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STUDIES ON ROUGHNESS AND ENDURANCE OF
FLOOR SURFACES IN ANIMAL HOUSES

By

A. B. Kovacs

Department of Surgery and Ophthalmology, University of Veterinary Science, Budapest
(Received April 2, 1973)

It is known from practical observations that management failures are
often responsible for diseases of the extremities in swine.

Concrete flooring, inadequate attendance (Behrens, 1961: Doman, 1972; Maclean,
1968; Nilsson, 1964; Osborne, 1950; Penny et al., 1963) and the lack of exercise associated
with closed systems of management (A. B. Kovacs, 1972) were shown to be causal or predis-
posing factors and, apart from them, feeding errors and congenital abnormalities were also
found to play a part (Claus, 1962; Hamori, 1972; Meyer, 1963; Rieck, 1961).

Animals maintained in large-scale units require management systems
apt to ensure optimal environmental conditions to eliminate or at least mini-
mize deleterious factors, including those responsible for surgical diseases.

Investigations of optimal flooring in animal houses have been centered on the wearing
surface, the quality of which is decisive in respect of the health state of the foot. As yet no sys-
tematic studies have been reported on the smoothness or roughness and abrasive resistance of
stable floors, but certain erroneous views are gaining ground in respect of the desired quality
of surface finish. Among others Gabor (1968) has advocated the roughening of floor surfaces
for rendering them skid-proof.

Apart from the main physical properties of the floor (thermic properties
and bearing strength), wear resistance and surface finish are those main
quality parameters which should be precisely established and taken into con-
sideration at construction in order to prevent the foot diseases related to inap-

propriate flooring.

In the machine industry, the roughness values of metal surfaces are prescribed by
well-defined criteria (Beer et ah, 1968) which can, however, by no means be adapted for the
evaluation of floor surfaces. As long as no mechanical, pneumatic, electric or optical instrument

is available for direct determination of the roughness value of floor surfaces, the investigator is
resorted to estimations based on comparison to certain commonly used objects.

Materials and methods

The roughness (smoothness) of floor surfaces was assessed indirectly by
measuring the degree of attrition of the horny part of the foot on the ground
that it is exposed to a much greater tear-and-wear on rough than on smooth
surfaces.

1 Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



2 B. KOVACS

The abrasive resistance of the floor was measured by applying friction of
a known value directly to its surface. Both examinations were carried out with
a slit-phase electric equipment of 130 W output, operated from the mains
(220 Y), and constructed specially for the purpose. The circular movement of
the electric motor was transformed to a linear alternating motion by means of

Fig. 1. Equipment for testing of surface roughness and wear resistance of flooring

a driving rod. The path of motion was 8 cm long and motion frequency was
80/min (Fig. 1).

In both experiments, specimens of the nail of 8—12-month- old Large
W hite pigs were used as test pieces. One ¢cm long, 0.3 cm thick specimens were
cut from the anterior and lateral parts of the wall in line with the horny leaves
(laminae) and were dried at room temperature before use. The average moisture
content of the horn specimens was 7.5%. The specimens were so located in the
equipment that their longitudinal axis was square with the floor surface, where-
as their width with the direction of movement. Thus at a single movement
(friction) the specimen made contact with a 8 cm long by 1 cm wide area of the
floor surface. A load of 2.5 kp was put on the horn specimens by means of a lead
mouse, weighing 1 kp, and an arm.

The greater part of the floor types examined were commonly used varie-
ties, the rests were constructed specially for the purpose of the experiments.
Floors made of wood, brick, concrete, asphalt, plastics and rubber were tested.
The composition of the asphalt floor designated in Table | with “x” differed

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



ROUGHNESS AND ENDURANCE OF FLOOR SURFACES 3

considerably from the traditional formula, consisting of cold-processed bitumen,
cement and furnace cinders, a blend giving arough surface. Of the two synthet-
ic floors Dynafarm was made in the GFR, Graboplast and the two rubber
floors in Hungary.

Depending on the roughness or smoothness of the floor surface, mechani-
cal rubbing with the horn specimen was carried out for 1—5 minutes. If the
surface is extremely rough, the horn becomes so heavily worn in one minute
that it can no longer be used. The wear surface of the horn specimens was ren-
dered smooth for the experiment by preliminary abrasion for a few seconds.
Five specimens, each from the anterior and lateral part ofthe wall, were rubbed
to the floor under examination, the degree of wear was assessed from the mean
weight loss of the specimens and the roughness value of the floor was estimated
from the degree of wear. The specimens were weighed with an accuracy of
-70.1 mg before and after the the rubbing test.

The wear resistance of the floor was assessed by the same procedure,
except that in this instance the attrition of the floor surface and not that of the
horn was measured.

The depth of the attrition groove was carefully measured with a gauge
rule and read under a hand magnifying lens. The rubbing test was performed in
five different areas of the floor, using fresh horn specimens for each, and a mean
value was calculated from the five readings. According to the degree of wear,
the floor was qualified as “good”, “satisfactory” or “bad”.

Results

Roughness values of floor surfaces, as estimated from the abrasion of the
horny part ofthe foot and the wear resistance of floorings as estimated from the
depth ofthe attrition groove produced in the rubbing test, are shown in Tables
I and Il. The data of both Tables are suitable for realistic estimates of floor
quality from the surgical point of view.

Discussion

It is clear from the data of Table I that attrition of the horny part of the
foot varied with the degree of roughness of the floor surface. As the conditions
of the rubbing test were the same for each horn specimen and each type of
floor, the experimental data enable a fairly accurate ranking of floor types.
The horn was most heavily worn on rough concrete and on the rough asphalt
designated with “x” and least worn on hardwood and hard asphalt floors.
The endurance of horn specimens from the lateral wall was distinct from that

1* Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



4 B. KOVACS

Table 1

Roughness values of floor surfaces as assessed from attrition of horn

Weight (g) of horn Qualification of floor

Time specimens Weight of
Serial 0 of abraded
no. Type of flooring abrasion before after horn satis
(min) ood - bad
abrasion @ ’ fact. :
l. Hardwood 5 A 0.5529 0.5516 0.0013 +
L 0.4336 0.4280 0.0056 + — —
2. Brick 5 A 0.5334 0.5306 0.0028 _L
L 0.4545 0.4446 0.0099 + _ _
3. Smooth-surfaced 5 A 0.5039 0.4579 0.0460 — — N
concrete 4 L 0.3880 0.3589 0.0291 — — +
4. Rough-surfaced 1 A 05227 0.4266 0.0961 i — +
concrete 1 L 0.3619 0.2516 0.1103 — — ¥
5. Asphalt 5 A 0.6375 0.6342 0.0033 + - -
(smooth
surfaced) L 0 3254 0.3200 0.0054 + — —
6. Asphalt “x” 2 A 0.5740 0.5133 0.0607 — —
(rough
surfaced) 1 L 0.3327 0.2877 0.0350 — ¥

Symbols used: A, specimen from anterior part of the wall of foot horn;
L, specimen from lateral part of the wall of foot horn

of the anterior part throughout, which can be attributed to differences in
strength and thickness of horn.

The degree of wear of the horny part as assessed from the test results
cannot be directly applied to the living animal. The rubbing force employed in
the experiments scarcely abraded part of the specimens, whereas from others
a 2—3 mm long portion, well measurable also in terms of weight (mp), was
worn away. Another reason of the inconclusiveness of numerical data (time
of rubbing and thickness of the horny part) for the living animal is the fact
that in the latter the wear resistance of the foot horn is greatly influenced by
the physiological state and by the moisture content of the horn, which greatly
depend on the conditions of management (dry or moist floor, soiled or contam -
inated floor). In the case of pigs, the wear of the foot horn and floor surface
are both subject to the influence of static and dynamic forces. The test results
unequivocally show that apart from the body weight and movement velocity
of the pig, the roughness of the floor surface plays a decisive role in the abrasion
of foot horn. Since the movements of pigs are characteristically slow, it would
be difficult to estimate the proportions at which the static and dynamic forces
come into display. It is known that during walking, the foot slips forward
(friction !) when it descends on the ground.

Acta Veterinaria Academiae Scientiarum Hungaricae 25 .1975



G/6T ‘Gz oeolebuny WNIBNU3IDS SBIWSPRIY BLIBULISISA BIOY

Serial

g~ w N

o N O

10
1
12
13

14

Type of flooring

Firewood (softwood)

Beechwood (hardwood)

Brick (solid)

Brick (soft)

Concrete with smooth surface
finish

Rough-surfaced concrete

Asphalt

Asphalt

pPvC

Graboplast

Dynafarm

Rubber (trefoil pattern)

Rubber (pyramid pattern)

Rubber (rough-surfaced)

Table

Data of wear resistance tests on different types of flooring

Time
of
abrasion
(min)

N oo oo

g o NN N O o

Degree of floor abrasion

on
visual inspection

scarcely visible
scarcely visible

scarcely visible

well visible
well visible
well visible

scarcely visible
well visible
conspicuous wear
conspicuous wear
conspicuous wear
well visible

conspicuous wear

well visible

on
manual inspection

scarcely tangible
scarcely tangible
scarcely tangible

tangible groove

roughened
tangible groove
scarcely tangible
deep groove
tangible groove
tangible groove
tangible groove
well tangible
pyramid pattern

worn off, smooth

well tangible

Depth of

attrition
groove
(mm)

0.1
0.1

3-5

0.2
1-2

0.1
5-6

0.2
3

3

0.5

35

good

Qualification of floor

satis-
factory

bad

S30V4dNS Y0014 40 IDONVINANI ANV SSINHONOYH



6 B. KOVACS

The experimental results accord well with the practical observation that
pigs maintained without bedding on a rough-surfaced floor (rough concrete
and asphalt “x” in the experiment) show, apart from a marked abrasion of horn
from the bearing surface (lower edge), sole and external lateral wall, a partial
or complete attrition of the horny part of the plantar cushion already within
2—4 months. The horn of the lateral wall becomes straightened by wear in the

Fig. 2. Excessive abrasion of the lateral wall of foot horn and skin injuries in the regions of
coronet and fetlock joint

lying animal which is inclined to rub the external lateral part of the nail to the
floor (Figs 2 and 3). Heavily worn nails predispose for inflammation of the
corium, lameness, loss of appetite and frequently even to infection aggravated
by complications.

It can be seen from the data on the wear resistance of floors (Table I1)
that the mechanical friction of horn specimens caused different degrees of
abrasion or pitting, depending on the type of flooring. Certain floors originally
regarded as strong became heavily worn in a short time. In general, the degree
of abrasiveness was greater than expected from the material, quality and proc-
essing technology of the floor types examined.

The wear resistance of softwood and hardwood floors proved to be equal.

Test results with brick floors differed considerably, depending on the
application of friction to the surface or to the sides. The surface was easily worn

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



ROUGHNESS AND ENDURANCE OF FLOOR SURFACES 7

away, whereas the side and edges, apparently harder in texture, resisted wear.
Smooth concrete behaved in every respect similar to rough concrete as soon as
the finishing layer was worn away. It was found that, whether smooth or rough,
the wear resistance of concrete floors depends exclusively on processing, thus
both may be resistant to wear, i.e. “good”, or show pitting on wear and prove
a “bad” floor which predisposes for foot injuries.

Fig. 3. Stumplike appearance of foot horn owing to excessive wear of anterior wall

As already mentioned, hard asphalt and hardwood floors were found to
be the best in respect of wear resistance.

The asphalt floor designated with “x” was more heavily worn than ex-
pected (Fig. 4) and the synthetic (Graboplast and Dynafarm) and rubber floors
also showed little resistance to wear (Figs 5, 6). This accords well with the prac-
tical observation that Dynafarm was markedly worn away and peeled off after
1.5 years of use so that the pigs began to chew it. Also, Dynafarm proved to
be markedly slippery in both dry and moist state, preventing the pigs from safely
moving around.

All three rubber floors were found to be havily worn after rubbing for 5
minutes. The floor with the pyramid pattern (Fig. 7) and the coarse-surfaced
floor were both worn smooth. Thus the qualification of rubber floors as “satis-
factory” (Table 11) is greatly conditional.

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



8 B. KOVACS

Fig. 4. Surface of Graboplast floor after mechanical rubbing (friction) for two minutes

Fig. 5. Surface of Dynafarm floor after mechanical rubbing (friction) for two minutes

The surface layers of the floors behaved differently in the rubbing tests.
It may be stated on the basis of the test results (Table Il) that the wear resist-
ance of “good” stable floors should be equal to that of hard asphalt or hard-
wood.

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



ROUGHNESS AND ENDURANCE OF FLOOR SURFACES 9

Fig. 6. Rubber floor (pyramid pattern) after mechanical rubbing (friction) for five minutes

Fig. 7. Surface of asphalt “x” floor after mechanical rubbing (friction) for five minutes

The conditions ofthe present experiments can serve as a model for estab-
lishing floor parameters by means of a technically improved equipment and
a test material (possibly synthetic) equal in hardness to the horn of the foot.

The need for such technical facilities seems still more urgent in view of
the practical observation that floors of low strength and low wear resistance
are excessively worn away in a very short time, especially in the surroundings
of the feeders and drinkers, where the animals stand and patter about with the

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



10 B. KOVACS

forelegs. E.g., the asphalt “x” floor showed in the most exposed areas pits fit to
manage a walnut or an egg and general unevenness over the entire surface
within a few months (Fig. 8).

In view of the results of the wear resistance tests, the question is justly
put whether any of the known floor materials would possess all criteria of a
good floor, viz. optimal thermic properties, elasticity and, simultaneously,

Fig. 8. Heavily worn, pitted asphalt “x” floor after use for a few months in a pig house

endurance. ldeal elasticity should be of such a degree that alterations caused
by the descension of the foot on the floor surface should disappear immediately
after the foot is lifted. Impressions and footprints left in a soft plastical floor
interfere with cleaning and disinfection and, after a certain time, may become
the source of foot injuries, distortion and fracture. Soft floors are easily worn
away, which is another reason of their unsuitability. It follows that floors with
ideal elastic properties are not at present available.

Recent attempts for introduction of rubber and synthetic floorings into
animal houses proved to be a failure for the above reasons, as shown also by
the present tests. Newer formulas of synthetic floor material require thorough
testing in the laboratory and a minimal period of one year in an animal house
for the evaluation of their practical value.

Another problem awaiting clarification by experimental evidence is
whether the prevention of foot diseases in pigs does in fact require the biologi-
cal elasticity of flooring. Future investigations should therefore be extended

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



ROUGHNESS and endurance of floor surfaces 1

to interrelationships of the extremities with hard or soft (elastic) flooring.
Taking into consideration the biological requirements of the animal, the related
investigations should be centered on the following two main points: (1) the
load imposed upon the joints, tendons and muscles of the extremity during
walking (slow or fast movement) and (2) the conditions of comfortability in
lying position (at rest).

It is clear without special investigations that in the case of swine, the
hardness of the floor does in itself not nearly as much predispose for foot
disease as the roughness of floor surface. This follows on the one hand from the
fact that the swine neither performs, nor is obliged to perform, rapid move-
ments, whence injuries arising from hard ground, large body weight and veloc-
ity are negligible; on the other hand the mechanism of movement and the
anatomical structure of swine foot greatly compensate the large body weight
against hard ground. It is known that the plantar cushion of swine is very well
developed, occupying more than two thirds of the sole.

In the light of the above speculations it seems highly possible that the
disadvantages of hard flooring chiefly take effect in the lying position. Increase
of tissue and decubitus in the area of the joints are frequent injuries and also
painful, which is in itself sufficient to cause reduction of feed comsumption
and weight gain as well as neurohormonal disorders. Rough floor surfaces
easily cause erosions and injuries which predispose for infections, various com-
plications, arthritis and ulceration. The investigator exploring the possibilities
of foot disease prevention should always strictly distinguish between damages
related to hard flooring and those related to the conditions of closed manage-
ment systems.

The numerical data ofthe experiments as well as the inspection and manu-
al examination of the floors indicate that at present acid-fast, hard asphalt is
the flooring of choice for adult swine kept without bedding.

Hardwood floors are in principle as good as hard asphalt, but their dis-
infectability, bacterium contents and endurance (towards chewing by the pigs)
require further study.

The present studies on pig house floors have unequivocally clarified those
surface quality criteria which prevent excess attrition of the horn of the foot
in pig houses without bedding. An appropriate instrument for the numerical
recording of roughness values of the various floor surfaces is, however, still
lacking and until it is made available, estimations based on comparison to
dressed hardwood might probably be helpful.
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Summary

Inadequacy of flooring is frequently responsible for foot diseases in swine. The roughness
of surface and the abrasive resistance of various types of flooring (wood, concrete, asphalt,
plastics, rubber) were tested by a mechanical equipment specially constructed for the purpose.
Specimens of the horny part of swine foot, of given size and weight, were located in the equip-
ment and rubbed to the floor for 1—5 minutes. The roughness of the floor surface was estimated
from the degree of attrition of horn, whereas resistance to wear from the depth of the attrition
groove or defect produced by friction. The horn was found to be worn heavily by rough floor
surfaces (e.g., rough concrete, rough asphalt), but the floors became worn themselves to different
degrees as a result of rubbing. Among the floors tested, hardwood and hard asphalt showed
the greatest resistance to friction. It is proposed that until an appropriate method of floor
testing is evolved, surface roughness should be estimated by comparison to dressed hardwood.
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The production of H2S has generally been used as an important differen-
tiating feature of Brucella species.

Brucella ovis, the species responsible for epididymitis in rams was found to lack H2S-
producing capacitiy by its investigators (Simmons and Hall, 1953; Buddle and Boyes, 1953;
Gdovin et al., 1955; Meyer and Cameron, 1956; Klahn, 1958; Szabé and Nyiredy, 1967).
Morgan and Gower (1966) also confirmed that like the Br. melitensis reference strain “M 16",
Br. ovis 63/290 is lacking the H 2S-producing activity when measured by Huddleson’s method
(1928).

In contrast, Buddle (1956) in a later publication as well as Topley and Wilson (1966)
and Trilenko (1970) reported that certain strains of Br. ovis are indeed capable of producing
a moderate amount of H2S applying Huddleson’s method.

The present studies were carried out to reconcile the conflicting opinions.

Materials and methods

A) The following Brucella strains were used:

1. 17 Br. ovis strains freshly isolated from the seminal fluid of infected
rams in the laboratory of Artificial Insemination Centre, Budapest

. Br. ovis 63/290, reference strain (Weybridge)

. Br. melitensis “M 16", reference strain (Weybridge)

. Br. suis 1330, reference strain (Weybridge)

. Escherichia coli Eck 0 141 (Prague)

B) Determination of H 2Sproduction. Ten tube cultures were simultaneously
prepared from each strain on serum-dextrose agar and were incubated
at 37°C, the Br. ovis strains in the presence of 10% C02 the Br. meli-
tensis and Br. suis strains under aerobic conditions. Two cultures of
each strain were tested for H2S production every other day, using
two different methods:

1. lead-acetate indicator strip procedure proposed by Huddleson (1928)
and employed by Morgan and Gower (1966).

a b w N
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2. The culture was rinsed from the medium with 3 to 4 ml Leibich broth,
containing 20% brucella-negative serum. The germ count of the sus-
pension thus obtained was 107—108ml. Microcultures were then
prepared from the suspensions of Br. ovis and control strains in the
wells of Takatsy’s Microtitrator plates as follows: 0.1 ml suspension
was placed in each of 12 wells in one row. Two drops of the serum-
broth, also containing Thiry’s (1960) MI-DI reagent (Reanal, Buda-
pest), were added to the first 6 wells, and serum-broth without reagent
was added to the remaining 6 wells. Each plate was prepared in two
replicas and were placed in a Petri dish lined with a disc of moist filter
paper. They were incubated at 37.4°C, one in the presence of 10%
CO,, the other under aerobic conditions. The aerobic microcultures
were read at 6, 12 and 24 hours, those incubated in 10% CO02atmos-
phere after 12 and 24 hours. The reaction was scored on the basis of
colour shades, as follows:

Reaction — + + + + o+ 4+
Colour of microculture Light Brown Brown Dark Black
brownish- “button” brown
-yelow

Prior to use, the Microtitrator plates were soaked in 5% sulphuric acid
solution for 6 hours, washed several times in sterile distilled water, dried,
and sterilized either with a mixture of ether and ethanol or by irradiation with
a bactericidal lamp.

To determine the sensitivity of the two H2S tests, comparative studies
were performed with dilution series prepared from 0.13% aqueous solutions of
H 2S.

The lead acetate strip-test was read after 30 minutes, the MI-DI test
after an incubation of the reaction mixtures for 4 hours at 37°C, whereafter,
according to preliminary experiments, the results do not change.

Results

As can be seen in Table I, the MI-DI test showed a medium degree of
H.,S production by all examined Br. ovis strains from 48 hours of culturing to
the end of the observation period. Reference strains Br. melitensis “M 16”
and Br. suis 1330 began to show a moderate or a strong positive reaction al-
ready after 24 hours. The traditional lead acetate strip technique detected
H,,S production exclusively with the Br. suis strain. The isolate Br. ovis 4160
caused a slight colour change at 96 hours, but neither before nor after that time.
In both tests, the Br. suis strain showed a strong positive reaction, whereas
the E. coli strain a negative reaction.
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Table 1

Production of H2S by Brucella ovis, Brucella melitensis #4M 16” and Brucella suis 1330 strains

H2S production as measured by the MI-DI

test at
Serial Designation of
No. Brucella strains 24 48 72 96 120
hours
1 Brucella ovis: 5250 + + + + + 4+ + o+
2 Brucella ovis: 4160 + o+ + 4 + 4+ + o+
3 614 + + + +
4 4240 + + + o+ o+ + +
5 4150 + + + + + + + +
6 1635 + o+ + o+ + 4+ + o+
7 2030 + o+ + o+ + 4+ + o+
8 5120 + + + + + + + +
9 5130 + o+ + o+ + o+ + o+
10 4640 + + + + + + + +
11 5310 + + + + + + + +
12 5316 + + + + + + + +
13 2166 + + + +
14 2336 + + + + + + + +
15 3350 + 4+ + o+ + o+ + o+
16 3610 + o+ + 4+ + o+ + o+
17 5020 + o+ + o+ + + + o+
18 Br. ovis 63/290 Weybridge + + + o+ + o+ + 4+
19 Br. melitensis #4M 16”
Weybridge + + + + + + + +
20 Br. suis 1330 Weybridge + o+ o+ + + + + o+ o+ + o+ o+ + o+ 4+
21 E. coli Eck 0 141 Prague —
H 2 production as measured by the
method of Morgan et al. at
Serial Designation of ! —_
No. Brucella strains 24 | 48 | 72 | 96 120
hours
| Brucella ovis: 5250
2 4160 - - + -
3 614 - - — —
4 4240 - - - —
5 4150 — — — -
6 1635 - - — —
7 2030 - - — —
8 5120 - - - —
9 5130 - - — —
10 4640 - - — —
11 5310 — — - -
12 5316 — — - -
13 2166 - - — —
14 2336 — — - -
15 3350 — — - -
16 3610 — — - -
17 5020 - - — —
18 Br. ovis 63/290 Weybridge - - - -
19 Br. melitensis 4M 16”
Weybridge
20 Br. suis 1330 Weybridge + o+ o+ + o+ 4+ + o+ o+ + o+ 4+ + o+

21 E. coli Eck O[4 Prague _ _

negative; + slightly positive; + + moderately positive; + + + strongly positive
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According to the control examinations performed with serial dilutions of
aqueous H.,S solution, the MI-DI test is about twenty times as sensitive as the
lead acetate paper strip procedure. The sensitivity difference was especially
conspicuous with those bacteria which are poor H2S producers.

Discussion

Production of H.,S has generally been regarded as an important differen-
tiating feature of certain bacteria, and the classification and species and type
differentiation of Brucellas has largely been based on it. The present studies
clearly show that both Br. ovis and Br. melitensis “M 16” produce H 2S, although
less than demonstrated with the traditional lead acetate paper strip technique.
The aforementioned strains produce H 2S continuously, at a low intensity and
in roughly equal amounts. The presence of H2S production in all strains pre-
viously regarded as non-producers could he unequivocally demonstrated with
the MI-DI test, which is about 20 times as sensitive as the traditional method.
Thus the value of H 2S production as a differentiating feature has been reduced
from absolute to a merely quantitative level. In this light, the reliability of
H 2S production as a criterion for Brucella type (species) differentiation might
well be questioned. The same applies to the method of Huddleson because,
conform to the observations of Buddle and others, one of our Br. ovis isolates
showed a low positive reaction also with lead acetate paper technique at four
days of culturing.

Summary

In attempt to reconcile the conflicting opinions on the H2S production of Br. ovis strains,
17 Br. ovis isolates and the reference strains Br. ovis 63/290, Br. melitensis “M 16” and Br. suis
1330 were examined with the traditional lead acetate paper strip technique of Huddleson
and with the MI-D1 test. While the former procedure had negative results with all strains but a
moderate amount of H 2S was clearly detected by MI-DI test at all examined Br. ovis and Br.
melitensis strains. Production was found to take place continuously at a low intensity and the
amounts produced by the different strains were roughly equal. Control examinations with
aqueous solutions of H,S showed that the MI-D1 test is about 20 times as sensitive as Hudd le-
son’s procedure. It is concluded that H2S production cannot be regarded as an absolute differ-
entiating feature of Brucella strains, its significance being only quantitative. In this light, the
value of H2S production in species and type differentiation of Brucellas needs reconsideration.
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valuable advice and to Mrs. Turi for excellent technical assistance.

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



H,S PRODUCTION BY BRUCELLA OVIS STRAINS 17

References

Alfoldy, Z., lvanovics, Gy. and Rauss, K.: Orvosi mikrobiol6gia, immunitdstan és
parazitolégia. Budapest, 1973. Buddle, M. B. and Boyes, B. W.: Austr. vet. J. 29 (1953), 145.
Buddle, M. B.: J. Hyg. (Camb.) 54 (1956). 351. Gdovin, T., Hrudka, Fr., Chladecky, Fr.
and Koppel, Z.: Sborn. Cesk. Akad. Zem. Véd, 1955, 617. Huddleson, |. F.: Differentiation of
the species of the genus Brucella. In: Symposion on undulant fever. Annual Meeting of the
American Public Health Association. Michigan, 1928. K1ahn, J.: Tierédrztl. Umschau, 1958,
208. Meyer, M. E. and Cameron, H. S.: Amer. J. Vet. Res. 17 (1956), 495. Morgan, W. J. B.
and Gower, S. G. M.: Techniques in the Identification and Classification of Brucella. In:
Gibbs, B. M. and Skinner, F. M.: Identification Methods for Microbiologists. Part A. London,
1966. Simmons, G. C. and Hal1, W. T. K.: Austr. Vet. J. 29 (1953), 33. Szab¢, I. and Nyiredy,
.. Magyar Allatorvosok Lapja, 1967, 439. Thiry, L.: Honvédorvos 12 (1960), 229. Topley,
W. W. C. and Wilson, G. S.: Principles of Bacteriology and Immunity. London, 1966. Trilenko
P. A.: Veterinariya, 1970 (7), 51.

Address of the author: Dr. P4l Sutka, 1016 Budapest, Mészaros u. 60/c, Hungary

2 Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975






Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 25 (1), ppe 19—26 (1975)

HISTOLOGICAL AND HISTOCHEMICAL STUDIES ON THE
ADRENAL GLANDS OF GEESE AND DUCKS

By

A. Hassan

Department of Anatomy and Histology, University of Veterinary Science, Budapest

(Received March 1, 1974)

The role of the adrenal gland is more difficult to be evaluated in birds than
mammals. The difficulties are partly related to the intermingling of the cortical
and medullary tissues.

It is generally accepted that the cortex of the avian adrenal gland cannot he divided
into the three distinct zones of its mammalian counterpart. Saueb and Latimer (1931) mention
that the peripheral strands have a glomerulosa-like appearance, whereas the interrenal cells of
the central part of the gland resemble those of the mammalian reticular zone. Chester et al.
(1962) suggest that looping of the interrenal or cortical cell cords against the capsule indicates
zoning. Kar (1947) reveales that the cortical cells are differentiated from certain mesenchymal
capsular cells and migrate progressively towards the centre of the gland. Further, Sivaram
(1964, 1965) confirmed the presence of a higher metabolic rate, mitosis and nuclear pyknosis in
the periphery of the gland which might be accounted for such a progression. Kondics (1971)
demonstrates that the outer zone of the pigeon’s adrenal gland controls first of all the electro-
lytes while the inner zone is controlled by ACTH. Authors generally agree that stress affecting
the entire body, or increased requirement for corticosteroids are characterized both in mam-
mals and birds by adrenal hyperfunction manifesting itself by depletion of cholesterol and
ascorbic acid in the gland.

It seems to be of interest to study the adrenal gland in geese and ducks to
clarify the regional differences of the cortical tissue as well as to examine the
histological and histochemical changes which occur during the sexually active
period.

Materials and methods

In 1973, two males and two females each of Pekin ducks and Rhine geese,
originating from the State Farm in Tata, were examined every month in our
Department. The birds were killed by bleeding, the adrenal glands were removed
immediately and processed for microscopic examination as follows. Each adre-
nal gland was divided into five parts, three of which were taken freshly, and
stained directly for demonstration of ascorbic acid (Bacchus-silver method),
chromaffin reaction (potassium chromate) and formalin-induced fluorescence
(FIF) test. The remaining two parts were fixed in 10% formalin, and one part
was used for frozen sections to detect neutral fats by the Sudan black method
and cholesterol by Schultz’s technique, the remaining part was embedded in
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paraffin. The paraffin-embedded sections were stained with the following
techniques: Mayer’s haematoxylin and eosin, Masson’s trichrome, Gomori’s
silver impregnation and orcein.

Results

I. Goose adrenal gland

The gland is surrounded by a thin capsule of connective tissue, contain-
ing blood vessels and nerves. The capsule mainly consists of collagen and retic-
ular fibres, with very few elastic elements. Delicate septa arising from the
capsule and ramifying between parenchymae tissues form the interstitial tissue

Fig. 1. Section of adrenal gland of goose. H and E. XIOO

(Fig. 3). The septa are formed by collagen and reticular fibres. The intersti-
tium isrich in blood vessels and sinusoids. Nerve fibres are also seen in the rami-
fied septa. Groups of ganglionic cells are found both outside and inside the
gland parenchyma. Foci of lymphocytes are seen among parenchymal cells.

The adrenal parenchyma consists of cortical and medullary tissues inter-
mingling with each other (Fig. 1).

The cortical tissue is formed by anastomosing cell cords or strands loop-
ing toward the capsule. The cortical loops passing beneath the capsule form a
clear, thin, peripheral or subcapsular zone (Fig. 1). The remaining cell cords
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form a large broad inner zone in the centre of the gland. The subcapsular zone
is composed of long columnar cells with small, ovoid compact nuclei and pale-
staining highly-vacuolated cytoplasm. The cells of the inner zone are columnar
in shape and have a cytoplasm more acidophilic and granular but less vacuo-
lated than the cytoplasm of the subcapsular cells. The nuclei are round and
contain one or more nucleoli. In both the subcapsular and the inner zones the
nuclei tend to lie nearby the inner edge of the cell, viz., in the central part of
the cord, being pushed there by lipid accumulating at the sinusoidal edge. The
cortical cells are in close contact within each cord, with no intervening connec-
tive tissue, blood vessels or lumen. On staining with Sudan black, much few”er
sudanophilic droplets appeared in the cells of the subcapsular zone than

Fig. 2. Section of adrenal gland of duck. H and E. X 100

in those of the inner zone (Figs 5, 6). However, sections stained with
Schultz’s method showed that the subcapsular zone cells are richer in
cholesterol and its esters (Fig. 8). The ascorbic acid content of the cortical
cells appeared in the form of small black granules, equal in size and distribution
in both the zones (Fig. 10).

In birds being in the sexually active period, the sudanophilic droplets were
decreased in amount and appeared smaller in size in the cortical tissue cells.
The cholesterol and ascorbic acid contents were decreased in both cortical
zones, but cholesterol and its esters were still present in distinctive larger
amounts in the subcapsular cells (Figs 7, 9).
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Fig. 3. Interstitial connective tissue in the Fig. 4. Interstitial connective tissue in the
adrenal gland of male goose. Silver impreg- adrenal gland of male duck. Silver impreg-
nation. X 100 nation. X 100
Fig. 5. Lipid content in the cortical cell Fig. 6. Lipid content in the peripheral cell
cords of inactive female goose. Sudan strands of the cortical tissue of female goo-

black. X 100 se. Sudan black. X 100
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The medullary tissue cells took on basic stain and generally appeared
as bluish islets or scattered groups in between the eosinophilic cortical tissue
(Fig. 1). A thin layer of medullary tissue formed by 2 to 3 rows of cells, was
extending at the periphery of the gland, separating the connective tissue
capsule from the subcapsular zone of the cortical tissue. The scattered groups
of chromaffin tissue consist of at least two types of large polygonal cells
(adrenalin- and noradrenalin-containing cells), with a basophilic granular
cytoplasm and large round centrally located nuclei. The noradrenalin-containing
cells are demonstrated by the dichromate reaction, assuming a dark brown hue
(Fig. 11).

The granular contents of the catecholamine-containing cells (adrenalin
and noradrcnalin cells) do not notably change during the active period. Cate-
cholamine-containing cells of the adrenal medulla showed a strong yellowish-
green fluorescence in the FIF test. The medullary cells comprised a moderate
amount of ascorbic acid granules distributed in cytoplasm (Fig. 9).

During sexual inactivity, the medullary tissue cells took on slightly more
stain than during activity. This may have been due to the aggregation of many
basophilic granules in the cytoplasm. The ascorbic acid granules are markedly
increased in amount.

Il. Duck adrenal gland

The gland is covered by a relatively thick connective tissue capsule
formed by collagen and reticular fibres and a few elastic elements. Thick septa
originating from the capsule and branching in the gland parenchyma to form
an abundant interstitial tissue (Fig. 4), are rich in blood vessels and nerves. The
adrenal parenchyma consists of intermingled cortical and medullary tissues
(Fig- 2).

Like in the goose the cortical tissue is composed of anastomosing cell
cords, forming loops beneath the capsule, which constitute the subcapsular
zone (Fig. 2). The subcapsular zone resembles that of the goose in the histologi-
cal and histochemical features.

The medullary tissue appears in the form of a meshwork traversing the
entire gland, covering an appreciable amount of the cut surface. The medullary
cells (adrenalin- and noradrenalin-containing cells) are polyhedral, with coarse
basophilic granular cytoplasm and large round, centrally placed nuclei (Fig. 12).
The catecholamine cells show a yellowish-green fluorescence in the FIF test.

The histological and histochemical changes related to sexually active
and inactive periods were exactly the same in duck as in goose.
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Fig. 7. Cholesterol content in the adrenal Fig. 8. Cholesterol content in the cortical

cortical tissue of active female goose. tissue of inactive female goose. Schultz’s
Schultz’s method. X 100 method. X 100

jFig. 9. Ascorbic acid granules in the adre- Fig. 10. Ascorbic acid granules in the adre-

nal tissue of active male goose. Silver stain. nal tissue of inactive male goose. Silver
X250 method. X 250
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Fig. 11. Distribution of the chromaffin cells Fig. 12. Distribution of the chromaffin
in the adrenal gland of male goose. Chro- cells in the adrenal gland of male duck,
maffin reaction. X 100 Chromaffin reaction. X 100
Discussion

The present studies were performed to obtain more information on region-
al zonal differences in adrenal cortical tissue of geese and ducks, and on histo-
logical and histochemical changes taking place during the sexually active period.
Several workers, studying the histological structure of the avian adrenal gland
(Uotila, 1939; Mitler and Riddle, 1942; Kar, 1947; Benoit, 1950) found it
to consist of intermingled cortical and medullary tissues. The cortical tissue
is composed of anastomosing cell cords or strands, forming loops beneath the
connective tissue capsule.

The present examinations showed that the subcapsular cell zone of the
adrenal gland was distinct from cells of the inner zone both histologically and
histochemically. Against earlier findings of Sauer and Latimer (1931) in our
hands, neither the subcapsular nor the inner zone of the avian adrenal gland
bore any structural resemblance to either zona granulosa or zona reticularis of
the mammalian adrenal gland. If it is accepted that the subcapsular loop
formation of the cortical cell cords indicates zoning (Chester et ah, 1962),
the subcapsular “zone” can be hypothetically regarded as a species-specific
structure performing a specific function. Kondics (1971) demonstrated
that a considerable amount of corticosterone is produced in both zones,
the inner one being controlled by ACTH, the outer one above all by the elec-
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trolyte balance. In the light of these findings, the zoning of the adrenal gland
might have been partly explained.

Histochemical examinations showed depletion of adrenal cholesterol and
ascorbic acid in the sexually active period, taking place probably in response
to the increased release of ACTH during this phase. Histologically the capsule
and the ramified interstitial septa of the gland were found to be thicker in
ducks than in geese, and ducks also had a relatively larger amount of chromaf-
fin tissue.

The present histological and histochemical studies are, naturally, not
sufficient to offer satisfactory explanation for zoning and its exact functions.
They may facilitate the better understanding of these phenomena if additional
evidence is sought by physiological and biochemical approach.

Summary

Studies on the adrenal glands of geese and ducks showed that the subcapsular zone of
the cortical tissue was distinct from the inner zone both histologically and histochemically. Deple-
tion of adrenal cholesterol and ascorbic acid was found during the sexually active period in
both species. The adrenal gland of ducks had a thicker connective tissue capsule and intersti-
tium and a larger proportion of chromaffin tissue, compared to geese.
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Escherichia co/i-diarrhoea of newborn piglets is known to cause great
economic losses. Usually haemolytic strains of E. coli have been isolated from
small intestinal mucosa, mesenteric lymph nodes and occasionally from other
organs of piglets died of diarrhoea between one to 10 days of age. The isolates,
along with predisposing factors, have been shown to be responsible for the cau-
sation of the disease.

The E. coli strains involved in the aetiology represent as a rule only a few serogroups.
The serogroups most frequently isolated from carcases of suckling pigs were given by Pesti
(1960) as 028, 09 and 021, by Szabé (1964) as 08, 0138 and 0141, by Semjén and Pesti (1973)
as 0147 : K89, K88ac and 0149 : K91, K88ac. As to the most frequent antigenic patterns of
E. coli isolates from suckling pigs, the following were reported by various authors: 0147 : K89,
K88ac; 08 : K87, K88ab, 0141 : K88ah, K88ab; 0138 : K81, K88ac (Sojka, 1965), 0141 :
K85ab; 0139 : K82, 0138 : K81, 08 : K87, K88, 0147 : K89, K88 (Wittig, 1965), 08, 0141,
0101 (Salajka, 1966), 08 : K85, 0138 : K81 (Gossling and Rhoades, 1966), 09, 08, OIOI
(Moon et al., 1966), 0139 : K82,08 : K87, 0141 : K85ab (Truszczynski et ah, 1965), 08, 0141,
0147 (Soderlind, 1971), 08 : K87, K88ac, 0116, 0147 : K89, IC88ac (Gyles et al., 1971).

In the present study, E. coli strains recently isolated from affected new-
born piglets were examined for biochemical properties and 0 and K antigens.

Materials and methods

A total of 222 coliform strains were isolated from 88 piglets that died bet-
ween 1to 12 days of age in 30 swine farms. Most strains were isolated from the
mucous membrane of the small intestine and mesenteric lymph nodes, a few
from the large-intestinal mucosa. Biochemical tests, identification of O and K
antigens, preparation of 0 and OR antisera, slide and tube agglutination tests
and serum absorptions were performed according to the methods of Kauff-
mann (1966). The O and K antigens were examined with a total of 57 0 and
OK antisera to international Escherichia type strains, as described earlier

*0On leave from the Veterinary Laboratory and Research Institute, Ministry of Agri-
culture, Dokki, Cairo, UAR.
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(Varga and Farid, 1974) and with all known (1—94) K antisera except three.
Antigens K88ab and K88ac were examined with absorbed sera.

In the slide agglutination test, 0 and OK antisera were employed in
pools, as proposed by Ewing et al. (1956).

The antigens were prepared from cultures grown on the 0.1% glucoses-
containing medium (D1j5) described by Schiecht and Westphal (1966).

Results

On the basis of biochemical tests, 218 of the 222 isolates were classified
as E. coli, one strain was identified as Klebsiella and three strains could not be
classified. All E. coli strains showed the biochemical properties characteristics
of the genus, but apart from this 15 strains were urease-positive, one strain
liquefied gelatine and six strains produced H,S.The urease activity oftheurease-

Table 1

0 and K antigens of E. coli strains isolated from newborn piglets

No. of strains with

0 Antigen No. of strains K Antigen No. of strains unidentifiable K
antigen

0149 53 K91(B), K88ac(L) 49 _
K— 4

0147 30 K89(B). KB88ac(L) 30 —

041 21 — 21 K(A)

075 18 K— 18 —

09 10 K(A), K88uc(L) 3 2 K(A)

0139 8 K82(B) 8

02 8 K— 8 _

08 4 K85(B), K88ac(L) 2

020 4 _

013 3 KII(L) 3 —

023 3 K18(L) 3 _

056 3 — 3

0154 3 — 3

07 2 —

086 2 K— 2 —

0138 2 K81(B), K88ab(L) 2 _

0141 2 K85(B)

Totals: 176 (80.7%)
K —, strains not containing K antigen.
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positive strains was similar in degree to the activity of Klebsiella, despite that
the other characteristics were in every respect typical of E. coli. Seventy per
cent of the E. coli strains caused heta haemolysis. All strains possessing
K88ab or K88ac antigen were haemolytic, but at the same time certain strains
having an identical antigenic pattern variously did or did not show haemolytic
activity. Strains of S colony morphology, belonging to different 0 groups
and not containing K antigen, were also found to cause haemolysis. Part of the
strains lost haemolytic activity after several transfers to agar plates.

The results of antigenic studies are shown in Table 1. Out of the 218
E. coli strains 176 (80.2%) could he typed with the available sera.

More than three quarters of these strains were found to belong to seven
serogroups. The most frequent groups were 0149, 0147, 041, 075, 09, 0139 and
02, the rest, including certain O groups which had formerly been frequently
isolated from carcases of suckling pigs, were only sporadically encountered.
The strain of 075, 02 and 086 did not contain K antigen as — in living state —
all were agglutinable with the homologous 0 serum. K minus variants also
occurred within serogroup 0149. Part of the strains had in addition to K(B)
antigen, a K88(L) antigen, usually in the form of K88ac, less often as K88ab.
Some of the 09 strains and all 041 strains contained a thermostable, probably
K(A), antigen which, although showing cross agglutination with several K(A)
sera, could not be identified with the available range of K sera.

Summary

A total of 222 coliform strains, isolated from the carcases of 88 piglets that died between
one and 12 days of age in 88 swine farms, were examined for biochemical properties, and the
isolates identified as E. coli were typed serologically. O antigens were examined with a total
of 57 0 and OK sera, K antigens with all (1—94) except three K sera.

Two hundred and eighteen strains were identified as E. coli. Seventy per cent of the
strains proved to be beta-haemolytic and 15 strains, although showing all biochemical charac-
teristics of the genus Escherichia, were urease-positive.

On a total 176 strains (80.2%) could be typed with the available sera. More than two
thirds of these strains were found to belong to seven serogroups.

The serogroups most frequenly isolated were 0149 : K91. K88ac, 0147 : K89, K88ac,
041 : K(A), 075 : K-, 09 : K(A), K88ac, 0139 : K82, and 02 : K-. Nearly half of the strains
contained one of the K(B) and K88(L) antigens, but some strains had a thermostable, probably
K (A) surface antigen and there were also strains containing no K antigen.
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MUCORMYCOSIS (MUCOR PUSILLUS) WITH ASTEROIDS
IN A YOUNG BUUU

By
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Health Station of the Central Bohemian Region, Prague.
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Visceral mucormycosis, either local or generalized occurs less frequently in cattle than
any comparable disease in humans. In most hitherto published veterinary cases, however, the
diagnosis was based on morphological criteria only or the isolated cultures were classified as
Mucoraceae without closer identification (Cordes et al., 1964; Donnelly, 1967; Hogben, 1967).
Less frequently, the fungal species was identified precisely. Mucor pusillus was isolated from
mycotic lesions of mediastinal lymph nodes of a cow (BuhImann and Werffeli, 1968) and
from the brain of a calf (Ainsworth et ah, 1955, cited by Ainsworth and Austwick, 1959)
while Absidia corymbifera was identified in mycotic lesions of mesenteric lymph nodes of a
young cattle (Davis et ah, 1955; Konig et ah, 1967).

Pulmonary mucormycosis in cattle was described by Davis et ah (1955). Some of these
cases appeared as a complication of mycotic abortions (Cordes et ah, 1964). Gastrointestinal
mucormyecosis in calves was described by Gitter et ah (1957). Cases of completely generalized
mucormycosis occurred predominantly in newborn calves (Hogben, 1967; Cordes et ah, 1967).
Two such cases in older animals were observed by Donnelly (1967). A quite unusual location
of granulomatous mycosis, presumably mucormycosis, in intervertebral discs was observed by
Fankhauser et ah (1966).

Case report

Two enlarged mediastinal lymph nodes from a 6-month-old bull were
submitted for examination. The animal was emergency-sloughtered because
of retarded growth and impaired digestion. The inspecting veterinary suspected
tuberculous lymphadenitis. Reportedly, there were no other macroscopic
lesions either in lungs or elsewhere.

Macroscopically (Fig. 1), the specimen consisted of two lymph nodes
measuring 17x14x14 cm and 4x3x3 cm, respectively. On the cut surface,
there were patches of yellowish necrosis separated by strands either of fascic-
ular or glossy and transparent grey tissue. There were densely disseminated
small hemorrhages, especially in central parts of the lymph nodes. There were
also small foci of dystrophic calcification.

Microscopically (hist. No. 1835/73) the necrosis was of the caseous type,
in some places calcified. There was definite lining of necrotic foci with specific
granulation tissue consisting of fibroblasts, collagen, epitheloid cells and multi-
nucleated giant cells (Fig. 2). There was moderate cellular infiltration consist-
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Fig. 1. Cut surface of the enlarged mediastinal lymph node with caseous granulomatous mucor-
mycosis

Fig. 2. Multinucleated giant cells in the specific granulation tissue. Hematoxylin-eosin. X420
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ing of lymphocytes and both neutrophilic and eosinophilic granulocytes. In
some places, recent necrosis was separated from the granulation tissue by a very
narrow demarcation zone of neutrophilic and eosinophilic leucocytes. In the
necrotic tissue and in the plasma both of the fibroblasts and giant cells of
the inner layer of granulation tissue, there were fragments of branching, non-
septed, irregularly indented fungal hyphae measuring 4.3—6.5 pm in diameter.
Around some of the fungal elements a definite lining of eosinophilic amorphous
material was seen. The outer margins of this substance were either linear or
irregularly outcropped or even of hairy or “cog-wheel” appearance (Fig. 3).
In sections stained with FITC-labelled rabbit antibovine gamma-globulin
(Fig. 4) there was positive specific fluorescence only in these linings. For this
purpose standard products of the firm “Bioveta, n.p. lIvanovice” were used.
The concentrated conjugate was absorbed to standard organ powder. Staining
was performed after centrifugation and pH control in a wet chamber at 37°C for
30 min. Subsequently, the preparations were rinsed for 10 minutes in buffered
saline and mounted in glycerol. Neither fungal elements nor other structures
showed specific positive fluorescence in the examined sections from various
tissue blocks. The fungal elements were stained positive by the Grocott and Me
Manus methods.

Cultures on Sabouraud’s agar yielded Mucor pusillus Lindt (1886).
The identification w'as performed by one of us (P.F.) using standard mycologi-
cal procedures. A detailed description of these will he published elsewhere.

Discussion

Isolated mucormycosis of bronchial, mediastinal or mesenteric lymph
nodes in cattle is not extremely rare (Gleiser, 1953; Davis et al.,, 1955;
Buhimann and Werffeli, 1968). Histopathologically the mycotic lesions in
our case closely resembled those previously described. Davis et al. (1955)
observed eosinophilic “asteroid” linings with mucormycotic hyphae in two of
their 11 cases of glandular mucormycosis in cattle. These structures are inter-
esting from the general point of view. They represent a “Splendore—Hoeppli”
phenomenon in mycotic infections (Williams et ah, 1969). There is a general
agreement as to their basic nature as protein precipitate caused by antigen-anti-
body reaction. “Asteroid” linings are not uncommon with various fungal species
in animals while rather rare in man. This fact, and also the higher frequency of
trivial mycotic infections in animals, might be due to different immunity pat-
tern of the host organism. In man, the resistance against fungi is controlled
predominantly by the cell-mediated immunity, and generalized infections
tend to occur mainly in persons where this is considerably impaired, as in
Hodgkin’s disease, leukaemia and other malignancies. The animals, on the other

3 Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



34 VITOVEC et al.

Fig. 3. Top figure. Branching nonsepted hypha with marked eosinophilic lining and with an

“asteroid” in the necrosis. Ilematoxylin-eosin. X970. On the bottom, transverse sections of

the hyphae with eosinophilic linings. “Cog-wheel” appearance at the right side. Hematoxylin
eosin. X 1450

Fig. 4. “Splendore—Hoeppli” around mycotic hyphae. Immunofluorescence (FITC-labelled
rabbit anti-bovine gamma globulin). X 1500
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hand, might be more dependent on immunoglobulin systems, the cell-mediated
immunity being generally less effective than in man. In our opinion asteroid
linings around fungal elements might eventually prove to be a morphological
evidence of an immunoglobulin response different from cases where no such
structures are seen.

The results of immunofluorescent staining of these structures with host-
specific anti-gamma globulin were quite impressive. The same method was used
for demonstration of asteroid material with Aspergillusfumigatus Fresenius in
pulmonary mycosis of hares (Proks et ah, 1972). We think that this relatively
simple method will prove useful for identification of these structures in paraffin
sections, even with the omission of strict qualitative and quantitative control
criteria.

Summary

In two enlarged mediastinal lymph nodes of a 6-month-old bull there was granuloma-
tous mycosis with morphological appearance of fungal elements suggesting Mucor. Around
some of these, there were asteroid formations which displayed specific immunofluorescence
with FITC-labelled host-specific anti-gamma globulin. The cultures yielded Mucor pusillus
Lindt (1886).
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VACCINATION EXPERIMENTS AGAINST
TRANSMISSIBLE GASTROENTERITIS (TGE) OF SWINE

I1l. THE VIRUS-NEUTRALIZING TITRE OF VACCINATED SOWS’ MILK AND ITS
PERSISTENCE DURING THE LACTATION PERIOD

By
E. Mocsari, J. Benyeda and Erzsébet Sagnhy

Central Veterinary Institute, Budapest and Department of Epizootiology, University of
Veterinary Science, Budapest

(Received April 25, 1974)

In a previous experiment made during a natural outbreak of transmissible gastroenter-
itis (TGE), we investigated the antibody level of the sows’ milk required for the protection of
piglets born in an infected environment and the specific virus-neutralizing antibody levels
necessary for stopping the epidemic in the suckling piglets (Benyeda et ah, 1974). It was
shown that the passive protection of the piglets born in an infected environment can be reckoned
with from the 21st day after the TGE outbreak in sows when the average antibody titre of the
sows’ colostrum and milk is 1:8 or higher. However, we have no data concerning the time
when the specific virus-neutralizing antibodies in the milk of immunized sows attain the level
required for an effective protection of the newborn piglets. The same applies to the possible
changes of the milk antibody level during the lactation period. The present work was under-
taken to clear up these questions. The live TGE virus vaccine developed by Csontos et al.
(1973) was used. This vaccine contains the CKp strain (Csontos and Szent-lvanyi, 1971).

Materials and methods

The experiment was carried out in a sow herd of a large-scale farm, sus-
ceptible to the TGE virus. Twenty-seven sows were vaccinated intranasally
once with a dose of 5 ml 9—27 days before farrowing. The titre of the vaccine
was 1065 TCID5S/mI.

Blood and milk samples. Blood samples were collected from all the sows
before vaccination, on the day of farrowing and 7 days later. Milk samples
were collected on the day of farrowing and on the 3rd, 5th and 7th day after-
wards. Further milk samples were collected from 9 sows which had farrowed
between the 19th and 27th day after vaccination, till the end of the 35-day
long lactation period. To obtain milk samples 15 IU oxytocin were injected
into the vena cava superior.

Virus strain. In the virus-neutralization tests the CKp virus strain (Cson-
tos and Szent-lvanyl, 1971) was applied.

Virus-neutralization test. The milk whey was separated by clotting. Serum
and whey samples were centrifuged, inactivated for 30 minutes at 56°C and
stored at —20°C until tested.

The test was performed with a standard dilution of virus containing 100
TC1D5d0.1 ml and serial twofold dilutions of serum or whey, starting at 1 : 2.
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Equal volumes of these were incubated at 37 °C for an hour. Finally, two or
three tubes of secondary swine thyroid cell cultures were inoculated with 0.2
ml of each mixture. The test was evaluated two days post inoculation. As anti-
body titre, the highest serum or milk whey dilution was considered which
entirely neutralized the viral cytopathic effect.

Results

The sows showed no symptoms after vaccination and their pregnancy
took a normal course.

Specific virus-neutralizing antibodies in the serum and milk whey of
sows appeared 10 days after vaccination. The antibody titres of the serum and
milk samples were averaged (Fig. 1). The averages were compared with the
corresponding average titres found during a natural TGE outbreak at the time
when the outbreak reached an end in the suckling piglets (24 days after the
outbreak of TGE in sows).

The persistence of the average antibody titre in the milk whey of nine
sows farrowed between the 19th and 27th day after vaccination is shown in
Fig. 2.

A significant difference was found among the individual sows’ whey and
serum titres. The serum titres of the sows farrowed 19—21 days after vaccina-
tion were between 1 :4 and 1 :8 and those of the sows farrowed 25—27 days
after vaccination were 1 : 32. The whey titres of the sows farrowed 19—21 days
after vaccination were 1 :8 or 1:16 on the day of farrowing and 1 :1 at the
end of the lactation period, those of the sows farrowed 25—27 days after vacci-
nation were 1 :64 or 1:128 and 1 :8, respectively.

Discussion

Antibodies could be demonstrated up to the 10th postvaccination day
neither in the serum nor in the milk whey. In the sera and milk wheys of sows
farrowed between the 10th and 14th day after vaccination, the specific virus-
neutralizing antibodies appeared in different titres and the titre tended to
increase. The average serum antibody titre of sows farrowed on the 27th day
after vaccination was 1 : 30 and that of the milk whey was 1 :9. The antibody
titres obtained corresponded practically to those found in the sows’ sera
and milk wheys after natural TGE infection at the time when the epidemic
ceased in the suckling piglets (24 days after the outbreak of TGE in sows).

Investigating the persistence of the milk whey antibody levels, the results
obtained showed that on the day of farrowing the milk antibodv level was
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Fig. J. The antibody level of sera and milk wheys of sows vaccinated once 10—27 days before
farrowing

Note: The columns represent the average antibody titre of sows’ sera and milk wheys during

a natural TGE infection at the time when the epidemic reached an end in the suckling piglets

litre

32

18 -
Serum antibody titre on the day of farrowing

4h- —
1 3 5 7 2 28 35 Days

Fig. 2. The persistence of milk antibody titres of vaccinated sows during the lactation period

higher by one log2unit than that of the serum. Then — between the 3rd and
5th day after farrowing — the milk antibody level fell by one or two log2
units compared to that of the serum and remained at that level to the end of
the 35-day-long lactation period.

The results have shown that the specific virus-neutralizing antibodies in
the colostrum and milk of sows properly immunized and thus having a high
antibody level remain up to the end of the lactation period at a level which
provides a firm protection for their piglets born during a TGE outbreak.
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Summary

Twenty-seven sows from a sow herd of a large-scale farm susceptible to the TGE
virus were vaccinated intranasally once with a dose of five ml 9—27 days before farrowing.
The virus-neutralizing antibody titres of blood and milk samples collected were determined on
the day of farrowing and at definite points of time thereafter.

Specific virus-neutralizing antibodies appeared in the sera and milk wheys of sows 10
days after vaccination and their titres increased gradually. On the 27th day after vaccination,
the average serum and whey antibody titre was 1 :30 and 1:9, respectively. These values cor-
responded practically to those found in the sows’sera and milk wheys after natural TGE infection
at the time when the epidemic ceased in the suckling piglets (24 days after the outbreak of
TGE in sows).

The persistence of the milk whey antibodies was investigated up to the end of the lacta-
tion period in the case of nine sows farrowed between the 19th and 27th postvaccination day.
On the day of farrowing, the milk antibody level was higher by one log2unit than the serum
level, then the milk antibody level fell by one or two log2units between the 3rd and 5th day
after farrowing compared to that of the serum and remained at that level up to the end of the
lactation.

The results showed that the specific virus-neutralizing antibodies in the colostrum and
milk of sows properly immunized and thus having a high antibody level remained throughout
the lactation period at a level which provides a firm protection for their piglets born during a
TGE outbreak.
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THE SERA OF SOWS VACCINATED ONCE OR TWICE AT DIFFERENT INTERVALS

By
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Budapest
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The results of experimental vaccinations carried out in susceptible swine herds of large-
scale farms as well as the persistence of postvaccination antibody titres and the antibody re-
sponse to revaccination were described in previous papers (Csontos et ah, 1973, 1974; Benyeda
and Mocsari, 1974; Benyeda et ah, 1974). The persistence of the postvaccination titres was
examined in a single blood sample taken half a year after vaccination. The results obtained
showed that the average titre of sows vaccinated o