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Abstract
Background and Aim: Brucellosis is considered as an important zoonotic disease caused by various strains of Brucella in 
numerous host species. Although brucellosis has been reported in almost animal species, the relevance of brucellosis infection 
and diagnostic technique in Asian elephant (Elephas maximus) has been limited. The present serological investigation aimed 
to investigate the antibody response to Brucella abortus in captive Asian elephants in North Thailand. Moreover, further 
serological survey was also conducted to detect the antibody response to Brucella canis in stray dogs cohabiting the same 
area as the elephant herd.

Materials and Methods: Serum samples were collected from 40 captive Asian elephants and submitted for serological 
analysis based on B. abortus antigen using Rose Bengal plate test (RBPT) in combination with ethylenediaminetetraacetic 
acid-tube agglutination test (EDTA-TAT) as a supplementary test and by commercial indirect enzyme-linked immunosorbent 
assay (iELISA). In addition, serum samples were also obtained from 16 stray dogs that live nearby the elephant-raising area 
and were tested using commercial Dot-ELISA based on B. canis antigen.

Results: Serological analysis in captive Asian elephants showed 100% seronegative (40/40) from all serological tests 
response to B. abortus. For stray dogs, 12.5% (2/16) had a low positive reaction response to B. canis.

Conclusion: The serological survey for brucellosis in Asian elephant was adapted and applied using RBPT, EDTA-TAT, 
and iELISA in the present study. For future evaluation, we recommended the use of a combination of serological tests with 
validation together with comparing by direct detection such as bacterial isolation to provide an appropriate brucellosis 
surveillance program in Asian elephants. In addition, the surveillance of stray dogs or multispecies habitation should be 
kept into considerations.
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Introduction

The Asian elephant (Elephas maximus) has been 
listed as an endangered species in the Appendix I of 
the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora. In Thailand, the 
elephant population has declined over the years 
due to poor management approaches, diseases, and 
human-elephant conflicts, such as poaching and hab-
itat loss from expansion of human settlements and 
agricultural fields [1,2]. Thailand has a large num-
ber of captive elephants used in tourism industry 
and for work activities by private owners. However, 

sustainability problems occur in captive populations 
as well, where reproduction rate is low [3]. It is criti-
cal to conserve and increase the populations of Asian 
elephants using both natural breeding [4] and assisted 
reproductive technology [5]. Moreover, expanding 
the elephant population should be performed with 
good husbandry and health management, specifically 
monitoring of infectious diseases on the reproduc-
tive system. An important infectious disease causing 
reproductive disorder in domestic and wild animals 
includes brucellosis, which has significant zoonotic 
potential. The disease can result in infertility, abor-
tion, retained placenta, stillbirths, reproductive organ 
inflammation, and other reproductive disorders with 
significant economic repercussions [6-8].

Brucellosis is caused by Brucella, Gram-negative, 
non-motile, non-spore-forming, aerobic, facultative 
intracellular coccobacilli. It can transmit across spe-
cies [9]. Despite their various host preferences and 
broad distribution, Brucella abortus and Brucella suis 
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have been majorly isolated from several terrestrial 
wildlife species, such as camel, bison, elk, African 
buffalo, wild boar, red fox, and reindeer [6,8,10-12]. 
However, Brucella melitensis is rarely reported in 
wildlife. Interestingly, Brucella canis, which is respon-
sible for canine brucellosis, has been reported in wild 
canid with limited importance in wildlife [6]. Since 
brucellosis surveillance programs in several countries, 
including Thailand, mainly focus on B. abortus, which 
is responsible for bovine brucellosis, the identification 
of possible infection of B. abortus in wildlife, includ-
ing Asian elephants, has been paid careful attention. 
Nevertheless, our understanding of the persistence of 
Brucella spp. in Asian elephants is limited. Moreover, 
an important risk factor of wildlife brucellosis is 
Brucella transmission among multiple host species in 
the same environment or raising system. Hence, wild-
life brucellosis must be considered and investigated 
as a potential reservoir for implementing control and 
monitoring system to decrease Brucella infections in 
wildlife populations [13].

Laboratory diagnosis of brucellosis includes 
direct methods involving bacteriological analysis 
or molecular identification and typing based on the 
detection of specific sequences of Brucella spp. and 
indirect methods applying serology for examination 
of specific antibody level after Brucella spp. infec-
tion [14]. According to the World Organization for 
Animal Health, formerly the Office International des 
Epizooties (OIE), the serological examinations for 
wildlife brucellosis are important and generally per-
formed for screening purposes [8]. Interestingly, most 
wildlife brucellosis serology are usually achieved 
using the same antigens as in domestic ruminant anal-
ysis and have been directly transposed to wild spe-
cies from their use in domestic livestock populations 
without any previous validation [6]. Therefore, the 
serological survey for brucellosis in captive Asian ele-
phant herd in Thailand and other animals cohabiting 
the same area as the elephant herd should be investi-
gated, contributing to the eradication of policies and 
studying of epidemiological situation. 

Therefore, the present study aimed to investi-
gate and conduct serological surveys of the antibody 
response to B. abortus in the herd of captive Asian ele-
phants in North Thailand together with the antibody 
response to B. canis in stray dogs cohabiting in and 
around the same areas of the Asian elephant herd.
Materials and Methods
Ethical approval

This study was approved by the Kasetsart 
University Institutional Animal Care and Use 
Committee in accordance with university regulations 
and policies governing the care and use of laboratory 
animals (ACKU63-VTN-001).
Animals, sample size, and study area

The investigation was conducted in the ele-
phant camp in North Thailand between August and 

December 2019. The study randomly selected 40 
captive Asian elephants (E. maximus) (17 males and 
23 females) aged between 4 and 65 years (average, 
28.03 years) during routine disease surveillance activ-
ities by the camp. In general, all elephants showed nor-
mal general appearance, except for 2 female elephants 
(8.7%) with a clinical history of repeated breeding and 
late-term abortion. Furthermore, the investigation was 
performed, and 16 healthy stray dogs (Canis familia-
ris) cohabiting nearby the elephant-raising area were 
randomly selected and included in the preliminary 
survey. The sample size of captive Asian elephants 
and stray dogs in this study (estimating proportions) 
was determined, according to Daniel and Cross [15].
Sample collection

Venous blood samples were obtained aseptically 
from the auricular veins in captive Asian elephants 
(10 mL) (n = 40) and from the cephalic or lateral 
saphenous veins in stray dogs (3-5 mL) (n = 16), were 
allowed to clot at 37°C for 30 min, and subsequently 
centrifuged at 3,500× g for 10 min to obtain the serum. 
Subsequently, serum separation was processed in a 
biosafety laboratory (Biosafety Level 2 enhanced) and 
stored at −20°C before serological analysis.
Serological test

The serological analysis for Brucella infection 
in terrestrial animals was performed based on the 
examination standard recommended by the Thailand 
National Animal disease surveillance system and 
the World Organization for Animal Health [8]. The 
serum samples of captive Asian elephants were eval-
uated for antibody response to B. abortus and were 
assessed using the buffered Brucella antigen test or 
Rose Bengal plate test (RBPT) in combination with 
ethylenediaminetetraacetic acid-tube agglutination 
test (EDTA-TAT) as a supplementary test and com-
mercial indirect enzyme-linked immunosorbent assay 
(iELISA) [6,16]. Moreover, the serological analysis in 
stray dogs was also examined for antibody response 
to B. canis using commercial Dot-ELISA. All sero-
logical procedures were performed in the biosafety 
laboratory (Biosafety Level 2 enhanced). Moreover, 
the used samples and all equipment were disinfected 
in 1-6% sodium hypochlorite solution (Clorox Co., 
USA) for at least 2 h and were subsequently auto-
claved at 121°C for 15 min before discard.
RBPT and EDTA-TAT in captive Asian elephants

The use of agglutination tests was employed 
for the diagnosis of many diseases in Asian ele-
phants [17-19] and other wildlife [20]. In the present 
study, the cell suspensions of B. abortus antigen for 
RBPT and EDTA-TAT, the positive and negative refer-
ence controls, were provided by the National Institute 
of Animal Health, Thailand, and performed following 
the procedure described by OIE [8]. Briefly, the RBPT 
was achieved by mixing 30 µL buffered antigen with 
30 µL serum sample (or negative or positive reference 
controls) on the sterile plate and agitating gently for 
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4 min. Subsequently, the positive agglutination reac-
tion was observed.

Moreover, the EDTA-TAT was applied for each 
serum sample. Briefly, B. abortus antigen was first 
diluted for 1:100 using 10 mM EDTA-phosphate-
buffered saline solution (pH, 7.2). Next, 2 mL of 
the diluted antigen was added into tube no. 1, while 
1 mL of that antigen was added into tube no. 2-5 fol-
lowed by mixing 80 µL of serum sample into glass 
tube no. 1. Subsequently, 1 mL of the mixed solution 
from glass tube no. 1 was transferred to glass tube 
no. 2 (this process was repeated to each glass tube). 
Moreover, 1 mL of the solution in glass tube no. 5 was 
discarded to make successive 2-fold dilutions. Finally, 
serum concentrations in glass tube no. 1-5 were 1:25, 
1:50, 1:100, 1:200, and 1:400, respectively. After a 
slight agitation, all tubes were incubated at 37°C for 
at least 48 h and observed for the agglutination reac-
tion. For interpretation, total agglutination at 1:100 or 
greater was recognized as a positive result, whereas 
no agglutination or that <1:50 was considered as a 
negative result.
iELISA in captive Asian elephants

iELISA was employed using PrioCHECK® 
Brucella Ab kit (Prionics AG©, Netherlands) for detect-
ing serum-specific immunoglobulin G1 (IgG1) anti-
body against B. abortus and B. melitensis. A microtiter 
plate was first coated with sonicated and inactivated 
B. abortus antigen. Serum samples were dispensed 
and incubated in the coated wells of a microtiter plate. 
The bound antibodies were detected using an anti-IgG 
monoclonal antibody. All steps of the iELISA were 
conducted with the manufacturers’ protocols. Optical 
density of each sample was measured at 450 nm within 
15 min and calculated as percent positivity (PP) rela-
tive to the positive control. PP values <45% were rec-
ognized as a negative result, whereas PP values >45% 
were recognized as a positive result.
Dot-enzyme-linked immunosorbent assay in stray 
dogs

According to Mol et al. [21] for the detection 
of canine brucellosis, commercial Dot-ELISA was 
conducted using the ImmunoComb Canine Brucella 
Antibody Test Kit® (Biogal-Galed Laboratories, 
Israel) to detect B. canis-specific antibodies (IgG) in 
the serum of stray dogs. All procedures of the Dot-
ELISA were performed using the protocol outlined by 
the manufacturer. At the end of the examinations, a 
purple-gray color was developed in all positive refer-
ence spots and in positive samples. The color intensity 
was dependent on antibody level. Results were scored 
using the positive reference spot and CombScale 
score reading provided by the kit. Moreover, a color 
tone that was equal or darker than the reference spot 
was considered a positive response. Color fainter than 
the positive reference indicated a low response. Thus, 
the positive result was graded as high, medium, or low 
reactions against B. canis.

Results
RBPT, EDTA-TAT, and iELISA in captive Asian 
elephants

All serum samples were 100% seronegative 
(40/40) for specific antibodies against Brucella infec-
tion examined by RBPT, EDTA-TAT, and iELISA. 
The results indicated no or low exposure to B. abortus 
(smooth Brucella spp.) in captive Asian elephants in 
North Thailand.
iELISA in stray dogs

Serum samples were 12.5% seropositive with 
low positive reaction (2/16) for antibodies against 
B. canis examined. The result indicated low exposure 
to B. canis in some stray dogs.
Discussion

Over the years, Brucella infection had varied 
among geographic areas [22], which was documented 
in domestic animals and wild species worldwide. 
Despite the previous reports demonstrating that the 
main Brucella spp. isolated from wild animals were 
smooth Brucella spp. [6,23,24], the studies on wildlife 
brucellosis have been limited to some species, specif-
ically in Asian elephants. Consequently, there are less 
information available for Asian elephant brucellosis. 
Therefore, this study aimed to establish the serologi-
cal surveys focused on antibody response to B. abortus 
in captive Asian elephants from the elephant camp in 
North Thailand. The serological tests for Asian elephant 
were based on the detection of serum Brucella-specific 
antibody against B. abortus antigen, associated with 
the smooth lipopolysaccharide (sLPS). Importantly, 
sLPS is shared by all the naturally occurring biovars 
such as B. abortus, B. melitensis, and B. suis that had 
been identified for wildlife infection [6].

Serology is the most common test performed 
for animal brucellosis worldwide with validation. It 
is used for screening purposes to classify the pos-
sible exposure of the pathogens in different wild 
animals [11,25]. However, the validation of serolog-
ical test capacity to precisely predict the elephant 
brucellosis can be difficult because it relies on the 
diagnostic sensitivity and diagnostic specificity 
parameters that are verified using brucellosis-free and 
truly infectious status in animals [26]. Unfortunately, 
there is no existing evidence regarding true Brucella 
infection in elephant elsewhere. Therefore, most sero-
logical tests in Asian elephants in this study have been 
directly applied with the same principles and antigens 
as in bovines without any validation [14]. The sensi-
tivity and specificity of some serological tests for the 
diagnosis of cattle brucellosis as published in the liter-
ature are shown in Table-1 [14]. In addition, we used 
a combination of three serological tests to increase 
the diagnostic performance. The serum samples from 
40 captive Asian elephants were examined for anti-
bodies to B. abortus using the RBPT and EDTA-TAT 
with standardized B. abortus antigens. In addition, 
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commercial iELISA, PrioCHECK® Brucella Ab kit 
(Prionics AG©, Netherlands), was also employed. All 
three serological tests were performed essentially as 
for bovines as described by OIE [8].

The RBPT can be recommended as a regular 
purpose diagnostic test in all wildlife species. There 
were reports on using RBPT for screening brucel-
losis in camel [27], elephants [28], and other wild 
animals [29,30] as the procedure was simple, rapid, 
and highly sensitive and specific, and it guarantees 
the absence of infection in brucellosis-free herds [8]. 
In addition, the previous studies of Brucella spp. 
infection were performed: Both RBPT for screening 
and serum TAT for confirmation that are utilized in 
serological surveys in various wild animals [20,31]. 
The TAT is one of the conventional serological tests 
based on the agglutination reaction that occurs slowly, 
referred to as slow agglutination test. Moreover, this 
technique could be used as a confirmatory test in wild 
animals [30]. In the present study, we used the TAT 
with minor modification by adding EDTA to sig-
nificantly improve the specificity of the test [14,16]. 
Furthermore, detection of elephant brucellosis had 
been focused on iELISA, which is a diagnostic con-
firmation method with high specificity and sensitivity. 
Although the PrioCHECK® Brucella Ab kit (Prionics 
AG©, Netherlands) was a commercial iELISA and 
originally developed and validated for use as a detec-
tion tool for antibodies against B. abortus antigens 
in bovine brucellosis, we adapted this kit as off-label 
use in the present study for serodiagnostics in Asian 
elephants. We hypothesized that anti-IgG monoclonal 
antibody provided in commercial iELISA kit might 
be possibly cross-reacting to the Asian elephant IgG 
against B. abortus antigen. In addition, a previous 
study revealed the potential cross-reactivity of Asian 
elephant IgG to anti-bovine IgG (65.3%) compared 
to the homologous Asian elephant IgG reaction [32]. 
It suggested the elephant IgG shared similar property 
to bovine IgG. Therefore, the present study showed 
100% seronegative results from RBPT, EDTA-TAT, 
and commercial iELISA investigation, suggesting 
no or low exposure to B. abortus (smooth Brucella 
spp.) in captive Asian elephants in North Thailand. 
Notably, the possible interferences might occur due 
to non-validation immunoassay and caused false sero-
negativity. The interferences included limited affinity 

and specificity of the test antibody for elephant IgG, 
non-specific binding by undesired antibody activity 
or other cross-reactivity substances, and endogenous 
antibody in serum sample and serum quality [33]. 
Nevertheless, we considerably conducted the sero-
logical tests to minimize the negative interferences by 
serum quality control, such as avoiding of hemolysis 
or lipemia blood samples in the present study.

Importantly, to effectively control and provide 
the brucellosis surveillance in wildlife, we must ini-
tially identify the pathogen(s) in multiple host species 
that are possible epidemiological sources of infec-
tion within the same environment of wildlife herd. 
Therefore, we performed further examination of the 
serological survey for antibody response to B. canis 
in stray dogs cohabiting the same area as the elephant 
herd using commercial Dot-ELISA. We mainly inves-
tigated the infection by B. canis in stray dogs because 
this pathogen is a predominant strain in dogs [34]. 
Importantly, the principle of this commercial kit is 
based on the detection of serum-specific antibody 
against B. canis associated with the rough LPS anti-
gen, which is antigenically different from the sLPS. 
The result from Dot-ELISA revealed low positivity 
against B. canis (12.5%) in stray dogs. We supposed 
that B. canis infection in stray dogs in the present 
study was caused by natural infection. Interestingly, 
stray dogs are more likely to have a higher level of 
B. canis seropositivity compared to owned dogs [35]. 
However, in the absence of the full epidemiologi-
cal information, it is difficult to make conclusions 
between seropositive dogs and the potential for Asian 
elephant exposure, but future investigation could clar-
ify the risk potential.
Conclusion

The serological screening and surveillance for 
possible Brucella infection is necessary and remains 
the major diagnostic tool for regular disease monitor-
ing in Asian elephant. Moreover, an initial screening 
of brucellosis could be performed by conventional 
serological test, such as RBPT and EDTA-TAT fol-
lowed by a more specific iELISA. However, the 
investigations using modified serological tests in wild 
animals should be further validated if it is possible, 
together with comparing with bacterial isolation and 
identification or gold standard test, to establish an 
appropriate brucellosis surveillance program in Asian 
elephants. Moreover, the investigation of possible 
rough Brucella infection in Asian elephant should be 
significantly considered.
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Table-1: Sensitivity and specificity of serological methods 
for the detection of cattle brucellosis; modified from 
Godfroid et al. [14].

Serological methods Sensitivity 
(%)

Specificity 
(%)

BAT 87.0 97.8
iELISA 97.2 97.1-99.8
SAT 81.5 98.9

BAT=Buffered Brucella antigen test, iELISA=Indirect 
enzyme-linked immunosorbent assay, SAT=Slow 
agglutination test



Veterinary World, EISSN: 2231-0916 1996

Available at www.veterinaryworld.org/Vol.13/September-2020/34.pdf

 Acknowledgments

This research was financially supported by Grant 
no.A-CH 1.55 from the Kasetsart University Research 
and Development Institute, Bangkok, Thailand and 
by the Faculty of Veterinary Technology, Kasetsart 
University, Bangkok, Thailand. 
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Miller, D., Jackson, B., Riddle, H.S., Stremme, C., 

Schmitt, D. and Miller, T. (2015) Elephant (Elephas max-
imus) health and management in Asia: Variations in veteri-
nary perspectives. Vet. Med. Int., 2015: 614690.

2. Hankinson, E., Nijman, V. and Abdullah. (2020) Asian 
Elephants: 15 years of research and conservation. J Phys. 
Conf. Ser., 1460(1): 012055.

3. Thongtip, N., Saikhun, J., Mahasawangkul, S., 
Kornkaewrat, K., Pongsopavijitr, P., Songsasen, N. and 
Pinyopummin, A. (2008) Potential factors affecting semen 
quality in the Asian elephant (Elephas maximus). Reprod. 
Biol. Endocrinol., 6: 9.

4. Hufenus, R., Schiffmann, C., Hatt, J.M., Müller, D.W.H., 
Lackey, L.B., Clauss, M. and Zerbe, P. (2018) Seasonality 
of reproduction in Asian elephants Elephas maximus and 
African elephants Loxodonta africana: Underlying photo-
periodic cueing? Mamm. Rev., 48(4): 261-276.

5. Pinyopummin, A., Mahasawangkul, S., Nunklang, G., 
Kornkaewrat, K., Laopiem, S., Koonjaenak, S. and 
Wattananit, P. (2018) Supplemented stallion seminal plasma 
can improve impaired motility due to the dilution effect 
in chilled Asian elephant sperm. Reprod. Domest. Anim., 
53(2): 525-533.

6. Godfroid, J., Garin-Bastuji, B., Saegerman, C. and 
Blasco,J.M. (2013) Brucellosis in terrestrial wildlife. Rev. 
Sci. Tech., 32(1): 27-42.

7. Głowacka, P., Zakowska, D., Naylor, K., Niemcewicz, M. 
and Bielawska-Drózd, A. (2018) Brucella-virulence fac-
tors, pathogenesis and treatment. Pol. J. Microbiol., 67(2): 
151-161.

8. OIE. (2018) Brucellosis (Brucella abortus, B. meliten-
sis and B. suis) (Infection with B. abortus, B. meliten-
sis and B. suis) OIE Terrestrial Manual. Available from: 
https://www.oie.int/fileadmin/Home/eng/Health_stan-
dards/tahm/3.01.04_BRUCELLOSIS.pdf. Retrieved on 
01-04-2020.

9. Jamil, T., Melzer, F., Njeru, J., El-Adawy, H., Neubauer, H. 
and Wareth, G. (2017) Brucella abortus: Current research 
and future trends. Curr. Clin. Microbiol. Rep., 4(1): 1-10.

10. Truong, Q.L., Kim, K., Kim, J.T., Her, M., Jung, S.C. 
and Hahn, T.W. (2016) Isolation and characterization of 
Brucella abortus isolates from wildlife species in South 
Korea. Korean J. Vet. Res., 56(3): 147-153.

11. Hull, N.C. and Schumaker, B.A. (2018) Comparisons of 
brucellosis between human and veterinary medicine. Infect. 
Ecol. Epidemiol., 8(1): 1500846.

12. Zhu, S., Zimmerman, D. and Deem, S.L. (2019) A review of 
zoonotic pathogens of dromedary camels. Ecohealth, 16(2): 
356-377.

13. Godfroid, J., De bolle, X., Roop, R.M., O’Callaghan, D., 
Tsolis, R.M., Baldwin, C., Santos, R.L., McGiven, J., 

Olsen, S., Nymo, I.H., Larsen, A., Al Dahouk, S. and 
Letesson, J.J. (2014) The quest for a true one health per-
spective of brucellosis. Rev. Sci. Tech., 33(2): 521-538.

14. Godfroid, J., Nielsen, K. and Saegerman, C. (2010) 
Diagnosis of brucellosis in livestock and wildlife. Croat. 
Med. J., 51(4): 296-305.

15. Daniel, W.W. and Cross, C.L. (2013) Determination of 
sample size for estimating proportions. In: Biostatistics: 
A Foundation for Analysis in the Health Sciences. 10th ed. 
Wiley, United States. p191-193.

16. Barbuddhe, S.B., Vergis, J. and Rawool, D.B. (2020) 
Immunodetection of Bacteria causing brucellosis. In: 
Methods in Microbiology. Vol. 47. Academic Press Inc., 
United States. p75-115.

17. Oni, O., Sujit, K., Kasemsuwan, S., Sakpuaram, T. and 
Pfeiffer, D.U. (2007) Seroprevalence of leptospirosis in 
domesticated Asian elephants (Elephas maximus) in north 
and west Thailand in 2004. Vet. Rec., 160(11): 368-371.

18. Wiengcharoen, J., Nokkaew, W., Prasithpon, S., 
Prasomtong, P. and Sukthana, Y. (2012) Neospora cani-
num and Toxoplasma gondii antibodies in captive elephants 
(Elephaus maximus indicus) in Kanchanaburi province. 
Thai. J. Vet. Med., 42(2): 235-240.

19. Khan, M.U., Rashid, I., Akbar, H., Islam, S., Riaz, F., 
Nabi, H., Ashraf, K. and Singla, L.D. (2017) Seroprevalence 
of Toxoplasma gondii in South Asian countries. Rev. Sci. 
Tech., 36(3): 981-996.

20. Antunes, J.M.A., Machado, G.P., Costa, L.F., Fornazari, F., 
Cipriano, J.R.B., Appolinário, C.M., Allendorf, S.D., 
Bagagli, E., Teixeira, C.R. and Megid, J. (2010) Comparison 
of infection by Brucella spp. in free-ranging and captive 
wild animals from São Paulo state, Brazil. J. Venom. Anim. 
Toxins. Incl. Trop. Dis., 16(4): 654-658.

21. Mol, J.P.S., Guedes, A.C.B., Eckstein, C., Quintal, A.P.N., 
Souza, T.D., Mathias, L.A., Haddad, J.P.A., Paixão, T.A. 
and Santos, R.L. (2020) Diagnosis of canine brucellosis: 
Comparison of various serologic tests and PCR. J. Vet. 
Diagn. Invest., 32(1): 77-86.

22. Zhang, N., Zhou, H., Huang, D.S. and Guan, P. (2019) 
Brucellosis awareness and knowledge in communities 
worldwide: A systematic review and meta-analysis of 
79 observational studies. PLoS Negl. Trop. Dis., 13(5): 
e0007366.

23. De Massis, F., Zilli, K., Donato, G.D., Nuvoloni, R., 
Pelini, S., Sacchini, L., D’Alterio, N. and Giannatale, E.D. 
(2019) Distribution of Brucella field strains isolated from 
livestock, wildlife populations, and humans in Italy from 
2007 to 2015. PLoS One, 14(3): e0213689.

24. Yon, L., Duff, J.P., Ågren, E.O., Erdélyi, K., Ferroglio, E., 
Godfroid, J., Hars, J., Hestvik, G., Horton, D., Kuiken, T., 
Lavazza, A., Markowska-Daniel, I., Martel, A., 
Neimanis,  A., Pasmans, F., Price, S.J., Ruiz-Fons, F., 
Ryser-Degiorgis, M.P., Widén, F. and Gavier-Widén, D. 
(2019) Recent changes in infectious diseases in European 
wildlife. J. Wildl. Dis., 55(1): 3-43.

25. Zhang, N., Huang, D., Wu, W., Liu, J., Liang, F., Zhou, B. 
and Guan, P. (2018) Animal brucellosis control or eradica-
tion programs worldwide: A systematic review of experi-
ences and lessons learned. Prev. Vet. Med., 160: 105-115.

26. Ducrotoy, M.J., Muñoz, P.M., Conde-Álvarez, R., 
Blasco, J.M. and Moriyón, I. (2018) A systematic review 
of current immunological tests for the diagnosis of cattle 
brucellosis. Prev. Vet. Med., 151: 57-72.

27. Sprague, L.D., Al-Dahouk, S. and Neubauer, H. (2012) 
A review on camel brucellosis: A zoonosis sustained by 
ignorance and indifference. Pathog. Glob. Health, 106(3): 
144-149.

28. Alexander, K.A., Blackburn, J.K., Vandewalle, M.E., 
Pesapane, R., Baipoledi, E.K. and Elzer, P.H. (2012) 
Buffalo, bush meat, and the zoonotic threat of brucellosis in 
Botswana. PLoS One, 7(3): e32842.

29. Ndengu, M., Matope, G., de Garine-Wichatitsky, M., 



Veterinary World, EISSN: 2231-0916 1997

Available at www.veterinaryworld.org/Vol.13/September-2020/34.pdf

Tivapasi, M., Scacchia, M., Bonfini, B. and Pfukenyi, D.M. 
(2017) Seroprevalence of brucellosis in cattle and selected 
wildlife species at selected livestock/wildlife interface areas 
of the Gonarezhou National Park, Zimbabwe. Prev. Vet. 
Med., 146 : 158-165.

30. Da Silva Batista, T.G., Fornazari, F., Joaquim, S.F., 
Latosinski, G.S., Teixeira, C.R. and Langoni, H. (2019) 
Serologic screening for smooth Brucella sp. in wild animals 
in Brazil. J. Wildl. Dis., 55(3): 721-723.

31. Bandyopadhyay, S., Sasmal, D., Dutta, T.K., Ghosh, M.K., 
Sarkar, M., Sasmal, N.K. and Bhattacharya, M. (2009) 
Seroprevalence of brucellosis in yaks (Poephagus grun-
niens) in India and evaluation of protective immunity to S19 
vaccine. Trop. Anim. Health Prod., 41(4): 587592.

32. Kania, S.A., Richman, L.K., Kennedy, M.A., Montali, R.J. 
and Potgieter, L.N.D. (1997) The isolation, detection, and 
cross-reactivity in Asian elephant IgG for the development 
of serological diagnostic tests. Vet. Allergy Clin. Immunol., 
5(4): 125-128.

33. Ward, G., Simpson, A., Boscato, L. and Hickman, P.E. 
(2017) The investigation of interferences in immunoassay. 
Clin. Biochem., 50(18): 1306-1311.

34. Kauffman, L.K. and Petersen, C.A. (2019) Canine brucel-
losis: Old foe and reemerging scourge. Vet. Clin. North Am. 
Small Anim. Pract., 49(4): 763-779.

35. Hensel, M.E., Negron, M. and Arenas-Gamboa, A.M. 
(2018) Brucellosis in dogs and public health risk. Emerg. 
Infect. Dis., 24(8): 1401-1406.

********


