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Twenty‐six per cent of Mongolians live pastoral lifestyles, increasing their likelihood
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of exposure to ticks and placing them at a higher risk for contracting tick‐borne dis‐
eases (TBDs). Anaplasma spp. and Rickettsia spp. have been identified in ticks, live‐
stock and humans in Mongolia, but no known qualitative research has been conducted
investigating the association between nomadic herder characteristics, tick bite his‐
tory and exposure to TBDs. To better understand the association between self‐re‐
ported tick bites and symptoms versus actual exposure to TBDs, this study paired
serological data with 335 surveys administered to Mongolian herders, ages 12–69,
from 2014 to 2015. Logistic regression results identified no significant associations
between reported tick bites or symptoms with serological evidence of Anaplasma
spp. and Rickettsia spp. controlling for age, gender and aimag. Among the 335 re‐
spondents who were seropositive to either Anaplasma spp. or Rickettsia spp., 32.9%
self‐reported experiencing abnormal symptoms such as redness, inflammation, head‐
ache, arthritis or fever after being bitten. Alternatively, 17.3% (58/335) of individuals
reported experiencing symptoms following a tick bite in instances where serological
results indicated no exposure to Anaplasma spp. or Rickettsia spp. Results also identi‐
fied inconsistencies in reporting and seroprevalence among different age groups,
with children having the highest reporting and treatment seeking rates but low levels
of exposure in comparison with other groups. While survey results showed that indi‐
viduals were aware of peak tick seasons and tick species that inhabit specific areas,
58% of heads of households (49/84) were unaware that ticks can cause disease in
livestock or dogs. This study suggests that herders are an at‐risk population in
Mongolia with gaps in awareness of TBD risk. Increased surveillance paired with fo‐
cused outreach to prevent TBDs targeted to the herder population is encouraged.
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1 | I NTRO D U C TI O N
Tick‐borne diseases (TBDs) are recognized as an emerging public
health threat worldwide (Brown, 2004), with numerous reports of
severe TBDs occurring in Asia (Cao, Gao, et al., 2000; Cao, Zhao,
et al., 2000; Parola, Paddock, & Raoult, 2005; Takada et al., 2001).
In Mongolia, nomadic herders account for approximately 26% of
the country's population and live a pastoral lifestyle that may place
them at a higher risk of TBDs (Papageorgiou, Battsetseg, Kass, &
Foley, 2012). Previous reports have documented spotted fever
group Rickettsia (Boldbaatar et al., 2017; Lewin, Bouyer, Walker, &
Musher, 2003; Moore et al., 2018; Pulscher et al., 2018; Speck et

Impacts
• There is a discrepancy between number of reported tick
bites, reported symptoms and evidence of exposure to
tick‐borne diseases (TBDs) among nomadic Mongolian
herders.
• There are gaps in awareness among Mongolian herders
about TBD transmission to livestock.
• Children had highest rates of reporting, while adults
over 60 years old had lowest reporting rates and
seroprevalence.

al., 2012; von Fricken et al., 2018), Borrelia sensu lato (Iwabu‐Itoh
et al., 2017; Masuzawa et al., 2014; Scholz et al., 2013; Walder et
al., 2006), Anaplasma (Haigh, Gerwing, Erdenebaatar, & Hill, 2008;

respondents were surveyed in the districts (soums) Tushig and Eroo

Javkhlan, 2014; Masuzawa et al., 2014; Walder et al., 2006; Ybañez

in Selenge aimag, Terelj area in Tov aimag, as well as Dalanjargalan

et al., 2013) and tick‐borne encephalitis virus (Frey et al., 2012; Muto

and Sainshand soums in Dornogovi aimag.

et al., 2015). Nomadic herders in rural Mongolia account for approxi‐
mately 26% of the country's population and live a pastoral lifestyle
that may place them at increased risk of TBDs (Papageorgiou et al.,
2012). Working outdoors in any capacity has been shown to increase
likelihood of infection of TBDs by as much as 10‐fold (Donohoe,
Pennington‐Gray, & Omodior, 2015). Paired with the remote nature
of their environment, this exposure profile presents unique barriers
for the integration of health care and health education in their com‐
munities (Strasser, 2003).
Despite the documentation of emerging tick‐borne pathogens in
rural Mongolia, little to no qualitative research has been conducted

2.2 | Survey instrument
Individual surveys consisted of 28 questions across four sections
including the demographics, previous medical history, animal expo‐
sure and tick bite history. Variables of interest included the follow‐
ing: years of herding experience, education, age, gender, profession,
months they recalled experiencing tick bites, participant recall of
tick‐borne illness after bite, specific symptoms associated with bite
and if treatment was sought.

among nomadic herders investigating the history of tick bites, re‐
ported illness and treatment seeking after the onset of symptoms.
Vaccines and community‐wide interventions are not currently
available for the majority of these diseases (Hook, Nelson, & Mead,
2015; Shen, Mead, & Beard, 2011), with prevention depending al‐
most entirely upon individual behaviours to reduce the risk of expo‐
sure (Connally et al., 2009; Curran, Fish, & Piesman, 1993; Schulze,
Jordan, & Hung, 1995; Schulze et al., 1994; Stafford, 2004). As such,
the use of existing preventative countermeasures depends on com‐
munity awareness to the risk of TBDs. To our knowledge, this study
is the first survey conducted in Mongolia investigating how the self‐

2.3 | Serology
Surveys were matched to serological results, which have been
previously described (von Fricken et al., 2018). Briefly, indirect im‐
munofluorescence (IFA) was used to detect IgG antibodies against
Rickettsia spp. and Anaplasma spp. Commercially prepared slides
(ProtaTek International Inc., ST. Paul, MN) coated with Rickettsia rick‐
ettsia and Anaplasma phagocytophilum antigens were used as recom‐
mended

(http://www.protatek.com/IFASlides/IFAProcedures.pdf)

with minor modifications.

reported tick bite exposure relates to biomarker‐confirmed history
of Rickettsia and Anaplasma spp. exposure.

2.4 | Statistics

2 | M ATE R I A L S A N D M E TH O DS

All data were analysed using STATA v 15 (StataCorp, College Station,

2.1 | Study design and settings

tion between reports of tick bites or symptoms and seroprevalence of

Surveys focusing on the demographics, history of tick bite, peak

TX, USA). Logistic regression was used to assess the level of associa‐
Rickettsia spp. and Anaplasma spp., controlling for age, aimag and gen‐
der. Results were determined significant with a p value <0.05.

observed tick seasons and years of herder experience were admin‐
istered across three Mongolian provinces (aimags) between August
and October in 2014 and 2015, as part of a larger “One Health”

2.5 | Ethical approval

research project. After obtaining informed consent, individual sur‐

This project received ethical approval from both Duke University's

veys and serum samples were collected from 335 individuals and

Institutional Review Board and from the Mongolian Monitoring

household surveys were collected from 84 heads of households. All

Committee of Medical Ethics—Ministry of Health.
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households responded that they did not know ticks cause disease in
livestock or dogs.

Among the 335 respondents, the mean age was 36 years (95% CI:
34.35, 37.63), 50.4% were male, 52.4% had a secondary education,
and 73.8% (247/335) of respondents identified themselves as herd‐
ers, reporting two or more years of experience herding or spending

3.2 | Distribution by gender and age
Consistently more men than women reported being bitten, experi‐
enced symptoms related to the bite and tested positive for previous

multiple hours per day with livestock (Table 1).

exposure to Anaplasma spp. and Rickettsia spp. While very few re‐
spondents that experienced symptoms reported seeking treatment

3.1 | Perceived exposure versus tested exposure

(12/110), eight of those 12 were women.
Figure 1 depicts inconsistencies in reporting and seroprevalence

Of the 335 respondents, 36.1% tested positive for previous expo‐

among different age groups. The youngest group, ages 0–18, had

sure to Anaplasma spp. and 19.4% for Rickettsia spp. A total of 46.3%

the highest count of self‐reported bites, symptoms and treatment

(155/335) were seropositive to either Anaplasma spp. or Rickettsia

sought, yet this group was also the second lowest group for sero‐

spp.; 65.8% (102/155) of whom reported history of one or more tick

prevalence. Results for those 60 years and older (21/335) were con‐

bites. Half of those who reported tick bites (51/102) also reported

sistent with their reports of tick exposure, as they reported bites

experiencing symptoms such as redness at site of tick bite, inflam‐

and symptoms least and had the lowest seroprevalence of any age

mation, headache, arthritis or fever following the bite. Alternatively,

group. After adjusting for age, there were no significant associations

17.3% (58/335) of individuals reported experiencing symptoms fol‐

between herding experience and exposure to TBDs.

lowing a tick bite, but did not test positive for Rickettsia or Anaplasma
antibodies. Table 2 depicts the number of individuals who were posi‐
tive for Anaplasma spp. or Rickettsia spp. with and without self‐re‐
ported tick bite and symptoms. Results of the logistic regressions

3.3 | Distribution by aimag
The distribution of positive results for exposure to Anaplasma spp.

showed no statistically significant associations between reported

and Rickettsia spp. is shown in Figure 2. Tov/Terelj had the high‐

tick bite or symptoms and exposure when controlling for age, gender

est percentage of positive exposure, followed by Selenge and

and aimag (Tables 3 and 4). Fifty‐eight per cent (49/84) of heads of
TA B L E 1 Summary of demographic features of surveyed
individuals (n = 335)

which species and approximate sizes they observed. Many of the
identified ticks in Selenge (n = 220) were reported as Ixodes spp.

Groups

Parameters

No.

%

Sex

Male

173

51.6

Female

162

48.4

Under 18

65

19.4

18–34

94

28.1

35–54

134

40.0

55–64

37

11.0

Age
Mean (SD) 36 (15.44)

Above 64
Aimag

from Tov (n = 107) identified Dermacentor as the most prevalent spe‐
cies (75.7%). Respondents from Dornogovi (n = 92) presented more
varied results, reporting Dermacentor spp. (51.1%) and Hyalomma
spp. (47.8%) present in the area.

3.4 | Self‐reported peak tick seasons and
frequency of symptoms

135

40.3

The surveys also provided an indication of peak seasons for reported

Tov

107

31.9

tick bites (Figure 3). The majority of tick bite occurrences, reported

93

27.8

472 times by 201/335 individuals, occurred during April, May and

Literate
Primary

2
17

0.60

June with a significant increase in the month of May (p < 0.0001).

5.08

The most commonly reported symptoms were redness and inflam‐

Inc. Secondary

116

34.6

High School

139

41.5

University &
above

31

9.25

4

1.19

26

7.76

None
No response
Occupation

1.50

(55.0%) and Dermacentor spp. (45.0%). A majority of respondents

Selenge
Dornogovi

Education level

5

Dornogovi, respectively. Individuals were provided with the photo‐
graphs of tick species common in Mongolia, allowing them to report

Nomadic herder

176

52.5

Other

69

20.6

No response

90

26.9

mation, followed less frequently by fever, headache and arthritis.

4 | D I S CU S S I O N
This study lays a framework for future qualitative investigations
into TBDs in Mongolia. A related study was performed in Mongolia
linking reported symptoms and tick bites to serological evidence
of tick‐borne encephalitis, Lyme Borreliosis and human granulo‐
cytic anaplasmosis; however, it was performed in a hospital setting

|
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Reported
tick bite

No reported
tick bite

Reported
symptoms after
bite

Anaplasma spp.

(78/121)
64.5%

(43/121)
35.5%

(45/78)
57.7%

(33/78)
42.3%

Rickettsia spp.

(45/65)
69.2%

(20/65)
30.7%

(23/45)
51.1%

(22/45)
48.9%

Either

(102/155)
65.8%

(53/155)
34.2%

(51/102)
50.0%

(51/102)
50.0%

Both

(25/37)
67.6%

(12/37)
32.4%

(18/25)
72.0%

(7/25)
28.0%

Seropositive for

Disease exposure

Tick bite

Anaplasma (n = 316)
Rickettsia (n = 321)

No reported
symptoms after
bite

OR (95% CI)

p–value

Reported tick bite

1.25 (0.74, 2.11)

0.400

No reported bite

Reference

Reported tick bite

1.67 (0.88, 3.20)

No reported bite

Reference

0.119

Disease exposure

Tick bite

OR (95% CI)

p–value

Anaplasma (n = 198)

Reported symptoms

1.39 (0.74, 2.59)

0.300

No reported symptoms

Reference

Reported symptoms

1.01 (0.50, 2.10)

No reported symptoms

Reference

Rickettsia (n = 197)

1

Frequency

0.8
0.6

Frequency of tick bites, symptoms
and treatment seeking by gender

1

Male

0.53
0.34

0.31

0.2

0.02

Bitten

Symptom

0.05

Treatment

Seroprevalence of TBDs by
gender

0.6
0.4
0.2
0

TA B L E 3 Logistic regression of
tick‐borne disease exposure (Rickettsia
spp. and Anaplasma spp.) by reported tick
bites, controlling for gender, age and
aimag

TA B L E 4 Logistic regression of
tick‐borne disease exposure (Rickettsia
spp. and Anaplasma spp.) by reported
symptoms, controlling for gender, age,
reported tick bite and aimag

Male
Female

0.8

Female

0.64

0.4

0

(b)

Frequency

(a)

0.952

TA B L E 2 Self‐reported tick bites and
symptoms after bite for those seropositive
for Anaplasma spp., Rickettsia spp., either
or both

0.52
0.39

0.40

0.33
0.23

0.16

Anaplasma Rickettsia
spp.
spp.

0.11 0.11

Either

Both

F I G U R E 1 (a) Distribution of reported
tick bites, symptoms, and treatment
seeking by gender and (b) distribution of
seroprevalence by gender (n = 335)

potentially introducing selection bias for those who present to

of personal preventative measures; however, tick bites frequently

the hospital for treatment and likely did not capture the nomadic

go undetected and therefore may not influence personal habits

herder population (Walder et al., 2006). Given the remote lifestyle

(Beaujean, Bults, van Steenbergen, & Voeten, 2013; Marcu, Uzzell,

of Mongolian herders and their significant exposure to ticks, tick‐

& Barnett, 2011). Therefore, herders who may have been bitten, but

borne pathogens may be causing a high burden of untreated and un‐

do not recall a bite may feel less inclined to take personal precau‐

diagnosed disease, as suggested by the high percentage of reported

tions to prevent tick exposure.

illness and low healthcare seeking rates in this study, which future
studies could elucidate.

The low seroprevalence and lack of reported bites and symptoms
reported in those 60 years and older could be an artefact of less

As described previously, the lack of association between re‐

exposure among elderly herders, immune senescence, exposure to

ported tick bite or symptom and exposure to TBDs shows that the

strains of pathogens for which our serology did not detect antibod‐

recall of tick bite is not an explanatory factor one should use to iden‐

ies or increased time from exposure leading to recall bias. The large

tify risk (Berglund et al., 1995; Biggs, 2016; Razzaq & Schutze, 2005;

discrepancy between those who reported experiencing symptoms

Thorner, Walker, & Petri, 1998). Prior studies of ticks and TBDs

after tick bites and those who reported seeking treatment may indi‐

suggest that the past experience of tick bites may influence the use

cate a knowledge or resource gap.
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(a)
100

60
40

37

26

13

20
0

0–18

19–29

Frequency of tick bites

62

60
40
20
0

2014
2015

72
58

30–39 40–49
Age range

23

50–59

12

6

20
0

60+

1
21
5
17

32

33

12

16

14

24

23

27

0–18

28

19–29

30–39 40–49
Age range

7
27
11
21
50–59

3
14
7
9
60+

work that future studies targeting TBDs in Mongolia may consider.
Additionally, detecting antibodies to Rickettsia spp. or Anaplasma
spp. does not definitively indicate a clinically relevant exposure nor
does it necessarily mean infection occurred via tick bite, as exposure

32
14

24

40

8

tematic errors. That said, these results provide an interesting frame‐

85

80

39

9

9

60

As with most surveys, results are subject to recall bias and other sys‐

101

100

18

80

4.1 | Limitations

Frequency of reported tick bites by month in
2014 and 2015

120

39

37

33

Anaplasma spp.
Rickettsia spp.
Either

100

Bite
Symptom

Count

Count

F I G U R E 2 (a) Distribution of reported
tick bites and symptoms by age group and
(b) distribution of seroprevalence by age
group (n = 335)

(b) Seroprevalence of Anaplasma spp. and
Rickettsia spp. by age group

Reported tick bites and symptoms by
age group

80

5

can occur during the slaughter of infected livestock.

14

4

3

3 1 1 1 1

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Month

F I G U R E 3 Frequency of reported tick bites each month out
of the total number of tick bites reported (452) in years 2014 and
2015

5 | CO N C LU S I O N
This study identified nomadic Mongolian herders as both a source
of information on endemic tick species and TBDs and an at‐risk
group requiring further education and resources to fill knowledge
gaps on risks of exposure. There are discrepancies between report‐

Responses identifying tick species by aimag were consistent with

ing of tick bite history and actual exposure to TBDs that vary by de‐

previous descriptions of tick distribution (Boldbaatar et al., 2017;

mographic groups and should be further explored. Understanding

Speck et al., 2012; Walder et al., 2006), except for the 12/92 re‐

the risks of TBD among nomadic herders can lay a foundation for

spondents from Dornogovi that reported seeing Ixodes ticks, which

culturally relevant efforts aimed at improving the health of this

is likely due to misidentification, as Ixodes ticks are not native to the

often isolated population. The results of this study only scratch

Gobi region. While herders may have local knowledge about en‐

the surface of social and behavioural drivers behind TBD expo‐

demic tick species and the months they are likely to be exposed, over

sure, with future in‐depth qualitative studies needed to investi‐

half of the heads of households surveyed were not aware of possible

gate knowledge, attitudes and practices among nomadic herders

TBD transmission to dogs or livestock, suggesting important knowl‐

in Mongolia.

edge gaps among the population. Future educational programmes
on prevention and control could address this misunderstanding to
improve both human and livestock health.
Prevention of TBDs in Mongolia will largely depend on the be‐
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This study was made possible due to the assistance and support

liefs, practices and awareness of herder community members them‐

provided by the National Centre for Zoonotic Diseases and the

selves. Seminomadic herder households with around 100 animals or

Mongolian Academy of Medical Sciences. Funding for this work was

less are often isolated and lack access to public services, particularly

provided by the National Institutes of Health, Fogarty International

health care and education, which could explain the large gap be‐

Center grant, D43TW009373, “One Health Innovation Fellowships

tween exposure and treatment seeking (Asian Development Bank,

for Zoonotic Disease Research in Mongolia” (GC Gray PI).

2008). To address these systematic issues, a multifaceted approach
should be considered that will develop the national public health and
insurance system and increase the allocation of medical resources
and personnel to expand coverage across Mongolia. With this in

C O N FL I C T O F I N T E R E S T S
None.

mind, strengthening the education of Mongolian nationals, tourists,
clinicians and veterinarians will be central to the implementation of
strategies meant to increase awareness and prevent exposure to tick
bites, especially during peak tick seasons.

ORCID
Michael E. von Fricken

https://orcid.org/0000-0003-2938-4549

6

|

REFERENCES
Asian Development Bank, Operations Evaluation Department (2008).
Mongolia: Health and social protection. Retrieved from https://www.
oecd.org/countries/mongolia/42227662.pdf
Beaujean, D. J. M. A., Bults, M., van Steenbergen, J. E., & Voeten, H. A.
C. M. (2013). Study on public perceptions and protective behaviors
regarding Lyme disease among the general public in the Netherlands:
Implications for prevention programs. BMC Public Health, 13, 225.
https://doi.org/10.1186/1471-2458-13-225
Berglund, J., Eitrem, R., Ornstein, K., Lindberg, A., Ringnér, Å., Elmrud,
H., … Norrby, R. (1995). An epidemiologic study of Lyme disease in
southern Sweden. The New England Journal of Medicine, 333, 1319–
1327. https://doi.org/10.1056/NEJM199511163332004
Biggs, H. M., Behravesh, C. B., Bradley, K. K., Dahlgren, F. S., Drexler, N.
A., Dumler, J. S., … Traeger, M. S. (2016). Diagnosis and management
of tickborne rickettsial diseases: Rocky Mountain spotted fever and
other spotted fever group rickettsioses, ehrlichioses, and anaplas‐
mosis —. United States. MMWR. Recommendations and Reports, 65(2),
1–44. https://doi.org/10.15585/mmwr.rr6502a1
Boldbaatar, B., Jiang, R.‐R., von Fricken, M. E., Lkhagvatseren, S.,
Nymadawa, P., Baigalmaa, B., … Gray, G. C. (2017). Distribution and
molecular characteristics of rickettsiae found in ticks across Central
Mongolia. Parasites and Vectors, 10, 61. https://doi.org/10.1186/
s13071-017-1981-3
Brown, C. (2004). Emerging zoonoses and pathogens of public health sig‐
nificance–an overview. Revue Scientifique Et Technique, 23, 8. https://
doi.org/10.20506/rst.23.2.1495
Cao, W.‐C., Gao, Y.‐M., Zhang, P.‐H., Zhang, X.‐T., Dai, Q.‐H., Dumler, J.
S., … Yang, H. (2000). Identification of Ehrlichia chaffeensis by nested
PCR in ticks from Southern China. Journal of Clinical Microbiology, 38,
2778–2780.
Cao, W.‐C., Zhao, Q.‐M., Zhang, P.‐H., Dumler, J. S., Zhang, X.‐T., Fang,
L.‐Q., & Yang, H. (2000). Granulocytic Ehrlichiae in ixodes persul‐
catus ticks from an area in China where lyme disease is endemic.
Journal of Clinical Microbiology, 38, 4208–4210.
Connally, N. P., Durante, A. J., Yousey‐Hindes, K. M., Meek, J. I., Nelson,
R. S., & Heimer, R. (2009). Peridomestic lyme disease prevention.
American Journal of Preventive Medicine, 37, 201–206. https://doi.
org/10.1016/j.amepre.2009.04.026
Curran, K. L., Fish, D., & Piesman, J. (1993). Reduction of nymphal ix‐
odes dammini (Acari: Ixodidae) in a residential suburban landscape
by area application of insecticides. Journal of Medical Entomology, 30,
107–113. https://doi.org/10.1093/jmedent/30.1.107
Donohoe, H., Pennington‐Gray, L., & Omodior, O. (2015). Lyme dis‐
ease: Current issues, implications, and recommendations for tour‐
ism management. Tourism Management, 46, 408–418. https://doi.
org/10.1016/j.tourman.2014.07.006
Frey, S., Mossbrugger, I., Altantuul, D., Battsetseg, J., Davaadorj, R.,
Tserennorov, D., … Essbauer, S. (2012). Isolation, preliminary charac‐
terization, and full‐genome analyses of tick‐borne encephalitis virus
from Mongolia. Virus Genes, 45, 413–425. https://doi.org/10.1007/
s11262-012-0795-9
Haigh, J. C., Gerwing, V., Erdenebaatar, J., & Hill, J. E. (2008). A novel clin‐
ical syndrome and detection of Anaplasma ovis in mongolian reindeer
(Rangifer tarandus). Journal of Wildlife Diseases, 44, 569–577. https://
doi.org/10.7589/0090-3558-44.3.569
Hook, S. A., Nelson, C. A., & Mead, P. S. (2015). U.S. public’s expe‐
rience with ticks and tick‐borne diseases: Results from national
HealthStyles surveys. Ticks and Tick‐Borne Diseases, 6, 483–488.
https://doi.org/10.1016/j.ttbdis.2015.03.017
Iwabu‐Itoh, Y., Bazartseren, B., Naranbaatar, O., Yondonjamts, E., Furuno,
K., Lee, K., … Takano, A. i. (2017). Tick surveillance for Borrelia miy‐
amotoi and phylogenetic analysis of isolates in Mongolia and Japan.
Ticks and Tick‐Borne Diseases, 8, 850–857. https://doi.org/10.1016/j.
ttbdis.2017.06.011

LKHAGVATSEREN et al.

Javkhlan, G., Enkhtaivan, B., Baigal, B., Myagmarsuren, P., Battur, B.,
& Battsetseg, B. (2014). Natural Anaplasma phagocytophilum in‐
fection in ticks from a forest area of Selenge province, Mongolia.
Western Pacific Surveillance and Response Journal, 5, 4. https://doi.
org/10.5365/wpsar.2013.4.3.001
Lewin, M. R., Bouyer, D. H., Walker, D. H., & Musher, D. M. (2003).
Rickettsia sibirica infection in members of scientific expeditions to
northern Asia. The Lancet, 362, 1201–1202. https://doi.org/10.1016/
S0140-6736(03)14515-1
Marcu, A., Uzzell, D., & Barnett, J. (2011). Making sense of unfamiliar
risks in the countryside: The case of Lyme disease. Health and Place,
17, 843–850. https://doi.org/10.1016/j.healthplace.2011.03.010
Masuzawa, T., Masuda, S., Fukui, T., Okamoto, Y., Bataa, J., Oikawa, Y., …
Takada, N. (2014). PCR detection of Anaplasma phagocytophilum and
Borrelia burgdorferi in Ixodes persulcatus ticks in Mongolia. Japanese
Journal of Infectious Diseases, 67, 47–49. https://doi.org/10.7883/
yoken.67.47
Moore, T. C., Pulscher, L. A., Caddell, L., von Fricken, M. E., Anderson,
B. D., Gonchigoo, B., & Gray, G. C. (2018). Evidence for transo‐
varial transmission of tick‐borne rickettsiae circulating in Northern
Mongolia. PLoS Neglected Tropical Diseases, 12(8), e0006696. https://
doi.org/10.1371/journal.pntd.0006696
Muto, M., Bazartseren, B., Tsevel, B., Dashzevge, E., Yoshii, K., &
Kariwa, H. (2015). Isolation and characterization of tick‐borne en‐
cephalitis virus from Ixodes persulcatus in Mongolia in 2012. Ticks
and Tick‐Borne Diseases, 6, 623–629. https://doi.org/10.1016/j.
ttbdis.2015.05.006
Parola, P., Paddock, C. D., & Raoult, D. (2005). Tick‐borne rickettsioses
around the world: Emerging diseases challenging old concepts.
Clinical Microbiology Reviews, 18, 719–756. https://doi.org/10.1128/
CMR.18.4.719-756.2005
Pulscher, L. A., Moore, T. C., Caddell, L., Sukhbaatar, L., von Fricken, M.
E., Anderson, B. D., … Gray, G. C. (2018). A cross‐sectional study
of small mammals for tick‐borne pathogen infection in northern
Mongolia. Infection Ecology and Epidemiology, 8, 1450591. https://doi.
org/10.1080/20008686.2018.1450591
Razzaq, S., & Schutze, G. E. (2005). Rocky Mountain spotted fever: A
physician’s challenge. Pediatrics in Review, 26(4), 125–130. https://
doi.org/10.1542/pir.26-4-125
Scholz, H. C., Margos, G., Derschum, H., Speck, S., Tserennorov, D.,
Erdenebat, N., … Fingerle, V. (2013). High prevalence of genetically
diverse Borrelia bavariensis‐like strains in Ixodes persulcatus from
Selenge Aimag, Mongolia. Ticks and Tick‐Borne Diseases, 4, 89–92.
https://doi.org/10.1016/j.ttbdis.2012.08.004
Schulze, T. L., Jordan, R. A., & Hung, R. W. (1995). Suppression of subadult
Ixodes scapularis (Acari: Ixodidae) following removal of leaf litter.
Journal of Medical Entomology, 32, 730–733. https://doi.org/10.1093/
jmedent/32.5.730
Schulze, T. L., Jordan, R. A., Vasvary, L. M., Chomsky, M. S., Shaw, D. C.,
Meddis, M. A., … Piesman, J. (1994). Suppression of Ixodes scapularis
(Acari: Ixodidae) nymphs in a large residential community. Journal
of Medical Entomology, 31, 206–211. https://doi.org/10.1093/
jmedent/31.2.206
Shen, A. K., Mead, P. S., & Beard, C. B. (2011). The lyme disease vac‐
cine—A public health perspective. Clinical Infectious Diseases, 52,
s247–s252. https://doi.org/10.1093/cid/ciq115
Papageorgiou, S., Battsetseg, G., Kass, P. H., & Foley, J. E. (2012).
Detection and epidemiology of tick‐borne pathogens in free‐ranging
livestock in Mongolia. Journal of Clinical and Experimental Pathology,
S3, 006. https://doi.org/10.4172/2161-0681.S3-006
Speck,S., Derschum, H., Damdindorj, T., Dashdavaa, O., Jiang, J. U.,
Kaysser, P., … Essbauer, S. (2012). Rickettsia raoultii, the predomi‐
nant rickettsia FOUND in Mongolian dermacentor nuttalli. Ticks and
Tick‐Borne Diseases, 3, 227–231. https://doi.org/10.1016/j.ttbdis.
2012.04.001

|

LKHAGVATSEREN et al.

Stafford, K. C. III (2004). Tick management handbook. New Haven, CT:
The Connecticut Agricultural Experiment Station, Connecticut
General Assembly.
Strasser, R. (2003). Rural health around the world: Challenges and solu‐
tions. Family Practice, 20, 457–463. https://doi.org/10.1093/fampra/
cmg422
Takada, N., Masuzawa, T., Ishiguro, F., Fujita, H., Kudeken, M., Mitani,
H., … Ma, X.‐h. (2001). Lyme Disease Borrelia spp. in Ticks and
Rodents from Northwestern China. Applied and Environmental
Microbiology, 67, 5161–5165. https://doi.org/10.1128/AEM.67.11.
5161-5165.2001
Thorner, A. R., Walker, D. H., & Petri, W. A. (1998). Rocky Mountain spot‐
ted fever. Clinical Infectious Diseases, 27(6), 1353–1359. https://doi.
org/10.1086/515037
von Fricken, M. E., Lkhagvatseren, S., Boldbaatar, B., Nymadawa,
P., Weppelmann, T. A., Baigalmaa, B.‐O., … Gray, G. C. (2018).
Estimated seroprevalence of Anaplasma spp. and spotted fever
group Rickettsia exposure among herders and livestock in
Mongolia. Acta Tropica, 177, 179–185. https://doi.org/10.1016/j.
actatropica.2017.10.015

7

Walder, G., Lkhamsuren, E., Shagdar, A., Bataa, J., Batmunkh, T., Orth, D.,
… Dierich, M. P. (2006). Serological evidence for tick‐borne enceph‐
alitis, borreliosis, and human granulocytic anaplasmosis in Mongolia.
International Journal of Medical Microbiology, 296, 69–75. https://doi.
org/10.1016/j.ijmm.2006.01.031
Ybañez, A. P., Sivakumar, T., Battsetseg, B., Battur, B., Altangerel, K.,
Matsumoto, K., … Inokuma, H. (2013). Specific molecular detec‐
tion and characterization of Anaplasma marginale in mongolian cat‐
tle. Journal of Veterinary Medical Science, 75, 399–406. https://doi.
org/10.1292/jvms.12-0361

How to cite this article: Lkhagvatseren S, Hogan KM,
Boldbaatar B, et al. Discrepancies between self‐reported tick
bites and evidence of tick‐borne disease exposure among
nomadic Mongolian herders. Zoonoses Public Health.
2019;00:1–7. https://doi.org/10.1111/zph.12579

