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Abstract

The first comprehensive study on the prevalence of canine vector-borne pathogens (Anaplasma phagocyto-
philum, Borrelia burgdorferi, Ehrlichia canis, and Dirofilaria immitis) was carried in Hungary because, except
for babesiosis and dirofilariosis caused by Dirofilaria repens, there were no data on their regional distribution
and prevalence. In 2011 and 2012, 1305 blood samples were collected from randomly selected, apparently
healthy pet dogs in 167 localities of 19 counties of Hungary. All sera samples from dogs were screened for
simultaneous qualitative detection of circulating antibodies to E. canis and B. burgdorferi sensu lato and
A. phagocytophilum and D. immitis antigen using SNAP� 4Dx (IDEXX Laboratories). Overall, 170 dogs
(13.0%; 95% confidence interval [CI] 11–15) were serologically positive to one or more of the tested pathogens.
A. phagocytophilum was the most prevalent pathogen detected in 102 dogs by antibody titers (7.9%, 95% CI
6.5–9.5), followed by D. immitis (2.4%, 95% CI 1.0–4.0, n = 64) and B. burgdorferi (0.4%, 95% CI 0.0–1.1,
n = 11) out of 1305 tested dogs. The least prevalent infection was with E. canis, with only two positive dogs
(0.16%, 95% CI 0.03–0.6). Co-infection was found in eight dogs (0.61%, 95% CI 0.29–1.21), of which seven
were seropositive to two pathogens (five with A. phagocytophilum and D. immitis, two with A. phagocytophilum
and B. burgdorferi). One dog was serologically positive to three pathogens (A. phagocytophilum, B. burg-
dorferi, and D. immitis). Purebred and crossbred animals did not show significantly different levels of sero-
positivity. There was no significant association between the gender and the results of diagnostic testing. Logistic
regression analysis showed a higher chance of seropositivity in the older dogs.
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Introduction

Vectors and vector-borne pathogens (VBPs) affect
animals and human health worldwide. These VBPs can

cause symptomless or serious even lethal infections in do-
mestic dogs, and some of these disease agents (e.g., Borrelia
burgdorferi, Anaplasma phagocytophilum, Dirofilaria im-
mitis) have zoonotic importance because dogs potentially
serve as sentinels for human infection (Day 2011). The de-
tection of canine VBPs (CVBPs) is helpful in the manage-
ment of the affected animals because these pathogens alone
and especially the co-infections are a constant challenge for
practicing veterinarians (De Tommasi et al. 2013). In addi-
tion, the epidemiological data of the vector-borne infections
are also useful for public health authorities.

Ixodes ricinus is the most common and well-known im-
portant vector of many disease agents in Europe. A. pha-
gocytophilum transmitted transstadially by mainly
I. ricinus is the causative agent of human granulocytic
ehrlichiosis (anaplasmosis) and many domestic animals. In
dogs, infection may result in a mild to severe acute illness
with fever, lameness, anorexia, lethargy, and thrombocy-
topenia (Alleman and Wamsley 2008). Although humans
are only involved as incidental, dead-end hosts, the affected
persons have nonspecific symptoms (Karlsson et al. 2001).
The prevalence of anaplasmosis has not been studied in
dogs or wild canids in Hungary. The rickettsia was only
detected with PCR in I. ricinus ticks collected from red
foxes (Sréter et al. 2004) and in the environment (Egyed
et al. 2012).
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I. ricinus also transmits B. burgdorferi sensu lato (s.l.), the
agent of Lyme borreliosis, to humans and animals. So far,
only B. burgdorferi sensu stricto has been found to be path-
ogenic in dogs after experimental infections (Krupka and
Straubinger 2010). Relatively few infected dogs demonstrate
clinical signs (Littman et al. 2006). In Hungary, except for
one study (Kapiller et al. 1995), no data have been available
concerning the occurrence of Lyme borreliosis in dogs.

Ehrlichia canis, a causative agent of canine monocytic
ehrlichiosis (CME), is transmitted by Rhipicephalus san-
guineus group. CME ranges from subclinical infection to
fatal illness. The clinical signs of acute ehrlichiosis are
nonspecific (Harrus and Waner 2011). Regarding the oc-
currrence of E. canis in Hungary, there has been only a report
about its occurrence when this rickettsia was found in Der-
macentor marginatus nymphs collected from dogs and in
Ixodes canisuga larvae removed from red foxes in south of
the country (Hornok et al. 2013).

Heartworm disease is a cosmopolitan parasitic infection of
domestic and wild carnivores caused by D. immitis trans-
mitted by mosquitoes and is a potentially fatal condition in
dogs (McCall et al. 2008). D. immitis very rarely causes
pulmonary dirofilariosis in humans (Irwin and Jefferies
2004). To date, the geographical distribution and the preva-
lence of D. immitis are not well known in Hungary. The first
autochthonous canine heartworm infection was reported a
few years ago ( Jacsó et al. 2009).

The aims of the present study were to: (1) Investigate
the seroprevalence of three tick-borne infections and one
mosquito-borne infection in dogs caused by A. phagocyto-
philum, B. burgdorferi, E. canis, and D. immitis, respectively;
(2) determine the risk factors (age, sex, and breed) associated
with the presence of antibodies or antigen.

Materials and Methods

Animals and sample collection

In 2011 and 2012, blood samples were collected from 1305
randomly selected apparently healthy pet dogs in 167 localities
of 19 counties of Hungary. None of these animals had been
vaccinated against Lyme borreliosis. All dogs were aged be-
tween 8 months and 15 years (average = 4.34 – 3.18 years).
There were more purebred (817/1305; 62.6%) than mixed-
breed (488/1305; 37.4%) dogs. The purebred dogs belonged to
113 breeds, of which Hungarian Vizsla (69) and German
Shepherds (58) were the most prevalent. In all, 670 were male
(607 total, 63 neutered) and 635 were female (511 total, 124
neutered). A 2-mL blood sample was drawn from the cephalic
vein of each dog using tubes without anticoagulant. Serum was
collected following centrifugation of clotted blood and was
stored at [[[minus sign]]20[[[degree sign]]]C until further
processing. Information was recorded on the animals’ gender,
age, and breed. The owners of the dogs enrolled were previ-
ously informed about the study protocol.

Serology assay

All serum samples from dogs were screened for simulta-
neous qualitative detection of circulating antibodies, both
immunoglobulin G (IgG) and IgM, to E. canis, B. burgdorferi
s.l. and A. phagocytophilum and D. immitis antigen using an
in-clinic enzyme-linked immunosorbent assay (ELISA)

SNAP� 4Dx (IDEXX Laboratories, Hoofddorp, The Neth-
erlands), according to the manufacturer’s directions. The
membrane matrix of the test is impregnated with synthetic
peptide from the major surface protein p44/MSP2 of
A. phagocytophilum, C6 peptide derived from the IR6 region
within the Borrelia membrane protein VlsE, peptides p30 and
p30-1 from the outer membrane of E. canis, and antibodies
against specific antigens of D. immitis (Philipp et al. 2001,
O’Connor et al. 2004). The sensitivity (Se) and specificity
(Sp) are as follows: 84% Se and 97% Sp for D. immitis;
94.4% Se and 99.5% Sp for B. burgdorferi s.l.; 95.7% Se and
100% Sp for E. canis; and 99.1% Se and 100% Sp for A.
phagocytophilum (Chandrashekar et al. 2010).

Statistical analysis

The relationship of seropositivity and age was analyzed by
logistic regression. Dogs were classified into different cate-
gories to assess the significance of several risk factors
(variables)—gender and breed (pure and mixed). The asso-
ciation of seropositivity and these classes was tested by the
Fisher exact test. In the estimation of prevalence, the confi-
dence interval was obtained by Sterne method. All statistical
analysis was performed using the R-environment.

Results

Overall, 170 dogs (13.0%; 95% confidence interval [CI]
11–15) were serologically positive to one or more of the
tested pathogens. The seropostive animals occurred
throughout Hungary, in all counties (Fig. 1).

A. phagocytophilum was the most prevalent pathogen and
was detected in 102 dogs by antibody titers (7.9%, 95% CI
6.5–9.5), followed by D. immitis (2.4%, 95% CI 1.0–4.0,
n = 64) and B. burgdorferi (0.4%, 95% CI 0.0–1.1, n = 11).
The least prevalent infection was with E. canis, found only in
two positive dogs (0.16%, 95% CI 0.03–0.6) that were re-
stricted to two localities in southern Hungary.

Logistic regression showed the higher chance of seropos-
itivity in the elder dogs (odds ratio [OR] = 1.057, 95% CI
1.007–1.109, p = 0.025). No significant ( p = 0.13) association
was between the pure or mixed breeds, as well as the gender
and the results of diagnostic test. The breed did not influence
the seroprevalence of any tested pathogens.

Co-infection was found in eight dogs (0.61%, 95% CI 0.29–
1.21) of which seven were seropositive to two pathogens (five
with A. phagocytophilum and D. immitis [0.38%, 95% CI
0.15–0.90], two with A. phagocytophilum and B. burgdorferi
[0.15%, 95% CI 0.03–0.56]). One dog was serologically pos-
itive to three pathogens (A. phagocytophilum, B. burgdorferi,
and D. immitis) (0.08%, 95% CI 0.004–0.441).

Discussion

Except for babesiosis (Földvári et al. 2005, Hornok et al.
2006) and dirofilariosis caused by Dirofilaria repens (Fok
2007), there are no comprehensive data available on the re-
gional distribution and prevalence of CVBPs. For this reason,
the results of these point-of-care assays are especially valu-
able from the epidemiological point of view for veterinarians
as well as public health authorities.

In the present study, 170 (13.0%) out of 1305 dogs were
serologically positive to one or more of the tested pathogens.
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Although dogs represent an accidental host, A. phagocyto-
philum was the most prevalent pathogen detected in 102 dogs
(7.9%). This rickettsial infection has the widest geographical
distribution in the country, which is related to the presence of
the competent vector (Széll et al. 2006). To the best of our
knowledge, these are the first data regarding the occurrence
of Anaplasma infection in the local dogs. It is known that
serological cross-reactivities could occur between A. pha-
gocytophilum and other related species (A. platys, E. ewingii,
and E. chaffeensis) (Greig and Armstrong 2006). However,
these pathogens and their tick vectors are not endemic in
Hungary. Lower percentages (2.72–5.5%) were reported
from France (Pantchev et al. 2009), Romania (Mircean et al.
2012), and Spain (Miró et al. 2013). In other countries, such
as Germany (Kohn et al. 2011), the United States (Beall et al.
2008), and Korea (Lim et al. 2010), much higher seroposi-
tivity (18.8–43.2%) was found amongst the local dogs. The
seroprevalence of this rickettsial infection in dogs has a very
wide range worldwide, even between the different regions of
a country (Kohn et al. 2011, Miró et al. 2013). The likely
reasons are related to the many factors, e.g., the occurrence of
the vector I. ricinus and the natural reservoirs (e.g., small
mammals and deer) of A. phagocytophilum. I. ricinus ticks
collected from red foxes (Sréter et al. 2004) and from field
(Egyed et al. 2012) were PCR-positive for A. phagocyto-
philum, but based on a larger representative tick population
data should be collected about the prevalence of A. phago-
cytophilum in Hungary.

Before this study, Kapiller et al. (1995) reported dogs
having lameness caused by borreliae. Later Borrelia spp.
could be detected with PCR in six (5.6%) of 108 I. ricinus
samples removed from dogs, and sequencing revealed the
highest similarity with B. afzelii and B. garinii (Földvári et al.

2007). Surprisingly, almost 10 times more dogs were sero-
positive for A. phagocytophilum (n = 102) than for B. burg-
dorferi (n = 11). It might be possible that fewer ticks harbored
B. burgdorferi that infested the dogs of this survey. The low
number of seropositive animals can also be explained with
the assay because the SNAP� 4Dx Kit only detects the an-
tibodies against B. burgdorferi during active infection (Liang
et al. 1999). Bhide et al. (2004) reported that IgG antibodies
generally start emerging about 1–2 months past infection or
reinfection and can persist up to 1–1.5 years in dogs. Aside
from this study, no reliable information is available regarding
whether dogs can be infected for life with persistence of anti-
B. burgdorferi antibodies or not. In some countries such as in
Spain (Miró et al. 2013), France (Pantchev et al. 2009), and
Romania (Mircean et al. 2012), very low (0.33–0.6%) ser-
oprevalences similar to our result were found. However, in
other parts of Europe where I. ricinus is also common, much
higher seroactivity occurred in the local dogs to B. burg-
dorferi (Kybicová et al. 2009, Pantchev et al. 2009). Differ-
ences in seroprevalence rates can arise from variability in tick
densities or the proportion of infected ticks. In a recent
Hungarian study, the minimum prevalence of B. burgdorferi
s.l. was low (2.5%) in pooled samples of questing I. ricinus
and five Borrelia species (B. afzelii, B. burgdorferi sensu
stricto, B. garinii, B. lusitaniae, and B. valaisiana) were
identified (Egyed et al. 2012). So far there is no evidence of
human infection with B. burgdorferi resulting from contact
with dogs. If dogs would take home infested ticks that attach
to humans in such cases, dogs would be merely carriers of the
vectors. Similar to Spanish (Miró et al. 2013) and Romanian
(Mircean et al. 2012) data, no relationship was found be-
tween seroreactivity to B. burgdorferi and gender or age in
our study; however, the chance of seropositivity increases

FIG. 1. Geographical distribution of seropositive dogs infected with vector-borne pathogens in Hungary.
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with the age of dog. Spanish scientists also reported a higher
prevalence of B. burgdorferi in older animals (Inmaculada
et al. 2008) that could be the result of higher opportunities to
be infected throughout their lives.

It is not suprising that only two dogs (0.16%) were sero-
positive to E. canis, which lived in two localities in southern
Hungary. It is known that the occurrance of this pathogen is
largely dependent on the distribution of its vector Rh. san-
guineus, which is not endemic in the country (Hornok and
Farkas 2005). It is unclear how these two dogs became se-
ropositive for E. canis. The animals never left their localities
and no Rh. sanguineus occurred around them. It might be
possible that other tick species could also transmit E. canis.
Not far from these areas, D. marginatus nymphs and I. ca-
nisuga larvae from red foxes revealed the presence of
E. canis. On the basis of these findings, Dermacentor spp.
may also be potential or alternative vectors (Hornok et al.
2013). Further studies are needed to confirm this hypothesis
as well as whether red foxes can play a reservoir role in the
epidemiology of canine ehrlichiosis or not.

D. repens can occur in dogs throughout the country (Fok
et al. 2007). The detection of D. immitis antigen in 64 dogs
(2.4%) was unexpected because autochthonous heartworm in-
fection had been diagnosed only in a local dog before this study
(Jacsó et al. 2009). However, it was assumed that the preva-
lence of this nematode infection would increase in the near
future because of the suitable climate for geographical distri-
bution of mosquito vectors as well as the movement of infected
dogs from endemic areas to Hungary. The findings of this study
also confirm that dirofilariosis caused by both Dirofilaria spe-
cies has been spreading throughout previously uninfected Eu-
ropean areas, in particular in Eastern Europe (Genchi et al.
2005). There was no significant association between the gender
and the results of diagnostic test. The prevalence rates increased
with the age of the animals as in other studies (Lim et al. 2010)
because older dogs have more time and more opportunities to
become infected with heartworms. On the basis of the first
epidemiological results, probably more dogs could be infected
with D. immitis or both nematode species in the future.

In this study, co-infection was found only in eight dogs
(0.61%), of which three were seropositive to A. phagocytophi-
lum and B. burgdorferi. Six dogs became infected with tick- and
moquito-borne borne pathogens (A. phagocytophilum, B.
burgdorferi, and D. immitis), of which one animal was ser-
oactive to all these agents. These findings indicate that the local
veterinarians in small animal clinics should also pay more at-
tention and they should use more methods because co-infections
by different VBPs can cause more severe clinical and patho-
logical disorders than one agent alone (De Tommasi et al. 2013).

This is the first comprehensive study carried out in Hun-
gary on the prevalence of CVBD agents in relation to their
geographical areas. Further epidemiological surveillance is
required to map the regional risk of these and other CVBPs.
This would useful for veterinarians as well as for public
health authorities concerning the disease agents of zoonotic
importance.
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Hornok S, Fuente J, Horváth G, Nieuwenhuijs H, et al. Mole-
cular evidence of Ehrlichia canis and Rickettsia massiliae in
ixodid ticks of carnivores from South Hungary. Acta Vet
Hung 2013; 61:42–50.

Inmaculada A, Tesouro MA, Kakoma I, Sainz Á. Serological
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distribution of Ixodes ricinus, Dermacentor reticulatus and
Haemaphysalis concinna in Hungary. Vet Parasitol 2006;
141:377–379.

Address correspondence to:
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