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Abstract
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A total of 1 002 dogs of various ages were examined for the
incidence of Toxoplasma gondii antibodies during a 3-year period.
The serological examinations were carried out with the Sabin-
-Feldman reaction (SFR), complement-fixation test (CFT) and mi-
croprecjpitation in agar gel (MPA) according to standard proce-
dures valid in Czechoslovakia. Examination with SFR demonstrated
T. gondii antibodies in 325 (32.4 X) dogs in titres of 4 to 64.
Examination with CFT revealed specific antibodies in 358 (35.7 %)
animals in titres of 5 to 80. In the dilution of 1:5, 266 (26.6 %)
dog sera were positive and 75 (7.5 X) sera were anticomplementary.
MPA revealed M. gondii antibodies in 12 (1.2 %) dogs.

With one of the three methods T. gondii antibodies were demon-
strated in 309 (30.8 %) dogs. The coincidence of two serological
reactions was found in 186 (18.6 %) dogs and the coincidence of
all three.serological reactions was recorded in 6 (0.6 %) animals.
In a total of 501 (50.0 %) dogs positive results were obtained
with 1 to 3 of the methods, i.e. half of the dogs yielded posi-
tive results with at least one of the three methods.

The diagnostic value of the three methods of which SFR proved
to be the most useful is discussed.

Dog, toxoplasmosis, serological diagnbsis, antibody, Sabin-Feldman reaction
(SFR), complement-fixation test (CFT), microprecipitation in agar gel (MPA).

Toxoplasmosis has been given considerable attention in recent
years. Although the role of the dog in its spread has generally
been regarded as one of little significance, the close contact
of the dog with man has prompted rather numerous investigations
and screening schemes in this respect in various parts of the
world. Our study was designed to assess the incidence of Toxoplas-
ma gondii antibodies in dogs coming from Brno and its environs
and evaluate serological methods used for the diagnosis of toxo-
plasmosis in the dog.
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Published data on the results of serological screening are sum-
marized in Table 1. It can be seen that the  proportion of dogs
with T. gondii antibodies in various countries ranged from 5.3 %
to 57.5 %, mostly depending on the method of examination.

A very sensitive and specific method that is suitable also for
examination of animals is the Sabin-Feldman reaction (SFR)
(Katsube et al. 1972). Another relatively sensitive and well-
-reproducible method is the complement-fixation test (CFT) which
is suitable for detection of active infection (Dymowska 1972).
It detects antibodies a few days later than SFR (on the 12th day
at the earliest) and the curve of antibody development with this
test shows slightly lower values than is the case with SFR. A dis-
advantage in some animal species is frequent occurrence of anti-
complementarity of the sera (Jira and Rosicky 1983). Micro-
precipitation in agar gel (MPA) is based on the principle of dou-
ble radial immunodiffusion. Hubner and Uhlikova (1973)
regard MPA as indicator of "non-sterile immunity". In their view,
positive MPA indicates the presence of 7. gondii in the body and
is suitable for detection of animal reservoirs. However, it is
as late as the 5th week after penetration of T. gondii into the
body that antibodies can be detected with this method. On the
other hand, Kouba et al. (1974) and other investigators
(Jira and Rosicky 1983) found MPA less sensitive and de-
monstrated that its negative result did not exclude the presence
of toxoplasmosis.

Materials and Methods

A total of 1 002 dogs were examined for T. gondii antibodies
in the years 1981 to 1984. More than 76 % of them were animals
either treated at the out-patient department of the small animal
disease clinic of the University of Veterinary Science, Brno, or
hospitalized in the clinic. The remaining dogs were clinically
healthy animals examined for toxoplasmosis within a prevention pro-
gram. On the whole, the sample included 641 male and 361 female
dos of 58 breeds (and crossbreds), 3 weeks to 20 years of age and
2 to 62 kg in body mass. Most of the animals were police dogs,
mainly German sheep-dogs. -

Blood samples (2 to 10 ml in volume) were obtained from the ve-
na cephalica antebrachii or the vena saphena. In indicated cases
serological examinations were repeated twice to six times to
assess the dynamics of antibgdy titres. The blood samples were
incubated for 2 hours at 37 "C and then centrifuged at 300 g for
2 miButes. The sera were stored in stoppered glass test-tubes at
-2 C until examination. ’

Serological examinations were carried out by means of three
methods: SRF, CFT and MPA. Series of usually 30 sera were examin-
ed concurrently at lé-day intervals. The sera were inactivated
in water bath at 56 "C for 30 minutes.

SFR was carried out according to the standard laboratory method
of the Central State Veterinary Institute, Prague. The titre was
expressed as the reciprocal value of the highest serum dilution

+Serological examinations were carried out in the Department Epi-
zootiology and Microbiology of the University of Veterinary
Science, Brno.
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Table 1

Incidence of Toxoplasma gondii antibodies in dogs as reported
in the literature

No. dogs Positive Titre re-
Year Authors Country Test exa- findings garded as
mined No. % positive

1958 Havlik and Hibner {SsrR SFR 86 27 31.3
1966 Z&stéra et al. CSsrR SFR 201 109 54.2
1973 Kovaleva and Lavotkin USSR CFT - - 24.6
1974 Catar ¢SSR CFT 24 6 25.0
1977 Hagiwara Japan SFR 911 264 29.0
1977 Hagiwara Japan DH 607 159 26.2
1977 Martin et al. Canada DH 137 17 13.1 64 and higher
1977 Sibalig Yugo-  CFT - - 41.0
slavia
1978 Ogunrinade Nigeria SFR 40 23 57.5
1978 Sedaghat et al. Iran IF 118 27 22.9
1978 Riemann et al. USA IH 804 112 13.9 64 and higher
1979 Bohm GFR IH 500 142 28.4
1979 Chhabra and Mahajan India IH 119 35 29.4
1979 Sacco et al. Italy IF 82 29 35.2
1979 Sacco et al. Italy DH 94 38 40.4
1980 Puccini and Abbenante Italy IF 355 179 50.4
1982 Vokoun {SsR MPA 549 42 7.6
1982 Vokoun €SSR CFT 346 198 57.2 8 and higher
1982 Watson et al. Austra- DH 129 40 31.0 64 and higher
lia
1983 Ahmed et al. USA IF 448 59 13.2 64 and higher
1985 Sebek {SSR SFR 301 16 5.3 4 and higher
.1985 Sebek CSsrR CFT 301 23 7.6 10 and higher
IF = indirect fluorescence test
IH = indirect haemagglutination test
DH = direct haemagglutination test

at which more than 50 ¥ of tachyzoites that had been added to the
serum remained unstained with methylene blue and retained their
typical shape. Titres of 4 and higher were regarded as positive.

CFT was carried out according to standard procedures approved
by the Ministry of Agriculture using biologicals produced by
the Institute of Sera and Vaccines, Prague. The test was started
at the initial dilution of 1:5. Sera with distinct agglutination
were diluted in twofold steps. Titres of 5 and higher were re-
.garded as positive.

MPA was carried out according to the official method of the
Institute of Sera and Vaccines, Prague, us1ng commercial diag-
nostic kits (Sevatest toxoplasma test MPA). A distinct precipit-
ation line in gel between the test serum and commerczal antigen
was regarded as positive reaction.
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Results

The resylts of serological examination in 1 002 dogs are pre-
sented graphically in Fig. 1.

60
50 F 501dogs

- 358 dogs
325dogs

30

20 -

% positive reactions
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12 dogs

SFR CFT MPA Total

Fig. 1. Results of serological reactions

SFR revealed T. gondii antibodies in 325 (32.44 %) dogs in 'ti-
tres of 4 to 64. Most of the sera (21.96 %) were positive in
the basic dilution of 1:4. The titre of 64 was found in only one
dog. The results according to antibody titres are summarized in
Table 2.

The results obtained with CFT are shown in Table 1. At the se-
rum dilutions of 1:5 to 1:80 positive reaction was found in 358
(38.73 %) dogs. At the basic titre of 5 the proportion of posi- .
tive dogs was 26.55 %, the titre of 80 was found in 2 dogs. The
sera of 79 (7.48 %) dogs were anticomplementary.

MPA yielded positive results in 12 dogs, i.e. in 1.20 % out
of the animals examined.

Comparison of the results obtained with the three methods are
shown in Table 4. Exactly one half of the dogs showed at least
one positive reaction. The number of dogs in which T. gondii anti-
bodies were detected with only one of the three methods was 309
(30.84 %). In 186 (18.56 %) dogs specific antibodies were reveal-
ed with two methods (SFR in combination with either CFT of MPA).
In 6 (0.60 %) dogs T. gondii antibodies were detected with all
three serological methods. It can also be seen in Table 4 that
the most frequent combination of two methods yielding positive
results was SFR and CFT (in 17.96 % of the animals). On the other
hand, some possible combinations of the results (e.g. positive
MPA, the other two reactions negative) were not recorded at all.
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Table 2

Results obtained with the Sabin-Feldman reaction

Sabin-Feldman reaction No. dogs %

Negative 677 - 67.56

Positive - titre & 220 21.96
-~ titre 8 55 5.49
- titre 16 35 3.49
-~ titre 32 14 1.40
- titre 64 1 0.10

Total positive 325 32.44

Total » 1 002 100.00

Table 3

Results obtained with the complement-fixation test

Complement-fixation test No. dogs %

Negative ‘ 644 64.27
Positive - titre 5 266 26.55
- titre 10 43 4.29
- titre 20 24 2.39
- titre 40 . 23 2.30
- titre 80 2 0.20
Total positive 358 35.73
Total ’ 1 002 100.00

Discussion

In our study, SFR revealed T. gondii antibodies in almost every
third dog and yet these findings are at the lower limit of the
data reported by other writers. The surprisingly low incidence
of T. gondii antibodies found by Sebek (1985) in police dogs
of the Ministry of the Interior of the Czechoslovak Socialist Re-
public can be accounted for partly by rigid sanitation but in
the first place by the use of commercial diets (Vetamix and Veta-
can). It should also be pointed out that the proportions of ani-
mals with T. gondii antibodies as are reported in the literature
are also dependent on the fact which titre was regarded as posi-
tive. In dogs, T. gondii antibody titres have generally been found
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Table &
Comparison of the results obtained with MPA, CFT and SFR

Serological method - result . No. dogs %
. MPA CFT SFR

- - - 501 50.00
- - + 137 13.67
- + - 172 17.12
+ - - - -

Positive results with 1 method 309 30.84
- + + 180 17.96
+ - + 6 0.60
+ + - - -

Positive results with 2 methods 186 18.56
+ + + 6 0.60

Positive results with 1 to 3 methods 501 50.00

Total dogs examined 1 002 100.00

lower than those reportéd, e.g., for man, rabbits and laboratory
mice. In most studies the basic dilutions of 1:2, 1:4 or 1:10 we-
re regarded as positive (Dubey 1973; He;jliéek et al.
1981; Hay et al. 1983). This approach is supported by positi-
ve T. gondii isolations from animals having only the basic titres
of specific antibodies. Also in our study T. gondii antibody ti-
tres were relatively low: titres of 16 and higher were found in
only less than 5 % of the dogs. Low T. gondii antibody titres in
naturally infected dogs are presumably related to lower virulence
of the causative strains, lower quantities of tissue cysts or pos-
sibly oocysts and tachyzoites that have produced the natural in-
fection and to the short interval elapsing from the time of in-
fection. Gther factors to be considered are natural mechanisms
of devitalization of T. gondii cysts, depending on species-spe-
cific resistance of the animals. High T. gondii antibody titres
(256 and higher), on the other hand, have been demonstrated in
animals infected experimentally w1th highly virulent T. gondii
strains (Piekarski and Whitte 19713 Frenkel 1982).
Since serum antibody levels are also known to decrease in con-
sequence of careless handling of the sera (e.g. fluctuation in
temperature) or their long-term storage, the sera in our study
were stored for only suctr 3 length of time that was required to
avoid waste of commercial kits (MPA, CFT) and.chemicals. The fro-
zen sera were stored generally for 14 days and only exceptionally
for a few additional days. Whenever feasible, each test serum was
examined with the three serological methods at one thawing.
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When examined with CFI, the sera of a relatively large pro-
portion of the dogs in our study (35.7 %) were positive, but most
of them showed T. gondii antibodies only in the basic dilution.
Titres of 10 and higher, which were found with this method in less
than 10 X of the dogs, are, in our view, a more objective indica-
tor as they showed far more coincidence with the results obtained
with SFR.

Although inactivated at 56 Oc in water bath for 30 minutes prior
to examination, the sera of 75 (7.5 %) dogs proved anticomplemen-
tary. The phenomenon of anticomplementarity of sera of some animal
species has been highligted by Jira and Rosicky (1983).
The anticomplementarity of the sera in our study was a problem
and may have partly influenced the reading of the results, parti-
cularly at the basic dilution. According to Pettersen (1968)
the .anticomplementarity of sera is due to a substance in antigen
interfering with the results of titration and he suggested a che-
mical procedure by which the efficiency of antigen could be enhan-

ced. S i im (1984) recommended to inactivate sera at 58 °C

for as long as 60 minutes before examination with CFT. In our

study this prolonged inactivation was not tested.

If we regarded a positive outcome of MPA as indicator of "non-
-sterile immunity" (Hibner and Uhl{kovda 1973), it would
mean that about 1 % of dogs in our study could be classified as
a reservoir of toxoplasmosis. According to Siim (1984) and
Pettersen (1984), on the other hand, a better indicator of
the presence of 7. gondii in the body is to be seen in the demon-
stration of antibodies with SFR.

A combination of three serological methods enables us to obtain
8 possible variants of the results, ranging from all negative to
all positive. When the dynamics of antibody titres is taken into
consideration, the combinations of theoretically possible results
of the seroreactions increase by geometrical progression. The
diagnostic value of each test is given by its specificity and sen-
sitivity. The specificity of SFR and CFT has been demonsirated by
a number of investigators (Piekarski and Whitte 1971;
Rasd{n 1973; a.o.). SFR has been claimed to detect mainly IgG,
whereas CFT is known to demonstrate mainly IgM. MPA is a reaction
of substantially lower sensitivity: it yields positive results
only where antibodies are present in large quantities.

In our study the proportion of dogs with T. gondii antibodies
detected only with SFR was 13.7 %. In this group of animals two
possibilities should be considered: )

1/ The infection is of recent date, with only 2 to 4 weeks elaps-
ing after the entry of T. gondii into. the body. Specific anti-
bodies are demonstrated by highly sensitive SFR as early as
the 9th day after infection (Kouba et al. 1974) but are not
detected by CFT and MPA because of their lower sensitivity
and later onset of antibody production (the discrepancy is due
to the methods and the dynamics of antibody productiong; Includ-
ed in this group can also be the case of acute toxoplasmosis
in a dog with specific antibodies detected in the 1:8 dilution
only with SFR.

2/ The infection is of long standing - usually more than 6 months
old, referred to as chronic toxoplasmosis, or the animal expe-
rienced contact with T. gondii in the past (latent infection).
In this case the discrepancy is due to the dynamics of antibo-
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dy product1on (specific IgM is not present in the body and the-
refore)CFT is negative) and to the methods (lower sensitivity
of MPA

To differentiate recent infection from that of long standing
'should not be difficult provided that serological examination
is repeated 2 to 3 weeks later (Przybylkiewicz 1972;
Pouska 1977). Recent infections were generally characterized
by a rise in antibody level.

More difficult to interpret are the results where antlbodles
are demonstrated only with CFT. According to Siim (1984) few,
if any, such results are likely to occur. Here, again, two possi-
bilities should be taken into consideration:

1/ The infection is active, between 1 and 6 months old, during
which time IgM is demonstrated, whereas the production of IgG,
which is detected particularly with SFR, is reduced or halted
for one reason or another. (The discrepancy is due to the dy-
namics of antibody production.) Some support is given to this

view by the observation that this combination of results was
found mostly in dogs with chronic or recurrent disease where
immunosuppression seems possible as a result of treatment with
corticosteroids -or cytostatic agents or as a consequence of a
concurrent major disease (parvovirosis, canine distemper, lep-
tospirosis, etc.). In only quite exceptional cases complete
immunotolerance can develop. Thus Presthus et al. (1982)
demonstrated toxoplasmosis post mortem in 6 puppies, between

3 and 6 months of age, with signs of paresis of the hind legs.
In none of them were T. gondii antibodies demonstrated with
SFR.

2/ In the group of dogs where only CFT was positive, mainly in
the basic dilution of 1:5, consideration should also be given
to the possibility of erroneous reading of the results because
of partial anticomplementarity of the sera.

Spec1flc antibodies demonstrated concurrently with SFR and CFT
were recorded in 18 % of the dogs. In interpreting these results
two possibilities, again, come into consideration:

1/ Where T. gondii antibodies were demonstrated with both SFR
and CFT (qualitative coincidence) at titres higher at least
by two dilutions than the basic titre (quantitative coinci-
dence) it can be inferred that either active infection or re-
infection between 3 and 6 weeks after the entry of 7. gondii
into the body was present. MPA is negative in consequence of
later onset of precipitating antibodies (the discrepancy is
due to the dynamics of antibody production) (Jira and R o -
sicky 1983; Siim 1984). These findings indicate acute to
subacute toxoplasm051s where the severity of the process is
to be judged by the incidence and intensity of clinical signs.

2/ Where specific antibodies were demonstrated with both SFR and
CFT but only at the basic and low titres (low-level qualita-
tive and quantitative coincidence), presumably subacute to
chronic infection between 6 weeks and 6 months old was involv-
ed, MPA being negative during this period because of its lo-
wer sensitivity (discrepancy due to the method).

0f particular interest from the aetiological point of view is
the group of 6 dogs where specific antibodies were demonstrated
concurrently with SFR and MPA. Precipitating antibodies were de-
monstrated concurrently with the higher titres (16 and higher)
recorded with SFR. All the dogs involved were between 9 months
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and 2 years of age. A possible explanation of these findings is
primary infection with a major dose of 7. gondii (a rather viru-
lent strain) in the state of transition to chronicity. Presumably
a substantial degree of immunity had been produced and persisted
in the form of IgG at a level so high that even the result of
less sensitive MPA was positive (qualitative coincidence). Since
IgM had disappeared from the body, CFT yielded negative results.

In all 6 dogs in which T. gondii antibodies were demonstrated
with all three serological methods toxoplasmosis was diagnosed on
the basis of repeated examinations. The animals were in various
stages of infection. In the light of the foregoing considerations
it appears likely that the infection was rather severe, being pro-
duced by a strain of medium virulence 1 to é months ago.

It can be concluded that intravital diagnosis of toxoplasmosis
in the dog will continue to be based on serological methods. The
present study suggests that a combination of several serological
methods. The present study suggests that a combination of several
serological methods of various sensitivity thresholds that detect
different immunoglobulins makes it possible to differentiate bet-
ween active and chronic T. gondii infection provided that the dy-
namics of antibody levels is taken into account. Examinations .
should be repeated 2 to 3 weeks apart. 0f the serological methods
used in the present study, SFR can be fully recommended for exa-
mination of the dog. In using MPA, a positive result can be inter-
preted as indicating a severe process, whereas a3 negative result
should be taken with reserve because the possibility of.T. gondii
infection cannot be excluded. The use of CFT is limited by fre-
quent occurrence. of anticomplementarity in dog sera. Where use of
this test is made in spite of this drawback, our recommendation
is that only titres of 10 and higher should be regarded as posi-
tive.

vyskyt protilatek proti Toxoplasma gondii u pst-z Brna a okol{

V pribéhu tf{ let byli vy3etfeni 1 002 psi v3ech vékovych ka-
tegori{ se zam&fenim na vyskyt protildtek proti Toxoplasma gon-
dii. Sérologickd Setfen{ byla provddéna Sabin-Feldmanovou reakc{
(SFR), komplementfixa&ni reakci (KFR) a mikroprecipitac{ v agaro-
vém gelu (MPA) dle metodik.platnych v £SSR. Sabin-Fgldmanovou
reakci bylo v titru 4 - 64 pozitivnich 325 (32,4 %) psd. Komple-
mentfixaéni reakc{ byly prokdzdny protildtky v titru 5 - 80 u 358
(35,7 %) zvitat. V tred&ni 1:5 bylo pozitivnich 266 (26,6 %) psd
a séra 75 pst (7,5 %) byla antikomplementdrni. Mikroprecipitaci
v agarovém gelu byly zjisté&ny pozitivnf nédlezy u 12 pst (1,2 %)..

Jednou séroreakci byly zji3té&ny protildtky proti Toxoplasma
gondii u 309 (30,8 %) psid, koincidence dvou séroreakc{ se vyskyt-
1a u 186 (18,6 %) zvitat a koincidence vSech tf{ séroreakc{ byla
prokdzéna u 6 (0,6 %) pst. Minimiln& jednou séroreakci (to zname-
nd 1 az 3 pozitivni ndlezy) byly zjiStény specifické protil4tky
u 501 psa (50,0 %).

V préci je diskutovdna diagnostickd hodnota pouZiych vy3etfova-
cich metod. Nejlépe se osvédEila Sabin-Feldmanova reakce.
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Hanuune aHTHuTesn npoTHB Toxoplasma gondii y co6ax
B ropoge BpHO H OKpPECHOCTSX

B TeueHHe Tpex JeT uccnenoBand 1002 co6aKH BCeX BOSPACTHBIX
XaTeropui, Hanpasnsss BHMMAaHHE Ha HaJHUHEe AHTHTeN NpoTHB Toxoplas-
ma gondii. Ceponoruyeckue aHanNH3s MPOBOAHNM peakxuue# no CabuH-
®enbnMany (SFR), peaxuue#t ¢uxcauumum KomniemeHra (KFR) M MHKpO-
npeuunuTaunes B arapoBom rene (MPA) no MeToaukKkaM, HEeACTBEHHLIM B
YCCP. Peaxuuet CabuH-®enbamaHa O6bIO B THTpe 4 - 64 NMO3SHTHBHLIX
325 (32,4%) co6ax. Peaxnueft OHXCALUMH KOMMJEMARHTA BHIH YCTAHOBAE-
HN aHTHTena B THTpe 5 - 80 y 358 (35,7%) ®HBOTHmIX. B pa36GaBleHHH
1 : 5 66110 MO3SHUTHBHLEIX 266 (26,6%) cob6ax M CHBOPOTKH 75 co6axk
(7,5%) OHNH aHTHKOMIJIEMEeHTapHb. MHKpOMpeuHNMHUTAUHEA B arapoBOM
resie NOSHTHBHHE pe3ynbTaTh O6bLUIH YCTaHOBJEHH y 12 co6ax (1,2%).

OnHO#t cepopeaxuueft 6bJIM YCTaAHOBJIEHH AHTHTeJla MPOTHB ToX0-
plasma gondii y 309 (30,8%) co6akx, coBnameHHe OBYX cCepopeakuuit
BCTpeuasoch y 186 (18,6%) ®MBOTHEHX H COBMaJeHHE BCEX TPexXx cepo-
peaxun#t - y 6 (0,6%) co6ax. He MeHee omHO# cepopeakuuen (T.e.

1 - 3 MOSHMTHBHHIX aHajH3a) OHJAM YCTAHOBJEHH cneuudHYECKHe AHTHTE-
na y 501 coéaxu (50,0%).

B pa6oTe o6CyxmaeTcCss OMArHOCTHYECKOE 3HaUeHHEe MNPHMEeHHMBIX
MeTONOB HCCJllefOBaHHusA. Jlyume BCeX 3apeKOMeHOoBana cebs peaxuHs
Ca6uH-®enbamaHa.
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