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Abstract

Background and Aim: Scrub typhus and murine typhus are globally distributed zoonoses caused by the intracellular
Gram-negative bacteria Orientia tsutsugamushi and Rickettsia typhi, respectively. Numerous studies have been undertaken
on rickettsial illnesses in humans and animals, including arthropod vectors, in Thailand. However, the reports on the
seroprevalence of antibodies to O. tsutsugamushi and R. typhi in buffaloes is extremely rare. Thus, this study aimed to
estimate the seroprevalence of both rickettsial infections in water buffaloes (Bubalus bubalis) in Phatthalung Province,
southern Thailand.

Materials and Methods: From February to March 2023, a total of 156 serum samples were collected from 156 water
buffaloes on 29 farms in Phatthalung province. The sera were screened for antibodies against O. tsutsugamushi and R. typhi
using an indirect immunofluorescence assay.

Results: The seroprevalence of antibodies against O. tsutsugamushi and R. typhi in individual water buffaloes was 4.49%
(95% confidence interval [CI]: 2.19%—8.97%) and 3.85% (95% CI: 1.77%—8.14%), respectively, whereas 31% (9/29) of
the herds had buffaloes with antibodies. The number of buffaloes with scrub typhus infection and ectoparasite infestation
was statistically significant (p < 0.05; odds ratio = 6.25 [95% CI: 1.19-33.33]). Intriguingly, the prevalence of scrub typhus
antibodies in buffaloes that were not infested with ectoparasites was much higher than those that were.

Conclusion: This is the first report of O. tsutsugamushi and R. typhi antibodies in water buffalo sera in Southern Thailand.
Two serum samples showed a high antibody titer against O. tsutsugamushi. Seroprevalence mainly occurred in non-
ectoparasite-infested buffaloes, especially for O. tsutsugamushi antibodies. At the herd level, one-third of the studied farms
showed seroprevalence. Additional research on the occurrence of these pathogens in vectors and in other animal reservoirs
is necessary.

Keywords: indirect immunofluorescence assay, Orientia tsutsugamushi, Rickettsia typhi, seroprevalence, Thailand, water
buffaloes.

Introduction In Thailand, both scrub typhus and murine typhus
are life threatening diseases in humans. Nevertheless,
very few studies have described the occurrence of this
infection in ruminants, particularly in buffaloes [ 10—12].
Moreover, very little is known about the seroprevalence
of rickettsial infections in water buffaloes (Bubalus
bubalis). The Food and Agriculture Organization of
the United Nations has recognized the water buffalo
habitat area in Phatthalung province, Thailand, as a
Globally Important Agricultural Heritage System and
a pastoral agro-ecosystem. The close contact between
Copyright: Pangjai, et al. Open Access. This article is distributed  humans and water buffaloes increases the likelihood of
irder the fems o e Greete Commons Atrhuton 40 gisease transmission, especially O. tsuisugamushi and
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Scrub typhus and murine typhus are rickett-
sial infections caused by the bacteria Orientia tsut-
sugamushi and Rickettsia typhi, respectively. Both are
neglected tropical zoonoses that are major causes of
febrile illness worldwide [1, 2]. Furthermore, both are
transmitted through bites by their arthropod vectors,
mainly ticks, followed by mites and fleas [3, 4]. There
are several reports on the incidence of both diseases in
humans, animals, and arthropod vectors [5-9].
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of O. tsutsugamushi and R. typhi from buffaloes to
humans is a concern associated with buffalo farming.
Furthermore, a serological study on the prevalence of
these pathogens in water buffalo has not been con-
ducted in this area.

Thus, this study aimed to estimate the seroprev-
alence of antibodies against O. tsutsugamushi and
R. typhi in water buffaloes in Southern Thailand using
IFA.

Materials and Methods

Ethical approval

The animal handling, animal restraint, and blood
collection procedures in this study were approved by
the Walailak University Institutional Animal Care
under the approval ID: WU-ACUC-66005.

Study period and location

The study was conducted from February
to March 2023. The samples were collected in
Thailand’s Phatthalung province. In addition, the sam-
ples were additionally processed at the Department of
Medical Sciences, National Institutes of Health (NIH)
Laboratory, Ministry of Public Health, Nonthaburi,
Thailand.

Sample size and sample collection

We calculated the sample size for prevalence esti-
mation using the Epitools program (https://epitools.
ausvet.com.au/samplesize) with a 95% confidence
interval (CI), 5% precision, and a previous preva-
lence of approximately 10% by Abanda ef al. [15] in
ruminants in Thailand. The target animals in the study
area of Phatthalung province, Southern Thailand,
were 3000 water buffaloes (N). The results showed
that samples from at least 133 water buffaloes were
required. The samples were collected using the clus-
ter sampling technique and each water buffalo farm
was considered a cluster unit. Approximately 5 mL of
blood was collected from the jugular vein and placed
into a plain blood collection tube. Following centrif-
ugation at 1500 x g for 15 min, the separated serum
samples were stored at —20°C until processing at the
Department of Medical Sciences, NIH Laboratory,
where the serum samples were placed into new ster-
ile microcentrifuge tubes. The characteristics of each
water buffalo, including their gender, age, health sta-
tus, and the presence or absence of ectoparasite infes-
tation, were noted.

Immunofluorescence assay

The IFA method of Boonmar et al. [16] was used
to test the buffalo serum for antibodies to R. #yphi
and O. tsutsugamushi. Briefly, R. typhi and O. tsut-
sugamushi antigens were placed on the test slides
(courtesy of the Kanagawa Prefectural Institute of
Public Health in Japan) and dried at the room tem-
perature (30°C). Then, the antigen-fixed slide was
incubated at 37°C for 1 h in a humidity chamber with
10 uL of diluted serum (diluted in phosphate-buffered
saline [PBS] containing 5% skim milk) added to the

test holes. Next, the slides were washed twice with
PBS for 15 min. Then, 10 pL of a diluted (1:800)
solution of fluorescein-conjugated goat anti-bovine
immunoglobulin G (KPL Antibody and Conjugates
Products, Sera Care Corp., USA) was added into
each hole. Next, the fluorescently labeled slide was
washed twice with PBS for 15 min and once with dis-
tilled water for 10 min. Finally, the slides were dried
and examined using fluorescence microscopy. The
IFA intensity indicated the presence of intracellular
organisms and was scored as previously described by
Saengsawang et al. [17], with the intensity of the bacil-
lus-specific fluorescence subjectively graded from +1
to +4. Both positive and negative controls were used.
A fluorescence score of +2 at a dilution of 1:16 was
considered positive. All samples that were positive at
the 1:16 dilution were titrated in a series of 2-fold dilu-
tions up to 1:1024.

Statistical analysis

The data were summarized using descriptive sta-
tistics. In addition, Fisher’s exact test was performed
as a univariable analysis to test the difference between
the positive proportions of each factor. Only significant
factors from the univariable analysis were used in fur-
ther calculations and the odds ratio (OR) was estimated
using the “epiR” package incorporated in R v4.02 soft-
ware (R Foundation for Statistical Computing, Vienna,
Austria) [18]. The test that revealed p < 0.05 was con-
sidered statistically significant.

Results

In total, 156 serum samples were collected from
156 water buffaloes on 29 farms in Phatthalung prov-
ince (female: 106, 67.9%; male: 50, 32.1%). The buf-
faloes were grouped according to age (>2 years: 93,
59.6% and <2 years: 63, 40.4%). Ectoparasite infes-
tations (lice) were detected in 109 (70.0%) buffaloes.

Antibodies against O. tsutsugamushi and
R. typhi were detected in 4.49% (7/156; 95% CI:
2.19%-8.97%) and 3.85% (6/156; 95% CI: 1.77%—
8.14%) of the serum samples, respectively, at the cut-
off titer of 1:16. Table-1 presents the seroprevalence
and antibody titer distribution of antibodies against
O. tsutsugamushi and R. typhi. Seven water buffaloes
tested positive for antibodies against O. tsutsugamushi
(1:16, 1; 1:64, 4; and 1:128, 2) and six tested positive
for antibodies against R. #yphi (1:16, 4 and 1:32, 2).

Table-2 compares O. tsutsugamushi and R. typhi
seroprevalence determined by IFA according to gen-
der, age, and ectoparasite infestation using univariate
analysis. There was a significant difference (p < 0.05)
in the seroprevalence of antibodies against O. tsut-
sugamushi in non-ectoparasite-infested buffaloes
compared with ectoparasite-infested buffaloes. No
significant differences were found for other factors
in water buffaloes seropositive for O. tsutsugamushi.
Although the number of seropositive buffaloes
with scrub typhus and ectoparasite infestation was
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Table-1: Seroprevalence of antibodies against
O. tsutsugamushi and R. typhi by IFA.

Antibody
against

Percentage
of antibody

Antibody titers
16 32 64 128

O. tsutsugamushi 4.49 (7 of 156) 1 - 4 2
R. typhi 3.85 (6 of 156) 4 2 - -

O. tsutsugamushi=0Orientia tsutsugamushi,
R. typhi=Rickettsia typhi, IFA=Immunofluorescence assay

Table-2: Statistical association between the
seroprevalence of antibodies against Orientia
tsutsugamushi and Rickettsia typhi and different factors
(univariate analysis).

Risk factor Total O. tsutsugamushi R. typhi
(7 of 156) (6 of 156)
P N p-value P N p-value
Gender
Female 106 4 102 0.68 5 101 0.66
Male 50 3 47 1 49
Age
<2 years 63 3 60 1 2 61 1
>2 years 93 4 89 4 89
Ectoparasite
Yes 109 2 107 < 0.05* 3 106 0.37
No 47 5 42 3 44

P=Positive, N=Negative, *p < 0.05 (odds=6.25
[95%CI = 1.19-33.33]). O. tsutsugamushi=0Orientia
tsutsugamushi, R. typhi=Rickettsia typhi

significant [p <0.05; OR =6.25 (95% CI: 1.19-33.0)],
no risk factors related to R. typhi seropositivity were
identified.

The antibody titers against O. tsutsugamushi and
R. typhi for each water buffalo farm are presented in
Table-3. At the herd level, 31% (9/29) of the studied
farms were seropositive for at least one rickettsial
infection. Six farms (20.69%) had at least one water
buffalo with antibodies against O. tsutsugamushi,
while five farms (17.24%) had at least one water buf-
falo with antibodies against R. fyphi. In total, there
were 13 seropositive buffaloes among the 29 farms.
Farms 27 and 29 both had one buffalo with antibodies
against both antigens.

Discussion

This is the first investigation of the prevalence of
antibodies to O. tsutsugamushi and R. typhi in water
buffaloes. Most O. tsutsugamushi seroepidemiologi-
cal research has involved small ruminants [6, 19] and
cattle [7]. In addition, with the exception of buffaloes,
most serological studies on R. typhi have been con-
ducted on domestic ruminants [20]. The seropreva-
lence of spotted fever group (SFG) rickettsial infection
in sheep, goats, and cattle in Sudan was determined by
IFA as 59.3%, 60.1%, and 64.4%, respectively [11].
In our study, the seroprevalence of antibodies against
O. tsutsugamushi and R. typhi in water buffaloes in
Southern Thailand was found to be slightly low.
However, the seropositivity of cattle in Japan was
9.6% [21], higher than that in our investigation. In

Table-3: Herd seroprevalence and titer of antibodies
against O. tsutsugamushi and R. typhi in positive
buffaloes.

No. of
buffaloes

Farm No. of positive
buffalo (Titer to

O. tsutsugamushi) to R. typhi)

*1 11 - 1(1:32)
2 6 - -
*3 6 1(1:16) -
4 14 - -
5 11 -
*6 12 -

No. of positive
buffalo (Titer

1 (1-:32)

N
-
N
1
1

*11 1(1:64) -
i 1 (1_:16)
1 (1:64) -

25
*26
28
*%29 1 (1:64) 1 (1:16)

*Positive farms containing positive water buffaloes;
**Farms with coinfection water buffaloes.

O. tsutsugamushi=Orientia tsutsugamushi,

R. typhi=Rickettsia typhi

1(1:128)

2 (1:128,1:64) 2 (1:16,1:16)

._.
©
NROWWORRHENNRNNNRN®O®ANOL
1
1

contrast, a Kenyan study by Maina et al. [22] found a
lower seroprevalence (1%) than in our study. However,
it must be noted that none of these other studies eval-
uated water buffaloes. The distribution of arthropods
is influenced by geographic, climatic, and ecological
factors, and this may be responsible for the observed
variations in seroprevalence [11].

Since we detected low antibody prevalence
against O. tsutsugamushi in the group of buffaloes
with ectoparasite infestation (p < 0.05), this factor
appeared to be unrelated to the seroprevalence of
O. tsutsugamushi antibodies in water buffaloes. In
contrast, a Sudanese study by Eisawi et al. [11] dis-
covered that cattle from semi-intensive management
systems (infestation group) had a much higher prev-
alence of SFG antibodies than those from intensive
management systems (no-infestation group). Similar
to the Sudanese report by Eisawi et al. [11], we were
also unable to detect a discernible variation in the
seroprevalence of both antibodies according to the
gender and age of the water buffaloes.

In Thailand, water buffaloes are used for tradi-
tional culture and agricultural activities. Therefore,
there is a potential for an insect-borne disease, such
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as scrub or murine typhus, to spread to humans.
Trombiculid mites have been identified as possible
vectors for O. tsutsugamushi transmission between
hosts [23], and the rat flea (Xenopsylla cheopis) was
identified as a significant vector species of R. typhi [3].
In addition, some reports by Sumrandee ez al. [10] and
Galay et al. [12] indicate that infected arthropods may
spread Rickettsia spp. to humans. In Thailand, ticks
and lice were the most frequent ectoparasites found
in water buffalo. Unfortunately, we could only collect
lice from the buffaloes and we were unable to detect
both pathogens in the lice. Additional epidemiological
research is required to fully understand the role that
ectoparasites or arthropods, like lice and ticks, play as
reservoirs in that area.

In this study, only ectoparasite infestation was
a risk factor for O. tsutsugamushi-seropositive water
buffaloes, especially those that were ectoparasite-free
at the time of blood collection. The ectoparasite-free
water buffaloes had a higher rate of seropositivity than
the ectoparasite-infested water buffaloes. Studies on the
risk factors associated with seroprevalence have mostly
been conducted on cattle and humans who work with
cattle or buffaloes [24, 25]. It was found that people who
lived in areas where buffaloes are reared could carry the
mites. Larval mites are considered potential vectors for
O. tsutsugamushi [26]. Regarding the risk factor find-
ing in our study, O. tsutsugamushi-infected ectopara-
sites might have moved from one host to another or to
the surrounding environment at the time of sampling,
which would result in seropositivity in ectoparasite-free
water buffaloes. Our investigation on the risk factors
associated with buffaloes showing seropositivity for O.
tsutsugamushi and R. typhi was lacking and requires
further study. Importantly, ectoparasites in the environ-
ment should be investigated in future studies.

Conclusion

This is the first study on O. tsutsugamushi and
R. typhi antibody seroprevalence in water buffa-
loes from Southern Thailand. Antibodies to O. tsut-
sugamushi and R. typhi were detected in 4.49% and
3.85% of serum samples, respectively. The seropreva-
lence of antibodies against these antigens was signif-
icant among non-ectoparasite-infested buffaloes. At
the herd level, the rate of seroprevalence was 31%.
There were 13 seropositive buffaloes among 29 farms,
with each farm having buffaloes positive for O. tsut-
sugamushi or R. typhi antibodies. To comprehend the
hazards of this disease under the One Health concept,
additional epidemiological research on the prevalence
of rickettsial infection among water buffaloes, associ-
ated workers, and ectoparasites is required.

Authors’ Contributions

DP and SB: Conceived and designed the study.
SB, PS, NC, KK, and YM: Conducted the literature
review and prepared tables. DP, SB, PS, NC, and KK:
Drafted the manuscript. PS, SB, and YM: Critically

revised the manuscript. DP: Conducted the laboratory
tests. PS: Conducted statistical analysis. KK: Collected
the samples. All authors have read, reviewed, and
approved the final manuscript.

Acknowledgments

The authors are grateful to the personnel of the
provincial Department of Livestock Development and
the farmers for their cooperation during sample col-
lection. The authors did not receive any funds for this
study.

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. Elliott, 1., Thangnimitchok, N.,  Chaisiri, K.,
Wangrangsimakul, T., Jaiboon, P., Day, N.P.J., Paris, D.H.,
Newton, P.N. and Morand, S. (2021) Orientia tsutsugamushi
dynamics in vectors and hosts: Ecology and risk factors for
foci of scrub typhus transmission in northern Thailand.
Parasit. Vectors, 14(1): 540.

2. Colonia, C.B., Ramirez-Hernandez, A., Gil-Mora, J.,
Agudelo, J.C., Villa, G.J.C., Pino, C., Betancourt-Ruiz, P.,
Cardenas, J.E.P., Blanton, L.S. and Hidalgo, M. (2020)
Flea-borne Rickettsia species in fleas, Caldas department,
Colombia. J. Infect. Dev. Ctries., 14(10): 1155-1163.

3. Martinez, M.A.C., Ramirez-Hernandez, @A. and
Blanton, L.S. (2021) Manifestations and management of
flea-borne rickettsioses. Res. Rep. Trop. Med., 12: 1-14.

4. Luce-Fedrow, A., Lehman, M.L., Kelly, D.J., Mullins, K.,
Maina, A.N., Stewart, R.L., Ge, H., John, H.S., Jiang, J. and
Richards, A.L. (2018) A review of scrub typhus (Orientia
tsutsugamushi and related organisms): Then, now, and
tomorrow. Trop. Med. Infect. Dis., 3(1): 8.

5. Abdad, M.Y., Abdallah, R.A., Fournier, P.E., Stenos, J. and
Vasoo, S. (2018). A concise review of the epidemiology and
diagnostics of rickettsioses: Rickettsia and Orientia spp. J.
Clin. Microbiol., 56(8): e01728-17.

6. Devaraju, P., Arumugam, B., Mohan, I., Paraman, M.,
Ashokkumar, M., Kasinathan, G. and Purushothaman, J.
(2020) Evidence of natural infection of Orientia tsut-
sugamushi in vectors and animal hosts-risk of scrub
typhus transmission to humans in Puducherry, South India.
Indian J. Public Health, 64(1): 27-31.

7. Elliott, I., Pearson, 1., Dahal, P., Thomas, N.V, Roberts, T.
and Newton, P.N. (2019) Scrub typhus ecology: A sys-
tematic review of Orientia in vectors and hosts. Parasit.
Vectors, 12: 513.

8. Um, J., Nam, Y., Lim, J.N., Kim, M., An, Y., Hwang, S.H.
and Park, J.S. (2021) Seroprevalence of scrub typhus,
murine typhus and spotted fever groups in North Korean
refugees. Int. J. Infect. Dis., 106: 23-28.

9. Blanton, L.S., Vohra, R.F., Fistein, L., Quade, B.,
Walker, D.H. and Bouyer, D.H. (2019) Rickettsiae within
the fleas of feral cats in Galveston, Texas. Vector Borne
Zoonotic Dis., 19(9): 647-651.

10. Sumrandee, C., Baimai, V., Trinachartvanit, W. and
Ahantarig, A. (2016) Molecular detection of Rickettsia,
Anaplasma, Coxiella and Francisella bacteria in ticks col-
lected from Artiodactyla in Thailand. Ticks Tick Borne Dis.,
7(5): 678-689.

Veterinary World, EISSN: 2231-0916

1603



Available at www.veterinaryworld.org/Vol.16/August-2023/4.pdf

11.

12.

13.

14.

15.

16.

17.

18.

Eisawi, N.M., Hassan, D.A., Hussien, M.O., Musa, A.B.
and El Hussein, A.R.M. (2017) Seroprevalence of spotted
fever group (SFQG) rickettsiae infection in domestic rumi-

for Statistical Computing. R Foundation for Statistical
Computing, Austria. Available from: https://www.r-project.
org. Retrieved on 15-03-2023.

nants in Khartoum State, Sudan. Ver. Med. Sci., 3(2): 91-98. 19.  Sadanandane, C., Jambulingam, P., Paily, K.P., Kumar, N.P.,
Galay, R.L., Talactac, M.R., Ambita-Salem, B.V., Elango, A., Mary, K.A., Agatheswaran, S., Sankari, T. and
Chu, D.MM., Costa, L.M.O., Salangsang, C.M.A., Mishra, B.B. (2018) Occurrence of Orientia tsutsugamushi,
Caracas, D.K.B., Generoso, F.H., Babelonia, J.A., the etiological agent of scrub typhus in animal hosts and mite
Vergano, J.L., Berana, L.C., Sandalo, K.A.C., Divina, B.P, vectors in areas reporting human cases of acute encephalitis
Alvarez, C.R.,Mago, E.R., Andoh, M. and Tanaka, T. (2020) syndrome in the Gorakhpur region of Uttar Pradesh, India.
Molecular detection of Rickettsia spp. and Coxiella burnetii Vector Borne Zoonotic Dis., 18(10): 539-547.
in cattle, water buffalo, and Rhipicephalus (Boophilus) 20. Chai, C., Lu, Q., Sun, J., Jiang, L., Ling, F., Zhang, L.,
Microplqs ticks in Luzon Island of the Philippines. Trop. Zheng, S., Zhang, H. and Ge, J. (2010) Sero-epidemiologic
Med. Infect. Dis., 5(2): 54. investigation on tick-borne diseases of humans and domes-
Dhawan, S., Robinson, M.T., Stenos, J., Graves, S.R., tic animals in Zhejiang province. Zhonghua Liu Xing Bing
Wangrangsimakul, T., Newton, PN., Day, N.PJ. and Xue Za Zhi, 31(10): 1144-1147.
Blacksell, S.D. (2020) Selection of diagnostic cutoffs for 21, Jilintai, N.S., Matsumoto, K., Hayakawa, D., Suzuki, M.
murine typ_hus I_gM and IgG immunofluorescence assay: Hata, ]_’]" K01,1d0, S., Yoko’yam’a, N. and In(,)km’na, H. (2’008)’
A systematic review. dm. J. Trop. Med. Hyg., 103(1): 55-63. Serological and molecular survey of rickettsial infection
ﬁ%ﬁﬁﬁh Kf( Pch))hn, MI::[’huirlﬁldu:A })" ?a?}/;r;?;}? ’ i" in cattle and sika deer in a pastureland in Hidaka District,
’ P ’ e ’ ” Hokkaido, Japan. Jpn. J. Infect. Dis., 61(4): 315-317.

Sathyendra, S., Hansdak, S.G., Abraham, O.C, 22 Maina. AN.. Jiang. J.. Omulo. S.A. Cutler. S.J.. Ade. F
Gunasekaran, K., Iyadurai, R., Abraham, A.M., ’ Oa 3, AN, Jlang, 7., RN 2T >
Prakash, J.A.J., Yesudhason, B.L., Veeraraghavan, B. gola, E., Feikin, DR, Njep ga, M. K., Cleaveland, 8.,

L ’ ’ g & > Mpoke, S., Ng’ang’a, Z., Breiman, R.F., Knobel, D.L. and
5::;{122;%%\;[’. J(;?)%O%i;fcs):rﬁgﬁlct cl)\g.rlrjc.)’lesc?lrlz‘rnzl;nl(?s:rr(l)(} Ric'hards,‘A.L. (2014) High pr.evalence pf Rickettsia africqe
logic tests for the diagnosis of scrub typhus. PLoS Negl. varants Amblyomma variegatum tlc_ks .from domestic
Trop. Dis., 14(11): €0008747. mammals in rural Western Kenya: Implications for human
Abanda, B., Paguem, A. Abdoulmoumini, M., health. Vector Borne Zoonotic Dzs., 14(10): 693-702.
Kingsley, M.T., Renz, A. and Eisenbarth, A. (2019 23, Xu, G" Walker, D.H,, . Jupiter, D., Mell.)y, PC and
Molecular identification and prevalence of tick-borne Arcari, C.M. (2017) A review ofthe global epidemiology of
pathogens in zebu and taurine cattle in North Cameroon. scrub typhus. PLoS Negl. Trop. Dis., 11(1.1): €0006062.
Parasit. Vectors, 12(1): 448. 24.  Kumar, D and Je}khar, S.D. (202.2) Emerglng trends of scrub
Boonmar, S., Saengsawang, P., Mitsuwan, W., Panjai, D., typhys disease in southern Rajasthan, India: A neglected
Kidsin, K., Sansamur, C. and Wichianrat, I. (2021) The public health problem. J. Vector Borne Dis., 59(4): 303-311.
first report of the seroprevalence of antibodies against ~ 25. Bastola, A., Marahatta, S.B., Jha, S. and Pant, N. (2017)
Bartonella spp. in water buffaloes (Bubalus bubalis) from Aftermath earthquake in Nepal: Burden of scrub typhus
South Thailand. Vet. World, 14(12): 3144-3148. cases and their presentations. J. Trop. Dis., 5(2): 1000236.
Saengsawang, P., Pangjai, D., Kaewmongkol, G. and 26. Takhampunya, R., Korkusol, A., Promsathaporn, S.,
Inpankaew, T. (2022) Detection of antibodies against three Tippayachai, B., Leepitakrat, S., Richards, A.L. and
zoonotic Bartonella spp. and cross-reactivity among species Davidson, S.A. (2018) Heterogeneity of Orientia tsut-
and Coxiella burnetii in dogs and cats from central Thailand. sugamushi genotypes in field-collected trombiculid mites
Comp. Immunol. Microbiol. Infect. Dis., 81: 101743. from wild-caught small mammals in Thailand. PLoS Negl.
R Core Team. (2020) R: A Language and Environment Trop. Dis., 12(7): €0006632.

soskoskoskoskoskskok

Veterinary World, EISSN: 2231-0916

1604



