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ARTICLE INFO ABSTRACT

Keywords: Toxoplasma gondii is a worldwide-distributed zoonotic protozoan parasite which causes toxoplasmosis and has a
Toxoplasma gondii significant effect on public health. In the giant panda (Ailuropoda melanoleuca), toxoplasmosis can cause
Giant panda

asymptomatic infections, reproductive disorder and even death, which poses a serious threat to the conservation
of this rare protected species. Therefore, serological investigation of T. gondii is essential to understanding its risk
to giant pandas, however, there are no specific testing kits for giant pandas. Previous research has used MAT as
the reference method for screening T. gondii, to investigate this further, this study focused on the agreement
comparing of MAT with ELISA and IHA tests for detecting T. gondii antibodies in 100 blood samples from 55
captive giant pandas in Chengdu, China. The results showed 87.0%, 87.0%, 84.0%, samples were sero-positive
for T. gondii using ELISA (kits a, b, c), respectively, while MAT and IHA tests were 84.0% and 9.0% sero-positive,
respectively. There was no significant difference between MAT and the three ELISA kits and these two methods
had substantial agreement (0.61 < k < 0.80). Meanwhile, there was a significant difference (P < 0.001) between
MAT and IHA, and these two methods had only a slight agreement (k < 0.20). The relative sensitivity of the
ELISA (kits a, b, ¢) were 89.0%, 91.5% and 95.1%, and the specificity were 86.7%, 80.0% and 80.0%, respec-
tively, which showed these three ELISA kits all had great accuracy. It is suggested that MAT is the recommended
test method for primary screening T. gondii in giant pandas and then verified by ELISA.

Modified agglutination test
Indirect hemagglutination assay
ELISA

As an iconic “flagship” species for wildlife conservation, the giant
panda is considered a national treasure in China and also well-known

1. Introduction

Toxoplasma gondii is a globally distributed obligate intracellular
protozoan, known to infect wildlife, domestic animals and humans,
(Dubey, 2022). Toxoplasmosis is a disease that results from infection
with the T. gondii, and continues to be a public health concern. Felids are
the only definitive host of T. gondii and shed oocysts in their feces which
can contaminate the environment (Dubey, 2009), while various mam-
mals, including giant panda (Ailuropoda melanoleuca), serve as the in-
termediate host.
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around the world (Peng et al., 2007). The giant panda is currently
categorized as “vulnerable” by the International Union for Conservation
of Nature (IUCN, https://www.iucn.org/). However, due to the
destruction of their natural habitat, infectious diseases and low repro-
ductive rates, the giant pandas are facing continued threats within both
the in-situ and ex-situ populations. Recently, a captive giant panda died
because of acute fatal T. gondii infection in a zoo in China, which showed
that toxoplasmosis poses a threat to the health of giant pandas (Ma et al.,
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2015). Hence, it’s necessary to carry out the investigation of T. gondii
infection in the giant pandas.

The detection of the T. gondii infection in animals primarily relies on
serological assays. While numerous studies have been performed on the
sero-prevalence of T. gondii in wildlife, in regards to the giant panda,
there is one previous investigation of note. Zhong et al. (2014), screened
69 captive giant pandas and found that one individual tested
sero-positive for T. gondii.

The accuracy of different serological methods is usually assessed by
comparing results with other serological tests, especially for wildlife
(Werre et al., 2002). Among the serological tests, modified agglutination
test (MAT) and enzyme linked immunosorbent assay (ELISA) have been
widely used both in epidemiological surveys for screening of T. gondii
infection in wildlife (Stensgaard et al., 2022) and domestic animals
(Moghazy et al., 2011; Dubey et al., 2005). Consequently, it’s necessary
to select a suitable serological detection method of T. gondii antibodies in
giant pandas. Herein, four commercial tests were compared with MAT
for the detection of T. gondii antibodies for screening out a suitable
diagnosis of T. gondii infection in giant pandas.

2. Materials and methods
2.1. Sample collection

In this study, a total of 100 blood samples from 55 captive giant
pandas were collected at the Chengdu Research Base of Giant Panda
Breeding, Sichuan, China, from May 2013 to November 2021. The ani-
mal handing procedures were approved by the Institutional Animal Care
and Use Committee (IACUC) of the Chengdu Research Base of Giant
Panda Breeding (NO. 2020006). The samples were collected from the
forelimb vein of giant panda without anesthesia, taken in the
anticoagulant-free vacuum blood collection tube and then centrifuged at
3500 rpm for 10 min for serum separation after coagulation, and the sera
were stored at —80 °C after divided and labeled for the following test.

2.2. Detection of antibodies to T. gondii

2.2.1. Modified agglutination test (MAT)

All the 100 sera samples were tested for T. gondii antibodies using the
commercial T. gondii MAT kit (University of Tennessee Research Foun-
dation, Technology Transfer & Licensing, Memphis, USA) with a cut-off
titer of 25, the experimental procedure was performed according to the
manufacturer’s instructions. Briefly, the experiment was carried out on
96-well U-bottom microtiter plate, the samples were diluted in twofold
serial dilutions from 1: 25 to 1: 200, then the premixed reaction reagent
was added to each well, the plate was then placed in a humid incubator
at 37 °C for 24 h. A positive result was noted when the reaction showed a
layer of agglutinated tachyzoites covering more than half of the reaction
well’s bottom. A negative result was noted when the tachyzoites sedi-
mentary formed a small button at the reaction well’s bottom.

2.2.2. Indirect hemagglutination test (IHA)

All the samples were tested for immunoglobulin antibodies to
T. gondii using the commercial IHA kit (Lanzhou Shouyan Biotechnology
Co., Ltd, Lanzhou, China.) with a cut-off titer of 4, the experimental
procedure was performed according to the manufacturer’s instructions.
The experiment was carried out on 96-well V-bottom microtiter plate,
the samples were diluted in twofold serial dilutions from 1: 4 to 1: 256,
then the antigen diagnostic fluid prepared on advance into each reaction
well was added, the plate was then placed in an incubator at 37 °C for 3
h. The positive sample showed no deposits and were uniformly distrib-
uted at the reaction well’s bottom, and negative samples showed a clear
agglutination point at the reaction well’s bottom.

2.2.3. Engyme linked immunosorbent assay test (ELISA)
For screening suitable T. gondii ELISA kits for giant panda, we

288

International Journal for Parasitology: Parasites and Wildlife 18 (2022) 287-291

selected ELISA(a) (kit multi-species ID.Screen® Toxoplasmosis Indirect,
IDVET, Grabels, France), ELISA(b) (Haitai Biological Pharmaceuticals
Co., Ltd, Zhuhai, China) and ELISA(c) (Tian Tech, Beijing Tianzhitai
Biotechnology Co., LTD, Beijing, China), the above three commercial
ELISA kits are recommended for us use in multi-species. The experi-
mental procedure was performed according to each of the manufac-
turer’s instructions. Briefly, the samples were added to the 96-well plate
with a coating antigen, after 30 min of incubation at 37 °C, the plate was
washed and enzyme markers added. The sample was then incubated for
another 30 min at 37 °C, the plate was washed and the TMB chromo-
genic enzyme substrate was added. After 30 min of incubation at 37 °C,
the stop solution was added, the OD4so was read using MultiskanTM
Microplate Absorbance Reader (Thermo Scientific, Singapore). Accord-
ing to the criterion of the results of these commercial ELISA kits, samples
were either positive, negative or in the “grey zone” for doubtful results
(Table 1).

2.3. Data analysis

All statistical analyses were conducted using SPSS version 24.0. The
McNemar Chi-square test was used to analyze the difference in agree-
ment between MAT and the other different tests (P < 0.05 was consid-
ered significant difference). The degree of agreement among the three
methods was evaluated by Cohen kappa coefficient statistics (k), the
values of K were interpreted as follows: 0.0-0.20 = slight agreement;
0.21-0.40 fair agreement; 0.41-0.60 moderate agreement;
0.61-0.80 = substantial agreement; 0.81-0.1 = almost perfect agree-
ment. The sensitivity, specificity, and area under curve (AUC) of all the
ELISA tests were evaluated in comparison with the MAT, which was
determined using the receiver operating characteristic (ROC).

3. Results
3.1. Results of different methods

In accordance with the cut-off titer provided by the commercial kits,
of the 100 samples randomly selected from giant pandas examined for
antibodies to T. gondii, eighty-four of the 100 samples had MAT titers of
25(8), 50 (24), 100 (6) and 200 (46). Nine of 100 samples had IHA titers
of 4 (3), 16 (2) and 256 (4) (Table 2). The seroprevalence were 84.0%

Table 1
The summary information of three commercial ELISA kits.
Serological Commercial kits Conversion Interpretation
Test formula (Criterion)
ELISA (a) ID.Screen ODgs — ODxc « Positive S/P% >
IDVET, 310, rue Louis ODpc — ODne 50%
Pasteur, Grabels, 100% Doubtful 40% <
France S/P% <
50%
Negative S/P% <
40%
ELISA (b) Haitai Biological None Positive ODg >
Pharmaceuticals Co., OD¢ x
Ltd, Zhuhai, China 1.1
Doubtful ~ OD¢ x
0.9 <
ODg <
OD¢ x
1.1
Negative =~ ODg <
OD¢ x
0.9
ELISA (c) Tian Tech ODs Positive S/P% >
Beijing Tianzhitai ODc 1.0
Biotechnology Co., Negative ~ S/P% <
LTD, Beijing, China 1.0

OD: optical density; S: sample; NC: negative control; PC: positive control; C:
control sample.
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Table 2 Table 4
Comparison of antibody titers to T. gondii of the IHA and MAT tests. Comparison of diagnostic performance of IHA and ELISA kits base on MAT.
IHA titer MAT titer Total Serological McNemar Kk (95%CI) Sensitivity Specificity
test Py (%) (%)
<25 25 50 100 200 x p
<4 16 6 24 6 39 91 THA 1.884 0.000** 0.037 - -
4 - - - - 3 3 (0.008-0.066)
16 - 2 - - - 2 ELISA(a) 44.019 0.125 0.637 89.0 86.7
64 - - - - - 0 (0.404-0.870)
256 - - - - 4 ELISA(b) 38.904 0.180 0.563 91.5 80.0
Total 16 8 24 46 100 (0.508-0.896)
ELISA(c) 49.337 1.000 0.702 95.1 80.0
(0.336-0.790)
(95% confidence interval (CI): 76.7-91.3) by MAT, 9.0% (95% CIL: Note:**P < 0.01, The difference is highly significant.

3.3-14.7) by IHA; 87.0% (95% CI: 80.3-93.7), 87.0% (95% CL:
80.3-93.7) and 84.0% (95% CI: 76.7-91.3) were sero-positive tested by
ELISA (a), ELISA (b) and ELISA (c), respectively (Table 3).

In order to compare these serologic tests, MAT was considered as the
reference test in this study. The 75 discordant results between the two
methods were negative by IHA and positive by MAT, which resulted in
89.3% false-negative results by IHA (Table 3). On the contrary, none
(0%) of the results were interpreted as false-positive by IHA. According
to the criterion of the results of these commercial ELISA (a) and ELISA
(b), there were four and two samples as doubtful results in ELISA (a) and
ELISA (b), respectively. After excluding these, the one discordant result
was negative by ELISA(a) and positive by MAT, which resulted in 1.2%
false-negative results by ELISA(a); The two discordant results were
negative by ELISA(b) and positive by MAT, which resulted in 2.4% false-
negative results by ELISA(b); The four discordant results were negative
by ELISA(c) and positive by MAT, which resulted in 4.8% false-negative
results by ELISA(c). On the contrary, there were 42.9%, 43.8% and
25.0% false-positive rates in ELISA(a), ELISA(b) and ELISA(c),
respectively.

3.2. Evaluation of detection methods

The degree of agreement between MAT and the other tests were
calculated using the Cohen kappa coefficient (k), the k of IHA showed a
slight agreement (kx = 0.037, 95% CIL: 0.008-0.066); the k of ELISA (b)
showed a moderate agreement (K = 0.563, 95% CI: 0.336-0.790); the K
of ELISA (a) and ELISA (c) showed substantial agreement (k = 0.637,
95% CI: 0.336-0.790; K = 0.702, 95% CI: 0.508-0.896). The K analysis
demonstrated that the MAT and ELISA tests had a higher degree of
agreement in detecting T. gondii infection in giant pandas. There was no
significant difference between MAT and the three ELISA tests (P > 0.05).
However, there was a highly significant difference between the MAT and
IHA tests (P < 0.001) (Table 4).

3.3. ROC analysis
Using MAT as the control, ROC analysis was carried out using

different ELISA methods (Fig. 1). The AUC value represents the accuracy
of the different tests, and the results showed that the AUC was 0.861

Table 3
Cross-classification, sero-prevalence and error rate of three serological tests.
MAT IHA ELISA(a) ELISA(b) ELISA(c)
+ - + - + - + -
Cross- + 9 75 81 1 80 2 80 4
classification B 0 16 6 8 7 9 4 12
False negative 89.3 1.2 2.4 4.8
rate (%)
False positive 0.0 42.9 43.8 25.0
rate (%)
Sero- 84.0 9.0 87.0 87.0 84.0
prevalence
(%)
95% CI 76.7-91.3 3.3-14.7 80.3-93.7 80.3-93.7 76.7-91.3
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*0.01 < P < 0.05, difference significant.

P > 0.05, no significant difference.

k < 0.20, The degree of agreement between two methods is slight.

0.21 < K < 0.40, The degree of agreement between two methods is fair.

0.41 < K < 0.60, The degree of agreement between two methods is moderate.
0.61 < K < 0.80, The degree of agreement between two methods is substantial.
0.81 < k < 1, The degree of agreement between two methods is almost perfect.
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Fig. 1. Receiver operating characteristics (ROC) analysis of the ELISA.

ROC analysis shows an area under the curve (AUC) of 0.861 (95% CIL
0.712-1.000) for ELISA (a), 0.894 (95% CI: 0.791-0.997) for ELISA (b), and
0.902 (95% CI: 0.799-1.000) for ELISA (c).

(95% CI: 0.712-1.000) in ELISA (a), 0.894 (95% CI: 0.791-0.997) in
ELISA (b), and 0.902 (95% CI: 0.799-1.000) in ELISA (c), which
revealed the optimum accuracy is ELISA (c). Sensitivity and specificity
values were also assessed, the relative sensitivity of the ELISA (a, b, c)
was 89.0%, 91.5% and 95.1%, respectively. Moreover, the relative
specificity of the ELISA (a, b, c) was 86.7%, 80.0% and 80.0%, respec-
tively (Table 4).

4. Discussion

The zoonotic parasite T. gondii has a global distribution, the diag-
nosis of T. gondii infection is crucial for the surveillance, prevention and
control of toxoplasmosis. Traditional approaches for the toxoplasmosis
diagnosis include etiological, immunological and imaging techniques
(Liu et al., 2015). Due to T. gondii infection usually showing no or
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non-specific clinical symptoms in most individuals, serologic diagnosis
is routinely used to determine the immune status in regards to T. gondii
infection (Jenum and Stray-Pedersen, 1998). It is a difficult challenge to
estimate the sero-prevalence of T. gondii in wildlife since there are no
species-specific commercial kits. It is worth noting that comparing the
performance of different tests in different host species is useful, as it
allows evaluation and comparison of the results. Therefore, it is neces-
sary to compare the performance of different tests and screen out suit-
able serological tests for giant pandas.

MAT is the most commonly used method for detecting antibodies to
T. gondii in wildlife (Dubey, 2022), owing to its high sensitivity in
several host species, it is also simple to perform, does not require special
equipment and is available commercially, and above all, it is not
species-specific and is available for use in wildlife. Moreover, MAT is
widely described as the reference test when validating other serological
tests, such as IHA and ELISA. Furthermore, MAT is considered specific
and does not cause cross reaction with antigens of other microbes
(Dubey et al., 2020). Thus, in this study, MAT was used as a reference
test to compare with other serological tests and all positive samples were
initially screened by MAT. However, the interpretation of MAT results is
subjective, and it is recommended that MAT be performed with other
serological tests for better accuracy of detection of T.gondii antibody of
giant pandas (Hill et al., 2006).

The indirect hemagglutination assay (IHA) kit is simple, rapid, not
species-specific, and is commercially available and commonly used in
veterinary diagnosis for the detection of T. gondii antibodies. Thus, IHA
is recommended for mass screening in epidemiologic surveys in some
animals. However, it has poor repeatability and is unstable to sensitized
red cells, limiting its application for some species (Lappin and Powell,
1991). In this study, IHA showed a slight agreement (x = 0.037) and a
highly significant difference (P < 0.001) compared with MAT. The re-
sults indicated the coincidence between IHA and MAT of T. gondii
detection was low in the serum of giant pandas. Moreover, there was a
high (89.3%) false-negative rate by IHA. The occurrence of
false-negative and low coincidence results in IHA may be influenced by
several factors, such as the analytical sensitivity of the tests, different
types of antigens, or different cut-off (Dubey and Thulliez, 1989). Pre-
vious reports also showed that IHA was found insensitive in detecting
antibodies to T. gondii in other species (Dubey, 2022). Lappin and Powell
(1991) reported that ITHA kits did not adequately detect T. gondii-specific
IgM in feline samples. Fernandes et al. (2019) reported that the
commercially available IHA and Latex agglutination test (LAT) are less
sensitive and less specific compared with MAT. In addition, a previous
study on serological investigation of T. gondii of giant pandas showed
low sero-positivity by IHA test (Zhong et al., 2014). In summary, the
results of this study suggested that IHA is not suitable for the detection of
T. gondii infection of giant pandas.

The ELISA test has been widely used in clinical and epidemiological
surveys for screening of T.gondii infection. It can be semi-automated,
easy to perform, convenient for large-scale epidemiology surveys, and
the results can be read objectively (Zhu et al., 2012). However, ELISA
needs special equipment and the specificity and sensitivity depend on
the antigen used (Dubey, 2022). In this study, three different
multi-species commercial ELISA kits were selected to detect T.gondii IgG
antibodies of giant pandas, and MAT was used as the reference test to
compare. The results showed that sero-positivity of T. gondii by MAT
(84.0%) was the same as ELISA (c) and slightly lower than ELISA (a) and
ELISA (b) (both 87.0%); In the three ELISA tests, ELISA (c¢) had the
highest kK value (x = 0.702), which the degree of agreement is substantial
with MAT, and ELISA (c) also had the highest sensitivity (95.1%), ELISA
(a) had the highest specificity (86.7%). These results demonstrated that
all the three ELISA kits have potential use for the detection of T.gondii
antibodies of giant panda, meanwhile, the selection of specific ELISA
kits will be also be based on price, availability and other factors. These
results were consistent with a previous study in domestic pigs (Gamble
et al., 2005). Previous investigations also showed that MAT and ELISA
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had good agreement for detection of T. gondii antibodies in both do-
mestic animals (Lappin and Powell, 1991) and wildlife (Sharma et al.,
2019).

5. Conclusion

Overall, the agreement of MAT with ELISA and IHA tests for
detecting T. gondii antibodies of giant pandas were compared in this
study, and the results showed that MAT was the recommended method
for primary screening for the diagnosis of T. gondii antibodies in giant
pandas, then verified by ELISA test. The criteria of serological antibody
detection of T. gondii for giant pandas by testing kits is as follow, a
sample was classified as positive, if the results of both the two tests
showed positive, otherwise, it was negative, if the two tests showed
different results, the sample needed further verification. Due to the
rarity of the giant panda, no species-specific kits for IgM and IgA anti-
bodies have been developed. Therefore, it is necessary to develop a
species-specific kit for detecting T. gondii IgM and IgA antibodies of giant
panda for diagnosis of acute infection in the future.

Declaration of competing interest

The authors declare that there are no conflicts of interest regarding
this research.

Acknowledgements

We sincerely thank the veterinary staff and keepers of the Chengdu
Research Base of Giant Panda Breeding for their participation in the
sample collection work, James Edward Ayala for reviewing the manu-
script. This research was supported by Research Project of the Science
and Technology Department of Sichuan Province (2020YJ0489),
Chengdu Research Base of Giant Panda Breeding (2021CPB-Bll,
2021CPB-B08) and National Forestry and Grassland Administration and
Sichuan Provincia Finance Department (project title: study on main
epidemiological investigation and prevention of giant panda).

References

Dubey, J.P., Thulliez, P., 1989. Serologic diagnosis of toxoplasmosis in cats fed
Toxoplasma gondii tissue cysts. J. Am. Vet. Med. Assoc. 194 (9), 1297-1299.

Dubey, J.R., Fair, P.A., Bossartt, G.D., Hill, D., Fayer, R., Sreekumar, C., Thulliez, P.,
2005. A comparison of several serologic tests to detect antibodies to Toxoplasma
gondii in naturally exposed bottlenose dolphins (Tursiops truncatus). J. Parasitol. 91
(5), 1074-1081.

Dubey, J.P., 2009. History of the discovery of the life cycle of Toxoplasma gondii. Int. J.
Parasitol. 39 (8), 877-882.

Dubey, J.P., Cerqueira-Cezar, C.K., Murata, F., Kwok, O., Yang, Y.R., Su, C., 2020. All
about toxoplasmosis in cats: the last decade. Vet. Parasitol. 283, 109145.

Dubey, J.P., 2022. Toxoplasmosis of Animals and Humans, third ed. CRC Press, Boca
Raton.

Fernandes, S., Brilhante-Simoes, P., Coutinho, T., Cardoso, L., Dubey, J.P., Lopes, A.P.,
2019. Comparison of indirect and modified agglutination tests for detection of
antibodies to Toxoplasma gondii in domestic cats. J. Vet. Diagn. Invest. 31 (5),
774-777.

Gamble, H.R., Dubey, J.P., Lambillotte, D.N., 2005. Comparison of a commercial ELISA
with the modified agglutination test for detection of Toxoplasma infection in the
domestic pig. Vet. Parasitol. 128 (3-4), 177-181.

Hill, E.D., Chirukandoth, S., Dubey, J.P., Lunney, K.J., Gamble, H.R., 2006. Comparison
of detection methods for Toxoplasma gondii in naturally and experimentally infected
swine. Vet. Parasitol. 141 (1-2), 9-17.

Jenum, P.A., Stray-Pedersen, B., 1998. Development of specific immunoglobulins G, M,
and A following primary Toxoplasma gondii infection in pregnant women. J. Clin.
Microbiol. 36 (10), 2907-2913.

Lappin, M.R., Powell, C.C., 1991. Comparison of latex agglutination, indirect
hemagglutination, and ELISA techniques for the detection of Toxoplasma gondii-
specific antibodies in the serum of cats. J. Vet. Intern. Med. 5 (5), 299-301.

Liu, Q., Wang, Z.D., Huang, S.Y., Zhu, X.Q., 2015. Diagnosis of toxoplasmosis and typing
of Toxoplasma gondi. Parasites Vectors 8, 292.

Ma, H., Wang, Z., Wang, C., Li, C., Wei, F., Liu, Q., 2015. Fatal Toxoplasma gondii
infection in the giant panda. Parasite 22, 30.

Moghazy, E.L., Kandil, F.M., Shaapan, R., 2011. Toxoplasma gondii comparison of some
serological tests for antibody detection in sera and naturally infected pigs. World
Zool 2 (6), 204-206.


http://refhub.elsevier.com/S2213-2244(22)00063-3/sref1
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref1
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref2
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref2
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref2
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref2
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref3
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref3
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref4
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref4
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref5
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref5
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref6
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref6
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref6
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref6
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref7
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref7
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref7
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref8
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref8
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref8
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref9
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref9
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref9
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref10
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref10
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref10
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref11
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref11
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref12
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref12
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref13
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref13
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref13

C. Yue et al.

Peng, R., Zeng, B., Meng, X., Yue, B., Zhang, Z., Zou, F., 2007. The complete
mitochondrial genome and phylogenetic analysis of the giant panda (Ailuropoda
melanoleuca). Gene 397 (1-2), 76-83.

Sharma, R., Parker, S., Al-Adhami, B., Bachand, N., Jenkins, E., 2019. Comparison of
tissues (heart vs. brain) and serological tests (MAT, ELISA and IFAT) for detection of
Toxoplasma gondii in naturally infected wolverines (Gulo gulo) from the Yukon,
Canada. Food Waterborne Parasitol. 15, e00046.

Stensgaard, A.S., Sengupta, M.E., Chriel, M., Nielsen, S.T., Petersen, H.H., 2022. Sero-
prevalence and risk factors of Toxoplasma gondii infection in wild cervids in
Denmark. Int. J. Parasitol. Parasites Wildl. 17, 288-294.

International Journal for Parasitology: Parasites and Wildlife 18 (2022) 287-291

Werre, R., Jacobson, H., Bowan, D., Dubey, P., Mohammed, O., 2002. Toxoplasma gondii
comparison of some serological tests for antibody detection in sera and naturally
infected pigs. J. Vet. Diagn. Invest. 3 (14), 225-230.

Zhong, Z., Huang, C., Yang, Y., Wu, k., Xu, X., Cao, X., Lan, J., Peng, G., 2014.
Toxoplasmosis and heartworm in giant pandas. Sichuan J. Zool. 33 (6), 836-839 ([In
Chinese]).

Zhu, C., Cui, L., Zhang, L., 2012. Comparison of a commercial ELISA with the modified
agglutination test for detection of Toxoplasma gondii antibodies in sera of naturally
infected dogs and cats. Iran. J. Parasitol. 7 (3), 89-95.

291


http://refhub.elsevier.com/S2213-2244(22)00063-3/sref14
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref14
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref14
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref15
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref15
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref15
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref15
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref16
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref16
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref16
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref17
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref17
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref17
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref18
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref18
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref18
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref19
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref19
http://refhub.elsevier.com/S2213-2244(22)00063-3/sref19

	Comparison of a commercial ELISA and indirect hemagglutination assay with the modified agglutination test for detection of  ...
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Detection of antibodies to T. gondii
	2.2.1 Modified agglutination test (MAT)
	2.2.2 Indirect hemagglutination test (IHA)
	2.2.3 Enzyme linked immunosorbent assay test (ELISA)

	2.3 Data analysis

	3 Results
	3.1 Results of different methods
	3.2 Evaluation of detection methods
	3.3 ROC analysis

	4 Discussion
	5 Conclusion
	Declaration of competing interest
	Acknowledgements
	References


