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A B S T R A C T   

Mongolia is an expansive nation, dominated by agriculture with livestock under nomadic herder care contrib-
uting significantly to the economy. Mongolian veterinarians service these herder's livestock and dogs, and are 
often the first point of contact for animal health advice, including ectoparasite prophylaxis. Dogs are competent 
reservoir and sentinel hosts for several zoonotic vector-borne diseases (VBD). These diseases in dogs can be 
dependent on the presence of other sylvatic or domestic reservoir hosts, the abundance of competent vectors and 
supporting environmental and climatic conditions. Therefore, VBD present a true One Health challenge. The 
direct and close association of nomadic herders with livestock and livestock protection dogs coupled with 
frequent relocation (associated with nomadic lifestyles) places all three host groups (herders, livestock and 
livestock protection dogs) at risk of acquiring VBD. Our study set out to investigate the overall knowledge, 
perceptions and practices of Mongolian veterinarians towards canine vector-borne diseases (CVBD). A hardcopy 
questionnaire was delivered through the Mongolian Veterinary Medical Association to a cohort of veterinarians 
representing 39% of Mongolia's total veterinary workforce with a 53% response rate. A total of 297 participants 
were included in the final study. The bulk of participants were livestock veterinarians, followed by mixed animal 
veterinarians. Overall Mongolian veterinarians' knowledge of CVBD were scored as low (58%; 0–3 points) or 
medium (32%; 4–6 points) on a ten-point scale. There was a significant discrepancy between self-rated and actual 
knowledge. Females had 1.7 (95% CI 1.1, 2.8) times higher knowledge compared with males and those veter-
inarians who had 3–5 canine consultations per day were also found to have higher knowledge (odds ratio 1.4, 
95% CI 0.4, 4.5). Most veterinarians utilised two or less resources to source information on CVBD over the 
previous 12 months. The potential of climate-induced emergence of vector populations and their associated 
pathogens makes it imperative that veterinarians in Mongolia have the necessary resources and knowledge to be 
on the forefront of CVBD preparedness and mitigation. This study identifies the knowledge gaps and addresses 
the need for further resources for Mongolian veterinarians to effectively engage in a One Health approach for 
negating CVBD in animals and humans.   

1. Introduction 

Mongolia is a geographically expansive and climatically diverse 
nation that contains 21 administrative provinces (aimags). The country 
is sparsely populated with approximately 3.4 million people [1]. While 
there is a consistent downward trend, approximately 26% of Mongolia's 
population remain traditionally nomadic [2], relocating their livestock 

herds each season and utilizing meat and dairy production as their 
principal source of income. These livestock play a critical role in Mon-
golia's economy [3] with an estimated 67 million head currently under 
herder care [1]. 

The majority of herders (66–88%) own a dog [4,5], usually with the 
principal intent of protecting their livestock from predators. It is this 
direct and close association of nomadic herders, livestock and their 

* Corresponding author. 
E-mail address: cdavitt@student.unimelb.edu.au (C. Davitt).  

Contents lists available at ScienceDirect 

One Health 

journal homepage: www.elsevier.com/locate/onehlt 

https://doi.org/10.1016/j.onehlt.2022.100458 
Received 7 August 2022; Received in revised form 11 November 2022; Accepted 12 November 2022   

mailto:cdavitt@student.unimelb.edu.au
www.sciencedirect.com/science/journal/23527714
https://www.elsevier.com/locate/onehlt
https://doi.org/10.1016/j.onehlt.2022.100458
https://doi.org/10.1016/j.onehlt.2022.100458
https://doi.org/10.1016/j.onehlt.2022.100458
http://crossmark.crossref.org/dialog/?doi=10.1016/j.onehlt.2022.100458&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


One Health 15 (2022) 100458

2

livestock protection dogs, which place them at risk of acquiring zoonotic 
canine vector-borne diseases (CVBD). Mongolian veterinarians typically 
train for five years at the Mongolian University of Life Sciences (MULS) 
and provide veterinary services to predominantly livestock in Mongolia. 
Veterinarians also engage in an inherent working relationship with 
nomadic herders, and on occasion, treat livestock herder dogs, often 
being the first point of contact for advice on ectoparasite control. 

Canine vector-borne diseases are transmitted by arthropod hosts 
such as biting ticks, fleas and flies and can be disseminated across 
diverse geographical regions with movement of dogs [6,7] and other 
competent sylvatic and domestic hosts. They not only impact the health 
of dogs, but many can also infect and may cause disease in humans, 
through the bite of the same arthropod vectors. The role of dogs as either 
primary or secondary reservoirs for diversity of zoonotic CVBD across 
Eurasia and the Far East is becoming increasingly evident [8,9]. Several 
of these CVBD, namely tick-borne encephalitis virus (TBEV), granulo-
cytic anaplasmosis, Bartonella, borreliosis and spotted fever group 
rickettsiae, have also been reported throughout Mongolia infecting 
multiple sylvatic and domestic hosts, as well as humans [10–15]. The 
Mongolian medical authorities are attempting to monitor the Mongolian 
general public for TBEV, Lyme borreliosis and rickettsiosis, although 
their data has been collected sporadically in recent years and what has 
been collected appears to be incomplete [13]. Given the role of dogs as 
competent reservoir hosts for several of these zoonotic vector-borne 
agents, veterinarians play a critical role in combating CVBD in 
Mongolia. The purpose of this study was to investigate the overall 
knowledge and practices of Mongolian veterinarians and hence their 
ability to provide accurate advice to herders and the community on 
CVBD. 

2. Materials and methods 

2.1. Survey design 

A paper-based questionnaire was designed to investigate the 
knowledge and practices of Mongolian veterinarians regarding CVBD 
and ectoparasite control (Supplementary material S1). The question-
naire was first drafted in English and then translated into Mongolian 
Cyrillic script by a bilingual researcher of the Institute of Veterinary 
Medicine (IVM) at the MULS. The questionnaire consisted of 30 ques-
tions and the time needed for completion was estimated to be 20 to 30 
min depending on the level of detail provided. Data with regards to 
participants' demographics (gender, location, year of graduation, school 
of graduation), clinical practices (species encountered, average number 
of consultations per day, average number of canine consultations per 
day) and knowledge of CVBD were collected. Participants were asked 
whether they had ever heard of 13 different CVBD pathogens including 
Anaplasma phagocytophilum (granulocytic anaplasmosis), Babesia spp. 
(tick fever), Borrelia spp. (Lyme disease), Coxiella burnetii (Q fever), 
Dirofilaria immitis (heartworm), Leishmania spp. (kala-azar, cutaneous 
leishmaniosis) and TBEV. If participants responded positively, further 
questions were posed around the pathogen's presence in different host 
species in Mongolia, putative ectoparasite vectors and methods and 
frequency of diagnosis. Participants were asked to rate the impact of the 
pathogen on animal health in Mongolia. Further, the questionnaire 
included questions around client recommendations (e.g., ectoparasite 
prophylaxis and active ingredients recommended). The majority of 
questions were closed to remove ambiguity of responses, however a 
small number of open-ended questions were included to capture a wide 
range of options and perspectives (e.g. other reasons for not recom-
mending ectoparasite prophylaxis). 

2.2. Data collection 

The target population for this survey were nationally registered 
Mongolian veterinarians in clinical practice across all 21 aimags of 

Mongolia. Between May 2018 and May 2019, hardcopies of the ques-
tionnaire were provided at mandatory Mongolian Veterinary Medical 
Association (MVMA) training sessions at the State Central Veterinary 
Laboratory in Ulaanbaatar. New licensing legislation introduced in 2018 
stipulates that all practicing veterinarians complete training and 
licensing examinations within three years post-graduation, and there-
after every five years. Participation in this study was voluntary and two 
cash prizes (approx. $18.50 USD each) were offered through a lottery 
system per session as incentives. 

The study was approved by the University of Melbourne Human 
Research Ethics Committee (ID number 1851192.1) and the MULS was 
notified of the approval prior to starting the research. 

2.3. Data analysis 

Hardcopy questionnaire responses were manually entered into a 
Research Electronic Data Capture (REDCap) database [16]. Free-text 
answers and comments were translated into English by a professional 
translator. Data were downloaded, checked and analysed using R 
version 4.0.0 and RStudio version 1.2.5001 including the packages 
ggplot2 [17], epitools [18], gmodels [19], MASS [20] and AICcmodavg 
[21]. Participants were excluded from the study if they did not answer at 
least 75% of the questions. Six variables were recategorized or 
collapsed. The continuous variable year of graduation was split into 
three equal time frames, 1970–1985, 1986–2001 and 2002–2018. Type 
of practice was divided into companion animal (dogs and cats only), 
mixed (cattle, camels, equids, goats, sheep, pigs, poultry, yaks that 
include dog or cat) and livestock (all production animals, including 
equids and camels) based on which species practitioners encountered in 
practice. Average number of consultations and average number of 
canine consultations per day were collapsed from ≤2, 3–5, 6–10, 11–15 
and > 16 to ≤2, 3–5, 6–10 and > 10. Self-rated knowledge was recorded 
on a 5-point scale ranging from very poor to excellent and collapsed into 
three categories poor (incorporating very poor and poor), satisfactory 
and good (incorporating good and excellent). Resources utilised to 
source knowledge on CVBD within the last 12 months were re- 
categorised from individual sources such as books, journals and con-
ference abstracts, direct discussion with other veterinarians, govern-
ment health/public health websites/guidelines/newsletters, internet in 
general, social media, and other into the number of resources used ≤2, 
3–5 and > 6 resources. The distribution of variables was assessed using 
descriptive statistics and frequency tables. Any variables with >12% 
missing data were excluded from further analyses. 

The outcome variable was developed incorporating nine questions 
around the participants' knowledge of Babesia spp., Borrelia spp., Rick-
ettsia spp. and TBEV given that these four pathogens may impact 
significantly on both human and canine health. Moreover, presence of 
these four pathogens in Mongolia has been reported for multiple species, 
although they are yet to be documented in Mongolian dogs 
[10,12,13,24–26]. Participants received one point each for having heard 
of any of these four pathogens, one additional point if they were able to 
correctly identify the ectoparasite vector for each pathogen, and an 
additional point if they knew that Babesia spp. were present in livestock 
in Mongolia [27]. Points received were summed up resulting in a scale 
ranging from 0 (absent knowledge) to 10 (excellent knowledge). This 
scale was then collapsed into an ordinal variable with three levels: low 
(0–3 points), medium (4–6 points) and high level of knowledge (7–10 
points). Contingency tables of explanatory variables with the three 
levels of knowledge were created and checked for small numbers. 

Univariable ordinal logistic regression analyses were performed 
utilizing this outcome variable. Those variables that had a likelihood 
ratio chi-square test p-value of ≤0.25 were selected for inclusion in the 
multivariable analysis. All candidate variables were assessed pairwise 
for collinearity using Spearman's rank correlation coefficients or Pear-
son's chi-square test. Of those variables that were determined to be 
highly correlated (rs > 0.7 or p-value <0.05) only the variable with the 
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lower univariable p-value was included into the multivariable analysis. 
Multivariable ordinal logistic regression was performed using a 

manual backward stepwise elimination approach [28]. The variable 
with the highest p-value based on the likelihood ratio chi-square test was 
continually removed until all remaining variables were significant. 
Confounding was evaluated by comparing odds ratios of models with 
and without a potential confounding variable (> 25% change). Biolog-
ically meaningful two-way interactions in the final model were tested for 
significance. The Akaike information criterion was used to assess the 
overall model fit [29]. 

3. Results 

3.1. Participant demographics 

There are currently an estimated 1500 licensed veterinarians in 
private practice in Mongolia) and a total of 577 surveys were distributed 
during 11 mandatory licensing training sessions. Overall, 304 partici-
pants filled in the questionnaire resulting in a response rate of 53% and 
representing around 21% of Mongolia's veterinary workforce. Seven 
participants were excluded as their responses indicated that they did not 
work in clinical practice, resulting in 297 veterinarians included in this 
analysis. Overall, participants represented 17 of the 21 aimags of 
Mongolia, although a large proportion of participants did not state in 
which aimag they were currently practicing (39%). Fig. 1 shows the 
number of participants per aimag. The majority of participants came 
from Tov aimag, incorporating Ulaanbaatar (17%), closely followed by 
Khuvsgul (13%), and Zavkhan (10%). Table 1 provides an overview of 
the main demographic characteristics of the participants. Male and fe-
male veterinarians were represented equally, with the majority having 
graduated since 2002 (65%, 184/281). The bulk of participants were 
livestock veterinarians (52%, 153/297), followed by mixed animal 
veterinarians (44%, 130/297). Over 84% of participants stated that they 
frequently used less than two resources to enhance their CVBD knowl-
edge and >90% of participants rated their self-knowledge of CVBD as 
satisfactory or above. 

3.2. General CVBD awareness 

Participants were assessed on their general CVBD awareness based 
on whether or not they had ever heard of 13 different CVBD pathogens 
as defined in Table 2. More than half of the participants had not heard of 
most CVBD pathogens listed with the exception of Babesia spp. (26%) 
and TBEV (42%). Of the participants who had heard of Babesia spp. and 
TBEV, most participants recognized that these pathogens infected live-
stock (81% and 72%, respectively) and the majority identified ticks as 
the vector (88% and 87%, respectively). A large proportion of veteri-
narians relied on pathognomonic clinical signs and history of 

ectoparasite exposure as the most common form of diagnosis. 
Interestingly, more than half of the participating veterinarians re-

ported recommending both flea (62%, 167/268) and tick (58%, 133/ 
230) prophylaxis to their canine clients, whereas heartworm and sandfly 
prophylaxis were recommended less frequently (27%, 61/225, and 35% 
78/221, respectively). The most common reason for not recommending 
flea, tick or heartworm prophylaxis stated was the belief that clients 
were not interested (65%, 96/147) followed by the participants being of 

Fig. 1. Choropleth map of Mongolia showing the number of participants per aimag.  

Table 1 
Demographic characteristics of practicing veterinarians in Mongolia. Ques-
tionnaires were partially or fully completed by 297 veterinarians. Where 
incomplete data were recorded, the denominator used in the percentage calcu-
lation is indicated in parentheses after the variable name.  

Variable Categories N % 

Gender (n = 296)   
Male 149 50.3 
Female 147 49.7 

Year of graduation (n = 281)   
1970–1985 39 13.9 
1986–2001 58 20.6 
2002–2018 184 65.5 

Average number of total consultations seen per day   
≤ 2 99 33.3 
3–5 120 40.4 
6–10 45 15.2 
> 10 33 11.1 

Average number of canine consultations seen per day   
≤ 2 232 78.1 
3–5 46 15.5 
6–10 11 3.7 
> 10 8 2.7 

Species usually encountered in practice   
Cats 41 13.8 
Cattle/Yaks 219 73.7 
Camels 63 21.2 
Dogs 140 47.1 
Horses/Donkeys/Mules 166 55.9 
Pigs 45 15.2 
Poultry 19 6.4 
Sheep/Goats 248 83.5 

Type of practice   
Companion animal practice 14 4.7 
Mixed animal practice 130 43.8 
Livestock practice 153 51.5 

Number of resources utilised in the last 12 months to source 
information on canine vector-borne diseases (CVBD)   
≤ 2 resources 249 83.8 
3–5 resources 37 12.5 
> 6 resources 11 3.7 

Self-rated knowledge of CVBD (n = 290)   
Poor 28 9.6 
Satisfactory 178 61.4 
Good 84 29.0  
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the opinion that their practicing area was void of fleas, ticks and/or 
heartworm (52%, 76/147). 

3.3. Regression analysis 

Utilizing the outcome variable described above participants were 
categorized into low (n = 173), medium (n = 96) and high CVBD 
knowledge (n = 28). Table 3 shows Mongolian practicing veterinarian's 
univariable analysis results. 

Seven variables were included in the multivariable analysis as they 
had p-values of <0.25: gender, average number of total consultations per 
day, average number of canine consultations per day, whether camels, 
horses/donkey/mule, sheep and goats were encountered, and total 
number of resources utilised over the previous 12 months. None of these 
variables were deemed to be highly correlated. The final multivariable 
model was based on a total of 296 responses (Table 4). High level 
knowledge of CVBD was significantly associated with both gender and 
average number of canine consultations seen per day. Female veteri-
narians were 1.7 (95% CI 1.1, 2.8) times more likely to have a higher 
level of knowledge compared to their male colleagues. Furthermore, 
veterinarians who averaged 3–5 canine consultations per day were 
significantly more likely to have higher CVBD knowledge than those 
who averaged ≤2 canine consultations per day (odds ratio 1.4, 95% CI 
0.4, 4.5). In contrast, year of graduation, average number of total con-
sultations per day, and encountering sheep and goats, horses, donkey 

Table 2 
Mongolian practicing veterinarians' responses to having ever heard of the 
following canine vector-borne pathogens.  

Variable Categories Na % 

Anaplasma phagocytophilum (Granulocytic anaplasmosis)   
Yes 89 30.0 
No 159 53.5 

Anaplasma platys (Cyclical thrombocytopenia)   
Yes 46 15.5 
No 189 63.6 

Babesia spp. (Tick fever)   
Yes 188 63.3 
No 76 25.6 

Bartonella spp. (Bartonellosis)   
Yes 25 8.4 
No 234 78.8 

Borrelia spp. (Lyme disease)   
Yes 42 14.1 
No 223 75.1 

Coxiella burnetii (Q fever)   
Yes 127 42.8 
No 146 49.2 

Dirofilaria immitis (Heartworm)   
Yes 75 25.3 
No 210 70.7 

Dirofilaria repens (Subcutaneous nodule worm)   
Yes 54 18.2 
No 221 74.4 

Ehrlichia canis (Tropical canine pancytopenia)   
Yes 21 7.1 
No 263 88.6 

Leishmania spp. (Kala-azar, Cutaneous leishmaniosis)   
Yes 46 15.5 
No 235 79.1 

Neoehrlichia spp.   
Yes 12 4.0 
No 268 90.2 

Rickettsia spp. (Spotted fever disease)   
Yes 67 22.6 
No 204 68.7 

Tick-borne encephalitis virus   
Yes 153 51.5 
No 126 42.4  

a Variables have up to 12% missing data adding up to N < 297 except for 
Bartonella spp. (13%) Anaplasma phagocytophilum (16%) and Anaplasma platys 
(21%). 

Table 3 
Univariable logistic regression results for 297 practicing veterinarians in 
Mongolia who responded to a hardcopy survey on canine vector-borne diseases 
(CVBD) between May 2018 and May 2019.  

Variable Categories Regression 
coefficient b 

SE 
(b) 

Odds 
Ratio 
(95% CI) 

P- 
value 

Gender    0.017 
Male   Ref.  

Female 0.55 0.23 
1.72 
(1.10, 
2.74)  

Year of graduation    0.442 
1970–1985   Ref.  

1986–2001 0.54 0.43 
1.71 
(0.75, 
4.08)  

2002–2018 0.37 0.38 1.38 
(0.67, 3)  

Average number of total 
consultations seen per day    0.124 

≤ 2     

3–5 − 0.37 0.27 
0.68 
(0.40, 
1.17)  

6–10 0.41 0.34 
1.50 
(0.77, 
2.93)  

> 10 0.05 0.39 
1.05 
(0.48, 
2.24)  

Average number of canine 
consultations seen per day    

0.050 

≤ 2   Ref.  

3–5 0.84 0.3 
2.32 
(1.27, 
4.21)  

6–10 0.29 0.6 
1.34 
(0.39, 
4.24)  

> 10 0.5 0.69 
1.65 
(0.39, 
6.32)  

Encounters cats    0.562 
No   Ref.  

Yes 0.19 0.33 
1.20 
(0.63, 
2.27)  

Encounters cattle/yaks    0.765 
No   Ref.  

Yes − 0.08 0.26 
0.93 
(0.56, 
1.55)  

Encounters camels    0.138 
No   Ref.  

Yes − 0.43 0.29 
0.65 
(0.36, 
1.15)  

Encounters dogs    0.362 
No   Ref.  

Yes 0.21 0.23 
1.23 
(0.79, 
1.94)  

Encounters horses/donkeys/ 
mules    

0.027 

No   Ref.  

Yes − 0.51 0.23 
0.60 
(0.38, 
0.95)  

Encounters pigs    0.326 
No   Ref.  

Yes − 0.32 0.33 
0.73 
(0.37, 
1.37)  

Encounters poultry    0.901 
No   Ref.  
Yes − 0.06 0.46  

(continued on next page) 
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and mules and camels were not significantly associated with the level of 
knowledge of Mongolian veterinarians. No biologically meaningful two- 
way interactions among variables in the final model were significant. 
Model fit to the data was assessed as being adequate (AIC 531.99). 

4. Discussion 

This study provides an overview of the knowledge of Mongolian 
veterinarians towards CVBD and is the first comprehensive study of its 
kind. Overall CVBD knowledge was low, similar to that of Baltic coun-
tries, in which only 26% and 34% of veterinarians recognized the zoo-
notic potential of D. immitis and D. repens, respectively [30]. CVBD are 
typically associated with being highly endemic in the tropics as tropical 
environments permit diversity and abundance of ectoparasites some of 
which can transmit an extensive range of infectious agents [31]. The low 
knowledge among veterinarians on CVBD in the northern hemisphere 
may reflect the likelihood of these tick-borne diseases being less prev-
alent in temperate climates such as Mongolia. As Mongolia has subzero 
temperatures throughout winter, CVBD might not be considered as a 
pertinent risk to the health of companion and working dogs. This is 
interesting as the majority of participants identified ticks as the vector 
for both Babesia spp. and TBEV, and in turn suggests these ticks are 
highly adapted to continental climate and extreme winter temperatures. 
Moreover, the majority of dog owners in Mongolia come from socio-
economically disadvantaged communities and do not consider dogs as 
an integral part of the family, that is as companion animals. The demand 
and economic incentives placed on veterinarians to improve their 
knowledge on canine health is therefore limited. Over 95% of veteri-
narians in this study were livestock only or mixed practice veterinarians 
that occasionally tended to dogs. In total, only 15% of veterinarians 
reported attending to three or more canine consultations per day. This is 
in stark contrast to developed nations, such as the United States, where 
67% of veterinarians in private practice are companion animal veteri-
narians and just 15% are food animal or mixed animal practitioners 
[32]. 

Having between three to five canine consultations per day was 
significantly associated with higher CVBD knowledge. It is likely that 
veterinarians with an increased interest in canine health and exposed to 
a wider range of canine health related issues are also more inclined to 
seek out related training and resources than veterinarians who only 
occasionally attend to dogs. 

Interestingly, the questions relating to veterinarian's awareness of 
Babesia spp., its vector, host range and impacts to health were answered 
to a relatively high standard compared with the other pathogens. This is 
likely owing to the livestock focus of Mongolian veterinarians and fre-
quency at which they encounter this highly endemic tick-borne piro-
plasm in cattle, with prevalence’s of 10% for Babesia bovis [33] and 9% 
for Babesia bigemina reported [27]. 

This study revealed a wide discrepancy between ‘actual’ knowledge 
and ‘perceived’ self-rated knowledge in Mongolian veterinarians. Only 
9% of the 173 participants categorized as having low ‘actual’ knowledge 
on CVBD, self-rated their knowledge as low, with the majority (91%) 
self-rating their knowledge as satisfactory or high. There are no com-
parable published studies that investigate self-rated knowledge of CVBD 
in veterinarians. In a slightly broader context, this result is in contrast to 
a Finnish study that assessed the knowledge of veterinarians with regard 
to zoonotic diseases and found that only around 10% of veterinarians 
were confident that they had a good knowledge of zoonoses and their 
prevention [35]. 

In our study, females had 1.7 times higher knowledge compared to 
males. This finding is consistent with females showing higher levels of 
medical knowledge than males in several studies [36–38]. This result is 
encouraging as globally there is a gender transition in the veterinary 
industry from predominantly male to female. Females make up 80.5% of 
veterinary students in the USA [39] and > 80% of veterinarians in 
Finland, Latvia and Sweden [40]. Approximately 40% of veterinarians 

Table 3 (continued ) 

Variable Categories Regression 
coefficient b 

SE 
(b) 

Odds 
Ratio 
(95% CI) 

P- 
value 

0.94 
(0.36, 
2.29) 

Encounters sheep/goats    0.025 
No   Ref.  

Yes − 0.67 0.3 
0.51 
(0.29, 
0.92)  

Type of practice    0.726 
Companion animal practice     

Mixed animal practice − 0.17 0.53 
0.85 
(0.30, 
2.49)  

Livestock practice − 0.32 0.53 
0.72 
(0.26, 
2.13)  

Number of resources utilised in 
the last 12 months to source 
information on CVBD    

0.111 

≤ 2   Ref.  

3–5 0.44 0.34 
1.54 
(0.79, 
2.98)  

> 6 1.12 0.64 
3.06 
(0.86, 
10.82)  

Self-rated knowledge    0.370 
Poor   Ref.  

Satisfactory − 0.03 0.39 
0.97 
(0.46, 
2.13)  

Good − 0.39 0.43 
0.67 
(0.29, 
1.58)   

Table 4 
Final multivariable ordinal logistic regression model for levels of knowledge of 
canine vector-borne diseases based on data from 296 practicing Mongolian 
veterinarians who responded to a hardcopy survey between May 2018 and May 
2019.  

Variable Categories Regression 
Coefficient b 

Std 
Error 
(b) 

OR (95% 
CI) 

P- 
value 

Intercept low knowledge 0.79 0.19 –  
Intercept medium 

knowledge 2.78 0.26 –       

Gender    0.015 
Male   Ref.  

Female 0.57 0.23 

1.76 
(1.11, 
2.80)  

Average number of daily 
canine consultations seen 
per day    

0.041 

≤ 2   Ref.  

3–5 0.88 0.31 
2.40 
(1.13, 
4.39)  

6–10 0.34 0.60 
1.41 
(0.40, 
4.47)  

> 10 0.39 0.70 
1.48 
(0.35, 
5.71)   
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in Mongolia are female, which may shift in the future. 
This study revealed that the majority of participants utilised two or 

less resources to source information on CVBD over the previous 12 
months. As predominantly livestock veterinarians, they may not 
consider CVBD knowledge as essential to their everyday practice. For 
example, in Alberta, Canada, livestock veterinarians prioritized herd 
health and epidemiology training over internal medicine, animal wel-
fare, and specialty diagnostics [41]. For veterinarians in New Zealand, 
the choice of continuing education (CE) activities was most commonly 
influenced by interest in the topic(s) and the desire to become more 
competent in practice [42]. 

There are some limitations to this study with both misclassification 
and selection bias potentially present. The questionnaire was completed 
after a long day of mandatory training and fatigue may have affected 
participant knowledge recall. Participation was voluntary, and this may 
have skewed towards those inclined to partake in surveys or had 
particular interests in the topic. Nevertheless, a good response rate of 
over 50% was reached and overall the final study population repre-
sented 21% of Mongolia's veterinarian workforce, all of whom were in 
clinical practice at the time of the study. 

5. Conclusion 

Veterinarians have a central role in the mitigation of CVBD across 
Mongolia at both the individual and population level spanning multiple 
hosts. The potential of climate-induced emergence of vector populations 
and their associated pathogens makes it imperative that veterinarians in 
Mongolia have access to the essential resources and knowledge which 
enable them to be on the forefront of CVBD awareness, preparedness and 
mitigation. Our study demonstrates the poor knowledge of Mongolian 
veterinarians on CVBD and the pressing need for the collaboration of 
government, non-government organisations, academia and industry to 
fund and support continuing veterinary education programs for Mon-
golian veterinarians. Client-driven demands for better standards of 
companion animal healthcare in future may drive the Mongolian vet-
erinary industry to invest in research and training on the epidemiology, 
diagnosis, treatment and control of CVBD. Further to this, veterinarians 
should ideally develop a deep understanding of One Health concepts in 
the event they are confronted with emerging zoonotic diseases. This 
could be addressed by incorporating One Health within the MULS cur-
riculum for undergraduate students, or added to the mandatory veteri-
nary training conducted via the MVMA for graduates. At a national level, 
the development of an intersectoral One Health framework for the sur-
veillance of ectoparasite vectors and their pathogens among animal 
populations that complements or merges with human disease surveil-
lance would be a significant benefit [43]. A One Health surveillance and 
notification system would identify, analyse, and provide an early 
warning tool on emerging pathogens in both animals and humans [44]. 
This would allow all stakeholders - including veterinarians, medical 
practitioners and government - to be informed and allow joint decision 
making (the efficacy of which has been demonstrated on many occasions 
in other countries), to improve both animal and human health across 
Mongolia. 
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