712 B|A A42d A3E (2019)
Korean J Vet Serv, 2019, 42(3), 145-152
ISSN 1225-6552, eISSN 2287-7630
https://doi.org/10.7853/kjvs.2019.42.3.145

< Original Article >

Korean Journal of
Veterinary Service

Available online at http://kjves.org

Comparison of canine vector-borne diseases in rural
dogs based on the prevention status

Seung-Won Yi', Eunju Kim', Sang-Ik Oh', Seok I1 Oh’ Jong Seok Kim’,
Ji-Hong Ha’, Bugeun Lee’, Jae Gyu Yoo', Yoon Jung Do'*

'Division of Animal Diseases & Health, National Institute of Animal Science, Rural Development
Administration, Wanju 55365, Korea
*Jindo County Office, Jindo 58915, Korea
Korean Sapsaree Foundation, Gyeongsan 38412, Korea

(Received 21 August 2019; revised 20 September 2019; accepted 20 September 2019)

Canine vector-borne diseases (CVBDs) are transmitted by different groups of hematophagous arthropod
vectors that are distributed worldwide and can cause significant health problems for dogs. The aim of
this study was to investigate and compare the prevalence of selected CVBD pathogens in rural outdoor
dogs based on prevention status. Between June 2017 and February 2019, blood samples were collected
from 343 clinically healthy rural dogs composing two different groups: systematically managed dogs (SMD;
n=92) and personally managed dogs (PMD; n=251). Vaccination and preventive medications were ap-
plied strictly following the programmed schedule for the SMD group; in contrast, in the PMD group, they
were applied only when requested by the dog owners. Serological and molecular assessments showed
that significantly more dogs in the PMD group were infected with B. gibsoni (P<0.001) and D. immitis
(P=0.001) than those in the SMD group. These findings suggest that the regular use of preventive medi-
cations and environmental controlling efforts contribute to reducing the prevalence of CVBD pathogen
infections. In addition, dogs infected with certain kinds of CVBD pathogens could remain asymptomatic,
suggesting that continuous monitoring and periodic preventive treatment should be conducted even for
clinically healthy dogs.
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INTRODUCTION

Canine vector-borne disease (CVBD) pathogens, such as
Anaplasma phagocytophilum, Babesia gibsoni, Dirofilaria
immitis, Hepatozoon canis, and Mycoplasma haemoca-
nis, cause serious illness in dogs worldwide. These
pathogens are transmitted by hematophagous arthropod
vectors, mosquitoes, fleas, and tick species, in addition
to direct blood contamination, such as through blood

transfusions or bite wounds from other infected animals
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(Birkenheuer et al, 2005; Jefferies et al, 2007; Dantas-
Torres et al, 2008).

Environmental factors such as vector distribution and
populations, climate change, seasonal changes in temper-
ature/humidity, and lifestyle of the host (indoor or out-
door) have been suggested to increase vector species, and
accordingly CVBD pathogen, exposure opportunities
(Genchi et al, 2009; Movilla et al, 2016; Aktas and
Ozubek, 2018). Dogs can appear asymptomatic for sev-
eral years following acute or sub-clinical infection with
the pathogens (Boozer and Macintyre, 2005; Labarthe
and Guerrero, 2005; Dantas-Torres et al, 2008; Baneth
and Cohn, 2016; Aktas and Ozubek, 2018). In addition,
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infection with certain kinds of CVBD pathogens or low-
burden infections also may remain inapparent during the
prepatent period of pathogens in the body of dogs (Otranto
et al, 2009; Lee et al, 2011; Baneth and Cohn 2016).
Accordingly, the CVBD pathogen-infected dogs can serve
as competent reservoir hosts of the pathogens and read-
ily available of disease transmission for numerous types
of blood-feeding arthropods, which is one of the most
critical concerns in public health (Byun et al, 2007; Lee
et al, 2010; Baneth and Cohn, 2016).

Preventive medications such as heartworm prophylaxis,
chemophylaxis, and insecticides have been the most
common treatments and are known to be highly effec-
tive in reducing the occurrence of CVBD (Labarthe and
Guerrero, 2005; Lee et al, 2010; Ortranto et al, 2010;
Stull et al, 2016). However, CVBD pathogen infection
is reportedly associated with prevention status (Movilla
et al, 2016; Suh et al, 2017; Aktas and Ozubek, 2018).
In this regard, regularity and frequency of drug admin-
istration affect the prevention status against the infection
(Boozer and Macintire, 2005; Goyena et al, 2016;
Laidoudi et al, 2019). Additionally, environmental con-
trolling efforts influence the prevalence of CVBD patho-
gen infection (Lee et al, 2010; Stull et al, 2016).

Most studies have focused on environmental risk fac-
tors for CVBD transmission and only emphasized on
threats to public health. In addition, to date, little in-
formation has been available regarding the prevalence of
CVBD pathogen infections according to different pre-
vention statuses. The aim of this study was to inves-
tigate the prevalence of selected CVBD pathogens in ru-
ral outdoor dogs in the Republic of Korea (ROK) and
compare the infection rates according to different man-
agement systems, especially prevention statuses. Our re-
sults should contribute to the development of better

strategies for prevention of CVBD pathogen infections.

MATERIALS AND METHODS

Animals

Between June 2017 and February 2019, blood samples
were collected from 360 clinically healthy dogs, weighing
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15~28 kg, aged 6 months to 12 years. The dog-breed-
ing farms were located in rural areas of Jindo-gun,
Jeollanam-do province and Gyeongsan-si, Gyeongsangbuk-
do province. All dogs were raised outdoors primarily for
preserving Korean-native purebreds. The facilities were
supervised by dog breed associations and/or local gover-
nment. The two study groups consisted of personally
managed dogs (PMD; n=251) and systematically man-
aged dogs (SMD; n=92). This study was approved by
Institutional Animal Care and Use Committee of the Na-
tional Institute of Animal Science, Rural Development
Administration in the ROK (Approval No.: 2017-257).

PMD group

Dogs in the PMD group were raised in outdoor bar-
red cages, singly or sometimes grouped based on the
decision of the dog owners. Vaccinations, wound treat-
ments, health checkups, and preventive medications against
heartworm and endo- and ectoparasites were provided
by the local government upon request of the dog ow-
ners. The dog associations advised strict adherence to
monthly application of the drugs between April and
November every year; however, practical administration
of the medications and the application schedule was owner-
specific. Treatment against specific ectoparasite was per-
formed once the parasites were observed.

SMD group

The SMD group consisted of dogs fully managed by
a single organization supported by the local government.
The dogs were raised in separate room-like kennels.
Their health statuses were regularly monitored, and treat-
ments were administered by employed veterinarians.
Vaccinations, wound treatments, health checkups, and pre-
ventive medications against heartworm and other in-
fectious diseases were provided strictly on schedule be-
tween April and November every year. Oral endopar-
asite preventive drug was administered once or more per
two months for dogs below a year old and once per
three months for dogs over one year of age. Treatment
against specific ectoparasite was performed once the

parasites were observed. In addition to providing treat-
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ment, the organization controlled the surroundings by re-

moving vegetation and cleaning the kennels every day.

Sample collection

Approximately 3 mL of whole blood was collected
intravenously from each dog by an experienced veter-
inarian and no animal was harmed. Blood samples were
collected into EDTA blood-collection tubes (Vacutainer
K2 EDTA; Becton Dickinson, Bedford, MA, USA) and
serum-collection tubes (Vacutainer SST 1™, Becton
Dickinson, USA). Sera samples were separated by cen-
trifugation of whole blood for 15 min at 2095xg (Allegra®
X-15R; Beckman Coulter, Brea, CA, USA).

Complete blood count (CBC) and serum bioche-
mistry

CBC was measured using Procyte DX hematological
analyzer (IDEXX, Westbrook, ME, USA). Serum bio-
chemical profiling was conducted using VetLab® Station
(IDEXX, USA) within 24 h from sample collection.

Rapid ELISA assay

Serum samples were tested for Dirofilaria immitis an-
tigen and Anaplasma phagocytophilum, Anaplasma pla-
tys, Borrelia burgdorferi, and Ehrlichia spp. antibodies
using a commercial rapid ELISA kit (SNAP® 4Dx"® Plus;
IDEXX, USA) according to the manufacturer’s instruc-
tions.

PCR assay

DNA was extracted from whole blood samples and
real-time PCR (Tick/Vector Comprehensive RealPCR™
Panel-Canine; IDEXX, USA) was performed at a com-
mercial laboratory (Medexx, Seoul, Korea) to detect A.
phagocytophilum, A. platys, Babesia spp., Bartonella spp.,
Candidatus Mycoplasma haematoparvum, Mycoplasma
haemocanis, Ehrlichia spp., Hepatozoon americanum,
Hepatozoon canis, Leishmania spp., Neorickettsia risti-
cii, and Rickettsia rickettsii. Samples positive for Babesia
spp. were submitted for species-specific PCR.

Statistical analysis

Data were entered into Excel 2010 (Microsoff ®, Red-
mond, WA, USA) and statistically analyzed using SPSS
software version 22.0 (IBM, Armonk, NY, US). The
prevalence of the detected CVBD pathogens was tested
for associations with management system and age and
sex of the dogs in the PMD group using Fisher’s exact
test. P value<0.05 was considered to indicate statisti-

cally significant differences.

RESULTS

CBC and blood chemistry results

All dogs in this study were considered healthy upon
gross clinical examination, with CBC and biochemical
profiles within the reference ranges. Additionally, no
specific changes, such as PCV below the reference val-
ue or changes in terms of eosinophilia or liver-enzyme
levels, were observed in the blood panels of CVBD-in-
fected dogs.

Prevalence of CVBD pathogens in different man-
agement systems

In a total of 343 dogs, real-time PCR and serological
analysis revealed CVBD pathogen infections in 89 dogs
(25.9%) in both the SMD and PMD groups, which in-
cluded 79 dogs infected with one pathogen and 10 dogs
simultaneously infected with two pathogens (Table 1).
In the SMD group, only six of the 92 dogs (6.5%) were
infected with CVBD pathogens; namely, four were in-
fected with M. haemocanis (4.3%) and two with D. im-
mitis (2.2%). In the PMD group, 83 of the 251 dogs
(33.1%) were infected with at least one CVBD patho-
gen, among which B. gibsoni (n=40, 15.9%) was the
predominant, followed by D. immitis (n=36, 14.3%), M.
haemocanis (=14, 5.6%), H. canis (n=2, 0.8%), and A.
phagocytophilum (n=1, 0.4%). Significant variations were
observed in the prevalence of D. immitis (P=0.001) and
B. gibsoni (P<0.001) infections between the PMD and
SMD groups. However, no significant differences were
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Table 1. Prevalence of selected canine vector-borne disease pathogens in rural outdoor dogs according to management strategy

D. immitis M. haemocanis B. gibsoni A. phagocytophilum H. canis
Dogs
Category xamined poI;IiZVe 95% Cl poI;Ii(;ve 95% Cl poI;Ii(gve 95%Cl poI:i(t)i-ve 95% Cl poI:i(t)i-ve 95%Cl
n (%) 0, 0, 0, 0, 0,
n (%) (%) 7 (%) (%) n (%) (%) 1 (%) (%) 7 (%) (%)
Management
SMD* 92 (26.8) 2(22) 0~5.2 4(43) 02~85 0(0) - 0(0) - 0(0) -
PMD 251(73.2) 36(143) 10~18.7 14(5.6) 2.7~84 40(159) 11.4~20.5 1(04) 0~12 2(0.8) 03~19
Total 343 (100) 38 (11.1) 18(5.2) 40 (11.7) 1(0.3) 2(0.6)
*PMD, personally managed rural dogs; SMD, systematically managed rural dogs.
Table 2. Prevalence of selected canine vector-borne disease pathogens in rural outdoor dogs according to sex
D. immitis M. haemocanis B. gibsoni A. phagocytophilum H. canis
Dogs
Category - examined poI;Ii(;ve 95%Cl poI:i(t)i.ve 95% Cl poI:i(t)i.ve 95%Cl poI:i(t)i.ve 95% C1 poI:i(t)i.ve 95%Cl
n (%) % 0 % () ()
n (%) (%) 7 (%) (%) n (%) () n (%) (%) n (%) (%)
SMD*
Female 61 (66.3) 1(1.6) 0~4.9 0(0) - 0(0) - 0(0) - 0(0) -
Male 31(33.7) 1(3.2) 0~9.5 4(12.9) 09~249 0(0) - 0(0) - 0(0) -
PMD
Female 161 (64.1) 19(11.8) 0.4~5.8 5@3.1) 04~58 19(11.8) 6.8~16.8 0(0) - 2(1.2) 0~3.0
Male 90(35.9) 17(18.9) 3.8~16.2 9(10) 3.8~162 21(23.3) 14.5~32.1 1(1.1) 0~33 0(0) -
Total 343 (100) 38 (11.1) 18(5.2) 40 (11.7) 1(0.3) 2(0.6)

*PMD, personally managed rural dogs; SMD, systematically managed rural dogs.

found in the prevalence of M. haemocanis (P=0.651), A.
phagocytophilum (P=0.544), or H. canis (P=0.394) in-
fections between the different management systems.
Simultaneous infection with more than one pathogen was
not found in the SMD group. In contrast, in the PMD
group, 29.1% (73/251) and 4.0% (10/251) of the dogs
were infected with single and dual CVBD pathogens,
respectively. Infection with three or more CVBD patho-
gens was not detected. Among the dogs simultaneously
infected with CVBD pathogens (n=10), infection with
D. immitis/B. gibsoni (n=5) was predominant, followed
by infection with D. immitis/M. haemocanis (n=2), B.
gibsoni/M. haemocanis (n=1), B. gibsoni/A. phagocyto-
philum (n=1), and B. gibsoni/H. canis (n=1).

Prevalence of CVBD pathogens by sex

The CVBD pathogen infection rates were analyzed
according to sex, in female (#=161) and male (n=90)
dogs in the PMD group. The proportion of overall
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CVBD pathogen infections in male dogs (n=41, 45.6%)
was relatively higher than that in female dogs (#=42,
26.1%) (Table 2). The detection rate was highest for D.
immitis (n=19, 11.8%) and B. gibsoni (n=19, 11.8%),
followed by M. haemocanis (n=5, 3.1%) and H. canis
(n=2, 1.2%) in female dogs, whereas B. gibsoni (n=21,
23.3%) infection was most common in male dogs fol-
lowed by D. immitis (n=17, 18.9%), M. haemocanis
(n=9, 10.0%), and A. phagocytophilum (n=1, 1.1%)
infections. Significantly more male dogs were infected
with B. gibsoni (P=0.017) and M. haemocanis (P=
0.022). However, no significant difference was observed
in the infection rates of D. immitis (P=0.124), A. phag-
ocytophilum (P=0.180), or H. canis (P=0.288), based on
the sex of the dogs.

Prevalence of CVBD pathogens by age

The results for the PMD group were analyzed accord-
ing to age group, based on an age of <1 year (n=84),
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Table 3. Prevalence of selected canine vector-borne disease pathogens in rural outdoor dogs according to age

D. immitis M. haemocanis B. gibsoni A. phagocytophilum H. canis
Dogs
Category  examined N0 g5 0 Mo No- e No- s N gsecr
n (%) positive o positive positive o positive o positive o
n (%) %) n (%) n (%) 9 n (%) %) n (%) %)
SMD*
<1 year 0(0.0) 0(0) - 0(0) 0(0) - 0(0) - 0(0) -
1 year 25(27.2) 1(4.0) 0~11.8  0(0) 0(0) - 0(0) - 0(0) -
22 years 67 (72.8) 1(1.5) 0~4.4 4(6.00 03~11.7 0(0) - 0(0) - 0(0) -
PMD
<1 year 84 (33.5) 3(33.6) 02~93 448 02~93 448 02~93 0(0) - 0(0) -
1 year 113 (45.0) 18(15.9) 0.1~7.0 435 01~7.0  21(18.6) 11.4~258 1(09) 0~2.6 0(0) -
22 years 54(21.5) 15(278) 27~196 6(11.1) 27~19.6 15(27.8) 15.7~39.8 0(0) - 2(3.7) 0~88
Total 343 (100)  38(11.1) 18(5.2) 40 (11.7) 1(0.3) 2(0.6)

*PMD, personally managed rural dogs; SMD, systematically managed rural dogs.

1 year (n=113), and =2 years of age (n=54) (Table 3).
In the <1-year-old group, pathogen infection was found
in 11 dogs (13.1%), with the most prevalent pathogens
being B. gibsoni (n=4, 4.8%) and M. haemocanis (n=4,
4.8%), followed by D. immitis (n=3, 3.6%). In the 1-
year-old group, infection with at least one CVBD patho-
gen was detected in 40 dogs (35.4%), specifically with
B. gibsoni (n=21, 18.6%), D. immitis (n=18, 15.9%), and
M. haemocanis (n=4, 3.5%), in that order of prevalence.
In the =2-year-old group (#=54), CVBD infection was
found in 30 dogs (50.8%); the most prevalent pathogen
was D. immitis (n=15, 27.8%) and B. gibsoni (n=15,
27.8%), followed by M. haemocanis (n=6, 11.1%), H.
canis (n=2, 3.7%), and A. phagocytophilum (n=1, 0.9%).
Significantly more dogs in the =2-year-old group were
infected with D. immitis (P<0.001), B. gibsoni (P=
0.001), and H. canis (P=0.025), whereas infection with
M. haemocanis (P=0.126) and A. phagocytophilum (P=
0.542) was independent of age.

DISCUSSION

The present study showed that the prevalence of D.
immitis infection was much lower in the SMD group
(2.2%) than in the PMD group (14.3%), although the
dogs received heartworm treatment at least once a year
during the study period. Previous studies have reported
the prevalence of D. immitis infection in dogs as rang-

ing from 9.9% to 50.3% in the ROK (Wee et al, 2001;
Lim et al, 2010; Bell et al, 2012; Jung et al, 2012; Suh
et al, 2017). As mosquitoes are distributed throughout
the country, the opportunity for exposure was consid-
ered similar for all of the rural outdoor dogs (Lee et al,
2017). Nevertheless, our results showed differences in
the prevalence of CVBD pathogen infections, and it
may result from whether heartworm-preventive medica-
tions and chemoprophylaxis were administered strictly
following the programmed schedule. According to Suh
et al. (2017), 13.6% of the dogs that had received heart-
worm treatment were still seropositive for D. immitis.
Notably, the survey conducted in the previous study re-
vealed that the dog owners did not provide compre-
hensive heartworm treatment and only visited veterin-
arians for heartworm treatment an average of 2.02 times
per year. Moreover, a survey of 503 sheltering agencies
in US showed that only 57% of the agencies admini-
stered heartworm preventive drugs to shelter dogs, even
though they have recognized guidelines for canine heart-
worm management (Colby et al, 2011). Based on the re-
sults of the present and previous studies, strict adher-
ence to monthly treatment with the highly available and
effective heartworm preventive drugs is important for
successfully preventing D. immitis infection.

B. gibsoni infection showed a trend similar to that of
D. immitis infection in our study, with no infection ob-
served in the SMD group in contrast to that in the PMD
group (15.9%). The infection rate in the PMD group was
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much higher than that reported in military dogs (1.7%),
indoor companion dogs (3.59%), and outdoor dogs
(5.2%) in the ROK (Bell et al, 2012, Kim et al, 2017,
Suh et al, 2017). Both the SMD and PMD groups were
treated against tick once the parasite was observed. But
the prevalence of B. gibsoni infection was dramatically
different between the groups, which is attributed to en-
vironmental controlling efforts in managing the SMD
group that included separation of each dog in room-like
kennels, daily removal of vegetation, and cleaning of
kennels. Rural housing dogs are often used as hunting
dogs in the ROK; notably, hunting might increase tick
infestation and blood contamination as a consequence of
scratch or bite wounds from wild animals or other dogs
infected with Babesia spp. Blood-to-blood contact through
bite wounds might constitute an alternative major route
for B. gibsoni transmission (Boozer and Macintire, 2005;
Jefferies et al, 2007). However, Choe et al (2011) found
that military working dogs receiving daily and periodic
care from their owners and veterinarians, including ecto-
parasite preventive treatment, were free of ticks, despite
their high levels of outdoor activities. Similar to the
previous study, our result showed no infection of B.
gibsoni in the SMD group. It suggests that control of
surroundings is also important for preventing tick in-
festation and B. gibsoni transmission in dogs besides
use of preventive medications.

The present study revealed the absence of Candidatus
Mycoplasma haematoparvum and low infection rate for
M. haemocanis in both the PMD and SMD groups.
Different from our study, one previous study reported
high prevalence of Candidatus M. haematoparvum and
M. haemocanis infection in outdoor dogs (Suh et al,
2017). There is no information currently available re-
garding risk factors of M. haemocanis infection in dogs
in the ROK. But Aquino et al. (2016) reported a sig-
nificant correlation between the use of ectoparasite pro-
phylaxis and a lower prevalence of infection, with a two-
fold higher prevalence of hemoplasma infection in tick-
infested dogs (21%) than in non-tick-infested dogs (11%).
Thus, besides further study to identify the related risk
factors, prevention of tick infestation is necessary for
minimizing the risk of hemoplasma infection. On the

other hand, A. phagocytophilum and H. canis infections
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were observed in only one and two dogs of the PMD
group in the present study, respectively. However, these
pathogens have been increasingly reported since they
were first recorded in the ROK in 2016 (Lee et al, 2016;
Kwon et al, 2017; Suh et al, 2017). Moreover, our re-
sults showed no significant association between the in-
fection of M. haemocanis, A. phagocytophilum, and H.
canis and either PCV or the presence of anemia, con-
sistent with the results of previous studies (Barker et al,
2010; Novacco, 2010; Roura et al, 2010; Hetzel et al,
2012). Hence, hematological, biochemical, and other cli-
nical findings of dogs infected with these pathogens
would likely be misinterpreted as findings for healthy
dogs when evaluating health status (Byun et al, 2007,
Lim et al, 2010; Roura et al, 2010; Bell et al, 2012;
Movilla et al, 2016; Novacco et al, 2016). Consequent-
ly, asymptomatic dogs infected with M. haemocanis, A.
phagocytophilum, and H. canis might be left untreated
and become reservoirs for these pathogens (Balakrishnan,
2016; Baneth and Cohn, 2016; Movilla 2016). There-
fore, infections by these CVBD pathogens should be
monitored continuously in dogs, regardless of their symp-
toms.

As evidenced by the overall low rate of CVBD path-
ogen infections in the SMD group, the application of
preventive drugs strictly according to schedule, regular
use of prophylaxis, and control of the breeding environ-
ment constituted important factors to prevent dogs from
bites of arthropod vectors and infections by CVBD path-
ogens. Therefore, continuous education on the import-
ance of strict adherence to scheduled application of pre-
ventive medications to dogs is necessary for veterinary
practitioners and dog owners. Further, all the infected
dogs in this study were clinically healthy, suggesting
that CVBD pathogen infections are difficult to detect by
general health check-ups. As the infected dogs left un-
treated might become competent reservoir hosts of the
pathogens, periodic examinations and continuous mon-

itoring are important for public health.
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