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ABSTRACT

The study determined the sensitivity and specificity of the indirect fluorescent antibody
test (IFAT) and modified agglutination test (MAT) for anti-Toxoplasma gondii antibody
detection by analyzing sera from 46 experimentally infected pigs. Values for sensitivity
were 95.7% (confidence interval 95%: 84.0-99.2%) and for specificity 97.8%
confidence interval 95%: 87.0-99.9%) in both tests. There was an optimum agreement
of results between IFAT and MAT evidenced by a Kappa test of 0.86. These results
validate these tests for the detection of T. gondii infection in pigs. IFAT and MAT
despite methodologies with different characteristics and readings have similar
accuracy in pig serum samples.

Index terms: Toxoplasma gondii, swine, antibodies, serology, indirect fluorescent
antibody test (IFAT), modified agglutination test (MAT).

INTRODUCTION

Toxoplasmosis is a zoonotic disease of cosmopolitan distribution caused by
Toxoplasma gondii (Nicolle & Manceaux 1909), an intestinal coccidian whose definitive
hosts are felines, especially the domestic cat (Navarro et al. 1992). The social and
economic impact of toxoplasmosis on public health is demonstrated by the loss of the
quality of life caused by blindness, neurological disorders and death by abortion or
encephalitis (Roberts & Mcleod 1999, Gomez-Mariz et al. 2000).
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The world-wide prevalence of antibodies against T. gondii in swine varies from 1 to 90%
(Souza 1995). In the USA, Gamble et al. (1999) estimated that pig toxoplasmosis varies
between 3 and 20%, depending on the region studied and animal age. In North Parana
herds, Brazil, Garcia et al. (1999) detected 24% of seropositive pigs. Many of the
variations in the antibody rates against T. gondii result from management conditions and
type of breeding, as well as from the different serological tests used (Vidotto 1992).

According to Dubey (1986) swine is a major source of toxoplasmosis infection for
humans in the USA. The detection of T. gondii cysts in swine is very difficult, as tissue
cysts vary in size from 60 to 100 mm (Kreier 1993) and are unpredictable in localization.
Additionally, bioassay requires inoculation of the digested or crushed tissue, and
involves much time to obtain results. Serological tests are quicker and more practical,
associating the detection of antibodies against T. gondii with the presence of tissue
cysts (Hirvela-Koski 1990). Therefore, serology is proper to determine the prevalence of
the agent in swine herds (Aranda et al. 2000).

Indirect fluorescent antibody test (IFAT) and modified agglutination test (MAT) are two
tests of proven accuracy to detect anti-T. gondii antibodies in animal and human sera.
The present study aimed to determine the specificity, sensitivity and Kappa agreement
for IFAT and MAT for detection of IgG against T. gondii in sera of experimentally
infected pigs. Additionally, the complexity of the techniques tested was assessed,
considering the antigen cost, time spent to perform the tests and difficulties in reading
the results.

MATERIALS AND METHODS
Origin of sera

Negative sera, by IFAT, from 46 mixed breed (Large White x Landrace) male pigs and
boars, from commercial farms with intensive sanitary control and without clinical signs or
history of reproductive problems in the herds, previously utilized in two experiments
(Garcia 2002, Freire et al. 2003), were used. The pigs were kept in quarantine for
adaptation to the experimental facilities, and blood collection was repeated immediately
before carrying out the experimental inoculation with Toxoplasma gondii. Sera obtained
from these blood samples (pre-inoculation) were kept at -18°C and used in this study as
negative samples. After that, twenty-eight pigs were orally infected with 5.0 x 104
oocysts of T. gondii (10 animals received the VEGS strain and 18 animals the AS-28
strain). The 18 remaining pigs were inoculated intramuscularly with 1.0 x107 tachyzoites
(RH strain). Blood samples were collected again 22 days after infection with T. gondii
and the sera obtained were used as positive samples.



Serological examination

IFAT. The test was carried out as described by Camargo (1973). The antigen was
prepared with inactivated T. gondii RH strain tachyzoites in formaldehyde solution at 1%
for 30 minutes at 37°C. After washing in physiological saline solution and centrifuging,
the tachyzoites were diluted and fixed on glass. Sera samples of 100 ml were diluted in
phosphate buffered saline (PBS 0.015M, pH 7.2) and tested in two-fold dilutions, from
1:16 until the greatest dilution considered positive (1:1024). Ten microliters of diluted
sera were pipetted in each delimited circle on the slides previously adsorbed with T.
gondii antigen. The slides were incubated at 37°C for 35 minutes in a wet chamber. After
three washes with PBS the slides were dried and incubated with 10 ml of a rabbit anti-
pig 1gG fluorescein conjugate, diluted 1:4000 in PBS, during 35 minutes at 37°C. At the
end of incubation, the slides were washed again to remove the remaining free
conjugate, then covered with buffered glycerin (pH 8.0) and slide cover and read in an
epifluorescent microscope. The reagent sera with reciprocal of the title 364 were
considered positive (Vidotto et al. 1990).

MAT. The test was performed as described by Dubey & Desmonts (1987). T. gondii RH
strain tachyzoites fixed in formaldehyde solution antigen was used. Briefly, sera were
tested on 96-well plates with a u-shaped bottom (25 ml of mix antigen plus 25 ml of
serum), based on two-fold serial dilutions, from 1:25 until the greatest dilution
considered positive (1:200). The plates were sealed with plastic film and kept overnight
in a chamber at 37°C. An agglutination reaction (mesh or net) identified the positive sera
and a well-defined blue point identified the negative sera. Serum with titer 325 was
considered positive (Dubey 1997). The MAT was kindly supplied by Dr. J.P. Dubey of
the United States Department of Agriculture, Beltsville, Maryland, USA.

Serological test record card

Each test was accompanied by a record card, where the time spent analyzing the 46
samples, complexity of the technique, and the difficulty in reading the results and
expenses with the products used were recorded, taking into consideration that the
antigen used in MAT is not produced in Brazil. The purchase cost of the epifluorescence
microscope used in the IFAT reading was not considered.

Statistical analysis

The results were tabulated and the sensitivity, specificity (Gart & Buck, 1966) and Kappa
agreement (Landis & Koch, 1977) was calculated. The Epi Info 6.04 program was used for
the statistical analyses (Dean et al. 1992).



RESULTS AND DISCUSSION

As seen in Table 1, there were found identical values with the same number of positive
and negative animals by both tests, with similar values of sensitivity and specificity. The
values of 95.7% for sensitivity and 97.8% for specificity in both tests showed excellent
agreement. Of the 46 positive sera, two were considere negative by IFAT (false negative,
Swine 8 and 45) and two by MAT (Swine 11 and 20). Among the negative sera one was
identified as positive by IFAT (false positive, Swine 17) and one by the MAT (Swine 31).
Using a confidence interval of 95%, sensitivity was 84.0-99.2% and specificity was 87.0-
99.9%.

Table1. Reactivity showed by the pig sera:
experimentally inoculated (infected) and pre-inoculated
(not infected) by indirect fluorescent antibody test (IFAT)

and modified agglutination test (MAT)

Tests Infected pigs Not infected Total
AT + 44 0l 45
= 0 45 47
Total 46 46 92
MAT + 44 01 45
- 02 45 47
Toual 46 46 92

Sensitivity = positives [ total infected x 100 = 95,7 % (IC 95%: B4.0-99.2),
Specificity = negatives [ total not infected x 100 = 97.8 % (IC 95%: 87.0-
99.9).

Predictive positive value = positives | total positives x 100 = 97.8 % (IC
95%: K7.0-99.9).

Predictive negative value = negatives [ total negatives x 100 =957 % (IC
95%: §4.0-99.2).

Accuracy = 96.7% .

Kappa = 0.93.

The concordance of the results showed by Kappa = 0.86 (Table 2) is
considered optimum according to Landis & Kock (1977). Both tests were able
to detect IgG antibodies against T. gondii in pigs during this period of
infection.
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TableZ. Agreement between indirect fluorescent
antibody test (IFAT) and modified agglutination test
(MAT) analyzing pig sera: experimentally inoculated

(infected) and pre-inoculated (not infected)

AT+ IFAT- Total
MAT- 03 44 47
Total 45 47 92

Sensitivity = positives | total infected x 100 = 93.3% (IC 95%: 80.7 - 98.3).

Specificity = negatives [ total not infected x 100 = 93.6% (IC 95% 814 -
95, 5).

Predictive positive value = positives / tolal positives x 100 = 93.3% (IC
95%: B0.7 - 98.3).

Predictive negative value = negatives [ total negatives x 100 = 93.6% (IC
95%: K1.4 — 98.3).

Accuracy = 93.4 %,

Kappa = (.86,

The excellent agreement of these tests observed in this study is enforced by the
agreement of them with the Die Test (DT), considered by Dubey (1997) as one of the
most specific serological tests for detection of anti-T. gondii antibodies in swine.
Camargo (1964) compared the IFAT and DT and reported total concordance for
positivity or negativity by both tests. Similarly, MAT was as suitable as DT for IgG
detection in human beings (Desmonts & Remington 1980).

Sera of animals experimentally infected with Neospora caninum, including pigs, did not
react with T. gondii when analyzed by MAT at 1:15 dilution (Dubey et al. 1996). Dubey
(1997) confirmed the specificity of MAT for T. gondii antibody detection in pig serum and
did not find any cross-reaction with Sarcocystis miescheriana, virus, helminths, and
gnotobiotic pigs and fetal sera from laboratory-bred sows.

The cost of purchasing the antigen and supplies used in each serological test was
calculated at US$ 2.64 for IFAT and US$ 6.4 for MAT. The time taken to carry out the 46
tests was 3.5h for IFAT and 3.0h for MAT. However, it should be considered that with
MAT could be tested a greater number of sera at the time. An advantage is that IFAT
can be read shortly after the end of performing the technique (Vidotto et al. 1990). The
interpretation of IFAT is more subjective, anddepends on the number of tachyzoites with
total peripheral fluorescence per field and on the number of fields observed.

Although it has a longer incubation time (overnight) the reading of the MAT results is
simple, because a microscope is not needed, making it more practical. MAT reading
allows a greater number of sera to be analyzed in a certain period of time compared to
IFAT. The major limitation of MAT observed in this study was the purchase of the



antigen, because it is still not produced in Brazil and imported from Canada. The antigen
used in IFAT can be purchased from national suppliers or can easily be produced in cell
culture or with the continual maintenance of live T. gondii in mouse.

Although the IFAT antigen is cheaper compared to that used in MAT, the need to use an
anti-lgG conjugate for each animal species, necessary for IFAT, constitutes a
considerable disadvantage for this technique. Differently, MAT can be used to analyze
various animal species, as it does not require the presence of a specific conjugate
(Oksanen et al. 1998). Waltman et al. (1984) compared ELISA with other tests for
serological diagnostic in swine and reported some advantages of ELISA over IFAT, such
as a greater number of sera, which can be analyzed at the same time, and the
automated technique; but IFAT results were more in agreement with DT, used as
standard test in the experiment. ELISA showed 72.9% sensitivity and 85.9% specificity,
but less accuracy when compared with MAT (Dubey et al. 1995).

In conclusion, the excellent accuracy and agreement between the IFAT and MAT results
obtained in the present study validate these tests for anti-T. gondii antibody detection in
swine sera.
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