMYUHKM.

JINUMHKN 06HapyXuBanucb B MeYeHU, Nerkux, cepale, moykax M numdoysnax WMHBa-
3MPOBaHHbIX XWBOTHbIX. I3MeHeHUs MOSABASANNCH, KaK NpaBwuo, B BUfe rpaHyneMm u Hambonee
TSXeNbIMU 6biMM B MOPCKON CBUHKe. ABTOpPbI CYMTAalOT, 4TO NMUYMHKM Neoascaris vitulorum
MOTYT MHBaA3MpOBaTb W YesloBeKa.

HAYYHO-MCCNEALOBATE/IbCKAA PABOTA MO KOKUMAWAM N
AMNKOMMNNEKCAM

b. MIOJIEP n 3. WHONTUCEK

YnbTpacTpyKTypa OTAeNbHbIX npeacTaBuTeneli noatuna Apicomplexa (Gregarinida
Coccidia, Haemosporidia, Piroplasmida) rpynnoii cneyunanuctoB B bBoHHe npu coTpygHuyecTBe
amMepUKaHCKNX, PpaHLy3CKUX, aBCTPUMCKUX W BEHTEPCKUX CMeLuanncToB M3yvaeTcs [ofblue
15 net. Bnarogaps 3Toii pa6oTe o6Hapy>eHO, 4TO BHYTPUK/ETOYHble (OPMbl TOKCOMAasM u
Mepo30UTbl HEKOTOPbIX aiMepuili Mo cBoeil CTPYKType OUYeHb CXOAHbl W BbIABMEHbI feTanun
TOHKOFO CTPOEHWA APYrUX NapasuTuyeckux rpynmn. Mpu nomowin 3neKTPOHHOUW MUKPOCKOMUK
npocrexXeHbl CeKCyanbHOe U aceKcyanbHoe pasBUTNe N B 3TOM OTHOLLIEHUMN MeXAY pasHbIMU rpyn-
namu 06Hapy>eHo AN CXOACTBO, AN OTANYME. VIX nccnefoBaHUsA Mo B3aMMOOTHOLLEHWIO XO3AWH-
napasuT packpbiiM TOXEe HeMaso HOBOro W JOMOMHUAN faHHble LUTOXMMUYECKUX WCCNefo-
BaHWIi NPOBOAMBLUMXCA Ha APYrMX MecTax.

3ajauvell fanbHelNX 3N1eKTPOHHO-MUKPOCKONUYECKUX UCCNef0BaHNIi ABNAETCA, MeXay
npoYmnM, flyyllee n3yyeHune ynbTpPacTPyKTypbl FaMOHTOB, PackpbiTe o6pa3oBaHns aarenspHoro
KoMMeKca U 6asanbHblX Tesel; KpoMe 3TOro CyL|eCTBEHHbIM ABMSETCA paclindpoBKa BHYTpU-
KN1eTOYHOr0 MeTabo/M4ecKoro n 3H3MMHOI0 MeXaHU3MOB, TO eCTb U3y4YeHWe BPefHOro AeiicTBuA
napasMTu3ma Ha opraHusM xo3sivHa.

3APA3HbI/ (BUPYCHbIW) 3HTEPUT, HOBOE 3ABOJIEBAHUWE TYCAT B CCCP
n. M. KOHTPUMABNYYC

[JoknaabiBaeTca 0 pe3ynbTaTax HayaBlwuxcs B 1963 rogy uccnefoBaHWin No 3apasHoOMy
(BUPYCHOMY) 3HTEPUTY FYCAT, paHblle Hen3BecTHOMY 3aboneBaHuio B CCCP. 3apa3HbiM Havanom
ABNSAETCA BUPYC, PECUCTEHTHbIA K Xnopodopmy W TemnepaType, KOTOPbI pasmMHOXaeTcs B
ryCMHOM 3apojbllle; nocse HeCKOMbKNX naccaxel oH y6uBaeT 3apofblll 1 nokasatenb LDSl go-
xoauT go 10-4— ICH6. Bupyc HenfjeHTU4eH ¢ BUPYyCcoOM YyMbl NTUL, U BUPYCaMW YTUHOrIO renaTuTa,
X0TA nocnefjHune NaToreHHbl AN rycAT. [JaHHbI BUPYC pacnpocTpaHsaeTcss Npu NocpejcTBe AL,
N B HEKOTOPbIX CyYasax MoXeT 6biTb NPUUMHOA rnb6enn 80— 100% XMBOTHbIX. DNN300TONOIUS,
KNWHWKa, BbI3blBaeéMble BMPYCOM MaTO/0roaHaTOMUYECKME W3MEHEHWS He O0T/n4valTca OT U3-
MEHEeHW, ONUCaHHbIX B pPa3HbIX CTpPaHax Npu pasHOM HavMeHOBaHWW TOrO Xe 3TUOMOrMYecKoro
thakTopa.



OKCMNEPUMEHTANNbHOE 3APAXEHWE ArHAT PEOBUPYCOM TUNA |,
MN30NTMPOBAHHBIM 3 B3POC/IbIX OBEL,

L. BEJIAK un B. NMA®N

ArHaTa 9KCNeprMeHTaNnbHO 3apaxanucob peosupycom tuna 1 (H/M), n30nmpoBaHHbIM U3
B3POC/bIX OBeL, MPN eCTeCTBEHHOM BCMbILLKE 3apasbl. Y 2 - 4-Hefe/lbHbIX 3apaXXeHHbIX B HOCOBYIO
NoN0CTb W Tpaxew ATHAT nocne 4 —6-4HeBHON MHKYy6aLuunM TemnepaTypa nosbicunace Ha 0,6—
0,0 C, HacTynusno cnesoTevyeHne, UCTeYeHNe CAN3N U3 HOCA, YMXaHMWe, OAbILLIKa N MOHOC. Y ArHAT,
yO6uTbIX K 8-y [HIO NoC/e 3apaxeHns, Habnloganncb IHTEPUT, KaTap BEPXHUX [bIXaTeNbHbIX My-
Tel, andhpysHaa nHTepcTULManbHas NHEMMOHUA. Y OAHOro ArHeHKa co cnaboil pecUCTEHTHOCTbLIO
3TN NpuU3HaKu 060CTPUNUCL U OH K -y AHI0O nocne 3apaxeHus norn6. MNpu BCKpbITUM 06Hapy-
>KE€Hbl 3HTEPUT, KaTap BEPXHUX [blXxaTeNlbHbIX NyTeil U MHOXeCTBeHHas o4yarosas KaTapasibHas
nHeiMOHMA. KnnHuyeckue npusHaku 60Me3HN Y BbDKMBLUUX ATHAT K KOHUY 3-i Hegenu yTu-
XOMUPUANCL U B KOHBANECLEHTHbIX CbIBOPOTKax 0O6HapyXuBanucb crneundunyeckne HelitTpa-
nusnpylou e aHTuTena NpotTne wrtamma H/M B Tutpe 1 :64—1 : 128. Bupyc yganocb pensonu-
poBaTb U3 TaMMNOHaTOB HOCOBOW MNOMIOCTU U MPAMON KUWKK K 4.—9. [HAM nocne 3apaxeHus. Ha
OCHOBaHMWW 3KCMEePUMEHTaNbHbIX JaHHbIX U HabMAlOAeHU B MpaKTUKe aBTOpPbl MPUXOAAT K 3a-
K/IIOYEHMWIO, COFNacHO KOTOPOMY PCOBMPYCbl MOFYT MrpaTb PoJib B 3TUOMOrUM PecnupaTopHbIX
N KULWEeYHbIX 3a60/1eBaHNN MOMOAbIX ATHAT.

XAPAKTEPU3ALMNA OAHOIMO BUPYCA XEPMEC, M3O/IMPOBAHHOIO U3
CMNOHTAHHO AEFEHEPUPOBABLIEW BblUbEW MOYEYHOW KNETOUYHOW
KYNbTYPbl

L BENAK un B. MAJToN

LoknagbiBaeTcsi 06 M30/IMPOBAHMM OLHOFO0 BUpyca U3 CNOHTAHHO [ereHepupoBaBLUeit
Oblubeli MoYeyHol KynbTypbl. VI301AT Ha OCHOBAHUN (U3NKO-XUMNYECKNX, MOP(ONOTNYECKUX Y
61oNornYecKUX CBOWCTB MpefcTaBnsieT co60i OAMH BUpyc rpynnbl xepnec. Ceponornyeckun OH
6N1N30K OblubeMYy XepnecHOMY BMPYCHOMY wTaMMmy Movar 33/65. B akcnepumMeHTax MCKyc-
CTBEHHOrO 3apaXeHWs BUPYCHbI/ WITaMM 0Kasancs HenaToreHHbIM. ®aKT M30NALUN SIBNsieTCA
HOBOW WHGOpPMaLMeid Toro, 4YTO 340pOBble TensiTa MOryT 6biTb HOCUTENAMU BUPYCOB TFPynMbl

xepnec.

3/IEKTPOHHC-MUKPOCKOMUWYECKOE W3YYEHWE PAHHWUX WU3MEHEHWN MPU
BOJTE3HN MAPEKA

. LUTOMOP®O/IOTUA USMEHEHUN
X. H. TAKYP

Mpu NoMoLM 3N1eKTPOHHOI0 MUKPOCKOMA U3y4YeHbl OMyX0/M W U3MEHEHWA B LbINAATax
nocse WCKYCCTBEHHOrO 3apaXeHWs BUPYCOM, W30NMPOBaHHbIM MpW OCTPOi (opme 601e3HM
Mapeka (MD/7/1970). OnucbiBaeTcs LUTOMOPKHONOrnMa ONyxoneBol KAeTKW NUMAMOULHOr0 Xa-
pakTepa. OnyxoneBble KNeTKW HYXAanuWcb B LUTOMNA3MaTUUYECKUX K/ETOYHbIX OpraHennax u
X fifpa 4acTo rnokasblBa/in XapaKTepHble BbIMAYUMBAHUA U BNsYMBaHus. OHM obnajann mop-
onoruein, xapakTepHol ANA OMNYX0NeBblX KeTOK.



3/IEKTPOHHO-MWKPOCKOMUWYECKOE U3YYEHWE PAHHWUX WU3MEHEHWIN MPKU
BONE3HN MAPEKA

Il. TUCTOFEHE3 U3MEHEHWN
X. H. TAKYP

[laHHble U3y4yeHUs rucToreHesa paHHWX M3MeHeHW npu 60/e3HUM Mapeka NOATBEPAMN
NpaBUMbHOCTb HalIUX Hab6AAeHUI, MNOMyYeHHbIX MNPW MOMOLWM HOPMasbHOro MUKpOCKOMa.
Mponudepaynn 6bInn NepUBaCKYNAPHOro xapakTepa v UCX0AUNN U3 CTEHOK MasibiX KPOBEHOCHbIX
cocyfi0B, CHayana BBufAe nponvdepaunn MynbTUMOTEHTHbIX — afBEHTULMANbHbIX — K/1eTOK.
MHpunbTpauua n nponudepaymna nneomop@HbIX NMMPONAHBIX KNETOK A618eTcA XapaKTepHbIM
ABNeHNemM ob6paszoBaHna onyxonen npu 6onesHn Mapeka. Mponudepaumn B BUCLLepPanbHbIX opra-
HaxX 1 B Nepudepnyecknx Hepeax He oTANYaNUCb APYT OT gpyra.

XAPAKTEPN3ALUNA OAHOINO OBEYLEINO WWTAMMA BUPYCA
MAPAVNH® 1O 3HUbI-3, N3OMTNPOBAHHOIO M3 OBLUblI C CMMIMTOMAMN
3ABONIEBAHUNA AbIXATENbHbLIX MYTEN

L BEJAK n B. NAN®U

BMpPYCHbIA LWITAaMM WM30/IMPOBAH M3 TAMMNOHATOB HOCOBOW MOMOCTU 4-MECAUYHbIX MEPUHOCO-
BbIX OBel, MOKa3blBawLWMX cnabble NpU3HaKW 3a601eBaeMOCTU AbIXaTeNbHbIX NyTei. M3onaT,
0603HauYeHHbIi HOB/M, xapakTepu3oBancs (U3NKO-XUMUUYECKUMW W CEPONOrUYECKUMMN MPo-
6amMu. [aHHble xapaKTepusaluu nokasanu, YTo BUPYC MPUHAANEXUT K rpynne BUPYCOB napa-
UH(pN03HLA-3. COrfacHo CeposornyecKUM UCCef0BaHUAM N30MAT MOXHO CUMTaTb OAHUM Cpeawn
3TUOMOTMUECKUX (AKTOPOB PecnupaTopHoii 6onesHu oBel. CoOrnacHo aBTopam He WCK/OYeHa
BO3MOXHOCTb Mepefayn BUPYCOB MNapavH(o3HLa-3 0BLAMU KPYMHOMY POraTomy CKOTY.

BVNPYCHOE B3ABOJIEBAHWE TYCAT. IV. XAPAKTEPU3ALUWMNA TMNATOFEHHOIO
HAYAJNTA B TKAHEBbIX KYJ/IbTYPAX

A. KMWAPW w O. OEPXWN

BupycHbIli WTaMM «B», N301MpOBaHHbIA M3 TyweK norumbwmnx rycaT, ajanTupoBanm K
TKaHeBO KynbType GpnbpobnacTtoB rycuHoOro 3apogbila. Bupyc Bbi3biBan 06pa3oBaHMe 303UHO-
(QDUNbHBIX BK/OYEHUA B Aapax MOpaXeHHbIX KAeTOK. B (PM3MKO-XMMUUecKux npobax Bupyc
oKasancsa ycToiumBbIM K xnopodopmy u Temnepatype npu pH 3. Mpobolii TopMoXxeHns 5-nopo-
2-Ae0KCUYPUANHOM 00HApPYXEeHO, YTO AflepHas KucnoTa SABAAETCA Tuna [e30KCMPUBOHYKen-
HOBON KWUCNOTbl. OTpULAaTeNbHO OKpalleHHble BUPUOHbI MPU U3YYEHUU 3NEKTPOHHbIM MUK-
pockonom 6binn gnamerpa 20—22 MUAAUMWUKPOHOB. Ha OCHOBAaHMW 3TWX CBONCTB aBTOpPbI
NPUXoaAT K YOeXAeHWUI, 4YTO BMPYCHbIN LWTaMM «B» HYXXHO BKAWYWTL B Fpynny napBOBM-
pycoB MTUYBLEFO MPOUCXOXAEHUS.

MCTOYHUMK WMHBA3UW TMPU TOKCOMJIASMATO3E KEHIYPY 30O0MNAPKOB
M. OBOLU-KOBAY, A. MECAPOLL, /1. MEJIJTIEPAWV n A. BAJILLAN

ABTOpamMu [MarHoCLMpPOBAaH reHepasu3npoBaHHbIi TOKCOMMNa3MaTo3 y Tpex COBMECTHO
cogepxaBlwmnxca KeHrypy (Thylogale eugenii) 6yganewTckoro 3oonapka. [uarHos WH-
BasMM MoCTaB/eH Ha OCHOBAaHWMWM MATOrMCTONIOrMYECKOM KapTWMHbI U MyTeM WUCKYCCTBEHHOrO 3a-
paxXeHns. IKCNepuMMeHTaNlbHbIM YWBOTHbIM WCMO/Mb30BaHa W30/IMPOBAHHO cOjepXXaBlUasicsi
Monofasi KowkKa, KOpMUBLUASICA OpraHaMu Mornblwunx KeHrypy. lMocne MHBasMpoBaHUs KOLUKa
Hayana Bblfensitb oouucTbl T. gondii, KOTOpPbIMX BMOCAEACTBUU YAaANOCb MOC/e UX cnopyns-
UMM MHBA3MpoBaTb MbILLEN.



CornacHo fAaHHbIM HabnloAeHUA KeHTypy WHBa3MpoBaniuCb KOPMOM, 3arps3eHHbIM Wc-
NpaXHeHNAMN KOWKU. B KowaybnxX MCNpPaxXHEHWSX, B KOPME W CBEXWUX MUCMPaXHeHNAX
KOLIKKW, moceljaBlueli MOMeLLeHMEe C KOPMOM A8 KeHrypy, o6HapyXeHbl 00LMCTbl TOKCOM-
nasM, KOTOpbIMU TOXe YAanoCb UHBA3MpPoBaTb N1ab6opaTOPHbIX Mbllleid. Y Ka3biBaeTCs Ha posb
rUreHbl U 3HaYeHMe KOLKMW B pacnpocTpaHeHWU ToKcomnsasMaTosa.

MYKOUAHbLIN 3HTEPUT Y KPOJNIMKA, CBA3AHHbLIN C BbI3BAHHbLIMW E. coit
M3IMEHEHNAMW YINEBOAHOIO OBMEHA

®. BETELWLIN n &. KYTALU

BUOXUMUYECKUMU, FUCTOXUMUYECKUMU W 3MEKTPOHHO-MUKPOCKOMMUUYECKUMWU MeToaamu
M3yyanochb [AeNCTBME eCTECTBEHHOr0 MYKOWAHOrO 3HTEPUTA Ha YrAeBOAHbIN 06MeEH Yy Kponuka.
MN3yueHbl He TONbKO 60/bHbIE, HO U 30POBbIEe KPOSIMKY TOFO e MOrofoBbs.

YrnesoAHblii 06MeH KPOMMKOB, CTPafalolimx MYKOUAHbIM 3HTEPUTOM, XapakTepeH che-
AYIOUWMUMUN NPU3HAKAMU: YCUIEHWE TIMKOTEHOMN3a B MEYEHN W CepAeqHON Mblllle, BbICOKas aK-
TUBHOCTb MEUEHOYHOW W MOYEeYHON rNKo3a-6-hoctharas, arnMKosypmyeckas runepravukeMmus,
HaKOMAeHNe TMKOreHa B MPOKCUMMabHbIX KaHalbliax MoYekK.

ABTOpbI CUMTAIOT, UYTO TsHKe/ble nepe6ou yrnesofHOro o6MeHa — B MepBYI0 OYEHb U3HY-
peHue KAeTOUYHOro F/IMKOFEHHOr0 Aeno — SIBASIOTCSA MPUUUHON NeTanbHOro Mcxopa 60/1e3HU.

M3YYEHWE MATOFEHHOCTW TOKCOMAA3M ANF MbILWEW
n. NENNEPON n M. JOBOLLU-KOBAY

TokconnasMaTo3Hblli WTamm «byganewT» M30/1MPOBaH M3 HEM3BECTHONO MPOUCXOXAEHMNS
KOLKWN TaKum 06pasoM, 4YTO BblAeNALWMUMUCA OOLMCTAMWN MOC/Ae UX CNOPYNALUN Yepe3 PoT WH-
BasMpoBanucb MblwK. LLITamMm cogepxafica nyTem nepopasibHON penHBasMyM C NPOMEeXyTKamu
BpeMeHn B 15— 187 gHel uuctamu, cofepXawMMucs B MbILLIMHOM Mo3re. MaToreHHOCTb WTaMma
ONs Mblleil cpaBHMBanach ¢ TakoBOW wTamma «aun» u3 BoHHa (PPI). MexXxay ynoMsHyTbIMU
wTaMmmMaMyn B 3TOM OTHOLLEHWUM pasHuLbl He 06Hapy>xxeHo. Mocne MHBasMM 0OLUCTAMU U3 KOLLKMU
60NbWNHCTBO Mbiwel K 5—11-y gHI0 norn6ao0 gaxe B TOM cny4vae, eCv OfHa Mbllb Noay4unna
TONbKO 5 ooumcT.

Mpn BCKPbITUM NaBLIMX Mbilleil Habnganock paclinpeHne npocsBeTa TOHKOro oOTAena
KULIEeYHNKaA, HaKoMjeHne B HeM XWAKOCTW, 3femaTo3HOe HabyxaHue CTeHKM KULIEYHUKaA,
nepe6on nepudepnyeckoro KposeobpalleHUs, yBennuyeHne NUM@aTUUECKUX MASALWEK KALWOK W1
OpbIXKeeuHblX NMM(OY3/10B, pa3MHOXeHNe KONMbaLumnnnos B KULWIKe. B pasHbix opraHax (cnusuc-
Tas KULWeYHWKa, numdaTnyeckme NAAWKK, 6pbbhKeedHble NMMEBOY3Nbl, PeAKO MevyeHb) rMcTONO0-
rMyeckn O0BHapyXeHbl CTagun pasBUTUA TOKCOMIa3M.

MaTtanoroaHaTOMMYyeckKne U MaTOrnCTONOrMYECKME W3MEHEHUA YyKasblBalOT Ha TO, 4TO
MbILWW NOTMGAN M3-3a OCTPOro WokKa. Ha ocHoBaHMW pesynbTaTa 6aKTepuonornyeckoro msyye-
HUA KULIEYHOro COAEPXMMOro MOXHO 3aK/AlUYUTb, YTO B rubenun Mbllled, MHBa3UPOBAHHBIX
ooumMcTaMy TOKCOMAa3M, BaXHYI pOfib UrpaeT KOHCEKBEHTHOE pa3MHOXeHWe Konubaumnnos,
TO ecTb LWOK OT KONM6aLnnnesHon sHTeEPOTOKCEMUN.

MHEWNMO3HTEPUT CPEAV ATHAT, BbI3BAHHbIN ALEHOBUPYCOM.
NMPEABAP11ITENBHOE COOBLUWEH 11E

L. BEJTAK un B. MANT®N

LoknafbiBaeTCA 0 MacCOBOW 3NM300TUU CPEAU OTKOPMOUHbIX SAAITHAT. )KMBOTHbIE MOKa3bl-
Ba/M pecnumpaTopHble U KULIEYHble CUMNTOMbI. [pu BCKPbITUM O06GHApPYXeHbl KaTapanbHas
NHENMOHUS, KaTap BEPXHUX AblXaTeNlbHbIX NyTel M 3HTepUT. B 60NbLIMHCTBE CydaeB pecnupa-
TOpPHble NPU3HAKW ObIN XpOHMYeCKUMU. KaK OCTpyl, TakK M XPOHUYECKYl (opMy 601e3HU
COMpoBOXAann 6aKTepuonornyeckme Komnaukauuu. W3 cBeXMX TyWeEK NaBLIMX >XUBOTHbIX
MN30/IMPOBaHbl afleHOBUPYCbl. N30A8Tbl Urpann posib 3TUOMOTMUYECKOr0 (haKTopa B HACTynaAeHUun
6onesHuN.



HEKOTOPbLIE XAPAKTEPHbBIE YEPTbl POCTA WLTAMMA «B» T'YCMHOIO
MAPBOBUPYCA

A. KULLAPK

M3yyanacb KpuBasi 04HOCTYNeHYaTOro pasBuUTUSA W (haKTopbl, AeCTBYIOLLIME HA penin-
Kaluio B TKaHeBOlM KynbType wWTamMMa «B» rycmHoro napsosupyca. BHYTpUKNeTOUYHble U BHe-
KNeTOYHble HacnefCTBeHHble BUOPUOHbI 06Hapyxusanucb 24 —36 n 36—48 vacoB nocne 3a-
pa)keHWsi COOTBETCTBEHHO. lMONHbIV LUMKA pennmKauum in vitro paBHANCA NpuMepHo 96 yacam,
K KOHLY 3Toro cpoka 10% 3aH0BO 06pa3oBaBLUUXCA BUOPUOHOB OCTaN0Cb CBA3AHO C KNeTKaMu.
UyBCTBUTENBHOCTb K/ETOK K BUPYCY MOC/Ne BbiCeBa MOCTENEHHO MOHMXanacb. BbicoKas KOH-
LeHTpauns KNeTOK Mpu BbiCeBe OTPULLATENbHO AeACTBYeT Ha KO/MYecTBO Mojy4vyaemoro supyca.

BOCMPUVMUYMNBOCTb CBUHbBW K MOATUMY TOHM-KOHI BUPYCA YEJTOBEYBLEN
MH® MO 3HUbLI A

M. POMBAPU, N. LUTUMKOBWY, M. LUTUPJIMHI-MOUW 1 3. ®APKALL

Bo Bpems anuAemMuy WHMAOIHLbI, BbI3BAHHOW MPOU3BOAHBLIM BUPYCa TOHM-KOHI, Habno-
fanocb 6bICTPOe pacnpocTpaHeHne UHMEeKLUN BUPYCOM UH(AOIHLbI Cpefn CBMHEN. 3HaUYNTeNb-
Has 4acTb M3Yy4YeHHbIX MOros0BbeB 3apasuiacb B TedyeHWe 20—58 gHell. K KOHLY yKasaHHOro
CpoKa BpeMeHW 52—92% >KMBOTHbIX Pa3HbiX MOronoBbeB 06/Mafjano remarnlOTUHALUIO Top-
MO3SILLLMMU aHTUTeNaMn NPOTUB OJHOFO0 BMPYCHOMO LITamMma WMHMA3HLbI, M301MPOBAHHOIO Npu
CUMY/bTaHHbIX BCMbIWKaxX 3apasbl cpean nwofein. AHTUTena 6blnM BbiABUMbI B TeyeHune 6— 10
MecsiLeB. Ha aKcnepuMMeHTanbHON MOAeny MnokKasaHo, 4YTO 3aMKHYTble MOrosoBbA OCTaBaiuChb
3apaXeHHbIMU OTHOCUTENIbHO MPOAO/KUTENbHOE BPeMSA, (DaKTUYecKn 37 AHei.

M3 cNnM3nCcTOn HOCOBOW MONOCTM U TPaxen 0A4HOMECAYHOro 60/1bHOr0 NOPOCEHKa N30AUNpo-
BaH BMPYCHbIN WITaMM, cofepXalyunii remarriioTUHUH «H3» YenoBeubero Bmpyca MHMAO3HLUbI A.
B gpyrom He6n1aronony4yHoMm noronoBbe, rae rnbenb cpegu nopocsAT gocturna 25%, n3 nerkux
0fjHOrOo nopoceHKa u3onuposaHa Mycoplasma hyopneumoniae. [MpuWYMHOA 3TON BbICOKON
CMepPTHOCTU Ccpefn NOpoCAT fABUAACb 3Ta [BOMHAA WMHMEKLUA WU CBSA3AHHOE C Hell MOHMXKeHue
nNpoAyKLUuMM MonoKa 'y CBUHOMATOK.

CumynbTaHHOe Hannyume B MopocATax reMoANTMYECKUX KONubauunnoe M MHMAOIHLbI
FOHr-KOHI TOPMO3WI0 MNPOAYKLMIO cneun@uyecknx remarrfiioTUHaLUI0 TOPMO3IALWMNX aHTUTeN
npoTMB MOCNEAHEro 3TUON0rMYECKOro hakTopa.

mionAauyna BMPYCHbIX LUTAMMOB MH®NHO3HUbI A N3 KPYMHOIO POrATOrIo
CKOTA

A. TAHW, 1. POMBAPWY, M. ANIGALLM 1 XK. MAT3

Tpy BUPYCHbIX WITaMMa UH(IO3HLLI A M30/1IMPOBaHbl B NOTr0/10BbAX KPYMNHOro poratoro
CKOTa, COCTOSALWMX U3 TENSAT, MOMOAHAKA U B3POC/bIX XXUBOTHbIX. )XMBOTHbIEe cTpajanu T. Ha3.
«3apasHbIM Kawnem». OAWH Cpean M30MSTOB OTAMYANCs OT BCEX LUITaMMOB, M30/IMPOBaHHbIX
Nno HacTosAlee BpemMa U3 Ntofeld, nowagein, CBUHel n NTuy, Hanmunem aHtureHa (N2) yenoseubel
MH(03HLUBI U OAHOT0 HEM3BECTHOTO reMarrilTUHUHA.
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AN INFECTIOUS INFLAMMATORY DISEASE
OF CLOACA AND PENIS IN GEESE
(GOOSE GONORRHOEA)

I. EPIZOOTOLOGICAL, CLINICAL, PATHOLOGICAL OBSERVATIONS
AND CONTROL

By
l. Szé¢p, Maria Pataky and Gy. Nagy

Department of Physiology and Animal Health (Head: I. Szép),
University of Agricultural Sciences, G6déll6é

(Received July 10, 1972)

Large-scale goose keeping involves many veterinary and production
problems. A major drawback of economic production is egg infertility, which
causes great losses in many goose farms, but little is still known about its causes.
During the last two years, increasing incidence of a previously unknown repro-
ductive organ disease was observed in goose flocks in Hungary.

The traumatic prolapse of the penis of male ducks and geese has long
been known by the veterinarians. This condition usually arises from the
secondary bacterial infection of a mechanical injury inflicted during copulation,
but it never spreads from bird to bird. As a rule not more than 0.5 to 1% of
the drakes and ganders become affected during the reproductive period. In
contrast to this the new venereal disease involves 70 to 80% of the male
geese in the affected farms.

The scanty literary data available on venereal diseases of poultry were of little aid
in identifying the new gander disease, because a mass incidence of cloacal inflammation was
hitherto only reported among hens and female ducks.

Lanrs (1955) described the symptoms of the chicken disease as loss of condition,
reddening and swelling of the cloacal opening, pseudomembranaceous lesions and ulceration
of the cloacal mucosa and reduction of egg yield. The illness lasted a few weeks and was
usually fatal in outcome. The author obtained good therapeutic results with Hedan prep-
arations, but failed to identify the causal agent and transmission experiments were also
negative.

The infectious inflammation of the cloaca of ducks was reported by wagener and
Harms (1948), later by Quagtio (1959) and svitavsky (1965). These authors are of the
opinion that the male ducks of the flock become affected first. Swelling and prolapse of the
penis are followed by the formation of thick, yellowish scabs on penis and cloacal mucosa.
Duck layers often have scabs in the skin-mucosa transition zone of the cloacal region; the
scabs dip 1—2 cm deep into the cloaca. Although the disease is generally regarded as infec-
tious, the causal agent is still not known. Experimental infections failed. The outbreaks last
several weeks in the flocks. Therapeutic attempts with sulphonamide preparations and ad-
stringents were ineffective. In Hungary, Paiya (1971) reported that in certain goose flocks
where egg infertility was high, several ganders had a swollen, prolapsed penis, often with
secondary inflammation of the mucosal part. The egg infertility was nevertheless attributed
to feeding errors and damage by fungal toxins.
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Description of the gander disease

Egg infertility and a severe disease of the male organ of ganders were
first reported to our Department from several goose farms in 1970. In
January, 1971, at the beginning of the laying season, outbreaks of the
same disease occurred in many goose flocks. The simultaneous incidence in
various flocks kept at different levels of management technology ab ovo
suggested an infectious aetiology, unrelated to management system and
dietary factors.

The first symptom was a temporary loss of appetite, followed by in-
flammation of the cloaca and — in male birds — by reddening and necrotic
inflammation of the penis which led in severe cases to prolapse and partial
loss of the male organ. The birds were generally listless and 10% of the ganders
died in the infected flocks within a few weeks. Egg infertility increased ab-
ruptly with the progression of the outbreak and the female birds stopped
laying eggs within 4—5 weeks after the onset.

Diseased and dead birds submitted from different parts of the country
showed the same symptoms and gross lesions, the only difference being the
degree of the changes, depending on the early or advanced stage of the disease.

In the initial stage, the penis can be exposed by the massage procedure
employed for artificial insemination, it shows swelling and mucosal reddening
only nearby the ventral wall of the cloaca, and the scalloping of the spiral
seminal duct is well preserved (Fig. 1). Later exposure of the penis encounters
difficulty, the penis is coated by a foamy mucus and the cloacal mucosa ex-
hibits swelling and a marked reddening (Fig. 2). After the acute stage, in-
flammation involves the entire male organ. The mucous membrane assumes a
purple or violet-reddish shade, the seminal duct disappears, a yellowish, scab-
like deposition (Fig. 3) and ulceration (Fig. 4) develop until, finally, the in-
flamed part becomes detached (Fig. 5). The cloacal region is swollen and hard.
Prolapse and incarceration sometimes result in necrosis and detachment of the
entire penis. According to newer observations, prolapse, demarcation at the
root and detachment of the male organ can also occur without preceding
severe inflammatory phenomena.

The main — often only — symptom shown by the layers is the swelling
and hardness of the cloacal region. In addition pseudomembranaceous diph-
theroid depositions are frequently found on the cloacal mucosa.

The course of the disease is very rapid, as shown in Fig. 6, which shows
the curve for an outbreak in a large flock. The flock, 11,256 birds, was kept in
a traditional covered yard of 2700 m2 floor space and no water was available
in the run. The outbreak set on after a latency for 5—6 days between 9 and 17
February 1972, following the beginning of mating. Egg production reached
the maximal level very soon, then fell gradually and simultaneously the feed
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Fig. 1. Normal male organ of gander. Note the patency and scalloping margins of the seminal
duct

Fig. 2. Early stage of inflammation: the penis is coated by foamy mucus
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Fig. 3. Diphtheroid pseudomembrane on the glans penis (medium severe stage)

Fig. 4. The ulcerated glans penis has become detached
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consumption was also reduced. After temporary fluctuations, egg production
became stabilized at a lower level. The egg infertility rate increased very
rapidly, reaching 90% by 11 March, so that hatching had to he stopped.

On postmortem examination, the carcases uniformly showed pericarditis
and peritonitis, with occasional deposition of yellowish fibrin in the changed
areas. Petechial haemorrhages were found in pericardium, kidneys and pancreas.

Fig. 5. Subsided inflammation. About one third of the penis has become detached. Note
chronic inflammation of the cloacal sphincter

One bird also had endocarditis. The spleen was generally swollen, with pe-
techial haemorrhages on the capsule and occasionally necrotic foci appeared in
the pulp. The testicles were as a rule normal-appearing, only a single gander
had yellowish, pin-prick necrotic foci in the testes. Inflammation of the ovi-
duct was often found in layers.

The mucous membrane of the cloaca was markedly red, with injected
vessels, and was often covered by diphtheroid pseudomembranes and ulce-
rations, ranging in size from that of a pea to a bean. In several cases, the
lumen was filled by a fibrinous-caseous substance of the cloaca, which ex-
tended into the abdominal cavity. A similar fibrinous, caseous-purulent
substance filled the space under the prepuce of the ganders.
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Fig. 6. Curve for course of outbreak in a large goose flock. Note the rapid rise in the egg
infertility rate.---------- egg production;------------ feed consumption; ... sterility

A Gram-negative mono-diplococcus was regularly isolated not only
from the genitourinary tract, kidneys, testicles, mucous membranes of penis
and cloaca, but also from the spleen, heart blood, and pancreas of the dead
geese.

Attempts at classification of the isolate showed it to belong to the genus
Neisseria. It is, however, distinct from Neisseria gonorrhoeae, being apparently
a specific pathogen of geese. The properties of the new Neisseria sp. and its
behaviour in infection experiments are the subject of another report.

Therapy and Control

The following therapeutic and control measures were employed.

Each bird of the flock was examined individually and those layers
which had a swollen cloacal region and thickened, palpable sphincter muscles
as well as the ganders with ulceration or detachment of the male organ were
culled, on the grounds that severe, chronic changes no longer respond to
therapy.

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



INFECTIOUS INFLAMMATORY DISEASE OF CLOACA. | 353

The inflammatory lesions of the ganders were treated locally to prevent
progression and suppuration. The penis was washed in disinfectant (2%
Tego-51) solution and treated with an Oxytetracycline powder. The sick
ganders were isolated from the rest of the flock for 8—10 days. In certain
cases, simultaneously with the local treatment, 5000 IU/kg penicillin was ad-
ministered intramuscularly to all birds of the flock, including the apparently
healthy ones. Flock treatment with antibiotic was deemed necessary because
the disease was clearly contagious and bacteraemia was likely to occur as
shown experimentally.

The isolates were regularly tested for antibiotic resistance, and the anti-
biotic producing the widest inhibition zone was used for therapy whenever
possible.

At the beginning of the outbreak (when 5 to 10% of the ganders were
involved), feed medication with ERRA-6 at 1% dietary level (600 g Oxytetra-
cycline per ton feed) for one-two-week periods, separated by a drug-free
interval of one week, proved to be a successful therapeutic approach.

Convalescent birds do not develop immunity, whence reinfection of the
ganders can occur on contact with the layers. Flock replacement by new
ganders is therefore not advised because infection persists in the flock if
recovery is incomplete and the new males also contract the disease. The libido
of the spontaneously recovered or cured ganders was as a rule satisfactory;
the minor decrease in egg infertility after a controlled outbreak remained
within the limits of economic production.

The following measures are proposed for the prevention of spread and
introduction of the disease:

Groups of infected, but recovered birds should be treated as a closed
flock and culling of the affected individuals should be performed gradually.

The premises of the infected flock should be disinfected with 5% chlorine
after a general cleaning.

Keeping of the birds in small groups, improvement of the hygienic con-
ditions and prophylactic feed medication with Oxytetracycline for one week
during the laying seasons (every six week) are important preventive measures.

Periodical control examinations of the male organ of ganders at 2— 3-
week intervals are advised.

During the autumn stocking all layers and ganders should be examined
individually for state of the reproductive organs and should be culled on the
least suspicion of disease.

Summary

A previously unknown, infectious venereal disease, causing great losses and greatly

affecting reproduction, was observed in large goose flocks. The condition is characterized

by a severe disease of the male organ of ganders and by an unusually high rate of egg in-
fertility. The first symptom is inappetence, followed by inflammation of the cloaca, in male
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birds by reddening and pseudomembranaceous inflammation of penis and cloaca. In severe
cases prolapse of the penis is followed by its partial or complete detachment. In the infected
flocks 10% of the diseased ganders died within a few weeks. A microorganism resembling
Neisseria gonorrhoeae. but distinct from it, was isolated from lesions and organs of carcases
and is therefore regarded as the causal agent. The symptoms and gross lesions of the goose
venereal disease and proposed therapeutic and preventive measures are described in detail.
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AN INFECTIOUS INFLAMMATORY DISEASE
OF CLOACA AND PENIS IN GEESE
(GOOSE GONORRHOEA)

II. PROPERTIES OF THE CAUSAL AGENT AND INFECTION EXPERIMENTS

By
Méria Pataky

Department of Physiology and Animal Health (Head: 1. szep),
University of Agricultural Sciences, Gédollg

(Received July 10, 1972)

The symptoms, epizootological course, gross lesions and experimental
therapy ofa goose venereal disease, caused by a Neisseria-like microorganism,
were reported previously (Sze¢p et al., 1971). Studies on the morphological and
biochemical properties and antibiotic sensitivity of the causal agent and the
results of infection experiments are described in this paper.

Materials and Methods

Bacterium strains isolated from various large goose flocks were designated
with the initials of their place of origin as O, Hsz, Hn, Z, R, F and T.

Growth media. Common broth, common agar plates containing 1% glucose
and agar plates containing 5% sheep blood were used for isolation. The carbo-
hydrate decomposing activity of the isolates was examined in liquid media,
containing 1% glucose or glucoselike alcohols — which are seen in the
Table | — and an appropriate pH indicator. Gas production was examined
in Durham tubes placed on the bottom of the culture tubes.

The motility of the isolated organisms was examined in 0.2% agar columns.

Sensitivity to antibiotics tested by means of the Resitest-disc tech-
nique. 0.1 ml of a 24-hour broth culture was evenly spread on the surface
of a glucose-agar plate and after appropriate drying in the incubator, the anti-
biotic-containing discs were placed on the agar surface at equidistant spaces.
The diameters of the inhibition zones were determined after an incubation
for 24 hours at 37°C.

Samples. Exudation from the affected penis and cloacal mucosa and
certain organs of diseased or dead ganders were used as infectious material.
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Morphological, biochemical and staining properties of the isolates

One and the same microorganism was isolated from the penis and cloacal
mucosa of all diseased layers and ganders, from the testicles of the ganders and
from the spleen, heart blood, pancreas and kidney of carcases.

First isolations were equally successful in glucose agar and blood agar
within 24 hours at 37°C. The colonies were very small, extremely delicate and
transparent, sometimes showing opalescence in transmitted light; they were
generally round, some showing a slight granulation and delicate lobulation at
the margins, especially after 2—3 days. The microorganisms were Gram
negative; on staining with Loffler’s methylene blue they could be identified
under the microscope as small mono- or diplococci. The adjacent surfaces of
each pair were straight, thus the shape of the cocci reminded of coffee beans.
The organisms were about 0.5 1 in diameter. The same cocci were identified
in smears taken from the root of the penis of diseased birds and stained with
Loffler’s technique.

Bacterial growth was poor in common broth. Successful transfers were
made after storage for 2—3 weeks in the refrigerator or at room temperature.
The cultures showed neither haemolytic activity nor motility. They decom-
posed glucose, sucrose, maltose, salicin and — after 48 hours — also trehalose;
the fermentation of glucose and salicin was accompanied by gas formation.
Lactose, sorbitol, mannitol, raffinose, inulin, dulcitol, adonite, arabinose and
glycerol were not decomposed by the strains and lithmus milk showed no
change (Table 1).

Antibiotic sensitivity

Morphologically and biochemically identical isolates from carcases of
spontaneously died or freshly Kkilled birds originating from various flocks
were tested for resistance to penicillin, streptomycin, aureomycin, terramycin,
chloramphenicol, tetracyn, neomycin, erythromycin and polymyxin-B. All
strains proved to be resistant to Superseptyl, the single sulphonamide tested.
Inhibition zones 20—30 mm in diameter were found with all antibiotics
tested (Table I1). The degree of sensitivity to certain antibiotics varied slightly
with the flock, but it w'as uniformly high to penicillin.

Infection experiments

The following infection experiments were carried out to substantiate
the pathogenic nature of the isolates and the infectious nature of the disease:

a) Broth culture was rubbed into the mucous membrane of the penis of
healthy ganders.
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Table 1

Carbohydrate decomposition and other properties of the isolates

Carbohydrate

Glucose
Lactose
Sucrose
Maltose
Trehalose
Sorbitol
Mannitol
Raffinose
Inuline
Adonite
Dulcitol
Arabinose
Salicin

Glycerol

Haemolytic activity
Motility
Lithmus milk

Antibiotic

Penicillin

Streptomycin

Aureomycin

Terramycin

Chlorocid (Chlortetracycline)
Tetracyn

Neomycin

Erythromycin

Polymyxin-B

Superseptyl

24 hours

acid + gas formation
negative

acid formation

acid formation
negative

negative

negative

negative

negative

negative

negative

negative

acid + gas formation

negative

negative
negative

negative

Table 11

Diameter of inhibition zone in

0 Hsz
30 28
23 22
28 23
25 25
28 26
25 0
26 30
28 25
20 20

0 0

Hn

28
23
22
30
30

0
30
25
20

0

48 Hours

acid -f- gas formation
negative

acid formation

acid formation

acid formation
negative

negative

negative

negative

negative

negative

negative

acid + gas formation
negative

negative
negative
negative

Antibiotic sensitivity of the isolates

z R F
22 22 26
20 20 22
20 20 23
20 22 23
20 23 25
17 20 22
30 25 26
20 23 24
18 17 18
0 0 0

mm for strains

357

28
23
21
23
25
23
26
25
19
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b) Organ suspensions prepared from homogenized testicle and kidney
of ganders slaughtered in advanced stage of disease were applied intraperi-
toneally and by subcutaneous infiltration to the cloacal region.

c) Blood obtained from birds killed in advanced stage of disease was
applied intraperitoneally and by subcutaneous infiltration of the cloacal region
to healthy ganders and layers.

d—e) A healthy layer was placed with an experimentally infected gander
and vice versa. The male and female birds of groups e and d were separated
from one another after one week. All experimental birds (groups a—e) were
kept in individual cages.

Latency period and symptoms. The cloacal region showed no change after
3 days, hut after 5 days it exhibited swelling, rise of local skin temperature,
and reddening of the mucous membrane. The penis of the ganders simulta-
neously exhibited reddening at the root and was coated by a viscous mucus;
in some cases, the male organ was difficult to expose. The healthy ganders and
layers exposed to infection by contact also contracted the disease and began to
show the above symptoms after one week; the cloaca and penis were affected
to different degrees, but never as severely as in the naturally diseased geese.

Blood tests

The blood of experimentally infected birds was tested by tube aggluti-
nation on three occasions, 6, 8 and 16 weeks after the infection. The results
were positive throughout at serum titres ranging from 160 to 320; values for
6 and 16 weeks were practically identical.

Discussion

Practical observations during outbreaks and laboratory studies of the
isolated coccus strains strongly suggest that a bacterium species belonging to
the genus Neisseria should be regarded as the primary causal agent of the
infectious inflammatory disease of penis and cloaca in the large goose flocks
under study.

The light-microscopic appearance and colony morphology of the cocci
justify their classification as a yet unknown species of Neisseria. Although the
epizootological course and mode of infection of the goose venereal disease cor-
respond with human gonorrhoea, the biochemical behaviour of the strains is
distinct from that of Neisseria gonorrhoeae and of all other Neisseria species
known from systematic descriptions (N. sicca, N. intracellularis, N. flava, N
subflava, N. perflava).

The clarification of the true importance of the new Neisseria species,
which seems to he a specific pathogen of geese, requires further investigation.
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Summary

A bacterium species belonging to the genus Neisseria was isolated as the primary
causal agent of a goose venereal disease not observed previously. The disease affects the cloaca
and in ganders the penis. The epizootological course, the mode of infection and the gross
lesions corresponded with those of human gonorrhoea, but in biochemical tests the isolates
behaved differently from Neisseria gonorrhoeae and all other known Neisseria species (N.
sicca, N. intracellularis, N. flava, N. subflava, N. perflava).

The clarification of the importance of the new Neisseria species, which appears to
be a specific pathogen for geese, warrants further study.
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Erection of the copulatory organ of male animals takes place in con-
sequence of the engorgement of the cavernous spaces of the penis with blood
in mammals and with lymph in birds. Although the avian copulatory organ is
either rudimentary, as in cocks, or well developed, as in the gander and drake,
the mechanism of erection and the structure and function of the avian erectile
apparatus were found to be essentially similar in the species studied so far.

The role of lymph in the erection of the avian copulatory organ has long been known
(Eckhard, 1870; Mariter, 1908; Liebe, 1914), but certain reproduction biological and
pathological problems arising under the conditions of large-scale poultry farming have recently
revived interest in details of morphology and function. Many authors, recognizing the im-
portance of the problem (Nishiyama, 1955; Lake, 1957; Nishiyama and Ogawa, 1961;
Komarek, 1969; Marvan, 1969; Feder, 1970, K night, 1967, 1970), investigated the structure
and function of the copulatory organ and corpus vasculare (Liene's “gefdssreicher Kdrper”,
further on referred to by Nishiyama's term as vascular body). “The lymph or a fluid similar
to lymph” (Nisniyama) is generated in the vascular body and from there it flows through
a wide duct into the cavernous spaces of the copulatory organ.

Despite extensive studies on the topic, no literary data are available on
the erection apparatus of aquatic birds, nor on the electron microscopic
structure of the vascular body; also, several details of lymph filtration and of
the mechanism of erection and relaxation are still poorly understood.

Materials and Methods

The reproductive organs of the gander and drake were studied during
the active period of sexual function. Fresh and formalin-fixed organs were
processed. Specimens for light and electron microscopic study were secured
immediately after killing the birds by bleeding. Ten percent neutral formalin,
Helly’s fixing solution or glutaraldehyde and osmium tetroxide were used for
fixation. Sections cut from paraffin-embedded specimens were stained with
haematoxylin and eosin, van Gieson’s stain or resorcine and fuchsin. Sections
for electron microscopy were prepared from Durcupan-embedded (FLUKA)
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specimens with a Reichert Om U2 ultramicrotome and were counterstained
with uranyl acetate and lead citrate. The electron micrographs were prepared
with a TESLA BS type 613 apparatus, in the Electron Microscopy Laboratory
of the University of Veterinary Science.

Roentgenograms of the vascular net were prepared after the injection
of Novobarium and corrosion preparations after the injection of Technovit
(KULZER).

Results

In the quiescent condition, the penis of both gander and drake lies
folded in a thin connective tissue “capsule” on the ventrolateral wall of the
cloaca. The outer surface of the capsule is smooth, while inside it a loose con-
nective tissue, admixing with elastic fibres, is found, which is connected with
the penis. Thus the quiescent penis is not visible through the cloaca; its opening
(ostium penis) is, along with the fossa ejaculatoria, surrounded by mucosal
folds. The supporting structure of the folds is an elastic cartilage, a bent,
troughlike lamella, whose base associates with the ventral wall of the cloaca
in the region of the urodaeum, while its two edges extend into the folds. At the

Fig. 1. Scheme of the erection apparatus of  Fig. 2. Scheme of the erection apparatus of
the penis in aquatic birds (ventral view, with the penis in aquatic birds (ventral view, with
the penis slightly erected). 1, basis penis; the region of the penis base exposed). Sym-
2, apex penis; 3, flexura penis; 4, cartila- bols as in Fig. 1
ginous lamella; 5, m. retractor penis; 6, rec-
tum; 7, vascular body; 8, lymph sinus; 9,

lymph vessels; 10, lymph duct
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caudal end of the cartilaginous lamella begins the base of the penis, nearby
which on the left is attached the apex of the penis, and along its outer surface
extends the cylindrical retractor muscle of the penis (m. retractor penis,
s.-cloacae), about 4 mm in diameter.

The penis consists of two, almost equally long, adjacent portions, linked
with one another by a loose connective tissue (Suspensorium penis according
to Komarek). The tube-shaped first portion (portio proximalis) extends from

Fig. 3. Cloacal region in ventral view (gan- Fig. 4. Cloacal region in ventral view (gander),
der). 1, cloacal sphincter muscle; 2, (fram-  after removal of the cloacal sphincter muscle
ed) localization of vascular bodies; 3, rectum and with penis slightly erected. 1, basis penis;
2, apex penis; 3, cartilaginous lamella; 4, m.
retractor penis; 5, right and left vascular

bodies; 6, rectum

the basis penis to the flexura penis, its mucosal coat is continuous with the
mucous membrane of the cloaca and it is covered by a keratinized stratified
squamous epithelium (pars cutanea, K omarek); as the spaces of the cavernous
tissue are present in the wall of the first portion, it may also be termed as pars
cavernosa. The second portion of the penis, portio distalis (pars extrema penis
according to K omarek), extends from the flexura to the apex penis and con-
tains glands (pars glandularis), but no cavernous spaces are demonstrated.
The apex of the penis attaches to the cartilaginous lamella. At erection, the
proximal portion of the penis protrudes from the cloaca by winding spiral
movements, whereby the mucous membrane and the helical sulcus ejaculatorius
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are everted to the outer surface, and the more compact distal portion fills the
inside of the proximal portion; since the apex of the penis is attached to the
cartilage, the erectile penis can only protrude from the cloaca at half length.

The vascular bodies, corpus vasculare dextrum et sinistrum, localize on the
ventrolateral surface of the cloaca, roughly at the level of the coprodaeum, and
their longitudinal axes would enclose an acute angle if they were prolonged

Fig. 5. Vascular body of gander after cutting Fig. 6. Cross-section of the vascular body re-

open the lymph sinus. 1, vascular body; gion (H. and E., hand magnifying lens). 1,

2, lymph sinus; 3, trabecules; 4, cloacal vascular body; 2, lymph sinus; 3, cloacal
sphincter muscle sphincter muscle; 4, m. retractor penis

in the caudal direction. The vascular bodies are plum-shaped, red-coloured, of
compact structures, 20x10 mm in size, which cannot be seen or approached
unless the m. sphincter cloacae is cut open.

Dorsally, the vascular body is closely associated with the cloacal ad-
ventitia, the ductus deferens and ureter passing between them towards the
urodaeum; the rest of the surface of the vasctdar body is surrounded by a
peripheral lymph sinus (cavum lymphaticum, “Lymphbildungsraum”, Liebe).
The lymph sinus or cavity is surrounded by muscles, the m. sphincter cloacae
and m. retractor penis, and its wall is formed by thin connective tissue and
endothelium, which are associated with the fascia of the muscles. Many thin,
elastic strands (trabeculae) transverse the space between the vascular body
and the wall of the lymph sinus. The vascular bodies are linked with the
cavernous spaces of the penis by a wide duct, the connecting portion (ductus
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lymphaticus) ; the bilateral connecting portions communicate with each
other wunder the cartilaginous lamella. The system of peripheral lymph
sinuses and the cavernous tissue spaces of the penis are lined by endothelium.
The intracavernary tissue nearby the base of the penis, contains corpuscles
of Herbst.

Fig. 7. Light micrograph of vascular body Fig. 8. Marginal detail of vascular body
(H. and E.). 1, lymph”spaces (resorcine and fuchsin stain). 1, lymph spac-
es; 2, lymph sinus; 3, trabecula

The vascular body is supplied by the thick, tortuous internal pudendal
artery (a. pudenda interna) which divides into 5 or 6 branches in the dorsal
(cloacal) part of the structure. Each branch gives off radial tufts of undulating
small arteries and arterioles; the space between the vessels is filled by a dense
mesh of capillaries, which join to form veins in the dorsal part of the vascular
body. The internal pudendal vein (v. pudenda interna) leaves the vascular
body side by side with the artery. The observation that in corrosion prep-
arations prepared with a coloured substance the internal pudendal vein was
much paler than its arterial counterpart lead to the conclusion that the coarser
granules of the colouring matter did not pass on to the vein, being trapped in
the narrow connecting branches, the metarterioles; this means that no arterio-
venous anastomoses exist between the larger vessels even in the quiescent
condition.

The connective tissue supporting the structure of the vascular body
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contains fibroblasts, fibrocytes and reticulum cells. The greater part of the
fibres are collagen and reticulum fibres (tropocollagen); the latter form a dense
network nearby the fibroblasts and basement membranes. The vascular body
also contains many elastic fibres, which extend into the trabeculae traversing
the lymph sinus. The arteries (small arteries and arterioles) have a thick wall
and a narrow lumen; both the internal and external elastic lamina are well
developed, especially the latter, which is more pronounced than usually. The
veins are thin-walled, with a wide lumen, and the adventitia contains many
elastic fibres. Under the light microscope, the lumina of the capillary vessels
were so narrow that they could scarcely be recognized. The endothelium-lined
lymph spaces, which communicate with one another and the lymph sinus, are
characteristic and conspicuous parts of the vascular body. The trabeculae are
of similar tissue structure to the vascular body and are coated by endothelium.
Many lymph vessels originate from the lymph sinus.

Electron micrographs have shown that the capillaries of the vascular
body are so-called muscle-type vessels, lined by uninterrupted endothelium.
The lining endothelial cells overlapped in the narrow, constricted capillary.
Apart from pinocytotic vesicles, corresponding with pinocytotic invaginations
on both surfaces, there were many cytoplasmic organelles: a granular endo-
plasmic reticulum, a small Golgi apparatus, a medium amount of mito-
chondria with a few cristae, lysosomes, many free ribosomes (polysomes) and
filaments were seen inside the cells. The luminal side of the endothelium was
relatively smooth, only a narrow process or “marginal fold” being extended
at the end of the cells. At the intercellular junctions there were desmosomes; a
“zonula occludens” was rarely seen. The nuclei were either oval or slightly flat,
depending on the shape of the cell. The endothelium was surrounded by a
basement membrane and by adventitial cells (pericytes).

In accordance with light micrographs, the predominant connective
tissue cells proved to be fibroblasts and only very few fibrocytes and reticulum
cells were present among them. The intercellular space was filled by a relatively
loose mesh of collagen and elastic fibres and tropocollagen filaments.

Many unmyelinated nerve fibres and autonomous plexuses were also
seen in the interstitial tissue of the vascular body. Plexuses were found not
only nearby vessels, but also farther removed.

Several synapses were seen at the marginal parts of Schwann cells. The
synaptic axon parts contained, apart from a few mitochondria, many vesicles
which were of two types, clear ones, about 250—300 A in diameter, and
dense-cored vesicles, about 1000 A in diameter; both types occurred in each
synapsis, but at varying proportions.

The endothelial cells lining the lymph sinus system were similar in
structure to those lining the capillaries and the endothelium was separated
from the connective tissue by a basement membrane.
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Fig. 9. Vascular body from gander. An endothelial cell (e) separates vascular body surface

from lymph sinus (ly). Note cross-sections of capillaries (c), adventitial cells (a), details of

fibroblasts (f) and collagen fibres (co) inside vascular body. The lumina of capillaries contain
erythrocytes. Electron micrograph X 10,186
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Fig. 10. Vascular body of gander. The lymph sinus (ly) is lined by endothelial cells, beneath
which there are collagen (co) and elastic (el) fibres. Electron micrograph X 24,750

Discussion

A nomenclatural confusion is still existing in respect of the avian cop-
ulatory organ. The male organ ofgallinaceous birds does not protrude from the
cloaca at erection (phallus non protrudens), whereas that of aquatic birds
does, being accordingly termed as phallus protrudens, fibrous penis or simply
penis.

The various organs or organ parts participating in the complex mechanism
of erection are termed collectively as the erection apparatus. The components
of the latter are the paired vascular bodies, the system of lymph sinuses, the
vessels, the muscles of the cloaca and the cavernous spaces of the penis. The
fluid regarded as lymph, playing the primary role in erection, is generated in
the vascular body.

Under the influence of a sexual stimulus, which probably generates a
parasympathetic impulse, muscle relaxation takes place in the arteries and
precapillary arterioles, resulting in distension of the lumina. Thus a large
amount of blood is pushed into the capillaries at a high pressure, bringing about
dilatation and thinning of the capillary wall, through which blood plasma
becomes extravasated into the interstitial space, owing to an increased hydro-
static pressure. Simultaneously the venous drainage tends to decrease, prob-
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Fig. 11. Vascular body of gander. Reticulum cell (r), detail of a fibroblast (f), tropocollagen
filaments (t) and collagen (co) fibres. Electron micrograph X 21,800
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Fig. 12. Vascular body of gander. Autonomic plexus with synpases. Sch, Schwann cell.
Electron micrograph X 21,800
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Fig. 13. Vascular body of gander. Precapillary arteriole, (e) endothelial cells, (m) smooth
muscle cells. Electron micrograph X 9260

ably as a result of compression of the thin-walled veins. Owing to engorge-
ment of the interstitial tissue, the plasma filtrate or lymph is further filtered
into the lymph spaces and lymph sinuses, from where the filtration pressure
and the surrounding muscles press it through the lymph channels until it fills
the cavernous spaces of the penis. The channels connecting the lymph sinuses
with the penis localize inside the troughlike cartilage lamella described in this
paper and as the penis arise at the caudal end of the cartilage, the lymph
reaches them without a notable decrease in pressure.

The relaxation following upon the ejaculation of semen being a passive
process, takes place slower than erection, which is an active process. When the
sexual stimulus ceases, either the parasympathetic impulse disappears or the
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sympathetic influence becomes predominant so that the muscles of the arteries
and precapillary arterioles gradually contract, and the amount and pressure of
blood pushed into the capillaries reduce until the extravasation of lymph
across the capillary wall ceases. As the cloacal sphincter muscle which sur-
rounds the lymph sinus also becomes relaxed or at least its tone decreases, the
sinus distends and the lym ph flows back from the penis and isdrained off through

Fig. 14. Vascular body of gander. Detail of Fig. 15. Cranial end of vascular body from
the cranial end. H. and E. A, artery; V, vein: gander. Corrosion preparation. (The arrows
L, lymph vessel point to lymph vessels)

the lymph vessels. The latter contain densely arranged valves which arise
from the medial and cranial parts of the lymph sinus and have well-developed
muscles at their origin to act as a sphincter during the period of erection.
According to Komarek, after erection a paired muscle (m. retractor
penis) attaching at the apex of the penis retracts the male organ to its quiescent
position. According to present studies, the attachment of the said muscle is at
the ventral surface of the cartilage lamella and thus having no direct asso-
ciation with the penis, it cannot possibly act as the latter’s retractor. It
actually plays this role in the rudimentary copulatory organ of cocks, because
in male gallinaceous birds the ventral part of the cloaca becomes everted along
with the phallus at erection and after ejaculation the muscle retracts the
structures of this region to the quiescent position. In aquatic birds the function
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of the muscle is similar but, owing to the different structure of the copulatory
organ it acts only on the base ofthe penis, viz., on the ventral part of the cloaca.
The penis itself is retracted by spiral connective tissue fibres, above all elastic
fibres, which are taut during erection and by the fibres of the Suspensorium
penis after decrease or cessation of the erectile forces. Simultaneously the
lymph gradually returns from the penis to the lymph sinus, from where, as
mentioned in the foregoing, the excess lymph is drained through the lymph
vessels.

Summary

The structures collaborating in the erection apparatus of male birds are the vascular
bodies, the system of lymph sinuses, the cloacal muscles and the cavernous tissue of the
penis. The paired vascular body localizes at the ventral surface of the cloaca and the wide
lymph sinus surrounding it communicates with the penis through connecting lymph channels.
The vascular body is supplied by the internal pudendal artery, which divides to form a dense
mesh of capillaries inside it. The capillaries and lymph sinuses are lined by uninterrupted
endothelium. On a sexual stimulus, the muscles of the arteries and precapillary arterioles
relax, the lumina distend and the blood pushed abruptly into the capillaries causes them
to distend and to extravasate lymph as a result of the increased hydrostatic pressure. The
lymph extravasated into the lymph sinus is pressed further into the penis by filtration pres-
sure and by the cloacal sphincter muscle, which surround the lymph sinus. The reverse proc-
ess is taking place during relaxation. The penis is retracted to its quiescent position by
elastic fibres which are taut during erection, the so-called m. retractor penis being responsible
only for the retraction of the ventral cloacal portion and the penis base. The lymph returns
from the penis to the lymph sinuses, from where it is drained off by the lymph vessels.
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The changes induced by certain factors in the intestinal flora of healthy pigs have
extensively been studied (smitnh, 1959; Pesti, 1964; Hite and Kenworthy, 1970; Morishita
and ogata, 1970) and important observations have been made above all on bacterial di-
gestive-tract diseases (Kenworthy and Crabb, 1963; smith and Jones, 1963; Sojka, 1965;
Nietsen €t al., 1968; Barnum, 1971; Bergetand, 1972)

However, information has been scanty on the development of the in-
testinal bacterial flora, although the knowledge of the bacterial processes
taking place in the gut of normal pigs is an essential prerequisite of the under-
standing of neonatal digestive organ diseases. To obtain more information on
the problem, the development of the gut flora was examined in healthy pigs,
with special regard to related studies by others (Wilbur, 1959; Pesti, 1962).

Materials and Methods

The litters of two Large W hite sows were used in the experiments. Two
piglets were killed by bleeding at each time between 2 hours and 12 days
after birth, as indicated in Table I. Accordingly, the digestive tracts of two
animals from one and the same litter were examined at one time. The techniques
of abdominal incision, sampling and processing were the same as described
previously (Kovacs et al., 1972), except that samples were only taken from
stomach, jejunum, ileum and colon, for according to literary data and our
own experience, in healthy animals the composition and proportions of the
bacterial population are similar in the different segments of the large intestine.

Some samples obtained from very young animals were less than 1 g in
weight; in such cases a correction factor was used for evaluation.

Coliforms were isolated on the selective McConkey agar (Difco B 75);
whereas lactobacilli under anaerobic conditions, using an atmosphere con-
taining 20% CO02 and 80% N2, the vegetative and spore-bearing forms of
clostridia were isolated as described in a previous publication ((Sinkovics,
1972).
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Table |

Bacterial flora in the alimentary tract

Stomach Duodenum

L S ¢ cl Sp pH L S [¢] cl Sp

m 2 30 56 1.0 20 - 57 30 52 16  _ _
ri% 6 48 75 59 66 20 50 43 62 60 52 27
5 18 81 49 46 36 35 38 73 51 57 37 13

tc 15 77 67 20 70 13 39 66 45 38 64 0
lib 2 76 55 24 26 10 39 68 50 44 41 13
4 82 57 47 34 05 39 65 48 46 31 12
¥ 5 84 59  — 44 10 36 69 55 35 39 10
< 8 8 85 60 47 52 32 45 69 49 50 48 15
LI 90 49 12 54 35 38 79 44 10 15 10

11 87 52 30 47 27 40 79 63 42 46 08
12 85 50 22 57 28 34 65 32  _ 45 19

No attempt was made in the present study at isolation of non-spore-
forming anaerobic organisms, because Kenworthy and Crabb (1973) and
Fuller and Lev (1964) showed them to occur in very low counts, if at all, in
the gut of healthy suckling pigs.

Results

The results of bacteriological examinations on stomach and intestinal
segments of piglets killed at different points of time after birth are shown in
Table I. Each numerical value represents the mean of the logarithms of germ
counts determined in two pigs killed at one time.

Attempt was also made to isolate bacteria from the gut of piglets killed
immediately after birth. Samples taken with sterile swabs transferred to
media containing no bacteriostatics, viz., RCM plate and broth. The media
were incubated under aerobic and anaerobic conditions, but no bacterial
growth took place in either medium. This accords well with the finding of
Wilbur (1959) and Kenworthy and Crabb (1963) that the gut of piglets is
sterile at birth.

A graphical presentation of the development of the intestinal flora in
young pigs is shown in Fig. 1. The graphs represent the counts of the main bac-
terial flora components at five different points of time (2, 6 and 18 hours and
1, 5 and 12 days of age) which we regarded as characteristic, and more con-
clusive than the combined illustration of the data of Table I.
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of suckling piglets until 12 days age. (In logarithms of germ counts.)

Jejunum lleum Colon
L S C a Sp L S c d Sp L S C a Sp
2.0 5.9 2.0 — — 53 6.2 4.7 2.3 — 59 6.7 50 2.2 —

4.3 5.1 5.2 4.6 1.3 3.7 5.3 5.1 3.2 0.7 4.3 8.1 8.5 7.1 6.1
5.3 58 50 3.2 10 7.0 6.0 6.6 62 25 82 8.2 8.4 8.4 5.3

6.7 5.2 4.0 6.5 0 8.1 7.6 6.8 7.0 3.2 8.8 8.6 8.4 9.7 6.3
5.4 4.2 3.6 1.9 0 7.7 7.5 6.8 5.8 1.8 8.4 8.7 8.5 8.1 7.4
6.6 50 48 31 10 81 71 80 76 17 86 76 81 85 5.0
7.9 5.9 2.6 3.2 0.5 9.2 8.5 8.1 5.6 2.0 9.5 9.0 8.5 8.9 4.7
8.0 7.0 7.0 6.8 2.3 7.0 6.5 7.7 6.7 1.3 8.6 8.1 9.0 7.7 5.0
7.5 4.1 — 1.2 0.9 9.1 7.3 8.0 7.5 5.4 9.4 8.5 8.2 9.1 6.3
8.0 7.3 7.3 5.6 0.5 7.5 7.1 7.0 7.3 3.5 9.5 8.8 8.8 8.8 5.8
7.8 4.2 14 4.2 0.8 8.9 8.8 8.5 8.8 4.8 8.9 7.5 7.8 9.2 6.6

Fig. 2 shows the growth of streptococci in various isolation media. Two
hours after birth, ubiquitous streptococci growing out on common blood agar,
were found to predominate throughout the digestive tract over D-streptococci
which grew exclusively on the selective Edwards agar (Pesti, 1962). How-
ever, six hours after birth the streptococci growing out on the two Kkinds
of medium corresponded to one another in respect of count and colony mor-
phology (enterococci).

Changes in, and relative proportions of, the vegetative and spore-bearing
forms of clostridia were also examined. The graphical presentation of the
respective mean counts, of logarithms determined until the 36th hour of age
and subsequently until the 12th day, is shown in Fig. 3.

Haemolytic E. coli bacteria could never be isolated from the gut flora of
healthy piglets, although the colonies growing out on blood agar plates were
very carefully scrutinized.

Discussion

Observations by others and by ourselves unequivocally indicate that the
main characteristics of gut flora in suckling pigs are the absence of haemolytic
E. coli bacteria and the quantitative relations of the main bacterial components.
In healthy suckling pigs, the main components are lactobacilli in all intestinal
segments distally from the stomach, followed in sequence by streptococci and
coliforms as the third characteristic component, occurring in a much lower
number than the other two. Although the counts of the three main com-
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Fig. 1. Development of gastro-intestinal flora in suckling piglets. ----- lactobacilli;
.............. D streptococci; ----—-------- coliformes. S, stomach, D, duodenum; J, jejunum; I, ileum;

Co, colon; A, 2-hour-old piglets; B, 6-hour-old piglets; C, 18-hour-old piglets; E, 1.5-day-
old piglets; F, summarized data of 2—11 days old piglets; G, 12-day-old piglets

ponents varied characteristically with each segment, the lactobacillus—
streptococcus—coliform ratio was practically constant throughout the digestive
tract and, as shown in Table | and Fig. 1, it became established within about
1.5 days after birth and did not notably change until 12 days of age, viz,,
until the conclusion of the experiment. Accordingly, as 1.5-day-old piglets
already possess a practically “finished” gut flora, a follow-up of development
of this flora requires the study of still younger animals.
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Fig. 2. Quantitative changes of streptococci in the alimentary tract of piglets........... ubi-
quitous streptococci; — D streptococci; A, 2-hour-old piglets; B, 6-hour-old piglets
LOgg LOgg
Fig. 3. Vegetative cells and spores of clostridia in the pig intestine............. vegetative cells;

------ spores; A, summarized data until 1.5 days of age; B, summarized data between 1.5
and 12 days of age

As can be seen in Fig. 1, in 2-hour-old piglets, which had already sucked
colostrum, the dominant gut flora component is represented by D streptococci.
Lactobacilli and coliforms occur in almost equal amounts in those segments
which are distally from the jejunum. At 6 and 18 hours after birth, the gut flora
is still not fully balanced, but a quantitative predominance of lactobacilli can
already he recognized in certain segments at 18 hours. Table | clearly shows
that no such major fluctuations of gut flora are taking place between days 1, 5
and 12, except a definite reduction in coliforms in the duodenum at 12 days.

Fig. 2 shows the growth of streptococci in various media. Two hours
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after birth, ubiquitous streptococci growing on blood agar were found to pre-
dominate over D-streptococci growing out exclusively on the selective Edwards
medium, throughout the entire digestive tract. However, six hours after birth
the streptococci growing out on the two kinds of medium corresponded to one
another both in respect of counts and colony morphology.

Thus the gut flora of piglets killed 2, 6 or 18 hours after birth was charac-
terized by a certain disbalance, which lasted until about 1.5 days of age. The
components of the gut flora clearly originated from the environment of the
animals, to judge from bacteriological studies of the teats of the sow, and
litter and objects in the pen (Nagy, 1970). However, in the subsequent period
up to the 36th hour after birth the quantitative relations of the gut flora
changed markedly, independent of the environmental flora. After 1.5 days of
life, the intestinal flora appeared to be controlled by inner principles. The
quality and quantity of germs taken up by the animal orally from its immediate
surroundings are not likely to change notably in a given environment, yet the
gut flora develops towards the predominance of lactobacilli, which is character-
istic of the healthy suckling pig.

This means that the composition of the healthy gut flora depends on an
inner regulating mechanism which takes effect shortly after birth so that it is
capable of establishing a state of balance within about 1.5 days of life.

It follows that untoward environmental influences on the gut flora are
not so much the result of some “contamination”, as of the deleterious effect of
management failures on the operation of the inner regulating mechanism. This
accords well with the previous finding (Sinkovics, 1973) that environmental
stessors affecting the organism of the animal as a whole elicited pathological
alterations of gut flora under both laboratory and field conditions. On the
other hand, as it is known from literary data and our own experience, certain
haemolytic E. coli strains known as pathogenic for swine, did not durably
establish themselves in the gut on oral administration and no symptoms were
associated with their temporary presence therein.

Certain practical observations also weigh in favour of the above inter-
pretation. It is known that the recurrent digestive troubles of neonatal pigs
and weanlings could never be prevented by exaggerated disinfection if the
management technology and the housing of the animals were inadequate.

The quantitative relationships of vegetative and spore-bearing forms of
clostridia were practically the same a few hours after birth and days later. It
was found earlier (Sinkovics, 1972) that 20—35 days old healthy pigs had
spores in the gut at low counts, but no vegetative forms of clostridia, suggesting
tbe presence of a factor inhibiting clostridial growth in the small intestine. In
the present studies on younger animals this phenomenon was less conspicuous.
Markedly numerous vegetative clostridia and spores reached, across the
gastric acid barrier, where they tended to decrease in number.
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It may be concluded that the characteristic gut flora of the suckling pig
becomes established by 1.5—2 days after birth. The details of the develop-
mental process should he elucidated by an intensive follow-up of gut flora
changes in still younger pigs.

Summary

The development of gut bacterial flora was examined on healthy pigs killed at pre-
determined intervals from birth to 12 days of age. The characteristic gut flora of the healthy
suckling pig had become established within 1.5—2 days after birth and did not notably
change thereafter, until the end of the observation period at 12 days of age. Initially, the
dominant component was formed by ubiquitous streptococci, whose count considerably
surpassed that of I) streptococci, but later it fell to a low level. The vegetative and spore-
bearing forms of clostridia were present in all segments of the digestive tract from shortly
after birth to the end of the observation period, but both forms tend to decrease in number
in the small intestine.

It appears that intestinal flora development in the neonatal pig is to a certain degree
independent of the quality and quantity of environmental flora, being controlled by an
inner regulating mechanism, which acts towards the establishment of a balanced intra-
luminal biocoenosis.
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ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNGEN
AN ENTWICKLUNGSSTADIEN
YON EIMERIA MAXIMA

IV. DIE FEINSTRUKTUR DER SCHIZONTEN UND MEROZOITEN*

Von

H. Mehlhorn**

Zoologisches Institut der Universitdt Bonn,
Abteilung fiur Protozoologie (Leitung: Prof. E. Scholtyseck)

(Eingegangen am 25. Oktober 1973)

Keine Phase des Entwicklungszyklus von Coccidien weist so viele Modi-
fikationen bei den einzelnen Arten auf wie die Schizogonie. So schien es lange
Zeit nahezu unmdglich, eine Typisierung dieses ungeschlechtlichen Ver-
mehrungsprozesses vorzunehmen.

Zu unterschiedlich erwiesen sich die Vorgédnge z. B. bei Eimeria bovis (sheffieta und
Hammond, 1967), E. intestinalis (Snigirevskaya, 1969), E. Ca”OSpermOphili (Roberts u. Mit-
arb., 1970), E. stiedae (Cerna Und Senaud, 1971) und den cystenbildenden Organismen Toxop-
lasma gondii, Besnoitiajellisoni, Frenkelia spec, und Sarcocystis tenella, bei denen lange Zeit als
einzige Vermehrungsform die als Endodyogenie bezeichnete innere Zweiteilung bekannt war
(Van der Zypen und Piekarski, 1967; sheffietd, 1968; Senaud, 1967, Kepka und Schot-
tyseck, 1970; Mehthorn UNd Schottyseck, 1973). Mit dem Nachweis der Coccidiennatur
von T. gondii und s. tenella (W ork Und Hutchison, 1969; Overduitve, 1970; Sheffictd
und Merton, 1970; Frenker U. Mitarb., 1970; R ommer u. Mitarb., 1972) wurden noch weitere
Schizogonievorgdnge im Katzendarm beschrieben und z. T. als Endopolygenie bezeichnet. So
existieren schlieflich so deskriptive Termini wie innere, &uBere Schizogonie, Cytomerenbildung,
Endodyogenie und Endopolygenie. Sie alle sind Ausdruck der ungeheuren Plastizitdt der
Parasiten bei der Anpassung an die spezifischen Bedingungen des jeweiligen Wirtsgewebes.
Erst durch jingste Untersuchungen von Schottyseck (1972, 1973) an E. tenella und E.
stiedae ergaben sich deutliche Hinweise, daR die Endodyogenie als grundlegender ProzeR
aller Schizogonievorgdnge anzusprechen ist. Bei dieser Betrachtungsweise spielt es dann
keine Rolle mehr, ob die Endodyogenie durch viele oder wenige vorgeschaltete Kernteilungen
erweitert wird, ob die Merozoitenanlagen an der Oberfliche oder an Einfaltungen entstehen,
oder ob gar durch Cytomerenbildung eine weitere Entwicklungsphase eingeschaltet ist.

Vor diesem Hintergrund soll nun die Merozoitendifferenzierung des
wenig pathogenen Hihnercoccids Eimeria maxima nédher analysiert werden.
Diese Untersuchung schlieft sich an vorausgegangene zur Gamogonie an
(Mehthorn, 1972a, b, c) und beendet die Analyse des Entwicklungszyklus im
Haushuhn.

*Mit Unterstiitzung der Deutschen Forschungsgemeinschaft.
** Herrn Prof. E. schottyseck danke ich fur die Uberlassung des Themas und seine
stete Beratung.
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Material und Methode

Insgesamt 16 Hinchen (Weilles Leghorn) wurden im Alter von ca 3
Wochen mit 1—2 Millionen sporulierten Oocysten eines reinen Eimeria maxima
Stammes oral infiziert. Am 1.—4. Tag p. i. wurden die Tiere dann getdtet und
Teile des Epithelzellenbereichs aus dem Duodenum entfernt. Die Weiterbe-
handlung dieser Gewebe fiir die elektronenmikroskopische Untersuchung er-
folgte nach den gleichen Methoden, die schon in vorausgegangenen Publika-
tionen beschrieben worden sind (Mehthorn, 1972a, b, ¢). Ich mdchte es an
dieser Stelle nicht versaumen, Herrn Dr. A. Haherkorn von den Farben-
fabriken BAYER AG fur die Durchfihrung der Infektionen meinen Dank
auszusprechen.

Ergebnisse

Zur Feinstruktur der Schizonten

Bei den hier analysierten Schizonten handelt es sich nach der Definition
von Millard et al. (1972) um die »kleinen« Stadien, die nur etwa 8—16 Mero-
zoiten produzieren, wéhrend die von ihnen beschriebene erste Schizonten-
generation ja immerhin 25—50 Merozoiten ausdifferenzieren soll. Allerdings
konnten bei den vorliegenden Untersuchungen nur zwei Schizogonien be-
obachtet werden. Die erste am zweiten Infektionstag, die zweite ca 72 Stunden
post infectionem. Inwieweit sich jedoch vor diese beiden »kleinen« Schizonten-
generationen noch eine weitere eingeschaltet hat, konnte mit der elektronen-
mikroskopischen Untersuchungstechnik bisher noch nicht festgestellt werden.

Nachdem die Merozoiten des zweiten Infektionstages in eine Wirtszelle
eingedrungen sind, strecken sie sich stark in die Ladnge. Dabei werden die
beiden inneren, miteinander verhafteten Pellikulamembranen zerrissen und
schlielich zuruckgebildet, so daB der Schizont, der die ndchste Merozoiten-
generation produziert, nur von einer Elementarmembran umschlossen ist
(Abb. 1, 2a, 2c, 4). Die beobachteten Mikroporen behalten ihren typischen

b, Langsschnitt durch einen Schizonten (SCH) mit 5 gleich weit differenzierten Merozoiten-
anlagen (EM). Zwei Merozoiten werden durch Einfaltungen von der Oberflache her gebildet
(IN). X 15 000

Verzeichnis der Abklrzungen: AM, Reservestoffgrana (Amylopectin); C, Conoid; DK, Dunk-
ler Korper unterhalb des Conoids von Merozoitenanlagen (PO ?); EM, Merozoiten in der
Entwicklungsphase; ER, Endoplasmatisches Retikulum; FW, Fingerférmiger Fortsatz der
Wi irtszelle; GO, Golgi-Apparat; I, Elektronendichter EinschluB in Mitochondrien; IM, Innere
Membran der Merozoitenpellikula; IN, Invagination; L, Lipoid; LM, Begrenzungsmembran
des Parasiten; LP, Begrenzungsmembran der parasitophoren Vakuole; MI, Mitochondrium;
MIH, Mitochondrium der Wirtszelle; MM, Mittlere Membran der Wirtszelle; MP, Mikropore;
N, Nukleus; NM, Begrenzungsmembranen des Nukleus; NU, Nukleolus; OF, Anschnitt des
Ausfiithrgangs der PO = Offnung an der Conoidspitze; OM, AuRere Membran der Merozoiten-
pellikula; P, Polring; PG, Proteingrana; PO, Rhoptrien (Paariges Organell); PP, Hinterer
Polring; PT, Zuspitzung des Nukleus (Spindelpol?); PV, Parasitophore Vakuole; R, Conoidale
Ringe; RW, Ringwulst bei Merozoitenanlagen = spéterer PP; SC, Der Schnitt erfolgte in
dieser Ebene; SCH, Schizont; SMT, Subpellikuldare Mikrotubuli; W2Z, Wirtszelle; WZK,
W irtszellkern
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Abb. la, b. Eimeria maxima. Elektronenmikroskopische Aufnahmen, a, Querschnitt durch
einen langgestreckten Schizonten (SCH), wobei zwei in der Entwicklung begriffene Mero-
zoiten (EM) getroffen wurden. Das Wirtsgewebe zeigt keinerlei Schadigung (W2Z). X 15 000.
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Innenzylinder bei. An diesen Stellen bleiben also die beiden inneren Membranen
als Relikte bewahrt (Abb. la, 4). Gleichzeitig treten die Mikroporen in gréfRerer
Anzahl als bei Merozoiten auf, wo sie auf die Einzahl beschrankt sind. Die
kleinen Schizonten von E. maxima werden héchstens 20 /n groB und erreichen
damit im Vergleich zu E. tenella (50—60 /n; Scholtyseck, 1973) recht be-
scheidene Abmessungen. Sofort zu Beginn des Wachstums teilt sich der Zell-
kern durch Zweiteilung in 2, 4, 8 und 16 Tochterkerne (Abb. la, Ib, 2a, 4).
W &hrend dieses Vorganges bleiben stets die Kernmembranen erhalten. Als
maximale Anzahl von Tochterkernen wurden 16 ermittelt, die sich entlang der
Oberflache des langgestreckten und verzweigten Schizonten verteilen. Etwa
gleichzeitig beginnt die Merozoitenbildung (Abb. Ib,4), da auf Schnitten durch
Schizonten meist gleich weit entwickelte Merozoiten angetroffen werden kdn-
nen. Offenbar setzt die Ausformung der Merozoiten schon vor der Beendigung
der letzten Kernteilungsphase ein, so dafl sich dann der Nukleus erst wé&hrend
der Merozoitenbildung teilt und sich somit an einem zweizipfligen Kern zwei
kappenartige Merozoitenanlagen befinden (Abb. 2c).

Die Differenzierung der Merozoiten beginnt mit der Bildung von kappen-
artigen Vorstilpungen oberhalb der an der Peripherie des Schizonten befind-
lichen Nuklei (Abb. 2e, 2f). Dabei ist zu beobachten, daB unter der begrenzen-
den Elementarmembran die beiden inneren Membranen der spéteren Mero-
zoitenpellikula neu angelegt werden (Abb. 2e, 2f). Sie sparen am vorderen Pol
eine kreisrunde Offnung aus und sind dort zu einem Polring verdickt (Abb. 2e,
4). Der spétere hintere Polring ist auch schon vorhanden und stellt offenbar
das Bildungszentrum der inneren Membranen dar, denn bei Schnitten durch
Entwicklungsphasen der kegelférmigen Vorstilpungen kann stets dieser Ring-
wulst bemerkt werden (Abb. 2e, 4). Schon die jingsten Vorstilpungen enthalten
ein Conoid. Unmittelbar darunter liegt in allen Féllen ein kugelférmiges
Organell, das von einer Elementarmembran begrenzt wird und das osmiophiles,
granuldres Material enthalt (Abb. 2e, 2f). Ahnliche Korper wurden schon von
Sheffield und Hammond (1967) bei sich entwickelnden Merozoiten von E.
bovis beschrieben und als Vorldufer der paarigen Organelle diagnostiziert. Die
Befunde an E. maxima weisen in die gleiche Richtung, denn in etwas &lteren

Die subpellikuldren Mikrotubuli (SMT) beginnen in Kernndhe bindelartig (Pfeile) und ord-
nen sich dann facherartig unter der Pellikula an. X 34 000. ¢, Schnitt durch einen Schizonten,
bei dem noch wahrend der letzten Kernteilung (= zweizipfliger Kern) die Merozoitenbildung
einsetzt (EM). An einem der beiden durch die starken Pfeile gekennzeichneten »Kernzipfel«
tritt eine Spitze (PT) in Erscheinung, die moglicherweise einen Spindelpol darstellt. X25 500.
d, Die subpellikuldaren Mikrotubuli werden in Kernnahe als Bindel (SMT) angelegt. X 48 600.
e, Langsschnitt durch eine junge Merozoitenanlage (EM). Unterhalb des Conoids (C) befindet
sich ein dunkler, von einer Elementarmembran begrenzter Kérper (DK), der moglicherweise
den Vorladufer der Rhoptrien darstellt. Das Conoid ist aus einzelnen Tubuli (Pfeil) aufgebaut.
X 37 800. /, Parallelschnitt zu Abb. 2e. Der Doppelpfeil deutet auf die Elementarmembran
des dunklen Kérpers (DK), wahrend der einfache Pfeil auf die Tubuli des schrédg getroffenen
Conoids (C) verweist. X 43 700
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Abb. 2a- f. Eimeria maxima. Elektronenmikroskopische Aufnahmen, a, Schnitt durch einen
Schizonten (SCH) mit zwei Kernen (NI, N2). Als Zellbegrenzung ist eine einzige Elementar-
membran (LM) ausgebildet. X 18 000. b. Oberflachenschnitt durch eine Merozoitenanlage.
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Entwicklungsstadien finden sich Anschnitte von zwei derartigen Strukturen,
und noch spéter ziehen »Halsteile« zum apikalen Zellpol der entstehenden
Merozoiten. Unmittelbar vor dem Nukleus des spéteren Merozoiten findet
sich schon zum frihesten Zeitpunkt ein gut ausgebildeter Golgiapparat
(Abb. Ib). Die Mikroporen werden in Einzahl ebenfalls zu diesem Zeitpunkt
angelegt. Sie deuten damit in ihrem Bau und in ihrer Ausformung auf eine
genetische Determination, denn als Nahrungsaufnahmeorganeil erscheinen sie
hei sich entwickelnden Merozoiten verfriithrt. Die subpellikuldren Mikrotubuli
werden als Biundel in Kernndhe angelegt und mit dem Wachstum der Vor-
stiulpung gleichmé&Big unter der Oberflaiche des Merozoiten verteilt. Dabei
entstehen bei Tangentialschnitten fécherférmige Aspekte (Abb. 2b, 2d, 5).
Die Vorstulpung wird stetig gréBer, und zwar geschieht das dadurch, dal
nach und nach immer mehr Cytoplasma des Schizonten von der basal wach-
senden Kegelkappe umschlossen wird. Schlieflich haben die Merozoiten schon
fast ihre spatere Ldnge erreicht, sind aber noch mit dem Restschizonten ver-
bunden (Abb. 3g). Durch diese Verbindungszone verlaufen in vielen Féllen
Lakunen des Endoplasmatischen Retikulums (ER), die damit einen engen
Kontakt der neugeformten Merozoiten mit dem Schizonten bis zur endgiltigen
Abschnirung gewéhrleisten. Tm Restkdrper konnten gelegentlich Membran-
strukturen beobachtet werden, deren Funktion und Herkunft unbekannt
blieb. So beginnen Membranen im Cytoplasma und verlaufen véllig geradlinig
Uber ca 10 4. Im Abstand von etwa 0,5 /n befindet sich dann stets eine vollig
identische Membranstruktur, die durch ihre parallele Anordnung dem Ganzen
einen sdulenartigen Charakter verleiht.

Die Ausbildung der Merozoiten erfolgt zwar stets an der Peripherie,
jedoch gelegentlich nicht in Form einer Vorstiulpung, sondern durch Einfaltung
der begrenzenden Elementarmembran des Schizonten. Nur so sind nd&mlich die
elektronenmikroskopischen Schnittaufnahmen zu erkldren, auf denen sich die
Merozoiten im »lnnern« des Schizonten an einem Spaltraum befinden (Abb.
Ib, 4). Die Frage nach dem Mechanismus dieser beiden Vorgédnge und die
Kl&drung der Faktoren, die solche Entwicklungsrichtungen steuern, bedirfen
hier noch weiterer Untersuchungen.

(OM) stellt eine Elementarmembran dar, wahrend die beiden inneren Membranen als ein-
heitliche, dicke Schicht erscheinen (IM -f- MM). X 144 000. e, Langsschnitt durch den apika-
len Pol eines gerade eingedrungenen Merozoiten. Die Begrenzungsmembran der parasito-
phoren Vakuole ist namlich noch nicht tberall ausgebildet (LP). Der Kernspaltraum scheint
an der Bildung der vorgelagerten Golgivesikel (GO) beteiligt zu sein (PFeil). X21 600.
f, Schnitt durch den apikalen Pol eines Merozoiten, dessen Conoid (C) vorgeschoben ist und
dabei dem Polring (P) vorn aufsitzt (starke Pfeile). An der Spitze des Conoids befindet sich
eine Offnung (OF), die den verschmolzenen Halsteil der Bhoptrien (PO) darstellt. X 50 000.
g, Schnitt durch den hinteren Pol eines noch mit dem Schizonten (SCH) verbundenen Mero-
zoiten (EM). Das endoplasmatische Betikulum verlduft durch die »Briicke« (ER). X 30 000.
h, Schnitt durch ein typisches tubuldares Mitochondrium (M1), das einen opaken EinschluBR (1)
enthélt. X 18 000. i, L&ngsschnitt durch eine Mikropore im inaktiven Zustand (MP). X 90 000
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Abb. 3a—i. Eimeria maxima. Elektronenmikroskopische Aufnahmen, a—c, Querschnitt durch
die unmittelbare Zellspitze eines Merozoiten. Innerhalb des Conoids (C) finden sich die An-
schnitte der Rhoptrien (PO), daneben noch drei in einer Reihe angeordnete tubuldse Ele-
mente (?). Die subpellikularen Mikrotubuli (SMT) verschmelzen am vorderen Pol mit dem
Polring (P), a, b,c X 45 000. d, Schnitt durch die Merozoitenpellikula. Die &ufere Schicht
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Der Feinbau der Merozoiten

Die Merozoiten aller hier beobachteten Generationen erscheinen gleich-
artig strukturiert. Sie sind langgestreckt und erreichen im differenzierten Zu-
stand eine L&nge von 7—9 p, wahrend ihr Querschnitt dann etwa 1,8—2,5 p
miBt. Die Merozoiten werden von einer Pellikula umschlossen, die aus drei
Schichten besteht. Die &ufRere umhillt in Form einer Elementarmembran den
gesamten Parasiten. Die beiden inneren stellen ebenfalls Elementarmembranen
dar; sie sind aber eng aneinander geheftet, so daR sie als eine einheitliche,
dicke Schicht erscheinen. Lediglich an einigen Stellen werden die beiden
Schichten getrennt und somit Uberhaupt erst diagnostizierbar (Abb. 3d).
Diese inneren Pellikulaschichten sparen am vorderen und hinteren Zellpol
je eine kreisrunde Offnung aus. Der Rand dieser Offnung ist in beiden Féllen
verdickt und formt so einen vorderen und hinteren Polring aus (Abb. 3c, 3e,
3f, 6, 7). Die Polringe dienen als Ansatzpunkt fur subpellikuldre Mikrotubuli,
die sich unter der inneren Pellikulaschicht von vorderen zum hinteren Zellpol
erstrecken und durch Kontraktion fur die Bewegungen der Merozoiten sorgen
sollten (Abb. 3c). Bei E. maxima wurden 22 von diesen Mikrotubuli beobachtet,
die einen Durchmesser von etwa 180—200 A aufweisen. Sie sind in regel-
méRigen Abstdnden unter der Pellikula angeordnet (Abb. 3h).

Durch Einfaltung der &uBeren Pellikulaschicht bei gleichzeitiger Unter-
brechung der beiden inneren Membranen an der Basis dieser sdckchenartigen
Struktur entstehen die fur Coccidien typischen Mikroporen (Abb. 6). Bei E.
maxima Merozoiten ist dieses Organell in seiner Lage ortsspezifisch determi-
niert, denn es findet sich stets in Einzahl auf FIohe des Nukleus. Im Tangential-
schnitt erscheint es in Form von zwei konzentrischen Ringen. Der &ufere
Durchmesser betrdgt etwa 190 mp, wéahrend der innere bei etwa 110 mp liegt.
Die Invaginationstiefe bewegte sich in den meisten Fédllen um den Wert von
240 mp. Eine Abschnirung von Nahrungsvakuolen konnte in diesem Stadium
nicht beobachtet werden (Abb. 6).

Dieser Prozel} sollte bei beginnendem Wachstum und damit verbundener
Substanzzunahme einsetzen. Dann allerdings nimmt die Anzahl der Mikro-
poren sehr stark zu; offenbar ist dann die gesamte Oberflache beféhigt, der-
artige Strukturen entstehen zu lassen.

In der vom vorderen Polring umschlossenen Offnung befindet sich ein
als Conoid bezeichnetes Organell, das sich als typisch erwies fir die Mero-
zoiten und Sporozoiten aller Sporozoen mit Ausnahme der Haemosporidien,
Rabesien und Theilcricn (Scholtyseck, Mehlhorn und Friedhoff, 1970).
Es besteht aus einem konusartigem Hohlzylinder mit zwei vorgelagerten
Ringen. Diese sind mit dem Hohlzylinder und untereinander durch fibrillose
Elemente verbunden, so da bei der raumlichen Rekonstruktion eine baldachin-
artige Struktur entsteht, die an ihrer Spitze eine kreisrunde Offnung ausspart.
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Abb. 4. Eimeria maxima. Schematische Darstellung eines langgestreckten Schizonten mit
8 Merozoitenanlagen (EM)
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Diese Offnung wurde von vielen Autoren als Apikalvesikel beschrieben. Sie
stellt aber offenbar nicht anderes dar, als den Anschnitt der zu einer Einheit
verschmolzenen Halsteile der Rhoptrien. Eine derartige enge Verbindung von
Conoid und Rhoptrien erkldrt den Sachverhalt, dal sich bei vorgestilptem
Conoid die Ausfihrgédnge der Rhoptrien immer noch an der unmittelbaren
Zellspitze befinden (Abb. 3f, 6). Das Conoid kann also vorgeschoben werden,
so daB der Merozoit dann mit einer warzenartigen Spitze erscheint, die eine
mechanische Perforierung von Wirtszellmembranen ermdglicht. Dabei sitzt

Abb. 5. Eimeria maxima. Schematische Darstellung der Anordnung der subpellikuldren
Mikrotubuli (SMT) bei jungen Merozoitenanlagen

das Conoid dem apikalen Polring vorn auf, die warzenartige Spitze kann also
beim Auftreffen des Merozoiten auf die Wirtszellmembran nicht so leicht
wieder eingedrickt werden (Abb. 3f). Die Wand des Hohlzylinders besteht aus
einer Anzahl von Ring- bzw. Spiralelementen, von denen auf L&ngsschnitten
meist 6—9 getroffen sind und die zur senkrechten Conoidachse einen Winkel
von ca 60 Grad ausformen. In Durchmesser und Habitus erscheinen diese
Elemente auf vielen elektronenmikroskopischen Aufnahmen als Mikrotubuli
(Abb. 2e, 2f). Der konusartige Hohlzylinder hat an seiner Basis einen Durch-
messer von etwa 0,34 fi, der sich zur Spitze hin auf 0,28 fi verringert. Die
Gesamthdhe der Conoids betrdgt etwa 0,36—0,38 /n. Die vielfach als Vesikel
beschriebene Struktur am apikalen Merozoitenpol, die sich als Querschnitt
durch die zu einer Einheit verschmolzenen Halsteile der Rhoptrien erklart,
miflt bei E. maxima 80—100 m” im Durchmesser (Abb. 3f, 6).
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Die Rhoptrien (paarige Organelle) verlaufen als gewundene, keulen-
formige Strukturen etwa vom Ende des ersten Zelldrittels durchs Conoid zur
unmittelbaren Zellspitze. Gelegentlich konnten auch die knollenartigen Enden
in unmittelbarer Kernndhe beobachtet werden. Die Rhoptrien haben im
Conoid einen Durchmesser von etwa 700 A, erweitern sich dann auf ca 1300 A
und erreichen an ihren breitesten Stellen ca 2000 A. Diese bei E. maxima
paarigen Strukturen sind von einer Elementarmembran begrenzt, die aller-
dings wegen der starken Osmiophilie der Inhaltsstoffe meist nicht erkennbar
ist. Lediglich in Féllen, wo das Lumen der Rhoptrien sehr elektronenlicht er-
scheint, ist dieser Grundaufbau sichtbar. Mdglicherweise ist derartigen As-
pekten ein Auspressen der osmiophilen Inhaltsstoffe vorausgegangen, denn
»leere« Rhoptrien finden sich vorwiegend in Merozoiten, die einzeln in W irts-
zellen liegen, also offenbar dort gerade eingedrungen sind.

In enger r&umlicher Reziehung zu den Rhoptrien steht eine Vielzahl von
Mikronemen, deren Windungsgrad bedeutend stérker ist als der der Rhoptrien
(Abb. 3e). Sie werden ebenfalls von einer Elementarmembran begrenzt und
erscheinen teilweise hohl. Sie messen ca 700 A im Durchmesser, was den Hals-
teilen der Rhoptrien entspricht. Bei Querschnitten durch das Conoid kénnen
im Inneren drei nebeneinanderliegende Anschnitte von tubuldsen Elementen
beobachtet werden, deren Durchmesser bei etwa 240 A liegt. Méglicherweise
stellen diese Elemente Verbindungen der Mikronemen zu den Ausfiuhrgéngen
der Rhoptrien dar (Abb. 3a—c). Die Mikronemen erstrecken sich bis in die
Kernregion, sind dort aber in ihrer Anzahl beschrénkter als unmittelbar am
apikalen Pol, wo sie den gesamten Zellinnenraum erfillen.

AnschlieBend an die Mikronemenregion finden sich bis zu 9 kugelige
Kodrper, die — von einer Elementarmembran umschlossen — granuléres
Material geringerer Osmiophilie enthalten. Sie zeigen Durchmesser von etwa
3000—4000 A und finden sich nur in ausgewachsenen Merozoiten (Abb. 3e, 6).
Bei diesen Einschliissen handelt es sich wahrscheinlich um die von anderen
Merozoiten her bekannten Proteingrana (Cheissin und Snigirevskaya, 1965;
Scholtyseck und Piekarski, 1965). Der Zellkern liegt durchweg im mittleren
Zellabschnitt des Merozoiten. Er hat meist ovoid-kugelige Gestalt, kann aber
bei diesen stark motilen Zellen auch recht unregelméfig ausgebildet sein. In
allen Féllen jedoch ist am Vorderende des Nukleus eine mehr oder minder tiefe
Einbuchtung zu beobachten, in der die Zisternen und Vesikel des Golgi-
Apparates angeordnet sind (Abb. 3e, 6). Es bestehen Anzeichen, daB der peri-
nukledre Raum an der Bildung der Golgivesikel beteiligt ist. In der charakte-
ristischen doppelten Kernmembran befinden sich zahlreiche Kernporen, die
eine enge Verbindung zwischen dem Karyoplasma und der lbrigen Zelle er-
maoglichen. Der perinukledre Raum ist bei den Kernen der Merozoiten gut
entwickelt und er steht mit den Lamellensystemen des Endoplasmatischen
Retikulums (ER) in Verbindung. Die Grundsubstanz des Karyoplasmas er-
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Abb. 6. Eimeria maxima. Schematische Darstellung eines Merozoiten im Ld&ngs- wie auch
in Querschnitten

scheint nicht einheitlich, sondern sie ist durch Verdichtungen an einigen Stellen
gekennzeichnet. Eine dieser Verdichtungen erweist sich als besonders gro und
formbestdndig und dirfte somit als Nukleolus angesprochen werden (Abb. Ib).

Der hintere Zellabschnitt des Merozoiten enthélt eine Vielzahl von
Lamellen der ER, die stellenweise blasenartige Aufschwellungen zeigen und
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dadurch wie Perlschnuren wirken (Abb. 3g, 6). Bei noch nicht abgeschnirten
Merozoiten stehen diese Lamellensysteme mit denen des Restkdrpers in Ver-
bindung. Entlang des ER und vornehmlich im hinteren Zellabschnitt befinden
sich Reservestoffgrana, die nach der hier verwendeten Technik leuchtend weil3
erscheinen. Diese Polysaccharidgrana sind in ihrer Anzahl beschrénkt. Sie
werden bei Merozoiten in weit geringerem Male ausgebildet als etwa bei den
Makrogameten. Lipoide liegen vereinzelt in N&he des apikalen Kernpoles.

Abb. 7. Eimeria maxima. Schematische Darstellung der Verbindung von subpellikuldren

Mikrotubuli (SMT), inneren Pellikulamembranen (MM IM) und Polring (P) am apikalen

Pol eines Merozoiten. An den mit SC bezeichneten Stellen erfolgte aus zeichentechnischen
Grinden eine Beschneidung der bezeichneten Strukturen

Die Merozoiten von E. maxima, die schematisch in Abb. 6 dargestellt
sind, besitzen ein grofles, langgestrecktes Mitochondrium mit tubuldren Innen-
strukturen. Es verlduft entlang des Nukleus und endet vorn etwa in der
Region der Endkeulen der Rhoptrien. Auf einigen elektronenoptischen Auf-
nahmen schien es, als wiirde sich das Mitochondrium vor dem Kern gabeln. Es
war jedoch nicht zu entscheiden, ob bei allen Merozoiten ein derartig charak-
teristischer Habitus in Erscheinung tritt. Opake Einschlisse unbekannter
Provenienz und Funktion konnten in den Mitochondrien der Merozoiten
ebenso aufgefunden werden wie in denen der Makrogameten und Mikro-
gamonten (Abb. 6).

Diskussion

Schizogonie

In Anbetracht der jingsten Ergebnisse bei Coccidien einschlieBlich der
cystenbildenden Formen Toxoplasma gondii, Sarcocystis tenella, Besnoitia
jellisoni und Frenkelia spec. (= M-Organismus) schien es nahezu unmdglich,
eine Typisierung des als Schizogonie bezeichneten ungeschlechtlichen Ver-
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mehrungsprozesses vorzunehmen, erwiesen sich doch die Vorgdnge hei allen
Arten in spezifischer Weise modifiziert. Auch konnten bei einigen Arten, wie
z. B. T. gondii, verschiedene Bildungsmechanismen nebeneinander beobachtet
werden.

Fir die Gruppe der Eimerien galt lange eine Merozoitenbildung als
typisch, bei der an der Schizontenoberfldche kappenartige Vorwdlbungen auf-
traten, die dann schlieflich zu den Merozoiten auswuchsen. Ein derartiger
ProzelR wurde fiir E. callospermophili, E. bovis, E. magna, E.falciformis und Iso-
spora spec, beschrieben (Sheffield und Hammond, 1967; Schmidt u. Mitarb.,
1967; Scholtyseck U. Mitarb., 1968; Senaud und Cerna, 1968; Pellérdy u.
M itarb., 1971; Mehthorn u.Mitarb., 1972). Bei Eimeria intestinalis, E. nieschul-
zi, E.pragensis und bei den sog. kleinen Schizonten von E. stiedae wurde gezeigt,
daB die Merozoiten nicht durch Vorwdlbungen entstehen, sondern durch Ein-
faltung der als Elementarmembran ausgebildeten Schizontenbegrenzung
(Senaud und Cerna, 1968; Colley, 1968; Snigirevskaya, 1969; Heller
und Scholtyseck, 1971). Bei E. maxima treten beide Bildungsmechanismen
am selben Schizonten hervor. Daraus kann geschlossen werden, daB es sich
nicht um prinzipiell unterschiedliche Vorgédnge handelt, die eine Einordnung
in verschiedene Typen rechtfertigen wirde.

Die Endodyogenie (= innere Zweiteilung) war lange Zeit als einzige
Vermehrungsweise der als Toxoplasmatea bezeichneten Gruppe von cysten-
bildenden Parasiten bekannt (T. gondii, S. tenella, B. jellisoni und Frenkelia
spec. Sheffield, 1966; Van der Zypen und Piekarski, 1967; Senaud, 1967;
Kepka und Scholtyseck, 1970; Scholtyseck u. Mitarb., 1970a; Mehlhorn
und Scholtyseck, 1973). Mit der Entdeckung der Katze als spezifischer Wirt
von T.gondii konnte aber noch eine spezielle Form der ungeschlechtlichen Ver-
mehrung nachgewiesen werden (Colley und Zaman, 1970a; Sheffield, 1970;
Piekarski u. Mitarb., 1971). Piekarski und Mitarbeiter (1971) bezeichneten
diesen Vorgang als Endopolygenie, da dort mehrere Tochterzellen in einer M ut-
terzelle entstehen, an Stelle von nur zwei bei der Endodyogenie. Ahnlich der En-
dopolygenie verlduft die erste Schizogonie bei E. callospermophiliin Zellkulturen
(Roberts u. Mitarb., 1970). Dort beginnt die Merozoitenbildung ebenfalls im
Innern des motilen Stadiums (Sporozoit) mit Kernteilungen, wobei wéhrend
dieser Vorgénge schon die kappenartigen Anlagen der Merozoiten zu beobach-
ten sind. Im Gegensatz zu T. gondii wélben sich diese Anlagen aber nach etwa
1/3 der Entwicklungszeit aus der Schizontenoberflache hervor und gleichen
dann dem von vielen Eimerien her bekannten Habitus.

Entsprechendes wurde bei E. stiedae und E. magna beobachtet, wo schon
im Innern des Merozoiten die Tochterzellbildung beginnt (Cerna und Senaud,
1971; Danforth und Hammond, 1972).

Die Ergebnisse von Scholtyseck (1972, 1973) an E. tenella und E. stiedae
beweisen schlielflich eindeutig den grundlegenden Zusammenhang zwischen
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Endodyogenie und den verschiedenen Phdnomenen der Schizogonie. Es konnte
ndmlich gezeigt werden, dalR die Merozoitenbildung (= letzte Phase der
Schizogonie) in Form der Endodyogenie verlduft, da sich der Schizont vorher
in viele einkernige Cytomeren aufgegliedert hat. Somit ist die Schizogonie als
eine sekundédr durch Kernteilungen erweiterte Endodyogenie zu betrachten.
Fur E. maxima wie auch fir E. intestinalis, E. falciformis, E. stiedae, E. magna
und Haemoproteus metchnikovi (Snigirevskaya, 1969; Cerna und Senaud,
1971; Danforth und Hammond, 1972; Sterting und De Giusti, 1972;
Mehthorn, Senaud UNd Schotltyseck, 1973) ergaben sich Anhaltspunkte,
dall sich die Merozoiten ebenfalls schon wé&hrend der letzten Kernteilung
entwickeln. Im Gegensatz zu E. tenella und E. stiedae war allerdings keine
Cytomerenbildung zu beobachten. Die Frage, ob das Ph&nomen zweier Mero-
zoitenanlagen pro Kern genetisch verankert ist oder oh es auf Hemmungen
im Kernteilungsrhytmus zurlckzufuhren ist, mull vorerst ungekldrt bleiben.
Desgleichen die Frage, warum einige Arten wie E. maxima nur 8—16 Mero-
zoiten pro Schizont ausbilden, andere dagegen bis zu 120 000 (E. bovis).
Zudem ist noch zu wenig bekannt Uber die Einflisse des Wirtsgewebes auf
diese Phase des Entwicklungszyklus.

Bei der Merozoitenbildung werden die subpellikuldren Mikrotubuli
zuerst als Bindel in Kernndhe angelegt und erst bei stetiger Yorwdlbung der
Merozoitenanlage symmetrisch unter der Pellikula verteilt. Ein derartiger
Vorgang wurde zuvor auch schon bei E. stiedae beobachtet (Herrer und
Schotltyseck, 1971). Mdglicherweise ist die Bildung dieser Mikrotubulibindel
von Centriolen induziert, die bei der Kernteilung sich ja stets in rdumlicher
Nahe befinden (Scholtyseck, 1973; Mehthorn, Senaud und Scholtyseck,
1972; Scholtyseck, Mehlhorn und Senaud, 1972)

Merozoiten

Die Merozoiten von E. maxima sind schlank-langgestreckt und ent-
sprechen mit diesem Habitus und ihren Abmessungen den Verhdltnissen hei
vielen der bisher untersuchten Eimeriina, sowie Toxoplasma gondii, Besnoitia
jellisoni und Frenkelia spec. (Lit. S. Schottyseck u. Mitarb., 1970a; Porchet-
llennere UNd Vivier, 1971; Schottyseck u. Mitarb., 1973b). Bei Sarcocystis te-
nella, einem weiteren cystenbildenden Coccid, bei E.falciformis und E. contorta
treten allerdings weit groBere Merozoiten in Erscheinung, die 16 g (Sarco-
cystis), 25 fi (E. falciformis) und sogar 30 p (E. contorta) erreichen kdénnen
(Senaud, 1967; Haberkorn, 1971, Mehithorn und Schotltyseck, 1973;
Mehthorn u.Mitarb., 1973). Inwieweit sich derartige GroRBenvariationen auf die
spezifischen Bedingungen des jeweiligen Wirtsgewebes zuriuckfihren lassen,
bedarf noch der weiteren Kldrung.
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Unterhalb der charakteristischen Coccidienpellikula liegen bei E. maxima
22 subpellikuldre Mikrotubuli. Die Anzahl entspricht den Verhé&ltnissen bei E.
necatrix, E. bovis, E. alabamensis, E. callospermophili, Isospora spec., Haemo-
proteus columbae und bei den vier cystenbildenden Coccidien (T. gondii; S.
tenella; F. spec.; B. jellisoni). Eine ausfuhrliche Literaturlibersicht bietet die
Arbeit: Schottyseck, Mehthorn UNd Senaud (1972). In dieser Arbeit konn-
ten desweiteren Hinweise dafiir gesammelt werden, dall die subpellikuldren
Mikrotubuli urséchlich in den Bewegungsablauf der Merozoiten integriert sind
Dafir spricht auch, daR sie nur in motilen Stadien in Erscheinung treten und
sofort abgebaut werden, sobald eine station&re Phase (Schizont, Gamont) ein-
geleitet wird. Die Anzahl der Tubuli scheint artspezifisch determiniert zu sein.
Sie kdnnte demnach als ultrastrukturelles Identifikationsmerkmal herange-
zogen werden.

In die Polring umschlossene Offnung der beiden inneren Pellikula-
membranen erstreckt sich bei Merozoiten und Sporozoiten aller Telosporidien
mit Ausnahme der Plasmodien, Babesien und Theilerien ein als Conoid be-
zeichnetes Gebilde. Es besteht aus einem konusartigen Hohlkdrper, dessen
W andung aus einer Anzahl von Spiralelementen aufgebaut ist, und zwei vor-
gelagerten Ringen, die untereinander und mit dem Konus durch fibrillése
Elemente verbunden sind. Auf Lé&ngsschnitten konnten hier nur 6—9 An-
schnitte von solchen spiraligen Tubuli gefunden werden.

Die exakte Anzahl der Tubuli, aus denen das Conoid aufgebaut ist, kann
zur Zeit nicht ermittelt werden, da sich das zur Verfigung stehende Methoden-
spektrum und gerade rechnerische Rekonstruktionen als unbefriedigend er-
wiesen haben (vivier, 1970). Eng verbunden mit dem Conoid sind die Aus-
fuhrgédnge der Rhoptrien (= Paariges Organell), die an der Spitze des Conoids
zu einer Einheit verschmelzen. Querschnitte durch diese Struktur wurden sehr
haufig als Vesikel angesehen. Die Verbindung von Conoid und Rhoptrien zu
einer funktionalen Einheit erklédrt die elektronenmikroskopischen Aufnahmen,
auf denen das Conoid vorgeschoben ist und die Mindung der Rhoptrien sich
trotzdem an der unmittelbaren Zellspitze befindet. Interessant ist der Befund
an E. maxima, dall das Conoid im Fall der Vorstiulpung schlieflich vorn dem
Polring aufsitzt. Damit scheint bewiesen, daB das Conoid seine Funktion in
der Versteifung einer warzenartigen Vorstulpung erfillt, mit deren Hilfe die
Wirtszellmembran perforiert werden kann. Unterstitzt wird dieser Vorgang
offenbar noch durch Inhaltsstoffe der Rhoptrien, die ja in enger Kopplung mit
dem Conoid stehen. Zur Natur etwaiger Inhaltsstoffe lassen sich zur Zeit aller-
dings noch keine definitiven Aussagen treffen (Senaud, Mehthorn und
Scholtyseck, 1972). In Anbetracht dieser Organellverbindungen am apikalen
Pol von Merozoiten und Sporozoiten erscheint der von Levine (1970) vorge-
schlagene Name »Apicomplexa« zur Kennzeichnung dieser gesamten Parasiten-
gruppe (Sporozoa) erst im rechten Licht.
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Plasmoiden, Babesien, Theilerien und das noch Undefinierte Coccid
Myriosporides amphiglenae besitzen kein Conoid, das selbst bei Gregarinen
nachgewiesen werden konnte (Schrevet, 1968; Desportes, 1969; Vavra und
McLaughtin, 1970; Sheffield u. Mitarb, 1971; Ormieres, 1972) Méglicher-
weise liegt das an dem Modus, wie eine Wirtszelle befallen wird, denn die
Blutparasiten perforieren die begrenzende W irtszellmembran nicht (Ladda
u. Mitarb., 1969).

E. maxima besitzt wie alle bisher untersuchten Eimeria-Arten und Iso-
spora spec. 2 Bhoptrien, die sich stets von einer Elementarmembran begrenzt
erwiesen. Bedeutsam scheint der Befund, dalR die Halsteile der Rhoptrien an
der unmittelbaren Zellspitze zu einem gemeinsamen Stlick verschmelzen, das
dann auf Querschnitten als vesikelartige Struktur erscheint. Dieses gemein-
same Stuck der Rhoptrien mull sehr kurz sein, denn noch innerhalb des
Conoids verlaufen die Halsteile der Rhoptrien véllig getrennt, wie sich aus
zahlreichen Querschnitten durch diese Region ermitteln 14Rt. Der obere, also ge-
meinsame Rhoptrienabschnitt steht durch fibrillése Elemente mit dem oberen
conoidalen Ring in Verbindung, so daB Conoid und Rhoptrien einen Funktions-
komplex darstellen, der in identischer Form auch dann erhalten bleibt, wenn das
Conoid vorgeschoben wird. Somit stimmt die Offnung im »Baldachin« des Co-
noids mit dem Querschnitt durch den obersten Rhoptrienabschnitt Uberein.

Die Mikronomén der E. maxima Merozoiten entsprechen in Abmessun-
gen, Morphologie und Anzahl den Verhdltnissen bei anderen Eimeria-Arten
und bei Isospora spec. (Lit. S. Schottyseck UNd Mehthorn, 1970; Schorty-
seck U. Mitarb., 1973). Auf Querschnitten durchs Conoid finden sich bei E.
maxima stets drei tubuldare Elemente, deren Durchmesser sich etwa auf 240 A
belduft und die stets in einer Reihe angeordnet sind. Eine Funktion konnte
ihnen bisher nicht zugeordnet werden. Dubremetz (1971) beobachtete bei E.
necatrix auf L&ngsschnitten durchs Conoid zwei solche Strukturen von ent-
sprechenden Durchmesser, desgleichen Porchet-Hennere und Richard
(1970) bei Aggregata eberthi. Die Merozoiten von E. tenella, E. nieschulzi, E.
bovis, E. perforons, E. stiedae, E. miyairii, sowie die »Endodyocyten« von T.
gondii, S. tenella, E. jellisoni und Frenkelia spec, weisen diese Strukturen eben-
falls auf, wie aus den verdffentlichten Querschnittsbildern hervorgeht (Schot-
tyseck UNd Piekarski, 1965, Sheffietd UNd Hammond, 1966; Sheffield,
1966; Senaud, 1967; Cortey, 1968, Andreassen UuUnd Behnice, 1968;
Sheffield UNd Melton, 1968; Senaud und Cerna, 1969; Schorltyseck,
Kepka UNd Piekarski, 1970). Aus den Aufnahmen von E. maxima ergibt
sich jedoch, daR die Halsteile der Rhoptrien noch zusétzlich in dieser Schnitt-
region anzutreffen sind. Herkunft und Funktion dieser drei Tubuli sind noch
vollig unbekannt und bedirfen der weiteren Klarung, wenn allerdings einiges
daflr spricht, dall es sich um Verbindungen der Mikronemen mit den Rhoptrien
handeln kénnte.
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Die Mikropore der Merozoiten von E. maxima befindet sich stets auf
Kernniveau und entspricht in Aufbau und GrdoRe dem fiur Sporozoen charak-
teristischen Typus (Lit. S. Scholtyseck UNd Mehthorn, 1970). Interessant
ist, daB bei einigen Arten stets ein mehr oder minder spezifischer Platz der
Pellikula zur Mikropore umgeformt wird. Offenbar ist die Anlage der Mikropore
in irgendeiner Weise determiniert, denn schon in allerjingsten, sich gerade
entwickelnden Merozoiten kann dieses Nahrungsaufnahmeorganell beobachtet
werden, obwohl es hier noch nicht bendtigt wird. Ebenfalls in Ndhe des Zell-
kerns sind bis zu 9 Proteingrana zu beobachten (Cheissin UNd Snigirevskaya
1965). Sie sind typisch fur die Merozoiten der Gattungen Eimeria und Isospora,
wurden jedoch bisher nicht oder zumindest nicht in gleicher Weise fir T.
gondii, B. jellisoni, S. tenella, F. spec, oder gar fur die Merozoiten der Haemo-
sporidien und Piroplasmen beschrieben (Schortyseck UNd Mehthonn, 1973).

Zusammenfassung

Die Schizogonie des Hihnercoccids Eimeria maxima wurde erstmals elektronenoptisch
untersucht und mit entsprechenden Vorgadngen bei anderen Sporozoen verglichen. Dabei
ergab sich, daR sich vermutlich die hier zu Grunde liegenden Entwicklungsprozesse trotz
aller auftretenden Modifizierungen auf eine gemeinsame Ausgangsform zurickfihren lassen,
die sich noch heute bei einigen Arten in der Endodyogenie widerspiegelt.

Die reifen Merozoiten von E. maxima stimmen im wesentlichen in ihren Abmessungen
und Ausdifferenzierungen mit den Verhdltnissen bei anderen Eimeriiden Uberein. Bemer-
kenswert scheint dabei allerdings der Befund, daR das Conoid soweit vorgeschoben werden
kann, so daB es schlieRlich dem Polring vorn aufsitzt, was seine Deutung als Penetrations-
organell im weiteren untermauert. Desgleichen konnten sehr enge strukturelle Verbindungen
von Conoid, Rhoptrien (= Paariges Organell) und Mikronemen festgestellt werden, wodurch
der von Levine (1970) vorgeschlagene Name »Apicomplexa« zur Kennzeichnung der »ehe-
maligen« Sporozoen als sehr zutreffend erscheint.
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The Hungarian Veterinary Meat Control Service began its activity in
detecting the chemical and biological residues in meat and meat products in
1971. The examinations of pesticide residues was decreased by the provision
of 1/1970/1. 25. Ministry of Health and Ministry of Agriculture.

Besides meat and meat products our examinations for residues were carried
out on group of pigs and beef-cattle origined from farming on a large scale.

To get enough information about the levels of residues in some animal
population or in some consigment we used the composite sampling as recom-
mended by the WHO.

Samples were taken from meat, fatty tissue, kidney and liver of swine
and beef-cattle; from semi-preserved ham and shoulder; from winter and deli-
cacy salami; from raw, cold smoked and dried sausages (Gyula) and edible lard.

Chlorinated hydrocarbon compounds and organic phosphorus insecti-
cides were determined by thin-layer and gas chromatography, arsenicale by
Gutzeit’s-test, among heavy metals copper and zinc by the ditizon-titration
method, and Zn-bacitracin by the agar-gel diffusion technique.

In 1972 725 different samples were analysed.

The results are demonstrated in Tables I—III.

Examination of organic phosphorus insecticides : Trichlorphon, Dichlorvos,
Diazinon, Dimethoat, Malathion and Methylparathion.

In no case were organic phosphorus insecticides in 168 different meat
and meat product samples detected.

Conclusions

1. Groups of slaughter animals, derived from 59 state farms and farmers’
co-operatives, were tested for the presence of biological residues.

a) There were significant differences in the amount of residues in meat
samples obtained from different farms;

* Presented at the First International Congress For Animal Hygiene Budapest, Hun-
gary 2—5 October 1973.
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Table 1

Average values of chlorinated hydrocarbon compounds

Samples

meat
Pig fatty tissue
liver

meat
Cattle fatty tissue

liver

Semi-preserved ham
Semi-preserved shoulder

W inter and delicacy salami

Raw, cold smoked, dried sausage

Basic amount
of sampling

3 347 animals
1984 animals
1510 animals

115 animals
48 animals
48 animals

185,957 pieces
64,717 pieces
130,000 kg
190,000 kg

Table 11

Total DDT
(DDT-fDDE + DDD)
mg/kg
0.041
0.734

0.034

0.055
0.347
0.026

0.045
0.040
0.643
0.547
0.695

Average values for zinc, copper and arsenicals

Edible lard
Porc
Pig liver
Cattle liver

Semi-preserved ham and shoulder

Winter and delicacy salami

Raw, cold smoked, dried sausage

Samples

Semi-preserved ham and shoulder

Pig liver
Pig kidney

Table 111

Total
number
of samples

47

10

yicta Veterinaria Academiae Scientiarum Hungaricae 24, 1974

Total BHC
@+ B+ Y+ a),
mg/kg

0.022
0.134
0.020

0.020
0.068
0.017

0.024
0.024
0.115
0.094
0.099

Zinc, Copper, Arsenicals,
mR/kg mg/kg mg/kg
24.2 0 0
52.5 11.2 0
42.0 10.8 0
20.2 0 0
30.8 0 0
28.4 0 0

Zinc-bacitracin antibiotic

Positive samples

le <052
mg/kg

37 10 0

2 0 0

6 2 2
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b) the pig fatty tissue contained more (0.734 mg/kg) total DDT than the
cattle fatty tissue (0.347 mg/kg); perhaps due to the great difference in feeding
between the two animal species;

c¢) the BHC values were approximately the same for swine and cattle,
suggesting that BHC accumulated neither in vegetables nor in the animal body;

d) fatty tissue contained about ten-fold more DDT and about five-fold
more lindan than meat;

e) according to our analyses chlorinated hydrocarbon compounds did
not accumulate in liver tissue, therefore, the analysis of liver has to be carried
out only in detection of acute poisoning.

2. The amount of chlorinated hydrocarbons in meat and meat products
is much lower than the tolerated level accepted internationally.

3. Organic phosphorus insecticides were not detected at all in meat and
meat products from large scale of samples, therefore, the practical significance
of such analyses is low.

The presence of organic phosphorus insecticides in animal body and
animal products was only expected in case of acute poisoning or if meat animals
were treated with such preparations closely before slaughter.

4. The amount of zinc, copper, arsenicals as well as Zinc-bacitracin was
not higher than the respective internationally accepted limit value.

5. The total amount of DDT decreased slowly in meat and meat products
during the last years. During decomposition of DDT the amount of metab-
olites of DDE and DDD increased and therefore the total amount of DDT
had been scarcely changed. The presence of DDT in animal tissues should be
still taken into account for a long time.

Summary

In the calendar year 1972 samples of meat and meat products were tested for the
presence of biological active residues. Group of pigs and beef-cattle from large-scale farms
were examined. Meat, fatty tissue, kidney and liver of meat animals and pasteurized ham
and shoulder conserves, salami and raw, smoked, dried sausages were analysed.

Chlorinated hydrocarbon compounds, organic phosphorus insecticides, arsenicals,
copper, zinc and Zn-bacitracin were examined in 725 samples. Results are presented in 3
Tables.

The DDT and Lindan content of fatty tissue was ten times and five times as high
as the respective values for meat, however much lower than the accepted levels tolerated
internationally.

Organic phosphorus insecticides were not detected at all in meat and meat products.

The level of heavy metals and trace elements as well as the Zn-bacitracin content was
far below the accepted international limit value.

The total amount of DDT changed scarcely, therefore its presence should be taken
into consideration for a long time.

The address of the authors: Dr. Janos Takacs, Dr. Zoltdn Simonffy, Edit Jancso,
1095 Budapest, Soroksari Ut 58, Hungary.
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(Received November 21, 1973)

Recently the F-2 toxin (zearalenone) produced by some Fusarium
species in foodstuffs has caused serious animal-hygienic problems in Hungary.
As it is well-known the “oestrogen syndrome” observed in young sows is due
to the F-2 toxin (Danké and Aldasy, 1969; Debreczeni and Borda, 1972;
Debreczeni and Rejts, 1969).

It has been proved that after a long-lasting feeding with F-2 toxin-
containing foods the fertility of ganders and turkeycocks decreased or even
stopped, depending on the quantity of the toxin (Palyusik et ah, 1971). In
these cases the quantity of the sperm and viability of spermatozoa were
markedly reduced. There were many degenerated epithelial cells in the testicles,
only a few spermatozoa were seen in the convoluted tubules, and even these
were deformed. Turkeycocks proved to be less sensitive than ganders and the
toxin did not influence the fertility of cocks (Vanyi et ah, 1973).

Foreign authors have reported in heifers and cows on reproductive-
biological disorders which were attributable to the effect of F-2 toxin (Roine
et ah, 1971). We have not found reliable data relating to bulls.

It is well-known that various mycotoxins have a cytotoxic effect
(Bodon and Palyusik, 1970; Gedek, 1971; Legator, 1966) which may be
employed in the quantitative determination of these toxins.

As we had not reliable data about the cytotoxic effect of F-2 toxin, we
investigated its influence on various cell cultures and the relationship between
its biological and possible cytotoxic effects.

Materials and Methods

The F-2 toxin applied in the experiments was obtained from toxin-
producing Fusarium graminearum strains and purified by column and thin-
layer chromatography. Being practically insoluble in water F-2 toxin (2000 /ig)
was dissolved in dimethylformamide (0.2 ml) and serial twofold dilutions were
prepared of PBS (phosphate buffered physiological salt solution pH 7.2). To
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eliminate the possible bacterial contamination, the solution was centrifuged
at 7000 r.p.m. for 30 minutes. 2-2 tube cultures were inoculated with 0.2 ml
quantity of each dilution. Controls were as follows: the dilution series of di-
methylformamide made with PBS; PBS without dimethylformamide and non-
treated cell cultures.

Cell cultures: primary cell monolayers were prepared from calf testicles,
turkey testicles, cock testicles, swine testicles and chicken embryo fibroblasts;
secondary monolayer cultures were prepared from swine thyroid glands.

Hanks’ solution with 15% foetal calf serum and 0.5% lactalbuinin
hydrolysate was used as growth medium, and the same medium devoid of
serum was used as maintenance fluid. The tube cultures were inoculated
simultaneously with the medium-change and were incubated at 37°C. The
results were read in the 6th, 16th, 24th and 48th hours after the inoculation.

Results

The results about the cytotoxic effect of F-2 toxin are summarized in
Table I.

It is clearly seen that all the swine, turkey and calf testicle monolayers
treated with 500 or 250 /ig/tube toxin had degenerated by the 16th hour,
while only part of the monolayers treated with 125, 62.5 or 31.25 ~g/tube
showed signs of degeneration. The cock testicle, chick embryo fibroblast and
swine thyroid gland monolayer cell cultures were not considerable affected
even by the largerst dose. The cytotoxic effect did not change considerably
between the 16th and 48th hours.

Table |
The cytotoxic effect of F-2 toxin in various monolayer cell cultures

Degree of the cell-degeneration (in percentage) in the 6th and 16th hours after inoculation

Dilu- Toxin, swine- turkey- calf- cock- chicken swine
tion Jig/tube testicle testicle testicle testicle embryo thyroid
fibroblast gland

6h 16 h 6h 16 h 6 h 16 h 6h 16 h 6 h 16 h th 16 h

1:1 500 100 100 100 100 100 100 - - - - — _
1:2 250 100 100 100 100 50 100 — — — — — _
1:4 125 50 100 50 80 25 50 — — — — — —
1:8 63 20 50 - 50 — 25 — — — — — _
1:16 31 — 10 — 5 — 5 — — — — — _
1:32 16 — 5

1:64 8
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In the control tubes containing only the dilution series of dimethyl-
formamide made with PBS solution (Figs 1 and 2), the cells showed no lesions.

The swine testicle cell cultures appeared to be the most sensitive, followed
by the turkey and calf testicle cells. The cock testicle cells proved to be strik-
ingly insensitive.

Fig. 1. Intact calf testicle monolayer cell Fig. 2. Part of Fig. 1. (H. and E. stain
culture in the 48th hour. (H. and E. stain X 1400)
X 600)
Discussion

The results of the present investigations have shown some correlation
between the effect of F-2 toxin on cell cultures and its biological effect known
in practice. The clinical signs and pathological lesions, caused by the F-2
toxin are localized to the genital organs, even there to certain kinds of tissue.
The sensitivity of these tissues can be determined with histological examination
even more evident. In sensitive animals the toxin damages the function of the
uterus, ovary and testicle to a large extent. On this basis we supposed that the
toxin-sensitivity of cell cultures is species-dependent. The study of the biolog-
ical effect of F-2 toxin encounters many difficulties. Our former investigations
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Fig. 3. Calf testicle monolayer cell culture in the 6th hour after treatment with F-2 toxin.
(H. and E. stain X 240)

Fig. 4. Part of Fig. 3. The nucleus of cells degenerated under the effect of toxin is pycnotic
or having karyorhexis, their cytoplasm stained darkly. (H. and E. stain X 1400)

concluded definitely to that the sensitivity of animal species varies on a large
scale, therefore, the results of experiments on laboratory animals could not be
referred to every species of animals. It was another difficulty that the ex-
aminations having been performed on large animals (swine, cattle) needed a
great quantity of purified toxin, the production of which was troublesome.
For the early investigations the testicle tissue of the toxin-sensitive species of
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Figs 5, 6. Part of Fig. 4. (H. and E. stain X 1400)

animals was the most convenient. It appears from the experiments that there
is a close correlation between the sensitivity of the monolayer testicle cell
culture and that of the species from which the cell culture was prepared. It is
in accordance with our observations that cock testicle cell cultures are not
damaged by the F-2 toxin. On the basis of the obtained results, the cytotoxicity
testis convenient for model experiment, by its help the sensitivity of the various
species of animals and tissues against the F-2 toxin can be studied simply and
rapidly. With this method we should like to obtain information relating to the
mechanism of action of the toxin.

Summary

The cytotoxic effect of F-2 toxin (zearalenone) was studied in various monolayer cell
cultures. The testicle cell cultures prepared from animal species whose spermiogenesis is
inhibited by the toxin proved to be sensitive to the toxin. The testicle cell cultures from a
resistant species were not damaged by the toxin.

Other sorts of cell cultures showed no sensitivity to the toxin. The cytotoxicity test
is convenient for the rapid determination of sensitivity to the F-2 toxin by various species
of animals and tissues.
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The streptococci belonging to Lancefield’s D group, viz., Streptococcus
faecalis and its variants Str. faecium, Str. durans, Str. bovis and Str. equinus,
are generally referred to by the collective term “faecal streptococci”, because
normally they occur in the digestive tract of man and warm-blooded animals.
In a wider sense, however, the Str. viridans group and the atypical Str. sali-
varius and Str. mitis strains also come under the category of faecal strepto-
cocci. The latter two species occur chiefly in the mouth, but from there they
gain access to the digestive tract and may constitute a dominant component
of the gut flora. The systematic position of the atypical streptococci is inter-
mediate between the viridans and enterococcus groups. Accordingly, these
microorganisms are utilized in food microbiology as indicators of faecal con-
tamination in food products (except for stale, non-stored or non-processed
food). They may, along with other microbial indicators, detect faecal contami-
nation in food production plants, objects and machinery and in the food
products themselves, indicating the inadequacy of cleaning, disinfection and
hygienic measures.

Examination of Lancefield’s group-D streptococci from the point of
view of food microbiology has shown that the resistance and growth properties
of the species are variable. Str. bovis and Str. equinus are less resistant to heat
treatment, freezing, drying and disinfection than the true enterococcus group,
viz. Str. faecalis and its variants (Str. zymogenes, Str. liquefaciens), Str. fae-
cium, and Str. durans.

Faecal streptococci may also be utilized as indicators of the general
microbiological quality and recently they have been reported to play a causal
role in food poisonings. Furthermore, many enterococci may be present in
foods without damaging the health of the consumer. The aetiological signif-
icance of enterococci in food poisonings has been a matter of dispute, because
no experimental disease could be produced with them in man. Nevertheless,

* Presented at the meeting of the Hungarian Microbiological Society in K6szeg,
October 19, 1972.
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there is evidence that Str. faecalis and its variants may be held responsible
for food poisonings under given conditions, the poisonous factor being either
the living bacterium cell itself, or its toxic metabolic products, especially
tyramine. Synergism with other microorganisms may be another cause of
food poisonings by enterococci. At all events, foods having enterococcus counts
above 106ml are hazardous to human health.

Although on the basis of resistance properties, growth ability and bio-
chemical behaviour, enterococci form a fairly homogeneous group of strepto-
cocci, there are well defineable quantitative differences between species. It is
known that Str. faecalis and its variants show the highest resistance, whereas
Str. faecium is considerably less resistant. Nevertheless, enterococci generally
correspond to the criteria established by Sherman (1937), viz., they are
thermorésistant (surviving a 30-minute heat treatment at 60 °C), can grow
at 45 °C and pH 9.6, and in media containing 6.5% NaCl or 40% bile. Sher-
man’s criteria are best met by Str. faecalis and its variants, viz., several strains
of S. faecium and Str. durans fail to grow at pH 9.6 or in media containing
6.5% NaCl.

Demonstration of enterococci is especially important in those cases in
which heat treatment or pasteurization are sufficient to kill E. coli I, coliforms
and Enterobacteriaceae, hut fail to kill the more thermorésistant strains of
enterococci which thus may become the single component of the surviving
microflora along with the spores. Cooling and storage methods sufficient to
kill or greatly reduce the more sensitive E. coli and coliform organisms, but
not affecting enterococci, which are more resistant to cold, can reveal that
faecal contamination had taken place before freezing. In such cases entero-
cocci can serve as indicators of the possible presence of other similarly resistant
pathogenic agents, as e.g. infections hepatitis virus, enteroviruses, etc. If
enterococci are not found, it can usually be accepted that pathogenic or
facultatively pathogenic Enterobacteriaceae are absent as well. Thus, the
detection of enterococci is of particular importance in the case of baby
foods.

As the species belonging to the enterococcus group art; fairly heterogene-
ous in respect of certain properties, their reliable demonstration and evaluation
is hampered by various difficulties. It therefore seemed important to establish
the optimal conditions of isolation and propagation by comparative examina-
tions of Str. faecalis and its two variants (v. zymogenes and v. liquefaciens),
and Str. faecium and Str. durans. It is known that streptococci other than
the above can also grow out if less selective media are used, whereas in highly
selective media the growth of the less resistant enterococci, above all of Str.
faecium, is suppressed. The demonstration of those enterococci which survive
heat treatment and other technological processes depends on the degree of
shock, the bacterium cells are injured by the shock and thus cannot grow in
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the presence of bacteriostatic components in the medium. In those cases in
which no Gram-negative microorganisms except enterococci are expected to
survive, the isolation medium of choice is blood agar free from growth inhibitor.

Experimental

Material. Liquid and solid media were used in the comparative studies
as shown below.

A) Liquid media

Broth, containing sodium azide and glucose, formula I (Malimann and
Seligmann, 1950)

Formula I -f- 0.003% bromothymol blue (Raj, 1969)

Broth, containing sodium azide and glucose, formula Il (Hannay and Nor-
ton, 1947)

Litsky—Mailman’s broth (Litsky et ah, 1955)

SAE broth (Pusztai, 1969)

Broth, containing maltose and sodium azide (Kenner et ah, 1961)

A common broth of uniform composition (basal medium, Takacs, 1960) was
used as reference medium throughout.

B) Solid media

Packer’s agar (Packer, 1943)

Maltose-azide agar (Kenner, et ah, 1961)

Szita’s agar (Szita, 1957)

ZATK-agar (Reuter, 1968)

Barnes’ agar (Barnes, 1956)

Slanetz—Bartley’s agar (Stanetz and Bartley, 1957)
SE-agar (Raj, 1969)

Thallium-acetate-TTC-glucose agar (Barnes, 1956)
Kanamycin agar (Hartleb, 1969)

TTC-glucose agar (Thatcher and Cilark, 1968)

A common agar of uniform composition (basal medium, Takacs, 1960) was
used as reference medium.

C) Enterococci strains used in the comparative studies:

01 OKI 80 171 Str. faecalis v. faecalis
K1 Kiel 21 009 Str. faecalis v. faecalis
02 OKI1 80 172 Str. faecalis v. liquefaciens
J4 Sarajevo 3A Str. faecalis v. liquefaciens
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K2 Kiel 293 Str. faecalis v. zymogenes
L4 NCTC 8176 Str. faecalis v. zymogenes
04 OKI 80 174 Str. durons

L6 NCTC 8307 Str. durons

L5 NCTC 7379 Str. faecium

J5 Sarajevo T 70 C Str. faecium

Strains used as controls :

ATTC 6538 Staph, aureus
ATTC 9637 E. coli
ATTC 6633 B. subtilis

Method

Before use the enterococcus strains were carried through several pas-
sages in the hasal medium. One loopful (loop, 3 mm in diameter) of the last
passage was inoculated into basal medium and incubated for 24 —48 hours.
Decimal dilutions were prepared with one ml of this culture (1 ml broth
culture -f 9 ml peptone-containing saline) up to 10“12 One ml of each of the
dilutions ranging from 10“5to 10 12 was inoculated into the liquid media
listed above (10 ml medium was used for inoculation throughout), and the
cultures were incubated for 24 —48 hours at 37 °C. Final readings were made
after 48 hours.

The inoculum for solid media was produced as above, and the same
dilution range was used. Streak plates were prepared with 0.1 ml from each
dilution. The results were read after incubation of the plates for 48 hours
at 37 °C.

Results

Culturing results in 16 different liquid and solid media and in the liquid
and solid basal media are summarized in Table I, which also includes the data
obtained in the optimal culturing media.

Table | in which the results are presented comparatively, clearly shows
that among the liquid media tested, the 0.003% bromothymol blue-contain-
ing sodium azide-glucose broth proved to be most suitable for enterococcus
demonstration. All enterococcus species grew well and reached the highest
titres in this medium.

Optimal inhibitory effect was found in the SAE-broth, in which neither
Staph, aureus nor E. coli was able to grow. Staph, aureus also failed to grow
in the Litsky—Mailman broth, whereas the growth of E. coli was scarcely
suppressed. The 0.003% bromothymol blue containing sodium azide-glucose
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Table 1

Culturing results in different liquid and solid media
and in the liquid and solid basal media

Strains
= =] N 2 < é 8 © 8 N ~ o g
< [
S22 Spe Spt Te% o5 Ses S, 8e RE  LE
°gg W8g ®gy 3ss KT (Bg BS5 o8 oF 33
TE8 TSE L8&8E TEE zER HERX ¢l 53 Cs s
N oLy Y.L oL 8L Yoo Zos Oo 2o z. 8.
Media ghs gA® gaf 32 gB% 3% g8 98 g5 o0
Basal medium
(liquid) 12** 10 " li 10 9 8 8 8 9
Na-azide broth | 12 12 il li 10 9 10 9 9 9
Na-azide broth Il 12 12 " il 10 10 10 9 9
Na-azide broth 111 10 10 9 12 11 12 10 10 8 8
Litsky—Mallmann’s
broth 12 12 11 11 10 10 9 8 9 9
SAE broth 12 9 11 11 9 10 9 10 9 7
Maltose-azide broth 12 12 11 11 9 9 10 10 9 9
Basal medium
(solid) 9 9 8 9 9 11 8 9 9 9
Packer’s agar 8 9 8 9 9 10 8 8 9 8
Maltose-azide agar 9 9 8 9 11 11 - — 9 -
Szita’s ER7 agar 9 9 9 9 9 11 ™ 9* 9* 8*
ZATK agar 10 9 9 9 9 11 — — 9 -
Barnes’ agar 9 9 8 9 9 11 - 8 9
Slanetz — Bartley’s
agar 10 9 9 9 9 11 - 9 -
SE-agar 8 8 8 9 9 8 8 8 9 9
Thallium acetate-
TTC-glucose agar 9 8 8 9 9 11 - - 9 -
Kanamycin agar 8 8 8 8 8 8 . 8 9 9
TTC-glucose agar 9 9 8 9 9 11 — 9 —

Explanation: ** Germ counts expressed as base-10 logarithmic values
* colony formation not characteristic
— no outgrowth

broth had no outstanding inhibitory properties, but could be very easily pre-
pared which is important in routine work and furnished favourable conditions
for an even, ready growth of all enterococcus strains.

Among the solid media Packer’s agar proved to be the medium of choice
for enterococcus demonstration; this was the only medium on which all
examined enterococcus strains were able to grow.

Both Str. faecium strains, but especially the one designated J5 Sarajevo
T 70, either failed to grow or did not grow characteristically on maltose-azide
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Table 11

Tests recommended for the identification of enterococci

S,r. Str. Str..
faecalis faecalis  faecalis Str. Str. Str. Str.
var. var. zy- var. faecium durans bovis equinus
faecalis mogénes lique-
faciens
Growth at 45 °C + + + + +
Growth at 50 °C — - — + ¥ /- — —
Growth at pH 9.6 + + + + + _ —
Growth in presence of 6.5%

NaCl + -L + + + _ _
Growth in presence of 40% bile + + + + + +
Survival at 60 °C for 30 min + + L ¥ 4- — —
Reduction of TTC + + -I- — + /- + /- —
Liquefaction of gelatine — )+ + — — — —
Growth in medium containing

0.05% K-tellurite + + + — _ _
Decomposition of sorbitol + + + /- _ - _
Decomposition of arabinose — — — + — S+ _

Symbols used: -f positive; — negative; + /— changing, chiefly positive; —/-j- chang-

ing, chiefly negative

agar, Szita’s agar, ZATK agar, Barnes’ agar, Slanetz—Bartley’s medium thal-
lium acetate-TTC-glucose agar and TTC-glucose agar, developing only on
kanamycin agar, SE agar and Packer’s agar.

The Str. durans strains did not grow on maltose-azide agar, ZATK agar,
Slanetz—Bartley’s agar, thallium acetate-TTC-glucose medium and TTC-
glucose medium.

The requirement of food microbiology, viz., that the medium should
support the growth of all enterococcus strains was met only by Packer’s agar
and the SE agar. Since, however, the SE agar does not contain any inhibitor,
its use should be completed by the oxacillin test.

Discussion

On the basis of comparative studies, sodium azide-glucose broth con-
taining 0.003% bromothymol blue is recommended as the optimal enrichment
group. Streak plates from this culture should be prepared on Packer’s agar
medium to confirm the diagnosis. The incubation time is 24—48 hours at
35—37 °C. This procedure should be employed in investigations aimed at
exclusion of the presence of enterococci.
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The criteria of classification into the enterococcus group are among
others growth ability in the above two media, the formation of chains con-
sisting of 4—5 streptococci, elongate in the axis of the chain, on Packer’s
agar and negative catalase reaction of the colonies.

The above criteria and heat resistance test for 30 minutes at 60 °C have
usually been sufficient for routine identification of enterococci. However,
classification and proper identification require the performance of all tests
listed in Table 1.

Summary

In food microbiology, enterococcus demonstration has chiefly served as an indicator
of faecal contamination. However, enterococcus strains, above all Str. faecalis, have several
times been found to be responsible for food spoilage and causation of enteric disease.

The various species of enterococcus differ considerably in respect of resistance, bio-
chemical properties and growth ability on selective and other media. Comparative studies
were performed on 6 liquid and 10 solid media recommended for the cultivation of entero-
cocci, to find the most suitable medium for isolation.

Among the liquid media tested, the sodium azide-glucose enrichment medium con-
taining 0.003% bromothymol blue proved to be the medium of choice, whereas among the
solid media Packer’s agar was found to be the best. Optimal culturing results were obtained
in both media on incubation for 24—48 hours at 35—37 °C.
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Enteric diseases are known to cause great losses in large-scale cattle
stocks. In Hungary, the country average of losses among less than two week
old calves varied between 5.2 to 6.8%, and 57.1 to 72.4% of the deaths were
due to enteric diseases, above all to E. coli diarrhoea (Mészaros, 1972).

Apart from predisposing factors, various serotypes of E. coli have a great aetiological
significance in E. coli diarrhoea. Although the number and distribution of the pathogenic
serotypes varies by countries, generally only a few types are involved in the aetiology.
Aldasy (1955, 1959) isolated chiefly strains belonging to serogroups 09, 041, 078 and OIOI
from the carcases of calves died of E. coli diarrhoea. Other authors encountered partly the
former O groups, partly others, viz. W ramby (1948) found 015, 08: K20 and 09: K30; Ulbrich
(1954) 09, 08, and 078, the antigens K7, K14 and K30 within the serogroup 09 and either K 11
or K56 within serogroup 08; Fey (1957a, b) groups 078: K80, 0115 and 086; Dam (1960)
the groups 078; Guinée (1963) groups 015, 08 and 09; Gossling et al. (1964) groups 09,
OlOl and 015; Sojka (1965) groups 08, 015 and 026; Séderlind (1965) groups 078, 015
and 0115; Willinger and Mathois (1965) groups 078, 09 and 015; Radominski and Kon-
RACKi (1967) groups 09, OIOI and 078; Glantz et al. (1962) groups 0117 and OIOI; Manz
(1971) groups 078, 08 and 020. Strains isolated in Hungary from diseased calves have not
been examined for K antigens.

It seemed therefore worth-while to examine the distribution and fre-
quency of occurrence of O and K antigens in those E. coli strains which have
recently been responsible for disease of calves in Hungary.

Materials and Methods

A total of 288 strains were isolated from carcases of 117 suckling calves?
originating from 91 large-scale farms. All calves died either at, or under, two
weeks of age. Isolation was usually attempted from the mucosa of the small
intestine and from mesenteric lymph nodes; from organs only in those cases
in which there was suspicion of septicaemia. The greater part of the strains
were isolated in this laboratory, the others were received through the courtesy

*0On leave from the Veterinary Laboratory and Research Institute, Ministry of Agri-
culture, DOKKI, Cairo, U.A.R.
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of the Veterinary Institute, Miskolc, and the Central Veterinary Institute,
Budapest.

The isolates were identified on the basis of biochemical properties, and
the presence of O and/or K antigens, using Kauffmann’s (1966) method. Bio-
chemically, the strains were tested for nitrate reduction, lactose fermentation,
urease, indol and hydrogen sulphide production, positive Voges—Proskauer
and methyl red reaction, citrate utilization, and liquefaction of gelatine. The
0 antigens were demonstrated by means of 57 O and OK sera, viz. 02-05, 07-
olo, oil, 013, 015, 017, 020, 021, 023, 025, 028, 041, 044, 056, 069,
075, 078, 086, 093, 0101, 0111—0113, 0115—0117, 0119, 0124—0126,
0128, 0136—0139, 0141—0157.

As to K antigen determination, all known K sera (1—94) were at our
disposal except K65, K90 and K92. Both O and K sera were produced with
standard E. coli type strains, supplied from the National Institute of Public
Health, Budapest, and from the International Escherichia Centre, Copen-
hagen.

0 groups were determined with heated antigens, K antigens with live
cultures, first by slide test, then by titration in tubes. In the slide agglutina-
tion both 0 and K sera were used in a pooled form. The K pools were prepared
by the method of Ewing et al. (1956), slightly modified by us. For production
of O and K antigens, the strains were cultivated on the D,5 medium of
Schiecht and Westphat (1966), containing 0.1% glucose.

The 0 and K antigens of the isolates were regarded as identified if the
strain under study was agglutinated up to the titration end points of the cor-
responding 0 and K sera.

Results
The biochemical properties and the grouping of the isolates are shown

in Table I. All isolates except two could be classified into the genera Escheri-

Table |
Biochemical properties* of the isolates

No. of . . nhé4 Voges- Methyl
Genus strains  Nitrate Lactose Indol Urease  Gelatin H2s citrate Pros- red
kauer

Escherichia 263 + + + - - - - - +
(a+)  (a+) (16+) (5+)

Klebsiella 15 + + — + — — + + _

Proteus 8 + - + + + . + _ +
(3-9 (2-)

* The figures in brackets indicate the number of strains behaving differently as char-
acteristic of the type
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chia, Klebsiella or Proteus. The overwhelming majority of the 263 E. coli strains
showed the biochemical reactions characteristic of the genus, but a few strains
reacted differently in certain tests, producing urease, or H2S, liquefying gela-
tine, or growing in citrate medium. The Klebsiella strains showed the charac-
teristic biochemical reactions without exception, their colonies were all mark-
edly mucous and their external appearance was in every respect similar to the
colonies of E. coli bacteria containing K(A) antigen. Eight isolates were found
to belong to the Proteus genus, five being identified as Proteus vulgaris and
three as Proteus mirabilis.

Data on the antigenic patterns of the E. coli strains are shown in Table
Il. Of the strains identified biochemically as E.coli, 150 (57%) were typeable
with the 57 O and OK sera listed above. The groups 0101, 020, 041, 08 and
07 were encountered most frequently and except for two strains the E. coli
isolates belonged to 11 O groups. All colonies of strains 0101 and 041 and
part of the colonies of strains 08 and 09 had a markedly viscuous and mucoid
appearance. Investigations into the K antigens have revealed that these strains

Table 11

O and K antigens of Escherichia coli strains isolated from suckling calves

No. of strains with uniden-

0 antigen No. of strains K antigen No. of strains tiftable K antigen
olol 50 K28(A) 17 17 K(A)
K30(A) 16
020 19 19
041 13 13 K(A)
08 12 K28(A) 5
K71(B) 5 2
07 12 12
021 9 9
023 9 9
0153 8 K71(B) 2 6
09 7 3 K(A)
4
078 6 K80(B) 6
075 3 K— 1
2
017 1 1
0117 1 K15(L) 1
Totals 150 (57%) 52 (34.6%) 98 (65.4%)

. Nature of K antigen undetermined
K —, K antigen lacking
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contain K(A) antigens. The majority of the strains belonging to serogroup
0101 contained one of two K(A) antigens, either K28 or K30, at roughly
identical proportions, whereas the remaining strains, although these also bore
a thermostable surface antigen, were not typeable with any of the known
K(A) sera. Apart from the strains 0101, K(A) antigen also occurred in strains
08, 041 and 09 but only the K(A) antigen of some 08 strains could be identi-
fied, as 08 : K28(A).The other part of the strains classified on the basis of
O antigens bore either K(B) or K(L) antigen, viz. part of the strains 08 and
0153 the antigen K71(B) and all strains 078 bore K80(B). K(L) antigen could
only be identified in a single strain, in the combination 0117 : K15(L).
Although except for a single strain 075 : K- all E. coli isolates identified by
their O antigen contained some kind of K antigen (being inagglutinable with
the homologous O sera in the living state), the latter could be determined
only in 34.6% of the strains.

Like in the O antigen determinations, several strains were found to
cross-react with various K sera but the cross-reaction titres never reached the
end titre of the serum.

Discussion

The majority ofthose E. coli strains which cause disease in suckling calves
form intransparent mucoid colonies on solid medium. The biochemical prop-
erties of a few strains differ from those generally characteristic of the genus.

Strains belonging to serogroups OlOI, 020, 041, 08 and 07 are respon-
sible for disease in calves most frequently but strains of other serogroups, such
as 021, 023, 0153, 09 and 078 could also be found. The isolates were found
to bear K antigen, almost half of them K(A), occurring chiefly in the patterns
OlOoIl : K28(A), OIOI : K30(A) or 08 : K28(A). Some strains of other O sero-
groups bearing thermostable antigen, probably K(A), were also found. The
other part of the strains bore either K(B) or K(L) antigen most of these anti-
gens, however, could not be identified.

*

Acknowledgements. The authors are indebted to Dr. F. orskov, International Escheri-
chia Centre, Copenhagen, and Dr. J. szita, National Institute of Public Health, Budapest,
for supplying the type strains used in this study.

Summary

Two hundred and eighty-eight coliform strains, isolated from carcases of 117 calves
died of E. coli diarrhoea in 91 large cattle farms, were examined for biochemical behaviour
and O and K antigens. Fifty-seven E. coli O and OK sera were used for determination of
O antigens and all (1—94), except three E. coli K sera for determination of K antigens.
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On the basis of biochemical examinations, 263 isolates were identified as E. coli, 15
as Klebsiella, 5 as Proteus vulgaris, 3 as P. mirabilis. The remaining two strains could not be
classified into the above genera. The greater part of the E. coli strains showed the biochem-
ical behaviour generally characteristic of the genus, but a few strains behaved differently
in certain reactions.

A total of 150 strains (57%) could be classified into O groups with the available range
of sera. The greater part of the strains belonged to the serogroups 0101, 020, 041, 08 and 07,.
whereas the groups 021, 023, 0153 09 and 078 were relatively rare.

All serologically identified strains, except one, were found to bear K antigen. Almost
half of the strains bore the antigen K(A), occurring in patterns OlOI : K28(A), OlOI : K30(A)
and 08 : K28(A), but not nearer identifiable thermostable, probably K(A) antigens were
also found in strains belonging to serogroups 09 and 041. The other part of the strains pos-
sessed either K(B) or K(L) antigens, as a rule in the patterns 08 : K71(B), 0153 : K71(B),
078 : K80(B) and 0117 : K15(L).
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Detailed information about the normal and pathologically altered functions of the
hypothalamus has chiefly been obtained from stereotactic stimulation experiments (Hess,
1954, 1956). Investigations with electric stimulation, electrocoagulation, various chemical
stimulants as well as ultrastructural studies and research on vegetative functions, endocrinie
mechanisms and behavioural reactions have completed the general knowledge of neoplastic,
traumatic, toxic and inflammatory diseases of the hypothalamus (K 1ages, 1960).

In the course of studies on the pathogenesis of experimental infection
of animals with Hogyes’ fixed strain of rabies virus, it was soon realized that
the hypothalamus becomes more affected than other parts of the central
nervous system. Further study of this phenomenon was supposed contribute
to the pathogenesis of rabies as well as to the pathophysiology of the hypo-
thalamus.

Materials and Methods

Virus. Material from the 2194th rabbit brain passage of Hogyes’ fixed
strain of rabies virus was kindly supplied by the Phylaxia Biologicals and
Feedstuffs Co., Budapest. The freeze-dried rabbit brain was made up to obtain
a 10% suspension in distilled water and was administered intracerebrally to
experimental animals in doses of 0.02 (monkeys, rabbits) or 0.01 ml (mice,
hamsters). The sheep brains were supplied from the vaccine production lots
of Phylaxia. The virus content of the basic material was 10e intracerebral
mouse LD S0g.

Experimental animals. The rhesus monkey, sheep and albino mouse
brains originated from earlier studies (Karasszon, 1969, 1970, 1971). In addi-
tion, five Syrian gold hamsters and five rabbits were infected intracerebrally,
using the technique previously reported. All experimental animals originated
from the stock of the National Institute of Public Health.

Histological preparations. Brain and spinal cord of animals sponta-
neously died or killed in a certain phase of the illness were fixed in 10% formalin
solution and embedded in paraffin. Frontal (transversal) 10—30 fi thick sec-
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tions were cut and stained with haematoxylin and eosin, chromalum-gallo-
cyanin, van Gieson’s technique and Luxol fast blue. Care was taken that the
sections include areas of the anterior, middle and posterior parts of the hypo-
thalamus.

Results

Monkey. The rhesus monkeys died with characteristic symptoms of rabies
on intracerebral infection showed acute inflammatory changes in the hypo-
thalamus (Fig. 1).

On the basal surface of the brain the areas surrounding the hypothalamus
were widened owing to serous-cellular infiltration, and the vessels in these
areas had markedly distended lumina.

Sections from the anterior part of the hypothalamus showed marked
vascular changes. Especially the small vessels and capillaries were distended,
with swollen endothelial cells and activated adventitial cells. Activation was
manifested by a marked mitotic activity; perivascular infiltration did not
take place.

The texture of the brain tissue became loose in the perivascular areas
and around the third ventricle.

A diffuse microglial proliferation was found nearby the vessels. Glia cell
foci were rarely encountered.

Nerve cell lesions were chiefly found in the supraoptic and paraventric-
ular nuclei. Less pronounced degenerative changes, such as hyperchromasia,
shrunken nuclei and cytoplasmic vacuolization occurred in almost all groups
of hypothalamic nuclei. In places glia cells made appearance around the
degenerating nerve cells, but neuronophagia could not be observed.

Sections cut in level with the tuber showed activation of endothelial and
adventitial cells, perivascular edema, mild, diffuse microglial proliferation and
degenerating nerve cells. Some of the latter disappeared completely, their
places being marked by roundish gaps, arisen from distension of the inter-
cellular space. Changed neurons were found in the ventromedial, lateral and
infundibular nuclei alike, but there was no indication of neuronophagia.

The vascular changes, diffuse glia cell proliferation and neuronal lesions
found in the caudal area appeared to be more severe than the similar changes
in the supraoptic region. Certain fields showed a variegated appearance at low
magnification, owing to the variously altered staining properties of nerve cells.
The cytoplasmic vacuolization of nerve cells was particularly conspicuous in
these preparations.

Sheep. Brains from sheep inoculated intracranially (subdurally) and
exsanguinated in the terminal stage of the disease showed marked inflam-
matory lesions in the hypothalamus. This area presented the picture of an active
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vascular hyperaemia of the fluxion type in contrast to the generally congestive
appearance of vessels in other parts of the hrain.

The vascular endothelial cells were swollen and the adventitial cells were
in an excited state. Consequently, ringlike perivascular infiltration, consist-
ing of 1 or 2 rows of round cells, developed around some small vessels. Most
round cells were of the lymphocyte type; histiocytes and monocytes were
quite rare. Loose small foci, consisting of microglia cells, appeared along the
vessels and merged to form microglia cell infiltration in larger areas.

In sections cut at different planes, the nerve cells of the brain nuclei
showed degenerative changes of varying number and type. The main changes
were shrinking of the nuclei, which thus assumed bizarre shapes, and marked
vacuolization of the cytoplasm. Glia cells were also found in varying numbers
in certain brain nuclei, but their presence was sometimes unrelated to the
degenerative neuronal changes. Neuronophagia could not be observed.

The changes of the different hypothalamic nuclei did not notably differ
in severity. Degenerative neuronal changes and reactive gliosis were uniformly
found in the supraoptic, paraventricular, ventromedial etc. nuclei. The only
difference was that glia cell reactions predominated in the anterior part, where-
as vascular reactions in the posterior part.

Gold hamster. The hypothalamus of the Syrian gold hamsters which died
of rabies after intracerebral inoculation showed serous-cellular infiltration of
the soft meninges, especially in the basal parts of the brain. In this areas the
meningeal vessels were markedly dilated, the lumina were packed with red
blood cells, the adjacent parts of the meninges were edematous and infiltrated
by a few round cells.

In comparison to changes in other brain areas, the great severity of the
acute inflammatory lesions in the hypothalamus was quite conspicuous.
Chiefly the posterior parts appeared to be involved, although the supraoptic
and tuberal areas were also affected. Cellular changes (hyperchromasia of
nuclear membrane, karyopvknosis, chroinatolysis and marked cytoplasmic
vacuolization) were found not only in the mamillary area, but also in the supra-
optic, ventromedial, infundibular etc. regions. Apart from neuronal changes,
glia cell and vascular lesions of the type described in the foregoing also oc-
curred in hamster brains, accompanied by pericellular oedema and plasmorrha-
gia. As to the degree of injury in the different regions, lesions of the caudal
part seemed to be the most severe.

Mouse. Acute inflammatory lesions of the hypothalamus were easily
recognized and were more severe than the changes in other hrain areas of mice
died in consequence of the experimental infection. The relative severity of
neuronal, mesenchymal and glia cell changes was variable in the different
hypothalamic areas. Either the one, or another component of the inflammatory-
degenerative complex was predominant.
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In the nuclei of the oral part, the diffuse multiplication of glia cells was
the main feature (Fig. 2), the vascular and degenerative neuronal changes
being chiefly found in the posterior regions. The staining affinity of nerve
cells varied even within one and the same hypothalamic nucleus thus impart-
ing a variegated appearance to the picture.

Fig. 1. Perivascular infiltrations and diffuse Fig. 2. Diffuse microglia proliferation in the

glia cell proliferation in the hypothalamus hypothalamic supraoptic nucleus of a mouse

of a rhesus monkey died in experimental died of rabies after experimental infection

rabies after infection with fixed virus. Gal- with fixed virus. Gallocyanine stain,
locyanine stain, X about 18 X about 60

Some cells showed chromatolysis, shrinking of the nucleus, others were
markedly swollen, showing a reticulating, net-like pattern of degeneration
in the Nissl-region or, in more severe cases, a marked cytoplasmic vacuoliza-
tion. In places glia cells made appearance between the affected nerve cells,
whereas the glia cell reaction was absent elsewhere. No indications of neurono-
phagia were found. The vessels showed an active hyperaemia, especially in the
caudal parts. The adventitial cells were in a state of activation, but peri-
vascular cuffing was not observed.

Rabbit. The first rabbit killed on the fifth day after experimental infec-
tion i.e. on the first day of clinical illness, showed acute inflammatory lesions
in the hypothalamus. The main changes were vascular dilatation, congestion
of the lumina with red blood cells, swelling of endothelial cells and activation
of adventitial cells (Fig. 3). Glia cells scarcely showed signs of activation,
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if any. Neuronal changes were also mild and were practically limited to the
paraventricular and supraoptic nuclei.

The second rabbit was killed on the seventh day after experimental
infection, this was the second day of manifest disease. Acute inflammatory
and degenerative lesions were equally found in the anterior and posterior
parts of the hypothalamus.

Further two rabbits were sacrificed on the 8th day after infection, i.e.
on the third day of disease. The fifth rabbit, which had been infected intra-
cerebrally along with the rest of the group, still appeared healthy and was
exsanguinated on the 9th day.

The two animals killed after a 3-day course of illness showed advanced
inflammatory lesions in the hypothalamus. The vessels were dilated, having
swollen endothelial cells, and thrombus formation was also found in several
small vessels. The adventitial cells were in a state of activation, several mitotic
and bizarre-shaped shrunken forms were found among them and in places
karyorrhexis was seen.

The hypothalamic nuclei showed degenerative changes. The main changes
were tigrolysis, central chromatolysis, alterations of nuclear structure, karyo-
pyknosis, cytoplasmic vacuolization and pericellular oedema (Fig. 4).

Although the lesions appeared very severe at first sight, these regressive
neuronal changes usually did not lead to a complete nerve cell destruction
and loss of neurons. Even degenerative changes of the neurons were not
always accompanied by an energetic glia cell reaction. The multiplication of
microglia cells resulted as a rule in a loose, diffuse infiltration. Focus forma-
tion was exceptional.

In the hypothalamus of rabbits exterminated after several days of ill-
ness, diffuse glia cell proliferation predominated in the anterior part of the
hypothalamus, whereas acute neuronal and vascular lesions were chiefly found
in the posterior part.

The histopathological study of brain and spinal cord from the rabbit
which did not show symptoms until killed on the 9th day after experimental
infection requires further investigations.

Discussion

Apart from the usual experimental approach to nerve function studies
(stereotactic stimulation and destruction, fibre degeneration, treatment with
ultrasound, chemical agents, X-ray, etc.), certain viruses may be utilized in
experimental neurology. In our opinion, the neurotropic fixed rabies virus
might especially serve the purpose, because recent research results (Baer,
Shanta and Bourne, 1968; Petrovic and Timm, 1969; Schneider, 1969;
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Schneider and Snhoop, 1972) have unequivocally confirmed that it spreads
exclusively along the nerve paths.

If the mode of spread is the same also in the central nervous system
(Schneider and Burtscher, 1967), the cell changes caused by the virus may
be useful in revealing pathes, anastomoses and functional relations.

Fig. 3. Vascular lesions in the anterior part of Fig. 4. Degenerative nerve cell changes in the
rabbit hypothalamus. HE stain, X about dorsomedial nucleus of rabbit hypothalamus
120 HE stain, X about 300

It was expected that the present study would, apart from the neuro-
logical information, disclose some new aspects of the pathogenesis of rabies
as well. The effect of rabies virus on the hypothalamus was investigated first
with the aim to throw' more light on this long-disputed problem.

The importance of lesions in the diencephalic autonomous centres was
pointed out by Siotwer already in 1926, and was subsequently confirmed
by Krorr (1927) and Tariska (1941), hut Shukru Akser (1958) failed to
find sufficient proof to the elective involvement of the autonomous nervous
system in studies on 93 humans and 362 animals of various species (dog, cat,
rabbit, jackal, calf, donkey).

In the meantime, extensive studies on hypothalamic structure and func-
tion resulted in the identification of the areas responsible for the symptoms
of autonomous nerve function disorders (Hess, 1954, 1956; Magoun et ah,
1938; Gurees, 1961; etc). This necessitated a revision of our knowledge on the
pathomechanism of rabies.
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The present findings show in accordance with our earlier observations
that on intracerebral administration to experimental animals, Hogyes’ fixed
strain of rabies virus causes a characteristic encephalitis. This accords well
with the observations on other fixed virus strains Bindrich, 1956; Bindrich,
Poter and Kuwert, 1958; Hurst and Pawan, 1931; Johnson and Leach,
1940; Johnson, 1965; Jacotot and Boux, 1937; Nicotau et ah, 1962; Pote1,
1958; Thiery, 1960).

The various species of experimental animals (rhesus monkey, sheep,
Syrian gold hamster, albino mouse and rabbit) showed essentially the same
type of encephalitic reaction, but the acute process, consisting of neuronal, glial
and mesenchymal components, differed by the various regions in the central
nervous system in respect of severity and nature of the main component.

Of course, the lesions found are in themselves not characteristic of rabies;
similar changes can occur in other brain areas or in encephalitides caused by
other viruses.

The severity of the changes could well be held responsible for the charac-
teristic symptoms. The lesions found in the supraoptic and paraventricular
nuclei can account for the fever which regularly accompanies infections, by
fixed and street viruses (Loste, 1887; Hsgyes, 1897; Aujeszky, 1921). Pilo-
erection was observed by Remitinger and Baittry (1942) and Brandenburg
(1952) as an early symptom of rabies in mice, and sympathicotonia was
mentioned by Johnson (1965) in the pathogenesis of rabies. It should he
noted that Nicorau et al. (1962) also regarded the supraoptic nucleus as the
main site of changes in rabies.

The microscopic lesions found by us in the lateral hypothalamic regions,
in accordance with certain experimental neurological findings may have
a certain bearing on the forced sniffing of the animals, often observed by us
and others. Involvement of the lateral nucleus may also be held responsible
for inappetence and rapid loss of condition, which are regular symptoms of
fixed virus infections, as shown by Johnson and Leach (1940) in mice, by
Aujeszky (1932) in rabbits and by ourselves (Karasszon, 1969) in rhesus
monkeys. The simultaneous dilatation of the pupils and of the palpebral fis-
sure, retraction of the third eyelid, photophobia, extrasystolic tachycardia
and an increased defense reaction indicate that after the lateral nucleus the
tuber cinereum also becomes involved. This is further shown by hyperglycae-
mia and glycosuria (Remitinger and Baitty, 1942) and alteration of the blood
picture viz. neutrophilia and lymphopenia and appearance of myelo- and
metamyelocytes during the paralytic stage.

The inflammatory and degenerative changes of the ventromedial and
infundibular nuclei were severe enough to acoount for general excitation, for
the priapismus, especially in albino mice, the marked exophthalmus in mon-
keys, the increased tachycardia, quick respiration and for the perverse ap-
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petite sometimes causing the animals to devour indigestible objects (RATZ,
1910).

The microscopic lesions found in the posterior hypothalamic areas can
easily be linked with the paroxysmal tachypnoea, listlessness, fatigue, som-
nolence and finally stuporous state, which regularly developed with the pro-
gression of the experimental disease.

It should be mentioned that the symptoms which had formerly been
described as “coma” in Syrian gold hamsters, rhesus monkeys and mice cor-
respond rather to a stupor if the histological basis is also taken into considera-
tion. The revision of our previous opinion has been initiated by the fact that
in a comatous state the patient is insensitive to pain and does not respond to
stimuli, whereas the experimental monkeys, sheep, hamsters, mice and rabbits
although lying prostrate in the terminal stage were still responsive to pain sti-
muli, moving their extremities which otherwise appeared completely paralysed.

The haemorrhages in the gastric mucosa frequently found at postmortem
examination, could well be attributed to the microscopic lesions in the tuber
cinereum and the lateral hypothalamic region, whereas the “bladder paraly-
sis” almost invariably present in our cases may be explained by the lesions
in the paraventricular and supraoptic nuclei.

Like in natural rabies, the symptoms indicating injury of the hypo-
thalamus were manifested in a well defined sequence also in the experimental
disease. Although the histological follow-up of the process was rather difficult,
it was clearly shown that severe lesions initially appeared in the anterior part
of the hypothalamus, whereas towards the end of the course the posterior
part was more affected. This accords well with the experimental observation
that animals spontaneously died of infection with fixed virus, showed more
severe changes in the posterior than in the anterior hypothalamus, and the
same was found in histological studies on the brains of foxes succumbed with
“natural” rabies (Karasszon, 1973).

It follows that rabies virus does not affect all hypothalamic nuclei
simultaneously, but in a well defineable sequence and the clinical symptoms
follow the same course so that they indicate the route along which the virus
is spreading. The early symptoms are essentially parasympathetic excitation
phenomena, such as myosis, enophthalmus, vasodilatation, bradycardia,
bronchial constriction, oesophageal spasm, gastrointestinal haemorrhages,
erection etc. The further spread of the virus is towards the lateral nucleus,
then to cell groups of the central hypothalamic region. After the involvement
of nerve cells in the ventromedial region, the virus spreads caudally, affecting
the posterior hypothalamic fields, which results in a score of sympathetic
excitation phenomena, such as vasoconstriction, bronchodilatation, oeso-
phageal spasmolysis, retention of urine, dilatation of the pupil etc.

The present findings also throw light on the problem of the “elective
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involvement” of the hypothalamus. On the basis of histological evidence, the
hypothalamus, as the regulator of all vegetative functions, can he held re-
sponsible for some characteristic symptoms of rabies and the gradual involve-
ment of the hypothalamic nuclei accounts for the succession of the symptoms.
The conflicting opinions on the “elective” involvement of the hypothalamus
may have been due to the fact that as a rule no systematic study of the entire
hypothalamus was made, but only preparations obtained from either the
anterior or the posterior part were examined. Reliable results can only be
obtained if the histological follow-up is based on the trend of virus spread,
viz., in the initial stage the anterior part, whereas in the terminal stage the
posterior part of the hypothalamus is studied most thoroughly.

The present findings offer no explanation for the causes of the sequence
in which the hypothalamic nuclei become involved. It remains to be decided
whether the sequence depends on the variable sensitivity of the nuclei or
simply signifies the trend of virus spread. If the latter assumption is true,
the virus might well be regarded as a marker of the intricate interrelation-
ships between hypothalamic nuclei.

In view of the histological findings, it cannot be excluded that the
behavioural changes arisen in consequence of intracerebral inoculation with
fixed rabies virus may also be associated with hypothalamic lesions. It is
known that the hypothalamus is the integrative centre of the somatic and
visceral components ofemotionalm anifestations so that its pathological alter-
ation brings about disintegration and in co-ordination of behavioural reactions.
We are aware that investigations into emotional balance and behaviour can-
not be centered on the hypothalamus and should be extended at least to the
limbic system, as we had done in the case of rabid foxes. However, such com-
plementary examinations would have been beyond the scope of the present
study and so were investigations into disorders of the hypothalamic neuro-
secretory function. It is even difficult to harmonize the histological lesions
with the clinical features observed in the present experiments. Furthermore*
it is known that even in electric stimulation experiments, particular response
to a single focal point is not conclusive in itself. Consideration should also be
elicit parasympathetic excitation phenomena, but may also enhance the sym-
pathetic influence. The development of isolated responses to stimulation of
separate fields depends on various factors, such as the intensity of the stimu-
lus, individual predisposition etc. (Hess, 1954). In the present case, the symp-
toms were due to inflammatory-degenerative changes of entire regions rather
than to isolated functional disorders of one or another hypothalamic nucleus.
The sequence of the manifold symptoms stems from an intricate multitude
of reactions which are difficult to follow up morphologically whence the con-
clusions we have drawn may well be judged as arbitrary. We nevertheless
believe that the histological evidence presented in this study is sufficient
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to show that many symptoms of rabies are directly related with histopatho-
logical lesions of the hypothalamus, the organ primarily responsible for the
maintenance of “homoeostasis” and that this approach may open up new
scopes for investigations into the pathogenesis of rabies.

Summary

Histopathological studies on the central nervous system of experimental animals
(rhesus monkeys, sheep, albino mice, Syrian gold hamsters and rabbits) spontaneously died
or killed in the terminal stage of disease, after intracerebral inoculation with Hogyes’ fixed
strain of rabies virus showed that acute encephalitic lesions were always present in the hypo-
thalamus too. Glia cell and mesenchymal cell reactions and degenerative changes of the
neurons were usually more severe in the hypothalamus than in other brain areas.

In the early stage of the disease the anterior part of the hypothalamus, whereas in
the advanced stage its posterior part was more affected.

All disorders of the autonomous nervous system known as the characteristic symp-
toms of rabies are attributed to the histopathologic lesions found in the hypothalamus and
the sequénce of the symptoms is explained by the successive involvement of the hypothalam -
ic nuclei.

The histological evidence presented in this paper throws light on the much disputed
problem of “elective involvement” of the hypothalamus and the use of the strictly neuro-
tropic fixed virus in experimental neurology is suggested as an entirely new approach.
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Entropion, i.e., inversion of the margin of the eyelid may reach such
a degree that the eyelashes and lid skin touch the eyeball.

The condition occurs in all species of animals but, according to KOMAR and Szutter
(1968), especially often in the dog and sheep. It may be congenital or acquired later in life.

Entropion in sheep has been studied by many authors (Baker, 1920; Crowiey and
McGloughtin, 1963; Littiejohn, 1954; McManus, 1960; Skidmore, 1928; W arwick and
Berry, 1962; W right and Formston, 1943), in Hungary, it was inVeStigated by Hamori
(1965). Littiejonn (1954) reported a 50% incidence of entropion among newborn lambs
in certain sheep flocks and McManus (1960) found it to occur in 80% of sheep in a flock
studied.

The problem of the heredity of entropion has been discussed in numerous publica-
tions. Littiejonn (1954) believes that a predisposition is hereditary, the disease itself not,
while others advocate the heredity of the condition itself by an as yet unknown mechanism.

If the entropion is not treated, conjunctivitis and keratitis may develop.
The consequent corneal opacity and ulceration may lead to perforation and
concomitant panophthalmitis, phthisis bulbi and blindness.

Of the different forms of acquired entropion spasmodic entropion is the
most frequent. It is caused by lasting spasms of the palpebral muscle, which
arises in the course of a painful conjunctivitis. Spastic entropion is refractory
to various kinds of treatment, such as antibiotics and cortisone preparations,
and even to ultrasound.

The cicatricial entropion a rare condition, may occur in all animal
species. It arises either as a consequence of scar tissue formed after a mechan-
ical injury of the lids (tarsus) or conjunctiva, or as a sequel to chronic con-
junctivitis.

The third form, entropion bulbare, is due to a congenital smallness or
absence of the eyeball or, probably, to a decrease in the volume of retrobulbar
tissue.
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Experimental

Mass incidence of entropion among suckling lambs has been observed
every year since 1967 in a district of Western Hungary. As the condition
frequently caused blindness, with consequent emaciation and even death,
economic losses were considerable in the affected flocks.

Incidence. In the 12 sheep flocks studied, generally 3—10% of the lambs
had entropion. Exceptionally, incidence was as high as 20% and in one flock
it even reached 70% in 1968; the right eye alone was involved in 40—60% of
the cases, the left eye in 20%, and both eyes were affected in 20—40%.

The frequency of occurrence was generally unrelated to sex. The symp-
toms appeared at 10—20, occasionally one or two days of age. We have never
observed the condition in newborn lambs or its first appearance above six
weeks of age.

In merino breeds entropion is so rare that even the shepherds may not
know it. Mass incidence of the condition was first observed after the crossing
of merino ewes with Ascanian, Grosny, Caucasian and precoce rams for im-
provement of wool quality. It is important that neither ewes nor breeder rams
showed a wrong position of the eyelids. Another important fact is that the
crosses have a conspicuously wrinkled skin over the entire body.

The occurrence of entropion was limited to the lower eyelid; it was never
found in the upper one. About 60—70% of the diseased lambs died, above
all those with bilaterial involvement of the eye. Loss of condition owing to
the eye disease resulted in a marked growth retardation among the survivors.

Acetiology

Initially the entropion was believed to be congenital, for the frequent
occurrence of a congenital, probably hereditary, inversion of the eyelid among
sheep has been reported from all parts of the world since the ’twenties (Baker,
1920; Crowley and McGloughtin, 1963; Litttejohn, 1954; McManus,
1960; Skidmore, 1928; Warwick and Berra, 1962; W right and Formston,
1943). Since, however, the lambs in the present study did not show any ab-
normality of the eyelid at birth, their illness should be attributed to reasons
other than congenital deformity.

On analyzing the condition from the point of view of the pathogenesis
of acquired entropion, the spasmodic form was suspected first, because the
inversion ceased for the duration of local anaesthesia produced by a 1% Pan-
tocain solution. Turning-inward nevertheless persisted unless the lid was
drawn down with the finger at the onset of anaesthesia.

Of the several week old lambs 70—80% showed conjunctivitis. The con-
dition was usually very mild, but in certain cases it was manifested by marked
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lacrimation, catarrhal exudation, reddening and swelling of the conjunctiva
and, occasionally, by swelling of the eyelid. Turning inward of the margin
of the eyelid was chiefly associated with the severe cases of conjunctivitis.

Investigations into the cause(s) of the joint occurrence of conjunctivitis
and entropion also included a study of the management and feeding condi-
tions, but no gross failure or error was found in any farm. Bacteriological
examinations of exudation from the conjunctival sac did not show the pres-
ence of any specific pathogenic agent.

Consideration was therefore given to the possible responsibility of a
structural abnormality of the eyelid in the crosses. Pathohistological examina-
tions carried out with the usual techniques failed to show any such abnormality
and thus could not account for the cause(s) of entropion.

It was found on inspection of the crosses that the characteristic wrinkles
were very pronounced also over the eyelids so that on closing of the eye the
folds of the lower lid were bulging towards the edge, causing the lashes to
point towards the eyeball and occasionally getting trapped below the upper
lid of the winking eye. In certain cases the skin fold below the margin of the
lower lid was so thick as to held the lashes permanently in an upright position,
making them to touch the cornea even when the eye was open. Irritation of
the eyeball by the lashes resulted in a painful conjunctivitis and keratitis which
soon brought about the spasmodie entropion. The irritation of the conjunctiva
and cornea elicited reflectorically the spasm of the orbicular muscle and the
simultaneous, also reflectoric, spasm of the retractor muscle caused enoph-
thalmus. Thus the eyelid lost part of its support and the lower lid, having
a less developed tarsus than the upper one, turned inward in consequence
of the blepharospasm.

The condition resembled the entropion caused in the human infant by
epiblepharon (Verthagen, 1960) which may normalize later in life. As already
mentioned in the foregoing, no entropion was found among lambs above six
weeks of age and milder cases healed without any therapeutic intervention.

Thus the entropion of the hybrid lambs, characterized by a marked
folding of the skin all over the body, is essentially due to the presence of
cutaneous folds on the eyelids. Not the entropion itself is therefore inherited,
only the predisposing factor, viz., the loose texture ofthe palpebral subcuta-
neous connective tissue.

Prognosis. This is good if the therapeutic innervention is made in the
early stage and the case is uncomplicated, it is dubious if purulent keratitis,
corneal ulcer or pannus is present and bad if there is panophthalmitis.
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Therapy

Among the methods proposed for conservative treatment of entropion,
repeated anaesthesia of the conjunctival sac is not practicable as a flock
therapy. Injection of sterile paraffin oil of body temperature beneath the
palpebral skin (Keémar and Szutter, 1968) had an unfavourable effect on
dogs in our hands, viz., marked induration often developed at the site of the
injection, leading to elephantiasis of the eyelid. Fixing of the eyelid in normal
position by mattress suture (Biraskovics, 1945) was tried on three sick lambs,
but infection of the subcutaneous connective tissue through the stab canal
occurred in all three cases, resulting in phlegmon and abscess formation. Al-
though the sutures ensured a proper fixing of the lid, they had to be removed
prior to healing to prevent further suppuration.

In view of the above therapeutic failures, surgical repair was contem-
plated. The great number of diseased lambs did not, however, permit the
application of refined techniques and time- and facility-requiring procedures.

As to the therapy of spasmodic entropion in humans, Yethagen (1960)
proposed the subcutaneous administration of 1 ml 70% ethanol into the
inversed lid, in order to lyse the spasm by durable weakening of the orbicular
muscle. The same procedure was employed with success for lambs and after
the initial trials, several thousands of young animals have been treated with
it for entropion since 1970. A thin hypodermic needle is used for subcutaneous
administration of the ethanol so that the needle’s tip should be 1 cm below
the median line of the lower palpebral edge. The exact position of the needle
was ascertained by moving, and subsequently 0.75—1.5 ml ethanol was in-
jected, depending on the age of the lamb and the severity of the entropion.
The mechanical effect of the injected ethanol immediately results in turning-
out of the inverted lid and no recurrence is likely to occur during the next
days, after Mhich the entropion heals without leaving any trace. The slight
swelling caused by the injection disappears in about 10 days; a small, painless
intumescence may infrequently remain, not causing any complication. The
intervention is rapid, simple and spares the animals.

Initially solutions of antibiotic (chloramphenicol, aureomycin, etc.)
were dropped into the ethanol-treated eye every day for one week. Although
the antibiotic treatment was omitted two years ago, the therapeutic results
have been as good as before. Corneal opacity, occasionally occurring after
the acute symptoms had subsided, is treated by dropping a 5% Dionin solution
into the eye. An uncomplicated healing can be achieved in most cases, but
scar tissue, of course, remains if there had been an ulceration.

Early treatment is imperative, because it abbreviates the healing period
and ensures the preservation of corneal transparency. It is therefore important
that flock attendants should pick out and mark fresh cases of entropion daily.
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The veterinarian in charge of the flock therapy should perform the injection
treatment three times, but at least twice, a week, but a single inoculation is
sufficient for each affected lamb; a second dose has never been required for
healing. The daily application of eye drops should be performed by flock
attendants.

Isolation of lambs with entropion is not necessary. This would greatly
interfere with the daily working schedule of the attendants to whom the daily
observation of the flock for the selection and marking of fresh cases is an
extra duty anyway.

We believe that predisposition for entropion is no reason for giving up
cross breeding for improved wool and mutton, because the eye disease can
he controlled by appropriate therapeutic measures.

Summary

Entropion of the lower eyelid has been observed since 1967 in 3—10% of lambs cross-
bred from merino ewes and Ascanian, Grosny, Précoce or Caucasian rams. The eye disease
was manifested between 10 and 20 days of age, and about 60—70% of the sick lamgs died in it.

Aetiological and therapeutic studies were carried out in 12 affected flocks. No con-
genital entropion was found and no specific pathogenic agent could be isolated from the
diseased eyes. Pathohistological examinations revealed no structural abnormality of the
eyelids. The cross-bred lambs, characterized by a marked folding of the skin over the entire
body, developed a spasmodic entropion as a result of irritation of the cornea by the eyelashes,
which was caused by turning-inward of the edge of the lower lid towards the eyeball by the
mechanical effect of the cutaneous folds also present in the palpebral region. Thus the con-
dition itself is not hereditary, only the loose texture of the palpebral subcutaneous connective
tissue, which predisposes for entropion of the lower lid. Subcutaneous administration of
0.75—1.5 ml of 70% ethanol into the lower lid proved to be a simple, rapid and sparing
therapeutic procedure and has since been employed with success for the control of entropion
in several thousands of cross-bred lambs.
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The urea taken up in the feed is broken down in the rumen by the urease
enzyme, consequently, the ammonia content of the ruminal fluid rises. Accord-
ing to visek (1968), the NH3” [IVH4]+ concentration is influenced by the
actual pH of the rumen contents.

The present experiments were planned on the basis of earlier studies on changes in
the water and alkali (Na+, K+) metabolism, and saliva and urine production in sheep fed
different doses of urea (range: 0.4—0.7 g/kg). It was found that the secretion rate of saliva
decreased after the intake of urea. Blood ammonia concentrations rose immediately, whereas
the blood urea level rose with a slight delay. The rise of ure concentration in the blood was
followed by its rise in the saliva; the quantity of urea excreted per unit time, nevertheless,
fell considerably already during the first hour, owing to a significant decrease in the secre-
tion rate. It follows from these observations that both the composition of, and the secretion
rate for, saliva are influenced by the quantity of ingested nitrogen. If N-uptake is high, less
saliva is produced and the total quantity of urea recycling with saliva into the rumen is
reduced for a certain time. The factors responsible for this phenomenon should probably be
sought in the rumen. The amount of sodium secreted with the saliva fell to one sixth already
during the first hour, then it rose until reaching the initial level in the seventh hour after
feeding. Potassium decreased to a similar degree, but did not return to normal in seven hours.
The abrupt decrease of saliva secretion was accompanied by a gradual increase in diuresis.
The concentration of Na+ did not change in the serum, but the K+ level decreased signif-
icantly. The amount ofN a+ excreted in the urine increased slightly in the third hour, then
it tended to decrease. K+ excretion rose notably in the first hour, but returned to normal
after five hours. Accordingly, the salivary Na+/K + quotient increased, whereas the urinary
quotient (K+/Na+) decreased markedly (Junasz and Szegedai, 1968, 1969).

The results of earlier studies on toxicity of urea, on the rate of its decomposition in
the rumen under different conditions and on the effects of ammonia on the metabolism of
inorganic substances (Szegedi and Junasz, 1971) were also taken into consideration when
the distribution of K+ between blood plasma and erythrocytes was examined at rising con-
centrations of blood ammonia.

Materials and Methods
Experimental animals

Sixteen Hungarian Merino sheep, weighing 25—30 kg, were used. Before
the experiment the animals were provided with a Jarret ruminal fistula. The
animals received a commercial mixed fodder diet (300 g/day) supplemented
with vitamins and inorganic salts, plus medium-quality meadow hay and
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drinking water ad libitum. Twelve hours before the beginning of the experi-
ment feeding was stopped, and only drinking water was provided, subse-
quently 0.6 or 0.8 g/kg body weight (bwt) levels’ of urea were administered
directly into the rumen through the Jarret fistula, mixed in 100 g fodder plus
400 ml water. The control animals received the same diet, without urea.
Samples of blood and ruminal fluid were taken from both control and urea-
treated animals from the jugular vein and through the Jarret fistula, respec-
tively, at zero time and 1.5, 3, 4.5, 6 and 8 hours after feed consumption.

Analytical methods

The ammonia contents of rumen fluid and blood were determined by
the microdiffusion method (Junhasz and Szegedi, 1958). The haematocrit
value of the blood was also measured.

The experiments were performed with 42K. The isotope w"as administered
to the animals as 4KC1 (1 mCi/ml) isotonic solution by intravenous route
12 hours before the experiment. The dose was so selected that activity of the
samples should be about 100 ~Ci at the beginning of the experiment. The
activity of the samples (blood, plasma, erythrocytes) was determined using
a well-type scintillation detector and a GAMMA NK 108 counter.

Mathematical evaluation

The experimental data of the two groups (controls, and urea-treated
animals) viz., blood ammonia concentration, changes in the 4K activity in
blood, plasma and erythrocytes, distribution of the isotope between plasma
and cells, were calculated and expressed as per cent the initial (0 hour) value.
The correlation between blood ammonia level and percentualvchanges of dis-
tribution (k) was established from all measured values. Calculations were also
made in the linear and exponential relations.

The blood ammonia concentration (Fig. 1) of the controls rose slightly
1.5 hours after feed consumption, then fell, and rose slightly again during the
6th hour; in urea-treated animals it increased markedly until the 3rd hour,
then fell gradually but still remained above the initial value at 8 hours.

The 4K activity of whole blood (Fig. 2) of controls increased until 4.5
hours, whereafter it decreased; in the urea-treated animals it fell until the
3rd hour, then rose.

The activity of the plasma (Fig. 3) of controls tended to decrease until
the 3rd hour, then it temporarily rose, and fell again during the 6th hour.
The plasma 4K activity of urea-treated animals also fell until the 3rd hour
and afterwards rose gradually until the end of the experiment. The rise coin-
cided with the fall of the ammonia level. The decrease of plasma £ K activity
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%

(0] 15 3 45 6 8 hours
Fig. 3. Changes of 42K activity of blood plasma.--------- Control; ------ urea i.r.
X
Fig. 4. Changes of 42K activity of erythrocytes. ---------- Control; - ............ urea i.r.

occurred in both cases when the ammonia concentration was at peak in the
blood.

The 4K activity of the erythrocytes (Fig. 4) of controls rose slowly but
consistently, showing a temporary fall only during the 6th hour; in nrea-
treated animals it tended to fall and remained at a low level from the third
hour until it began to increase after 6 hours.
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Results

The distribution coefficient (Fig. 5) viz., the distribution of 2K between
erythrocytes and plasma of the controls followed the course of the curve for
the 42K activity of the erythrocytes (Fig. 4); in urea-treated animals it showed
a falling tendency throughout the entire period of the experiment. The data
of the experiments are summarized in Table I.

Table 1
Blood ammonia level, 42K activities in blood, plasma and erythrocytes, and the distribution

coefficient of 42K between plasma and red cells expressed in percentage of the initial levels

42K activity in

Smpaes level Blod cg)eifsftirciibe%ttio(i)
ht:)Tres Plasma Erythrocytes
% s* % s* % S* % [ S % 1 S*
Control animals
0 100 - 100 — 100 — 100 — 100 —
15 135 +35 99 +2 97 +4 108 +7 112 +11
3 107 +3 102 +7 91 +6 132 +12 145 +12
45 111 +4 105 +8 92 +1 138 +17 149 +17
6 140 +21 102 +4 94 +3 123 +16 133 +22
8 115 +0 97 +10 85 +2 147 +52 170 +56
Urea-treated animals
0 100 — 100 — 100 — 100 — 100 -
15 496 +247 92 +3 97 +7 87 +6 91
3 695 +97 76 +0 84 +6 64 +6 78
45 477 +22 80 +5 85 +9 73 +2 89
6 406 +4 81 +1 91 +5 63 +4 69 +5
8 274 +61 93 +2 99 +5 84 +7 86 +11
S*, standard deviation
Discussion

The K+ contents of blood plasma and erythrocytes differ markedly.
Koib (1967) gives the concentrations of K+ in sheep blood, plasma and
erythrocytes as 35, 18 and 80 mg/100 ml, respectively. The unequal con-
centrations of K + are related to the extra- and intracellular distribution of
cations and anions, which applies particularly to K+ and Na+. The passage
of K+ from the extracellular fluid into the intracellular space is an energy-
requiring transport process. Release of K + from the cells takes place by dif-
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Fig. 5. Dynamics in the distribution (k) of K in the blood after urea treatment.
Control; ------ urea i.r.

Fig. 6. Correlation between changes of blood ammonia level (%) and a2K distribution co-
efficient
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fusion. The flow of Na+ between the two systems requires reverse conditions
of energy. If the energy-producing processes of erythrocytes are paralyzed
with monoiodoacetic acid, the transport of K + across the cell membrane will
decrease whereas the release of K+ from the cell will continue as usually, so
that the K+ concentrations of the two systems become equilibrated indue
course (Webb, 1966).

In the control animals, absorption of a greater amount of K + from the
feed resulted in a rise of K+ in the blood after feeding (Fig. 2). The rise was
due to the increased K+ content of erythrocytes (Fig. 4), whereas the 4K
activity (Fig. 3) and the K+ content of the plasma fell. This diminution is
related to renal function in ruminants. After food intake, the kidney eliminates
more K+ than Na+, thus, simultaneously with a temporary rise of intra-
cellular K + and fall of extracellular K +, reserves (Juhasz and Szegedi, 1958,
1969) which begins to normalize after 4.5 hours. At the same time, the per-
centual distribution of 42K between erythrocytes and plasma fluctuated con-
siderably (Fig. 5).

In earlier studies (Szegedi and Junasz, 1971) the rates of decomposition
and utilization of the administered urea varied individually. Blood ammonia
rose to a lower level in those animals which utilized the urea well, compared
to those which either utilized it less efficiently or were given the higher dose
(Fig. 1).

In sheep given urea, the 42K activity of the plasma decreased more
markedly than in the controls (Fig. 3) and there was a simultaneous reduction
in the 4K activity of the whole blood (Fig. 2). Unlike controls, the erythrocytic
42K activity also fell (Fig. 4). It was shown earlier (Szegedi and Junasz, 1971)
that 4 hours after the administration of urea, its urinary excretion increased
considerably and increased amounts of K + were eliminated. This finding can
account for the marked decrease of plasma 4K activity (Fig. 3), but cannot
explain the activity decrease of 42K in the erythrocytes (Fig. 4). Since the
haematocrit value changed to an equally moderate degree in both the control
and urea-treated animals, it is concluded that the fall of the erythrocytic
42K activity does not necessarily mean a decrease of the total ion concentra-
tion, nor of water intake. It seems that the rise of blood ammonia level inhibits
the transport of K+ from the extracellular space into the cells, and promotes
the release of K+ from the cells by diffusion.

It was found that, owing to the inhibitory action of ammonia, a certain
correlation exists between the rise of blood ammonia level and the distribution
quotient of K+. The higher the blood ammonia level, the greater the inhibition
of K +-transport into the erythrocytes. An equation of regression was formu-
lated to express this correlation between blood ammonia level and distribution
quotient (Fig. 6). When calculated with linear values, the correlation coeffi-
cient was found to be r= 0.5501. Since the graphical presentation and compari-
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son of paired values suggested the correlation to be exponential rather than
linear, the values of the blood ammonia concentration were plotted against
the logarithms of the distribution quotient. The correlation coefficient of the
regression thus calculated was r = 0.6287.

The precise mechanism of this phenomenon remains to be clarified by
further in vitro studies. This will include the influence of various concentrations
of ammonia on K+ transport and comparison of the inhibitory effect to that
of monoiodo acetic acid.

We are aware that Na+ and water metabolism are also involved in the
process, and experiments with radiosodium (2Na) are in progress to obtain
more information on the problem.

[Summary]

The distribution of 422K between whole blood, plasma and erythrocytes was studied
in sheep after intraruminal administration of 0.6—0.8 g/kg body weight urea, at rising con-
centrations of blood ammonia.

The ammonia content of rumen fluid and blood and haematocrit value were deter-
mined. The 42K isotope was administered i.v. The activities of blood, plasma and erythrocytes
were determined at zero time and 1.5, 3, 4.5, 6 and 8 hours after administration of urea.

In sheep given urea, the 42K activity of the plasma decreased more markedly than in
the controls and there was a simultaneous reduction in the 42K activity of whole blood. Unlike
controls, the erythrocytic 42K activity also fell.

It seems that the rise of the blood ammonia level inhibits the transport of K+ from
the extracellular space into the cells, and promotes the release of K+ from the cells by
diffusion.

It was found that, owing to the inhibitory action of ammonia, a certain correlation
exists between the rise of blood ammonia level and the distribution quotient for K+. The
higher the blood ammonia level, the greater the inhibition of K + transport into erythrocytes.
An equation of regression was formulated to express the correlation between blood ammonia
level and distribution quotient
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Many strains of the genus Fusarium have metabolic products toxic for
both man and farm animals. The main toxic products of Fusarium fungi are
the oestrogenic zearalenone (F-2), 12, 13-spiroepoxysesquiterpenoid deriva-
tives (toxin T-2, diacetoxyscirpenol, nivalenol, fusarenon-X, solaniol, etc.)
and butenolide.

Apart from chemical procedures (thin-layer chromatography, ultraviolet
and infrared spectrophotometry, gas chromatography, etc.), biological assays
are still important means of toxin demonstration, because many toxins can-
not be precisely identified by analytical methods alone.

Interest has recently been focussed on the sesquiterpenoids, compounds
of trichothecane structure, in connection with aetiological studies on the
fusariotoxicosis of domestic animals. The chemical assay of these toxins is
hampered by the fact that they do not show fluorescence in ultraviolet light
and as yet no specific reactants have found to them.

Several authors have studied them by cutaneous test (E1lis and Yates, 1971; Ueno
et ah, 1971a, b, c¢) and in tissue culture (Ueno et ah, 1972) and a useful assay based on a
selective microorganism was also developed (Burmeister and Hesseltine, 1970).

The present paper is a report on studies of the fusariotoxin T-2 in tissue
culture.

According to literary data, T-2 is chiefly produced by certain strains of Fusarium
tricinctum (Bamburg et ah, 1967), but it was also demonstrated with the species F. solani,
F. rigidiusculum and F. roseum, F. sporotrichioides and F. poae (Ueno et ah, 1972b). It was
several years earlier that the Russian author Olifson (1965) attributed the toxicity of the
latter two species to toxic fungal products of sterane structure (sporo- and poaefusariogenine).
According to the systematics of Snyder and Hansen (1940), F. sporotrichioides and F. poae
are synonyms of F. tricinctum.

Materials and Methods

Toxin T-2. A pure crystalline toxin, prepared in the Institute of Professor
Yoshio Ueno (Japan) was used throughout. To make a stock solution of
500 mcg/ml, the toxin was dissolved in slightly heated water.
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Tissue culture. The permanent pig kidney epithelial cell line PK-15 was
used throughout. After the outgrowth of the confluent monolayer, the growth
medium was discarded and 7 ml of an 0.25% trypsin solution was added to
the culture which was then incubated at 37 °C until cells began to detach.
After incubation, 7 ml of M 199 medium, containing 10% colostrum-deprived
calf serum and antibiotics (streptomycin, mycostatin) was added. The cell
suspension, 14 ml in final volume, was divided into two equal parts: 7 ml
were used for further passage, the rest was distributed to Leighton tubes each
provided with a coverslip.

Titration oftoxin T-2 in tissue culture. The T-2 stock solution (500 mcg/ml)
was diluted in Earle’s solution in tenfold serial steps, thus six dilutions from
50 meg to 0.0005 mcg/ml were prepared. Four tube cultures were inoculated
with each dilution, 0.1 ml/tube. The results were read under the microscope
1, 2, 3, 4, 21, 22, 23, 24 and 48 hours later.

Staining procedure. Two staining techniques were employed, haematoxy-
lin-eosin and acridine orange (Bodon, 1967). Preparations stained with acri-
dine orange were extracted with 50% ethanol and stained again with haema-
toxylin and eosin.

Rabbit cutaneous test. This was performed with tenfold serial dilutions
of the toxin in an isotonic phosphate buffer of pH 7.4, on white New-Zealand
rabbits. From each dilution 0.01 ml was injected into the depilated skin.

Results

Tissue culture. No cell changes occurred during the first four hours after
inoculation. The cytotoxic effect began to develop after 21 hours. The time
of appearance of cytotoxicity with the different dilutions can be seen in
Table |I.

Table 1

Cytotoxicity assay of T-2 in tissue culture

T-2 toxin Time of appearance of cytotoxic effect (hours after inoculation)

dilutions,

mcg/ml 1 2 3 4 21 24 28
5 0 0 0 0 + + +
0.5 0 0 0 0 + +
0.05 0 0 0 0 + + 4-
0.005 0 0 0 0 + + +
0.0005 0 0 0 0 0 0 0
0.00005 0 0 0 0 0 0 0
Control 0 0 0 0 0 0 0

0, no cytotoxic effect
-f- distinct cytotoxic effect
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Description of the cytotoxic changes. Both staining techniques employed
revealed the following changes: the confluent monolayer became discontinu-
ous, and the cells were linked with one another hy elongated cytoplasmic
bridges which showed a netlike pattern. There were many cell-free areas, in
which the deteriorated cells became detached from the tube wall. The degree
of changes was proportional to the degree of dilution; the last two dilutions
of this series had no visible cytotoxic effect.

Cells at the margins of the cell-free areas were pyknotic, and smaller and
longer than the control cells. The nucleus often fell apart to small globules
(karyorrhexis), the cytoplasmic RNA content decreased and cytoplasmic
vacuoles appeared.

Rabbit cutaneous test. This proved to be less sensitive than the tissue
culture test. The dermatoxic effect was read 48 and 72 hours after inoculation.
The maximum intradermal dose contained 5 meg toxin, which elicited a distinct
local cutaneous lesion. After 48 hours the skin exhibited reddening and was
swollen and painful in an about 1 cm2 area. Inoculation of 0.5 meg toxin was
followed by a similar, but milder, change and the further dilutions elicited
no cutaneous reaction whatever.

Discussion

Among the metabolic products of Fusarium fungi, toxin T-2 is one of
the most dangerous cytotoxic agents. The present studies were aimed at the
comparison of these two biological assays. Out of them the tissue culture test
proved to be more sensitive and it seems to be suitable for the quantitative
determination of the toxin. The correlation between toxin concentration and
microscopically visible histological and cytotoxic changes was almost linear.
The first cytotoxic changes appeared after 21 hours and progressed gradually,
depending on the dose, until the end of the observation period at 48 hours.

Comparison of the results of cutaneous and tissue culture tests showed
the latter to be 100 times more sensitive than the former. The minimal
demonstrable amount of toxin was 0.005 meg/tube in tissue culture, where-
as in the cutaneous test 0.5 meg elicited only a very slight reaction.

The role of toxin T-2 has up to now been considered in two animal
diseases. In the United States, Eurris and Yates (1971) described the so-
called fescue foot disease of cattle as a condition caused by the fungus F. tri-
cinctum, growing on the tall fescue (Festuca arundinacea). Apart from T-2,
F. tricinctum produces butenolide and other T-2-like scirpenol derivatives.
The disease occurs in animals turned out on pasture. Its main symptoms are
lameness of the hind legs, in severe cases gangrene of the extremities, tail and
ear, occasionally detachment of the horn of the foot. In Japan Ueno et al.
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Fig. 1. Normal culture of the PK-15 kidney epithelial cell line. Control, X 60

Fig. 2. PK-15 cell culture 21 hours after inoculation with T-2 toxin. X 60
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(1972b) found in the course of aetiological studies on the hull poisoning of horses
that it was caused by toxins of trichothecane structure, produced by Fusarium
species infecting the bean. The symptoms of the acute or semi-acute toxicosis
are disturbances of the central nervous system, convulsions, motoric disorders,
compulsive movements, clonic convulsions of certain muscle groups, respira-
tory trouble and severe circulation disorder.

In Hungary, there has been no evidence of the aetiological role of T-2 and
other scirpenol derivatives in the fusariotoxicosis of domestic animals, but
since toxin-producing Fusarium fungi are widely spread in this country and
toxin production is favoured by the climatic conditions, their probable re-
sponsibility cannot be excluded.

Acknowledgement. The authors are indebted to Professor Joshio ueno (Japan) for
supplying the T-2 toxin preparation,

Summary

The toxin T-2, produced by several species of Fusarium fungi was tested for cytotoxic
effect in tissue culture and rabbit cutaneous test. The tissue culture proved to be very sensi-
tive, viz., as little amount of toxin as 0.005 mcg/tube already elicited well-defineable cytotoxic
changes. Cell changes were read after staining with acridine orange and haematoxylin and
eosin. The main changes were discontinuity of the monolayer, imparting a netlike appearance
to the cell sheet, and pyknosis and rhexis of the nuclei. The tissue culture test is suitable for
quantitative titration of the pure toxin. The lowest amount of toxin detectable by the rabbit
cutaneous test was 0.5 meg.
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It was in 1955 that Heller et al.,, gave account of a myxovirus infection first observed
among horses, in the course of an outbreak in Sweden. The epidemic spread in the subsequent
year toward Central Europe, viz. in the surroundings of Dresden and Prague. In Prague an
influenza virus, the first one isolated from horses was recovered by Sovinova et al. (1958).
This represented a new subtype of influenza A viruses, now classified as A /equine/Prague/1/56
(HeqlINeql) or equine A-l subtype of influenza virus. Serological evidence indicated the
presence of this virus not only in certain European countries but also in other areas, indicat-
ing that horses in the United States as well as in Australia and Africa had been attacked by
1957. In certain areas the infection of horses was subclinical (USA, 1963, Great Britain,
1965, etc.).

A new severe outbreak was observed at Miami, Florida, early in 1963. An influenza-
like disease was previously noticed in thoroughbreds imported from Argentina by air. A strik-
ing feature of this outbreak was that horses of all ages were equally affected. Subsequent
laboratory investigations made by Waddell et al. (1963) revealed that this outbreak was
caused by an earlier unknown subtype of influenza A virus, different from equine A-I, now
termed A/equine/Miami/1/63(Heq2Neq2), the prototype strain of the subtype equine A-2.
This epidemic spread very quickly amid significant severe clinical signs. In the epidemic
areas about 80% of the horses were affected in the same year and the disease also shortly
appeared in Canada. In Europe, this subtype was first recognized by its symptoms in Great
Britain, then in other West-European countries as well.

Horses in 12 stocks were screened in Hungary by Romvary et al. in 1965 for H1 anti-
bodies to the influenza equine A-1 and equine A-2 subtype virus but antibodies were found
only against subtype equine A-l. The incidence of these antibodies among the racehorses
proved to be 48% while in the large state farms it was higher, viz., 63—76%. In two closely
connected stocks colts 2 and 3 years of age were tested. Of these, on an average, 49% had
equine A-l antibodies. At that time we failed to isolate the virus. The influenza equine A-2
subtype infection, with isolation of virus strains was firstly recognized in Hungary by Rom-
vary et al. (1968).

Materials and Methods

Properly pretreated nasal secretions taken from horses in acute stage
of illness were inoculated into the amnioallantoic cavity of 9—10 days em-
bryonated hen’s eggs. The horse serum samples were pretreated with heat,
trypsin and potassium periodate as directed by WHO circular in 1967. In the
haemagglutination and haemagglutination inhibition tests chicken erythro-
cytes were applied, and 8 HA units of virus were used in the H1 test. Arecently
isolated inhibitor-resistent strain of the influenza A Hong Kong subtype of
human origin was used.
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Results

In May 1973, a mild acute respiratory disease in epidemic form had
broken out in horse stocks in Hungary. In a state farm, among colts and adult
horses, the clinical signs were: fever up to 40.2—40.6 °C, anorexia, deep,
initially dry then wet coughing with serous-fibrinous nasal discharge. In the
second passage of 9—10 days embryonated hen’s eggs three haemagglutinating
virus strains were isolated.

Table 1
Results of cross HI tests

673 675 671

rabbit antisera to

Virus strains

Alequine/Prague/1/56 Alequine/Miami/1/63 A/Hong Kong/1/68
viruses
Alequine/Prague/l/56(HeqlINeql) 1: 256 N
Alequine/Miami/l/63(Heq2Neq2) N 1:256 .N
A/Hong Kong/I/68(H3N2) 1:4 1:8 1:512
B251/1/73 1:128 N N

The isolates (B251, B252 and M36) in the cross HI test carried out with
rabbit antisera, proved to be equine A-l subtype strains (see Table I).

In certain stocks paired blood samples were collected at an interval of
18—32 days from horses recovered from the disease. As compared to the first
samples, the second samples yielded in the H I test more positive reactions and
showed higher titres (see Table II).

Specific antibody could not be detected in either of the 10 sera tested
in course of the first bleeding from each of stocks “S” and “B” but 21—
32 days later 5 sera in each stock already reacted as positive. A rise in sero-
positivity rate was observed in three additional stocks. In stocks “Szv”, “K”
and “R” 93.3—100% of the horses gave positive HI reaction to equine A-I
virus.

For stocks where the age of horses had been known the distribution
age-specific incidence of antibodies has been investigated (Table I11). It is
clearly seen that among the 1—5 years old horses these antibodies could be
demonstrated in a higher percentage, viz., 82% as than in the sera of 6—20
years old ones (62%). In all probability the colts till 5 years of age were more
susceptible than the older horses.

From June 1973 till March 1974, in 19 horse stocks 286 blood samples
had been collected and H1 antibodies to influenza equine A-l subtype virus
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Szv
Ds

Szg

Ky

Stock

Szk

Nj

Szv
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Table 11

Testing of paired horse sera for the presence of HI antibodies
to influenza equine A-I, equine A-2 and Hong Kong virus

Dates of screening

212

2416173
20/7/73
21/6/73
12/7173
25/6/73
13/7/73
2716173
23/7/73
18/6/73
20/7/73
20/9/73
11/7/73
2212174
11/6/73
2812174

0/1

3/4

3/5

4/5

213

1
4/4

11/13
37145
(82.2%)

A/Prague/1/56

3/10
8/10
0/10
5/10
4/10
9/10
2/15
7/10
0/10
5/10
14/15
10/14
9/9
2/10
20/20

Table 111

horses seropositive to

Results of HI tests with

Al/Miami/1/63

Vi

ruses

3/10
3/10
0/10
0/10
1/10
1/10
3/15
3/10
1/10
1/10
0/15
0/14
1/9

4/10
7/20

459

A/Hong Kong/1/68

5/10
2/10
0/10
0/10
3/10
2/10
5/15
3/10
2/10
1/10
3/15
5/14
0/9

1/10
0/20

influenza equine A-l virus

Age in year
4 5
5/5 -
— 0/1
— 12
2/4 —
4/4 3/3
212 4/4
13/15 8/10

6-10

4/4
3/6
5/8
3/10
13
6/9
2/10
6/6

30/56

11-20

i/i

6/8
1/3
1/3
1/4
2/2
2/2

14/14

28/37

58/93

(62.3%)

in HI test

Total

14/15
9/15
8/15
5/15

10/18

19/22

10/18

20/20

95/138

(68.8%)
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could be detected, in 162 (56.6%) of these, mostly up to a serum dilution
of 1 : 16—1 : 64. In each stock positive individuals had been in a variable rate.

In eight stocks the infection had been more intense, the seropositivity
was superior, 87.6%, and by about 50% more blood samples proved to be
positive up to 1:32—1 : 256 than in the other stocks.

The sera were screened for the presence of HI antibodies to influenza
equine A-2 and only 51 (17.8%) ofthe sera collected from horses over 5years of
age gave positive reaction up to a serum dilution of 1: 10—1 : 40. Sera of
horses that had proved to be negative in the course of the first testing con-
sistently remained negative.

The horse sera were tested simultaneously with a recently isolated in-
hibitor-resistant strain of the influenza A Hong Kong subtype of human origin.
In the HI test 39 (13.6%) were positive up to a serum dilution of 1: 10—
1:160. It was evidenced that the Hong Kong antibodies could only be dis-
closed in sera collected till late September, 1973, that is, 5—8 months after
an intensive wave of influenza epidemic in humans in the very same area.

Discussion

In Hungary, the acute respiratory disease in horse stocks caused by
influenza equine A-l subtype virus broke out probably in May, 1973. Of the
blood samples taken randomly in late June only few if any proved to be posi-
tive in the HI test, but in July the number of seropositive animals increased
considerably. Some smaller stocks, first of all colt raising plants wherein in
the course of a year horses had not been brought, remained free of influenza
equine A-Il virus infection. After the epidemic the colts that had been trans-
ported to stocks recovered from influenza infection remained seronegative
for months. In some stocks 60—75% of the horses had demonstrable antibody
3—4 weeks following infection. Further on, every individual might have
infected in some stocks, what is supported by results of HI tests carried out
in the second samples collected in stocks “R” and “K”. The first appearance
of HI antibodies in the second blood samples, or a significant titre increase
was accepted as evidence of a recent infection. The same is also supported
by high-grade infection of the horses 1—5 years of age. Together with a per-
centual increase in the infection rate within stock, the H1 titres were increasing.

The mild respiratory syndrome accompanying influenza equine A-I virus
infection can hardly be differentiated from the rhinopneumonitis, but the iso-
lation of the influenza equine A-I virus strains, for the first time in Hungary,
and the significant increase of antibodies in serum of convalescent horses had
confirmed the right diagnosis.

The low-titre HI antibodies to influenza equine A-2 reference virus
strain only in sera of over 5—6 years old horses should be considered residual
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ones existing in animals that had got over a severe course of epizootic in 1968
caused by influenza equine A-2 subtype virus. In paired sera we could recognize
an increase of antibodies to this virus in no case.

It has been shown that horses may be infected by the human Hong
Kong subtype of influenza A virus and in their serum antibodies to this virus
may be demonstrable. In accordance with this, anti-Hong Kong HI anti-
bodies were demonstrated in 39 (20.6%) of the horse sera tested in June-
September, 1973, probably due to mild infections during the intensive influenza
epidemic in humans in the preceding winter. Further blood samples were
collected from 156 horses in the winter 1973 —1974, i.e., one year after the
Hong Kong epidemic. Specific antibodies were found even in none of the sera,
indicating that the circulating antibodies had been fairly soon eliminated from
the blood stream. In horse sera the specificity of HI antibodies to the Hong
Kong virus has been confirmed by positive result of virus neutralization
tests carried out in embryonated hen’s eggs.

Summary

Influenza virus strains of the equine A-l subtype were isolated from nasal discharge
of diseased horses, indicating mild acute respiratory symptoms in the course of an epizootic
that broke out in Hungary late in May, 1973. In affected stocks of the 286 blood samples
collected randomly, 56.6% proved to be positive in HI test, mostly up to a dilution of
1:16-1 :64.

Residual antibodies to equine A-2 virus were detected only in 17.8% in serum of
horses over 5—6 years of age, recovered from a severe equine A-2 epidemic in 1968.

39 (20.6%) of 189 blood samples gave positive reaction to Hong Kong virus 5 to 8
months subsequent to a human epidemic. These antibodies soon disappeared.
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The Coccidia, Eimera, Isospora, Toxoplasma and Related Genera. Edited by Hammond,
D. M. and Long, P. L. University Park Press, Baltimore, Butterworths, London, 1972,
Pp. 482.

The volume, written by ten co-authors, deals with general problems of coccidiology
and thus satisfies an old demand of coccidium specialists. It is printed on a paper of high
quality and many light and electron micrographs, drawings and tables help the reader in
profiting from its contents. Orientation in the text, which is divided into ten chapters, is
facilitated by a subject index.

Chapter 1, written by N. D. Levine, deals on 22 pages with the systematics of coccidia
and, above all, with the work of the scientists engaged in taxonomic problems. The classifica-
tion of the subphylum Apicomplexa Levine, 1970, is interesting, new and well-organized,
although it will take some time until the coccidiologists get accustomed to the unusual endings
of certain taxon names. — Chapter 2, contributed by W. C. Marquardt, discusses on 20 pages
the host and organ specificity of coccidia, disclosing much new information on tissue prefer-
ence and intracellular localization of the stages.

In the third chapter D. M. Hammond describes, on 25 pages, the life cycle and de-
velopmental course of coccidia. The known and new details of the cycle are illustrated by
many good pictures and the text gives answers to several open questions. It is not surprising
that the author reverts to the developmental particularities of Eimeria bovis several times,
because it was Hammond and co-workers who examined the process in greater detail by in-
geniously planned experiments. They discovered that the developmental cycle of E. bovis
includes grossly-visible giant schizonts, which had formerly been regarded as globidial of an
unknown systematic position. Further investigations based on this finding have confirmed
that several other species of Eimeria also have a globidial endogenous cycle. In view of the
modern outlook on which the presentation of the chapter is based the reader feels surprised
when mention is made of E. gilruthi. The implication that this globidiumlike body, occur-
ring in sheep, were a coccidium is hypothetical and no systematic classification is possible
on the basis of a single developmental stage found in the abomasum. A detailed description
of Isospora development, sporogony and excystation increases the value of the chapter.

The newest dicoveries in the field of coccidiology have been made by electron mi-
croscopy. The information emerging from such studies is summarized by E. Scholtyseck in
the fourth chapter, on more than 40 pages. The extraordinarily clear and concise descriptions
are matched by a rich illustration material, including electron micrographs and excellent
drawings. The systematic relationship of Eimeria, Toxoplasma, Isospora, Frenkeliae, Besnoi-
tia and Sarcosporidia has been confirmed by certain ultrastructural characteristics, above
all by structural details of sporozoites and merozoites. Several electron micrographs are
unique pieces, doing credit to the well-organized, important pioneer work conducted by
Scholtyseck and his group.

The cytochemical, physiological and biochemical aspects of coccidium research are
outlined by J. F. Ryley in the fifth chapter, on about 35 pages and the sixth chapter, con-
tributed by J. F. Doran, deals on 70 pages with the in vitro cultivation of coccidia. The
reader finds in these chapters a summary of the newest research results and a rich list of
references to assist further investigations. In the seventh chapter P. L. Long describes, on
about 40 pages, the pathogenicity of coccidia and the pathology of the diseases caused by
them. The great practical importance of poultry coccidiosis is well-known, and the veterinar-
ian has to be familiar with the coccidial diseases of domestic mammals (cattle, sheep, rabbit,
etc.) as well. The pathomechanism of coccidioses is not yet fully understood. The information
summarized in this chapter may also be helpful for the veterinary practitioner, who, never-
theless, will probably miss instructions concerning the prevention and control of coccidiosis
and advice in several other practical problems. Another point of veterinary interest is the
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problem of immunity to coccidia, discussed by M. Elaine Rose in the eighth chapter on
40 pages. The authoress, very correctly, does not regard host specificity and age resistance
as immunological phenomena. The excellent descriptions of the nature and specificity of
acquired immunity and of antibodies formed in response to coccidial infections are again not
followed by practical information which would assist animal health specialists engaged in
coccidiosis control. Immunobiologists, nevertheless, will find all information they need in
this very well-written chapter.

During the recent years the problem of toxoplasmas has been the main source of sur-
prise and dispute in protozoology. This is the topic of the ninth chapter, 60 pages, con-
tributed by J. K. Frenker. The description informs about the development of toxoplasmas,
their now fairly certain identity with the had-been taxon lIsospora bigemina, tissue lesions
and other changes caused by toxoplasmas, and the immunobiological aspects of toxoplas-
matosis. Present knowledge about the spread and mode of infection of toxoplasmas is sum-
marized. The ninth chapter deals with the still scanty information available on the incidence
and development of Besnoitiae, Sarcosporidia and Frenkelia, now generally regarded as
coccidia. In the tenth chapter R. L. pavis describes the technical details of protozoological
research so that this part has the value of a good laboratory textbook.

Summarizing, this excellent book provides, first of all, the theoretical basic knowledge
indispensable for workers engaged in coccidium research. It is therefore comprehensible
that with this principal aim in mind, the authors devoted less attention than might be ex-
pected by the veterinary reader to the immunological and pharmaceutical aspects of organ-

ized coccidiosis control.
L. Pellérdy

C. A. 0sborne, D. G. Low, D. R. Finco: Canine and feline urology. 417 pages, 112 illustra-
tions. Published by Saunder Company, Philadelphia, London, Toronto 1972; L 9.35

Nowadays the development of veterinary science follows two main tendencies: spe-
cialization and integration. Specialization is no longer limited to the individual species,
because efforts for causal therapy and prevention require an exact knowledge of the relation
between organ and disease. This is especially relevant in the small animal practice.

Integration, as the synthesis of various branches of veterinary science and the inter-
disciplinary outlook are important prerequisites of veterinary clinical studies, viz., internal
medicine, surgery and obstetrics. These disciplines now join efforts in investigating the dis-
eases of the various animal species and organs on a complementary basis.

According to the reviewer’s knowledge, this is the first textbook of veterinary urology
ever published. It is a matter of course rather than a chance coincidence that the first volume
of its kind deals with the urological problems of the dog and cat. It is not only that these
species frequently suffer from urinary tract disorders, but also that diagnostic differentiation
from the symptoms of other organic diseases (reproductive, nerve) is often difficult. The
majority of the practitioners are able to identify the syndrome, but usually more than that
is required for an effective therapy.

The volume is divided into four chapters. The clinical description of the urinary tract
diseases is followed by the discussion of conditions affecting the upper and lower parts of
the urinary tract.

The individual chapters are either introduced or complemented by relevant informa-
tion from the fields of anatomy, physiology and laboratory diagnostics. The techniques of
X-ray examination, biopsy and cystoscopy are also described. The infectious, parasitic and
neoplastic diseases are discussed in the chapters dealing with the respective urinary tract part.

The volume is a valuable textbook for the small animal practitioner working at a
high level. The structure of the chapters is shaped to the course of the everyday clinical
routine and the book is therefore easy to consult when problems of diagnosis or therapy
arise. It was obviously written with the aim to give full information on present knowledge
of the field and the authors practically succeeded in fulfilling this objective. The reviewer
wonders whether the prostatic gland, as a complementary genitourinary organ has been
forgotten or deliberately omitted, but this circumstance does not, of course, diminish the
value of the book. It is recommended to all veterinarians with special interest in the details
of dog and cat urology and also the workers engaged in comparative pathology will find in
it many important informations.

The typographic presentation of the volume is excellent and the technique of picture
reproduction deserves special mention. The contents and presentation compensate for the
high price.

Z Horvath
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W alter Baier und Franz schaetz: Tierdrztliche Geburtskunde (Veterinary Obstetrics). Stutt-
gart, 1972; Ferdinand Enke Verlag. 334 pages, 90 pictures. Price DM 49.—

The demand for veterinary intervention in obstetrics and reproduction biology is
increasing day by day with the progress of modern animal husbandry. Professors Baier and
Schaetz, internationally reputed experts of the field, have satisfied this demand by writing
a book on veterinary obstetrics for the use of practitioners. The volume is essentially the
successor of the textbook entitled “Tierdrztliche Geburtskunde und Gynéakologie” (Veterinary
Obstetrics and Gynaecology), published in 1928 and 1944, followed by a third, completely
revised, edition under the title “Tierdrztliche Geburtskunde” in 1958, and the present volume
in 1972. This has been welcomed by all professionals with special interest in the topic. As
suggested by the title, the text follows up the three main phases of the life of the female
animal, viz., the periods of pregnancy, parturition and puerperium, with due consideration
to the related biological (physiological and pathological) events and completed with descrip-
tions of diseases of newborn. The four main parts of the book, Pregnancy (pages 15—80),
Parturition (pages 89—222), Puerperium (pages 227—291) and Newborn (pages 295—315).
The first part deals in great detail with the physiology of gestation, foetal development and
physiological changes of the maternal body as well as sterility and mastitis. The part describ-
ing the pathology of gestation discusses developmental disturbances of foetal envelopes and
foetus and pathological alterations of the maternal organism during pregnancy. Under the
heading of Parturition are discussed the physiology of parturition, the various modes of
veterinary obstetric assistance and the problems of pathological parturition.

The chapters on Puerperium are the most valuable. This critical period is decisive
in respect of the further fate, viz., reproduction ability of the animal. More than 60 pages
— almost one fifth of the volume — are devoted to the clear and concise presentation of this
topic, with conclusions well founded on important clinical observations. The detailed descrip-
tions of the pathogenesis of puerperal fever and septicaemia, and of post-partum metabolic
diseases with instructions for therapy and prevention deserve special mention.

The numerous illustrations, including good pictures and artistic drawing, greatly
increase the value of the book. The text is clear and concise throughout and the outstanding
typographic presentation is a great merit of the publisher. Undergraduates and practitioners
can equally profit from this volume.

J. Haraszti
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ACTA VETERINARIA
TOM 24-BbIM. 4

PE3IOME

NMHOPEKUMNOHHOE BOCHMAJINTENIbBHOE 3ABONTEBAHWE K/MOAKW W MNMEHWUCA
Yy rycqd

I.HABNIO AEHWVA NO 3MN300TONOTUN, KTUHWNKE, MATOIOTUN WNEYEHWNIO 3BABONTEBAHUA
n. CEN, M. NATAKWN n Ab. HAAb

OnucbiBaeTcA paHblle HeM3BecTHOe 3a60/ieBaHMe MOOBbIX OPraHoB rycaka, Bbl3blBaemoe
TSHKenble NOTEPU B KPYMHbIX TYCMHbIX MOrofoBbsAx. 3aboneBaHne xapakKTepu3yeTcs TsHKeNbIM
nopaxeHnem OpPraHoB COBOKYMAeHUA rycaka C HeoO6bIKHOBEHHO BbICOKMM COOTHOLUEHWEM CTe-
pUnbHbIX AnL. [epBbIM KAUHUYECKUM MPU3HAKOM SIB/ISETCA YrHETEHHOCTb >XUBOTHbIX, CO-
NpoBOXAaloLLascsa BocnaseHnem Koaku, y rycakoB XX e NoKpacHeHWeM 1 BocraseHneM rneHuca u
Knoaku. B Tsenbix caydasax nponancyc neHuca COnpoBOX/AaeTcs ero YacTUYHBIM MW NOMHbIM
HEKpPO30M K oTbpacbiBaHWeM. B Heb6n1arononyyHbix NOrosoBbAX B TeYeHWe HECKONbKUX Hefenb
faxe 10% 60/1bHbIX FycakoB MOXeT NOrMbHyTb. Mukpoba, HanomuHatowan Neisseria gonorrheae
6blna N301MpoBaHa U3 M3MEHEeHWI A OpraHoB M TYL MOrUGLINX XXUBOTHbIX. [laeTca nonHoe onwuca-
HUe CMMNTOMOB W M3MeHeHWI nNpu 3aboneBaHWK, Aanblue, PeKOMeHAYeMble TepaneBTUYeCKMe 1
npothnnakTMyeckue MeponpusaTUs.

MHOPEKUMOHHOE BOCMAJNIMTENbHOE 3ABOJIEBAHWE KJ/IOAKW U MEHWCA
Yy rycd

II. CBOACTBA 3TUOMIOTUYECKOIO ®AKTOPA U IKCMNEPUMEHTLI MO 3APAXEHWIO

M. MATAKWN

M3 paHblie HeHabnogatouierocs 3aboneBaHWA COBOKYMWTENIbHOrO opraHa B KayecTBe
3TUONOrnMYeckoro akropa nsonuposaH Bug 6akTepuii poga Neisseria. Mpu 60ne3Hn nopaxaer-
cA Kfoaka, a y rycakoB MeHUC. DNM300TONOrMNSA, crnocob 3apaxeHus, rucronaTosiornyeckue
M3MeHEeHUSA COOTBETCTBOBA/NM TaKOBbIM MPW TFOHOpee, HO B BMOXMMMUECKUX Npobax WU30NAATHI
Benn cebs no-gpyromy uem Neisseria gonorrheae u Bce apyrue Bugabl (N. sicca, N. intracel-
lularis, N. flava, N. subflava, N. perflava) gaHHoro poga. PacwudpoBka 3HauyeHUs 3TOro
HoBOoro Buga poga Neisseria, KOTOPbIA KaXeTcs cneyu@uUUecKn NaToreHHbIM Ans rycs, Tpe6yer
fAanbHeRWNX 3KCNepUMEHTOB.

ATINAPAT 3PEKUWWN COBOKYMNUTE/IbHOIO OPrAHA TYCAKA W CEJIE3HA

3. TYXAnN

CTPYKTYpbl, COAeNCTBYIOWME B 3PEKL MM COBOKYNUTENLHOIO OpraHa camuoB nTul, — 3T0
BaCKy/sipHble Tena, CUCTeMa NMM(ATUUECKNX CUHYCOB, MYCKyfnaTypa Knoaku U neuiepucras
TKaHb MeHuca. [lMapHble BacKy/nsipHble Tena pacnonaralwTcs Ha BEHTPaNbHON MOBEPXHOCTU
K/10aKN M 0BLIMPHBIA NUMGpATUYECKNi CUHYC, OKPYXalLW i KnoaKy, KOMMYHULUPYET C MeHu-
COM MpU MOCPeAcTBE NMMPATUYECKUX KaHanoB. BacKyfsipHbie Tefa CHa6XalTcs KPOBbHO



BHYTPEHHEN cpamHOil apTepueii, KoTopas, pa3BeTBNAACL, 06pa3yeT B HUX FYCTYH ceTb Kanuns-
poB. Kanunsapbl M NUMGaTUYeCKNe CUHYCbl BbICTNIaHbl HEMPepbIBHbIMU 3HAOTeNMEM. Ha cekcy-
anbHbIi CTUMYN MycKyfnaTypa apTepuil U JOKanWAsApHbIX apTepuon paccnabnsieTcs, NPocBeTbl
pacwupsaoTCA U KPOBb BHE3AMHO BHeAPSIeTCA B Kanunapbl, Bbi3biBas 3TUM WX pacluMpeHue u
HacTynaeT pasnuBaHWe NUMdbI M3 COCYAOB KaK pe3ynbTaT MNOBbIWEHUS TUAPOCTATUYECKOTO
faBneHus. fiumda, nonaslwasn B AMMGaTNUecKnii CUHYC, UNbTPALUOHHBIM AaBneHUneM U CHUHK-
TEPOM KJ/I0aKW, OKPYXalwWwum NuMmpaTuyecknii cMHyc, npokauyuaeTcs fanblie B neHuc. O6-
paTHbI npouecc NPOXOAUT Npu pacciabneHnn. MeHUC BTATMBaeTCs B MOKOsILLEe NOSTOXEHUE
3N1aCTUYECKUMU BONIOKHAMU, TYFUMUW MPU 3pEKLUMW, HasblBaeMbIMU M. rectractor penis; OHU
COAeliCTBYIOT OfHAKO TONbKO B peTpakuMn BeHTPanbHOW YacTu KA0aKu U OCHOBAaHWUS MeHuca.
Numca U3 neHuca NocTynaet B NIMM¢pATUUECKME CUHYCbl, OTKYAa OHa BbIXOAUT NPU MOMOLLU
nMMGaTUYecKx cocyfos.

PA3BUTUE KWLWIEYHOWN ®NOPbI ¥ MOACOCHbIX MOPOCAT
Ob. WWWHKOBWY n B. KOXAC

Ha ocHOBaHUM 6aKTepMONOrMYECKOro W3yYeHUs >KeNyfo4HO-KULIEeYHOro TpakTa, Mo
onpefeneHHo nNporpaMme Y6UTbIX XXMUBOTHbIX, NOKa3aHO pa3BuTue (hNopbl NULLEBAPUTENbHOTO
TpaKTa MOACOCHbIX NOPOCAT A0 12-AHeBHOro Bospacta. CornacHo Mosy4yeHHbIM AaHHbIM Xapak-
TepHaa [ANA 340pOBbIX MOPOCAT dopa hopmumpyeTcs K 1,5—2-gHeBHOMY BoO3pacTy M C 3TOro
BPeMeHU No 12-fHeBHbI BO3pacCT CYLWEeCTBEHHO He U3MeHseTcA. B KuweyHoW (aope NOACOCHbIX
NOPOCAT CHayana NpeBanupyloT Besde 06GHapyXMBaloLLMecs CTPENTOKOKKMU, MpeBblllas KoOau-
4YeCTBOM CTPenTOKOKKW [l. BeretaTuBHble M crnopoBble (OPMbl KaocTpupuii oT poga no 12-
[AHEeBHbI BO3pacT 0GHapyXMBalTCA BO BCEX yyacTKax KuleyHUKa, HO B TOHKOM OTfese OT-
MeyaeTCca YMeHblUeHWe KonuyecTBa 06enx Gopm.

OTgenbHble 3Tanbl POPMUPOBaAHUSA KULLEYHOW (hiopbl YKasbiBaloT Ha Ha/lM4yMe MexaHu3Ma,
perynupytowero 6uoLeH03 npocBeTa, KOTOPbI A0 ONpefeneHHOl CTeMeHW SABNSETCA He3aBU-
CUMbIM OT KO/IMYeCcTBa CHapyXW nonajamowmnx B KULWeYHUK 6aKTepunii.

QNIEKTPOHHO-MMWKPOCKOMMNYECKMNE WCCNEAOBAHNA HA CTAAUNAX
PA3BUTUNA EIMERIA MAXIMA

IV. TOHKAA CTPYKTYPA WWHN3OHTOB N MEPO30UTOB

X. MENXOPH

DNEeKTPOHHO-MUKPOCKOMMYECKUM METOAOM M3yyaeTcsi LIM30FOHUSA KYPUHOU KOKLMAUK
Eimeria maxima u cpaBHMBaeTCA C COOTBETCTBYHOLLMMMN OTNPaBAEHUAMU APYTUX CNOPOBUKOB.
OKa3blBaeTcsl, UTO OMucbiBatlolMecss B paboTe OCHOBHble OTNpaBfeHMA LMK/A PasBUTUSA BO-
Npekn MMeLWMUMca MOAUGDUKALUAM MPOUCXOAAT OT eAMHON WMCXOAHOW (opMbl, KOTOpas B Ha-
CTosIlLee BpemMsi OTpaxaeTcsl B 3AHOAMOTeHUU HEKOTOPbIX BUAOB.

CTpyKTypa 3pefibix Mepo3nToB E. maxima B NpMHLUUMe He OT/IMYaeTCst OT TaKOBOW Apyrux
alimepug. CnepyeT OAHaKO MOAYEPKHYTb, UTO KOHOWJ MOXET GblTb CABUXEHHbIM HAacTO/IbKO
Bnepes, 6narogapsi YeMy OH CUAUT Ha NOMSIPHOM KOJIbLe, YeM CU/IbHO MOAYEPKUBAETCA €ro posib,
KakK opraHa BHegpeHus. Mofo6HO cKasaHHOMY OGHapyXeHa O04YeHb TecHas CTPYKTypanbHas
B3aMMOCBSA3b MEXAY KOHOWAOM, poONTpusaMK (MapHbIMW oOpraHennamu) M MUKPOHEMaMmu, Ha
OCHOBaHWW 4Yero nNpeanoXxeHHoe JlesalH (1970) HammeHoBaHWe «Apicomplexa» AN «BObIBLUUX»
CMOPOBUKOB KaXeTCA BeCcbMa BblpasuTe/ibHbIM.

BVMONOITMYECKN AKTUBHBLIE OCTATKWM B MACE W MACHbLIX MNMPOAYKTAX B
BEHIPUW B 1972 TOoAY

A. TAKAA, 3. WIUWMOH®®UN n X. E. AHYO

O6pasybl MAca U MSCHbIX MPOAYKTOB M3y4Yanucb Ha Hanuume GUONOTUYECKN aKTUBHbIX
ocTaTKoB. O6bEKTOM UCCNef0BaHUI ABUANCH CBUHBWN U MACHOV CKOT KPYMHbIX X03AKicTB. B aHa-
nn3 6panncb o6pasubl Msica, XUPHOW TKaHU, NOYEK MU NeyveHU, fanblie, TAKOBble NacTepu3oBaH-
HOli KOHCEPBHOI BeTUYMHbI, caflamMun U CbIpPoli KONYeHON Konbachbl.



CoefiIMHEHNA X/10PUPOBAHHbLIX YrnesoAopofoB, (OoCHOopopraHNYecKNX WHCEKTULUAOB,
MbllIbAKa, MeAW, LMHKA U UMHK-6aunTpaumHa usydyeHol B 725 o6pasuax. Pe3ynbTaTbl uccnepo-
BaHuWli cobpaHbl B 3-x Tabnuuax.

KoHueHTpauns OOT u JIMHAAHA B XWUPHbIX TKaHAX 6bina B 10 u 5 pa3s Bblle, Yem
B MsiCe, HO OHa 6blna HAMHOIO HWXXe TeprnMMOro YpoBHS MeXYyHapoAHbIX NpeAnucaHuii.

dochopopraHnyeckne MHCEKTULUAbLI He 06HapyXeHbl HW B obpasuax msaca, HM B Ta-
KOBbIX MSCHbIX MPOAYKTOB.

YpoBeHb TAXE/NbIX MeTaN/IoB U PaguoakTUBHbIX 3/IEMEHTOB, B TOM 4uUc/e U UUHK-6auu-
TpaynHa 6bl1 HU3KO MOJ AOMNYCTUMbIM YPOBHEM MEXAYHAapOAHbIX MpejnucaHuii.

KoHueHTpauus AT M3MeHUNacb TONIbKO He3HAYMTeNbHO, TaKMM 06pa3oM C ero Haan4uu-
eM HYXHO paccunTbiBaTb elle [J0/IF0e BPeMs.

M3YYEHUME UMNTOTOKCUYECKOIoO 3®dPEKTA TOKCUHA o, (3EAPAJIEHOHA)
B PA3HbIX OAHOC/OWMHbLIX KMAETOUYHbIX KYJ/IbTYPAX

A. BAHW u 3. POMBAPWH3-CEWNNEP

ABTOpamu nsyyancsa uMTonaToreHHbI ahdeKT TokcuHa P2 (3eapaneHoHa) B pasHbIX 0f4HO-
CNOMHbIX KNETOYHbIX KynbTypax. O6HapyXeHOo, YTO TKaHb CEMEHHWKOB TeX XXWBOTHbIX 4YyB-
CTBUTENbHA K TOKCMHY, Y KOTOPbIX OH TOPMO3UT cnepMmnoreHes. TKaHb CEMEHHWKOB PECUCTEHT-
HbIX K TOKCUHY XXWBOTHbIX M in vitro He noBpexpjanacb MM.

[Apyrve BuAbl TKaHel in Vitro He nokasblBanu YYBCTBUTENbHOCTUM K TOKCUHY. OTOT
MeTOj aBTOPbl CYMTAIOT YA06HbIM ANA 6bICTPOro onpejeneHna YyBCTBUTENbHOCTU pasHbIX BUAOB
XXMUBOTHbIX N X TKaHel K TOKCUHY P2

HAWBOMEE HALEXHbIA METOJ BbIABNEHUA MNPELCTABUTENEN TPYMMbI
OQHTEPOKOKKOB

A. TAKAA un W. KOBAY

B MWKPO6GMONOrMN NULLLEBBIX NMPOAYKTOB BbisiBNeHUe 6aKTepuii U3 rpynnbl 3HTEPOKOKKOB
cyMTalT [0Ka3aTenbCTBOM 3arps3HeHUs MUKpohnopon m3 dekanuii. Bugbl faHHOW rpynnbl
- rnaBHbiM o6pasom Streptococcus faecalis n 3ro BapuaHTbl — B nuTepaType HeOAHO-
KpaTHO (hMrypupoBanu Kak npuynHa nopyy nNuLLeBbIX NPOAYKTOB W 3HTepanbHbIX 3abonesaHuii.

Bugbl CTPENTOKOKKOBOW FPynnbl CUbHO OT/IMYAKOTCA APYT OT Apyra B PeCUCTEHTHOCTH, B
CNoco6HOCTM pPOCTa, B BUOXMMUNYECKON aKTUBHOCTY, B N36MpaTeNbHOCTU K NUTATeNbHbIM Cpejam.
UT06bl HailTM Hambonee HafeXHbIW cnocob BbIABNEHUA MNpeAcTaBUTENel 3HTEPOKOKKOBOW
rpynnbl, NPOBeAeHO CPaBHUTENbHOE U3yveHMe 6 XXMAKMX U 10 NNOTHbIX NUTaTeNbHbIX CPes.

Bce npefcTaBUTENN 3HTEPOKOKKOBOM rpynnbl Hambosee ApPYXHO PpocanM Ha HaTpueBo-
asnfo-4eKCTPO3HOM XNAKONA cpege, coepkauieii 0.003% 6pOMTUMONCUHN U Ha NNOTHOW arap-
HOWM cpepe lMakkepa npu KynbTuBauum npu 35—37°C B TeyeHune 24—48 yacoB. PesynbTaThbl
nccneaoBaHuii cobpaHbl B Tabnuue.

CEPONTIONrMYECKOE W3YYEHWE KOMNWBAUWNNE3HbLIX WTAMMOB,
M3ONMNPOBAHHbLIX N3 TENAT

A. BAPTA n A. ®. ®APU]

Y 288 konubaumnnesHbix LWTaMMOB, U30/IMPOBAHHbIX M3 TyLW, NaBWmnx oT Konnunbaumn-
nesHol Au3eHTepumn TenaT 91 KPYnHOW depmbl, U3yyeHbl GMOXMMUYECKNE CBOWCTBA M aHTUTEHbI
O un K. Ana onpegeneHnss aHTureHoB O npumeHUnun 57 KonunbaunnnesHblX aHTUCbIBOPOTOK O 1
OK; ana onpegeneHns aHTureHoB K — 3a ucknwuyeHnem tpex — Bce (1—94) konubaymnnnesHble
aHTUCbIBOPOTKN K.

Ha oCHOBaHUM BUMOXMMUYECKUX UCCNefoBaHU 263 un3onaTa MAEHTMAULUPOBAHbI Kak
E. coli, 15 — kak Klebsiella,, 5 — Proteus vulgaris, 3 — kak P. mirabilis; gBa wTamma He
y4anocb BK/OUYUTL B NepeyncieHHble poabl. BonbwunHcTBo wTtammoB E. coli nokasbiBano 6uo-



XUMUYECKNe MNPU3HaKW, XapaKTepHble A/ pofa, HO HEKOTOpble LITaMMbl B OTAe/bHbIX peak-
umnax senu cebs no-gpyromy.

150 wTtammoB cpean Bcex (57%) Ha oCHOBaHWM Habopa aHTUCbIBOPOTOK YyAanocb BK/O-
unTbB rpynnel O. Bonblwas YyacTb WTaMMOB NpuUHagaexana K ceporpynnam 0101, 020, 0141, 08
n 07, Torga Kak rpynnel 021, 023, 0153, 09 n 078 oTmeyanucb pefko.

3a UCK/0YeHNEeM OfHOr0 BCe CePOSIOrMYecKn WAEHTUMULMPOBaHHbIE LWTaMMbl COfepXanu
aHTureH K. lMoyTu nonoBuHa WTamMMOB cofepxxana aHTureH K(A), Bo popmax 0 101 : K28(A),
0 101 : K3O(A) n08: K28(A); ogHako o6Hapy>XeHbl U TepMmocTabunbHble, 6aMXKe HEUAEHTUHULN-
poBaHHble, BEPOATHO aHTUreHbl K(A) B wTammax, npuHagnexawux k ceporpynnam 09 un 041.
Apyras yacTb WTamMMOB cogepxana aHTurenbl K(B), unn K(B), kak npaBuno B hopme 08 : K71
(B), 0153 : K71(B), 078 : K80(B) n 0117 : K15(L).

3HAYEHWE MATO/IOFTOAHATOMUYECKUX WU3IMEHEHUW TUMNOTANAMA Y
XMBOTHbIX, 3BAPAXEHHbBIX B MO3Ir LLTAMMOM BVWPYCA BELWEHCTBA XEAELL
PNKC

. KAPACCOH

M3yyanucb nartosoroaHaTOMUYeckne W3MeHeHWS runoTanamMa 3KCNepuMeHTanbHbIX
XXMUBOTHbIX (06e3bAH pe3yc, OBeL, 6enbiX Mbllle, CUPUACKUX XOMAKOB M KPONMKOB), 3apaxeH-
HbIX B MO3r LWiTaMMoM Xégel (UKC Bupyca GelleHcTBa. ABTOPOM 06HApPYXeHOo, 4To B runoTta-
namMe 3KCNepUMeHTanbHO 3apaXKeHHbIX BUPYCOM (DUKC XXUBOTHbIX, KOTOPble Mann n 6biu youTsl
Ha pasHblX cTaguax 60ne3HK, BCerga MMeTCs SIBEHUA OCTPOro aHkedanuta. [IMO3HbIE U Me-
3eHXUManbHble UHPUNbTPaLWW, fanblie, AereHepaTUBHbIE N3MEHEHNA HelipoOHOB 3fech, Kak npa-
BUNO, OblNn 6onee TAXENbIMU, YeM Ha APYruMX MecTax LeHTpanbHOW HepBHOWN CUCTEMBI.

B Hauane uMHekuun 6onee TAXeNble U3MEHEHWS MMeNUCb B MepeAHUX, a K KOHLUY, B
3afjHUX YacTAX runortanama.

CornacHo aBTOpY HeliponaTofiornyeckne U3MeHeHWA B runoTaname SBAAIOTCA MPUUUHON
XOPOLO WM3BECTHbLIX CUMMNTOMOB CO CTOPOHbI BereTaTUBHON HEPBHOI CUCTEMbI, COMPOBOX /A0 LL X
GeleHCTBO. XapaKTepHas Noc/ieoBaTeNbHOCTb CUMMNTOMOB 06bACHAETCS Nocnef0BaTeIbHOCTbIO
3aboneBaHuns sgep runoranama.

[aHHble uccnefoBaHMii — Kpome pokasaTeNnbcTBa u3bupaTenbHoli 3a6oneBaemMocTy
rmnoTanama B npouecce naToreHesa 6elleHCTBa — NPeACTaBNAT co60li HOBbI MeTOj4 B 3KCMe-
PUMEHTaNbHON HEMpPONOrnn, NOCKONbKY MPUMEHSNCA CTPOro HeMpPOTPONHbLIA BUpPYC (UKC.

MACCOBOE OBHAPYXWBAHWE 3ABOPOTA BEK CPEAN AIMHAT

M. 3AVEP, T. KEF1 n K. WWOMO/AbBAPU

3aBOPOT HMXKHEro BeKa Cpefn MeTUCHbIX ATHAT OT.BEHrepCKMX MEPUHOCOBbLIX OBLLEMaTOK
n 6apaHoOB aCKaHWNCKWI, FPO3HEHCKMWI, KaBKa3CKWN W NPeKOCHbIN MepuHoc ¢ 1967. roga
Habntogaetca B 3—10%-ax cnydaeB. 3abonesaHue rnasa nosaBnsnocb 06bIYHO B 10—20-
OHEBHOM Bo3pacTe M npumepHo 60—70% XWMBOTHbLIX NOrm6n0 OT 601e3HN.

HabntogeHns no aTUOIOTMKU 1 SKCNEePUMeHTbI MO fieveHUto 60/1e3HM Benucb B 12 Hebnaro-
NONYUYHbIX MOroN0BbAX. BpoXAeHHbI 3aBOPOT HUKOra He o6HapyxXmnBasscsa u u3 60/bHbIX rnas
He yjAanocb U30/1MpoBaTb Crneuumpuyeckoe 3apasHoe HayaTo. MaTorMcToNOrMYecKUM M3ydeHUem
CTPYKTYpanbHO aHOManuu BeK 06HAPY>XUTb He yAanocb. ¥ MeTUCHbIX AMHAT, XapaKTepusyto-
W MNXCA 3aMeTHOW CKNaf4yaToCTbl KOXHOr0 MOKpOBa, BO3HMWKAET CcnasMuU4YecKuini 3aBopoT B
pesynbTaTe MexaHUYecKol MpuTauumm poroBuLbl PecHULLAMW B CUY 3aBOPOTa HUXHEFO BekKa B
CTOPOHY rnasHoro s6,10Ka, Tak Kak B 06/1acTW BeK KOXHbI NOKPOB ToXe o6pasyeT CKAafKu.
Takum 06pa3om 3TO COCTOSAHME HEesb3A CUMTaTb HACMeACTBEHHbIM; B €r0 BOSHUKHOBEHUMN B Ka-
YyecTBe npegpacnonararoLlero akTopa BaXHY ponb UrpaeT pbiX0CTb CTPYKTYPbl NMOLKOXHOM
COEAUHMNTENbHOM TKaAHN HUXXHero Beka. MogKoxXHbIM BBegeHnem 0,75—1,5mn 70% -HOro aTuneBo-
ro cnmpTa B MOAKOXHYIO COeAVHUTENbHYI TKaHb HUKHEro BeKa SIBASETCA MPOCTbIM, N1erko
OCYLLeCTBUMbIM U 3PPeKTUBHbIM CMOCO60M NUKBUAALMM 3aBOPOTA HUXHero Beka. MeToj 3a-
pekomeHjoBan ceba B fleYeHUN MHOTUX ThbICAY METUCHbIX AMHAT.



JEVCTBUE A30TA B KOPME HA OEMEH 3/MEKTPOJ/IUTOB U BOAbLlI ¥ OBLbI
B. FOXAC, 5. CETEAN u M. KEPECTEL

M3yuanocb pacnpegeneHne 42K B KpOBW, CbIBOPOTKE M 3puTpoOLMTax OBUblI Nocne BBeAe-
HuA B pybey 0,6—0,8 r/Kr MoYeBMHbI NPV NOBbILIAIOLLENCA KOHLUEHTpaLUM aMmmaka B KpOBW.

OnpefenAnncb cofepXXaHue ammmnaka B XXMAKOM COAePXXUMOM py6Le 1 B NONHOW KPOBU U
remaToKpuT. PagnoakTuBHbIN 42K BBOAMNCA BHYTPWBEHHO. AKTUBHOCTb WM3YYEHWA KPOBMU, Cbl-
BOPOTKW U 3puUTPOLMTOB peructpuposanace nocne 0, 1,5, 3, 4,5, 6 n 8 yacoe nocse BBefeHUSA
MOUYEBUHbI.

Y oBel, NONYYMBLIMX MOYEBUHY, aKTMBHOCTb 42K B CbIBOPOTKe noHu3mnacb 6onee
3HaUYNTeNbHO, YeM B KOHTPO/NbHbIX XWBOTHbLIX U Habnfanucb CMMyNbTaHHble MoKasaTenun ak-
TUBHOCTU WM3NYy4YeHMUS B MOMHONM KpOBW. B paspe3 ¢ KOHTPO/bHbIMU XWUBOTHbIMU Habnwganoch
NOHMXEHNe aKTUBHOCTM 42K 1 B 3puTpoumTax.

ABNAeTCSA 0YEBUAHBLIM, YTO MOBbLILIEHNE YPOBHA aMMMaKa B KPOBM TOpMO3UT nepexos K+
M3 MEXKNETOUYHbIX Weneil B KNeTKN U NoolpseT BbIxoxaeHne K+ nytem gnddysmm n3 KneTok.

O6HapyXeHo, 4To — 6narogaps TOpMO3Alleli aKTUBHOCTU amMMuMaka — MMeeTcs onpe-
feneHHas B3aMMOCBA3b MeX/Jy MOBbILEHWEM YPOBHSA aMMuaka B KPOBW KBOLMEHTOM pacnpege-
neHna K+, Uem Bbllle ypoOBEHb aMMmaka B KpPOBMW, TeM 6o/blue TOpMOXeHue nepexopa K+ B
IpUTpPOLMTLI. Ha BbipaXeHue KOPPensaumm Mexpy ypoBHEM aMmuaka B KPOBW U KBOLUEHTOM
pacnpeseneHns cocTaB/ieHa perpecCMoHHas Kpusas.

NM3YUEHWNE UMNTOTOKCUNYECKOIO 3PPEKTA ®dY3APUNOTOKCUHA T—2
N. BOAOH u N. 3ENQAT

ABTOpamMu n3yyancs UUTOTOKCUMYECKWUI 3h(heKT NpofyLMpoBaHHbIX PpasHbIMW BUAAMMU
rpu6koB pofga Fusarium MWKOTOKCMHOB Ha TKaHeBbIX KynbTypax W KOXXHOW Npoboi y Kpo-
nuka. TkaHeBas KynbTypa oKa3anacb OYeHb YYBCTBUTE/NIbHbIM METOAOM, MPU MOMOLLUM KOTOPOW
yAanocb BbIABUTb Hanuuwme yxe 0,005 muyr tokcmHa T—2. Limtonormyeckne M3MeHeHUs U3y-
Yanucb Ha npenapatax, OKpPalleHHbIX aKpPUAWH-0PaHX W remMaToKCUAMH-303MHOM. XapaKTep-
HbIMW WU3MEHEHUAMW B TKaHEeBOW Ky/nbType ABWUAUCHL pelleTyaTas CTPyKTypa KAeTOYHOro cnos
N NMUKHO3 COAEPXMMOro KNeTOYHbIX aep U pacnaj nocnegHux (Kapunopekcuc). Metog yaobeH n
ONA KOIMYECTBEHHOIO TUTPMPOBAHMA YNCTOro TokcuHa. KoxXHol npo6oli Ha KponunKe ygaBanochb
BbISABUTb HaNnuune TOKCMHa fo npegena 0,5 mur.

MHDPEKLNN NHDIOIHLOW CPEAV NOLWALEA BEHTPUW, BbI3BAHHBIE
NOATUMNAMU NIOWAAVHOM A -1 N FTOH KOHI

. POMBAPU, 4. TAHU, XYXA MAT3 n 3. GAPKALL

LWTaMMbl MHGA3HUBLI nogTvNa nowaguHbli A—1 6blAM M301MPOBaHbl M3 HOCOBbIX
MNCTOYEHNI 60NbHbIX Nowajgei, NoKasblBalwLWMX MATKWe MPU3HAKW OCTPOro 3aboneBaHus fbl-
XaTeNbHblIX NyTeil. B Hebnaronony4yHblXx MOronoBbsix cpean 286 ob6pasuoB KpoBu 56,6% pa-
Basn MOMOXMUTENbHYIO peakuuio B Npobe TOPMOXEHMUA remarrnioTuHaummn, obbIYHO A0 pasbas-
neHuva 1:16—1:64.

OcTaTouYHble aHTMTena K BUPYCY nowaanHbli A—2 obHapyxXuneanucb ToNbKo B 17,8%-
ax o06pasyoB CbIBOPOTKM nollajeii Bo3pacta Bblle 5—6 neT, Npu TAXENON BCNbIWKe 3NU30-
oTWUMN nowagmHbli A—2 B 1968. rogy.

Cpegn 188 o6pasyos kposum 39 (20,6%) [ano MNOMNOXMUTENbHYK peakuui K BUpycy
FoH KoHr cnycts 5—8 mecsueB nocne aNWAeMUU, BbI3BAHHOW 3TUM BMPYCOM. ITU aHTUTena
CKOpPO ucyesnu.
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