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Detection of Toxoplasma gondii-specific Antibodies in Dogs.
A Comparative Study of Inmunoenzymatic,
Immunofluorescent and Haemagglutination Titers
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Laboratério de Imunologif.aboratério de Parasitologia, Departamento de Patologia, Universidade Federal de
Uberlandia, Av. Para 1720, Campus Umuarama, 38400-902 Uberlandia, MG, Brasil

We evaluated the titers of ariti-gondiiantibodies by various serological tests in 40 serum samples
from dogs exhibiting clinical signs of infectious diseases. Indirect immunofluorescence (IgG-IFl), indi-
rect haemagglutination (IHA and M-Toxo) and immunoenzymatic (ELISA and PA-ELISA) tests were
carried out. Titers> 64 were considered as positive. Ahtixoplasmaantibodies were found in 9 (22.5%),

14 (35%), 14 (35%) and 12 (30%) samples, respectively for IHA, 1gG-IFl, ELISA and PA-ELISA. The
resultsshowedhat 57% were negative in all testsd 43% of the dogs presented antibodié€s gondii

from these, 20% were positive in all three tests with high titers of antibodies and 23% were positive in
only one or two tests with low titers of antibodies and mainly related to the IFl and ELISA tests. We
observed 5 (12.5%) and 1 (2.5%) reactive samples, respectively, by M-Toxo and IHA with or without 2-
mercapthoethanol, in the attempt to detect specific IgM. We can conclude that serodiagnosis of toxo-
plasmosis in dog have to be based on the combination of serological tests (IFI and ELISA) and with
emphasis at the determination of the titers ancctasses of the specific antibodies.

Key words:Toxoplasma gondiidogs - antibodies - indirect immunofluorescence - indirect haemagglutination -
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Toxoplasma gondiiauses one of the most com-(Ahmed et al. 1983, Svoboda 1987, Lindsay et al.
mon parasitic infections in the world, affecting al990, Uggla et al. 1990, Ulén & Marder 1990,
wide range of hosts including man, domestic aniHejlicek et al. 1995). The tests used include the
mals and birdsToxoplasmainfectionin dogs is Sabin-Feldman, the complement fixation, the in-
very common as demonstrated by various serologiirect haemagglutination, the direct agglutination,
cal surveys (Svoboda 1987indsay et al. 1990, the indirect fluorescent antibody and the enzyme
Uggla et al. 1990, Ul6n & Marder 1990, Guimaraesmmunoassay. The demonstration of antibodies by
et al. 1992, Shad-Del et al. 1993, Bjorkman et athese serological tests just indicates previous in-
1994) while clinical toxoplasmosis is very less frefection by T. gondii A laboratory diagnosis de-
guent, usually seen in young animals, and is assfined to toxoplasmosis-disease requires the dem-
ciated with concurrentimmunosupressor factors amstration of high titers of specific antibodies and
infections, as distemper virus (Dubey 1985).  increasing levels in two serum samples taken 2 to

The clinical signs of toxoplasmosis in dogs ard weeks apart (Dubey 1987). The majority of these
usually characterized by ataxia, diarrhoea and reswestigations carried out in dogs have not estab-
piratory distress (Ahmed et al. 1983). Focal nelished a comparative study of the titers of these
crotic areas in the lung, liver and brain of infectedarious tests and their possible correlation with
dogs are common and could lead to developmeattive infection byT. gondii
of several clinical signs. Therefore, toxoplasmosis The purpose of the present investigation was
in dogs and other animals can mimic many infeco evaluate the titers of the various serological tests
tious diseases (Dubey 1985). conducted with serum samples from dogs exhibit-

Serological diagnosis df. gondiiinfections in  ing clinical signs of infectious processes in which
dogs has been evaluated by many investigatorexoplasmosis was one of the presumable diseases.

MATERIALS AND METHODS

Animals and serum sample# total of 40 se-
*Corresponding author. Fax: +55-34-218.2333 rum sample;, were obtglned fr'om quS presented
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1990 to 1993, with clinical signs which might have ~ An immunoenzymatic test (ELISA) was car-
led clinicians to suspect infection with gondii:  ried out for detection of IgG antibodies affti-
apathy, fever, dyspnea, pneumonia, gastroenteritiondii as described (Mineo et al. 1980) with some
and nervous system disturbances with incoordinaodifications. Microtiter plates (Hemobag,
tion, tremors and paralysis. The dogs were of var€ampinas, Brazil) were coated overnight at 4°C
ous pure and mixed breed ancestry. Their ages vay¥ith a soluble antigen preparation (Oj&pof pro-
ied from a few weeks to 14 years (mean of 2.9 tein/well), consisting of a sonicated extract of pu-
0.6 years) and the numbers of male and female weriled Toxoplasmatachyzoites diluted in 0.06M
19 and 21, respectively. The serum samples weggdium carbonate buffer (pH 9.6). The plates were
collected following centrifugation at 500 x g of 5washed three times with phosphate-buffered saline
ml of blood obtained from the radial vein from thecontaining 0.05% Tween 20 (PBST) and incubated
dogs and were stored at -20°C until analyzed fqgith the samples. Doubling dilutions of the dog
Toxoplasmaantibodies. ~ serum samples, diluted from 1:64 to 1:16,384 in
_ Serologicaltests- An indirect haemagglutin- pgsT with 20% equine serum (PBST/ES) were
ation test (IHA) was performed using a reagemdded in duplicates to the wells and the plates in-
commercially available (Hematoxo, Biolabcypated at 37°C for 45 min. After repeated wash-
Diagnostica S.A., S&o Paulo, Brazil). The Seruyg the secondary antibody, consisting of a per-
samples were diluted twofold, from 1:64 to 1:2,048yiqase (horseradish peroxidase, type VI, Sigma
following the steps described by the manufactureg, st | ouis, USA) labeled to rabbit IgG anti-
All positive serum samples in the IHA test werey,q |gG, prepared as described (Wilson & Nakane
retested after treatment with 2-Mercaptoethanol (?1'978) and diluted 1:20.000 in PBST/ES. was added
ME) in order to verify the presence of IgM anti-, incybation performed for 45 min at 37°C. Af-

bodies (Camargo etal. 1978). OthigA (M-Toxo) ter a final wash, the plates were incubated with

developed by Yamamoto et al. (1991) for the SeE;zyme substrate hydrogen peroxide and o-phe-

rodiagnosis of acute toxoplasmosis was carried o lenediamine (Merck, Germany) in 0.1M citrate-

with a standardized suspension of red blood cel . i
coated with a heat-stable alkaline-solubilized e>$ :rQ:tEr% l%_l;]f(faerre(g(lz—:igf\)lvg)sr i?og];;g g tbr;/) gr;dti?]g] ON
tract of T. gondij which reacts predominantly with :

it : . ~ H,S0, and the absorbance was read at 492 nm
IgM antibodies. To 5 of doubling diluted se using a Titertek Multiskan-Plus spectrophotometer

rum, as above mentioned, gbof sensitized cell ; " X
suspensions were added and the agglutination pg\'t:-IOW Laboratories, USA). Positive and negative

tern read after incubation of 1 hr and 30 min atc um qontrols prgviously tested by con_ventional
serological tests (i.e., IHA and IFI) were included

room temperaturd2ositive and negative reference .
serum samples (for IgG and IgM specific To on each plate. Samples showing absorbance val-
ues exceeding the mean absorbance of the nega-

gondii) were included in all assays. X e
The indirect immunofluorescence test for delive controls plus 2 standard deviations were con-

tection of IgG antibodies f& gondii(lgG-IF1) used sidered as positive. Other immunoenzymatic test
in this investigation was similar to that used foPA-ELISA) was developed for detection of IgG
diagnosis of human infections (Camargo 1964fntibodies anti. gondii as described above, ex-
Antigen slides ofT. gondiiwere incubated with C€Ptby using peroxidase labeled Protein A (Sigma
serum samples screened at 1:64 dilution and po&t©-» St. Louis, USA) as secondary antibody which
tive samples were then diluted twofold until 1:was diluted 1:100,000 in PBST with 1% bovine
4,096. An isothiocyanate fluorescein labeled rakserum albumin. .

bit 1gG anti-dog IgG (kindly supplied by Centro The titers obtained on the serological tests were
de Zoonoses, S&o Paulo, Brazil) was used as sélgfined as low titers when the reactivity was equal
ondary antibody and the optimum titer (1:150) wa8' lower than 128. On the other hand, titers higher
determined by block titration with positive andthan 128 were defined as high titers.

negative serum controls. Positive control sera were Statistical analysesThe antibody titers were
obtained of the dogs with consistently positive secodified inlog yin order to determine the geomet-
rological results by IHA-Hematoxo, in interassayic means of the titers (GMT) (White 1973). The
and intraassay variation tests. Negative control seségnificance of the difference among these values
were obtained of dogs healthy with consistentlyvas determined by the Mann-Whitney and
negative serological results by IHA-Hematoxo, a&ruskal-Wallis’ tests (White 1973). The correla-
mentioned above. The slides were examined by epiion coefficients between the titers provided by the
fluorescent microscope (Olympus, Mod. BH2HA, 19G-IFI, ELISA and PA-ELISA tests were
Tokyo, Japan). determined as reported (Lutz 1967).
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RESULTS antibodies; and b) a group of positive sample_s in
When carrying out the indirect immunofiuo-©nly one or two tests (from # 9 to # 17) which

rescence (IgG-IFl), indirect haemagglutinatior{evealed low titers of antibodies. The positive re-
(IHA and M-Toxo) and immunoenzymatic (ELISA sults of this latter group were mainly related to the
and PA-ELISA) tests, the criteria followed for theg:oﬁgognEéclanp ;?Isstgnw?hct;rl]velﬂz \1;\% tnhee ch;rr; gt68r7
samples be considered positive was the detecti ) ) i .
of antibodies in titers 64. The IHA test revealed and 2.07; 3.67 ?n? 1.98; 3.39 and 1.90; 2.57 and
T. gondiiantibodies in 9 samples (22.5%); the IgG2-11. respectively for IgG-IFl, ELISA, PA-ELISA
IFI test demonstrated specific antibodies in 1#1d IHA (p < 0.01). In addition, the reactive
samples (35%), whereas the ELISA and PA-ELIS&amples for the IHA with 2ME and M-Toxo tests
tests showed anfiexoplasmaantibodies in 14 (GMT=2.56 and 2.32, respectively) were predomi-
(35%) and 12 (30%), respectively. In the attemgi@ntly included in the group of positive samples
to detect specific IgM by the IHA with 2ME and with high titers. No significant differences were
-Toc (el s b 1 (5% s S0 0on ae mdaecsy
(12.5%) reactive samples, respectively. The distri- ' ;
bution of Toxoplasmaantibody titers determined Provided by ELISAversusPA-ELISA was highly
by all these serological tests is demonstrated fignificant (.98; p < 0.01). On the other hand, the
Table. We observed titers of 64 to 2,048 for IgG€omparison between IHA and IgG-IF| shows a
IFI (GMT = 2.68); titers of 64 to 8,192 for both nor_1-3|gn|f|cant cqrrelatlon index of .51 (p > 0.05),
ELISA and PA-ELISA (GMT = 3.43 and 3.22 re-While the comparison between ELISArsudgG-
spectively) and titers of 64 to 512 for IHA (GMT !F! and IHA versusELISA demonstrated signifi-
= 2.54). cant correlation indexes (.69 and .81, respectively;
Based on these results, it was possible to ot < 0.'01)' . h Its f in this |
vide the positive samples in two different groups; 19- summarizes the resu tsoound In this in-
a) a group of positive samples in all three tesf€stigation. It was obser\ged 20% (8/17) of posi-
(from # 1 to # 8) which presented high titers ofivity in all three tests, 23% (9/17) in only one or

TABLE

Distribution of Toxoplasmaantibody titers determined by indirect immunofluorescence test (IgG-IFl),
immunoenzymatic test (ELISA and PA-ELISA) and indirect haemagglutination test (IHA, IHA-w2ME, M-Toxo)
among 17 positive samples from 40 serum samples collected from dogs with clinical signs of infectious diseases

as examined at Veterinary Hospital of Universidade Federal de Uberlandia, State of Minas Gerais, Brazil
(1990-1993)

Antibody titers
Samples IFI ELISA IHA
no. 19G-IFI ELISA PA-ELISA IHA IHA-w2ME M -Toxo
1 128 8192 4096 512 512 128
2 128 4096 1024 256 128 -
3 2048 8192 8192 512 512 512
4 256 2048 1024 512 256 64
5 1024 4096 2048 64 - -
6 256 2048 1024 512 256 -
7 2048 8192 2048 512 512 128
8 64 512 256 128 - -
9 - 64 - - - -
10 128 - - 128 64 64
11 256 128 128 - - -
12 64 64 64 - - -
13 64 - - - - -
14 - 128 64 - - -
15 64 - - - - -
16 128 128 64 - - -
17 - 64 - - - -

Cut-off =64
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two tests, establishing a total of 43% (17/40) ofamples from dogs exhibiting clinical signs sug-
seropositive samples fdr gondiiantibodies, and gestive of toxoplasmosis.
57% (23/40) of negativity in all tests. Our results showed that, even though all se-
rum samples came from dogs exhibiting clinical
signs of infectious disease compatible with toxo-
plasmosis, only 43% of them presented antibodies
againsfT. gondii Thus, three groups were identi-
fied: (1) seronegativesamples (57%) - this find-
ing can be explained by the fact that there is an
overlapping of clinical signs among toxoplasmo-
sis and many infectious diseases in dogs and other
animals, so that they can mimic each other (Ahmed
etal. 1983). Thus, a negative serological result gen-
erally rules out a diagnosis of toxoplasmosis and
shows significance, as it may guide the procedures
of the clinicians in research for other diseases; (2)
seropositivesamples in all three tests (20%) with
Percentage of negativity or positivity fdbxoplasma gondii high titers of antibodies and predominance of IgM
antibodies as determined by indiréetemagglutinationiest  antibodies detected mainly by the M-Toxo test. This
i(rlrmj)ﬁ()iggizrenf;tiig?tu(ré?jg:fnsgggcéfifst /g')gfn;g':]') :‘g‘ge test, developed for the serodiagnosis of acute hu-
rum sample)é collected from dogs with clinical signg of infec-man, tOXOPIa‘?‘mOS'S (Yamamoto et al. 1,991)' was
tious diseases as examined at Veterinary Hospital diarried out with the dog serum samples in order to
Universidade Federal de Uberlandia, State of Minas Geraiverify its suitability for detection of IgM-specific
Brazil (1990-1993). antibodies in dogs. It was found 4 positive samples
by M-Toxo out of 8 positive samples (50%) for
IgG antibodies in all three tests, suggesting that
DISCUSSION these animals might be presenting an active infec-
, o tion by T. gondii. The 4 M-Toxo non-reactive
Many investigations have been conducted ogamples in this group but with high titers of IgG
serological dlagn'os'lsd‘f gondiiinfection in dog.s. may represent IgM false-negative results due to
However, the majority of them have not establishegympetitive interaction with 1gG which presents
a comparative study of the antibody titers and thefigher avidity; and (3) seropositive samples in only
possible correlation with active infection BY 1 or 2 tests (23%) with low titers of antibodies and
gondii. So far, it has not been possible to Makeyainly related to the IFI and ELISA tests. The re-
valid comparisons among prevalence of antibody,,its of this group suggest that the samples might
to T. gondiiin serum samples of dogs from thesgye|ong to animals with chronic infection and the
various studies because of the differences in sengier and the positivity rates were totally dependent
tivity and specificity of the employed serologicaly the sensibility of the employed tests. From the
tests and also the lack of standardization for ea@%rological methods used in the present study,
test (Dubey 1985). ELISA and IFI can be strongly recommended. On
The variations in incidence gbxoplasmae- the other hand, by using IHA, a negative result

rum titers could be related to modifications in ingpoyld be taken carefully because the possibility
fection rates or to the sensitivity of the differentys 1. gondii infection cannot be excluded.

tests used as well as the cut-off established for each |t \was shown in the present investigation high

test (Ahmed et al. 1983). In this context, it shouldrrelation among the ELISA and PA-ELISA tests.
also be pointed out that the prevalence of animalgnce it seems that the use of Protein A - peroxi-
with T. gondiiantibodies is closely dependent oryase in the ELISA test for the determination of
the titer regarded as positive. In most studies thﬁ)xoplasmantibodies in dogs has not previously
usual dilutions of 1:16, 1:64 or 1:100 (for IFI, IHA peen reported, we concluded that PA-ELISA could
or ELISA, respectively) were considered as posh|sq pe used in serological surveys in dogs for de-
tive (Ahmed et al. 1983, Svoboda 1987, Ugla €ction of antiT. gondiilgG antibodies.
al. 1990). ) i L Taken together, the results presented here show
The present study is the first publication cony,4t the diagnosis of toxoplasmosis in dog have to
cerning the comparative analyses of the IFl, IHAye pased on combination of serological tests that
and ELISA tests in dogs. Therefore, we evaluatge aple to detect different affti-gondiiantibod-
the titers of antl“F: gondiiantibodies dete_rmlned ies and with emphasis in the determination of the
by three serological tests conducted with seruffters and the classes of the immunoglobulins.
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