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Summary 
Lyme Borreliosis is a vector-transmitted zoonotic disease caused by the spirochetes from the Borrelia 

burgdorferi sensu lato complex. Dogs are the most susceptible domestic animals and serve as an appropriate 

animal model for detection of the endemic areas for Lyme borreliosis. The aim of the present study was to 

evaluate the occurrence and seroprevalence of B. burgdorferi infection among companion dogs population 

in Fars province, South of Iran, from December 2014 to September 2015. Blood samples were collected 

from 181 asymptomatic dogs, mostly referred to Veterinary Hospital of Shiraz University for regular 

vaccination. The antibody detection against B. burgdorferi was made by indirect Enzyme-linked 

Immunosorbent Assay (ELISA), employing B. burgdorferi VlsE antigen. A logistic regression model was 

developed to analyze multiple risk factors associated with seropositivity. Of 181 serum samples, 2 (1.1%) 

showed antibodies against B. burgdorferi, one was a 3-month old male watching dog with mix breed, and 

the other was a 2.5 year old female great din. Since no vaccination program was running in the studied 

population, positive samples were considered as naturally infected. The results of this study revealed the 

presence of B. burgdorferi infection among the companion dogs population in Fars province. In areas like 

Iran, where human cases of B. burgdorferi are not common or remain unreported, the public health 

implications of Lyme borreliosis seroprevalence in dogs are quite significant. 
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Introduction 

Lyme borreliosis is a vector-transmitted 

zoonotic disease caused by the spirochetes 

from the Borrelia burgdorferi sensu lato 

complex (Steere et al., 2004). Genus Borrelia 

includes a complex of species that can be 

functionally summarized as Lyme disease 

and relapsing fever Borrelia (Krupka and 

Straubinger, 2010). Lyme disease causative 

agents are mostly transmitted by ticks of the 

genus Ixodes and possibly by other 

arthropods such as fleas and blood sucker 

insects (Bowman et al., 2009; Hanifeh et al., 

2012; Rostami et al., 2014). Several animal 

species including birds, rodents, dogs, cats 

and deer could serve as reservoirs of Borrelia 
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and some of them have an important role in 

introducing the tick and bacteria to human 

(Hanifeh., et al 2012; Goossens et al., 2001; 

Leonhard et al., 2010). Considering the 

importance of the disease in human beings, 

special attention is made on domestic animals 

and particularly on dogs. It seems that dogs 

are the most susceptible domestic animals, 

and serve as an appropriate animal model for 

detection of the endemic areas for Lyme 

borreliosis. Dogs can be assumed as an 

intermediary source of human infection and 

are used as “sentinel animals” for estimating 

the risk of Lyme disease in human (Hanifeh 

et al., 2012; Goossens et al., 2001; Merino et 

al., 2000; Mosallanejad et al., 2015).  

The most common clinical manifestation 

of Lyme disease in dogs is migratory 

arthritis. The spirochetes disseminate into the 

joints and local inflammatory reactions can 

cause pain, swelling and lameness. Other but 

less common symptoms reported in dogs are 

fever, anorexia, lethargy, skin lesions, 

lymphadenopathy and abortion (Krupka and 

Straubinger, 2010; Bowman et al., 2009; 

Goossens et al., 2001; Greene et al., 1988). 

Nevertheless, many dogs fail to develop any 

clinical signs and high antibody titers can be 

developed in asymptomatic dogs. But at the 

same time, Borrelia has been isolated from 

the blood of some dogs with low antibody 

titers (Mosallanejad et al., 2015; Greene et 

al., 1988). These findings emphasize that 

definite diagnosis of canine borreliosis is 

almost difficult. However, evidences of tick 

exposure in endemic areas, presence of 

compatible clinical signs and detection of 

antibodies in blood serum and exclusion of 

other infectious diseases could be 

informative (Skotarczak, 2002; Speck et al., 

2007).  

Bacterial isolation and culture, as the 

most reliable detecting methods for Borrelia 

spp., are time consuming and are not always 

practical. No specific pathognomonic 

features exist in laboratory findings and 

biochemistry and hematology profiles are not 

usually diagnostic (Krupka and Straubinger, 

2010; Rostami et al., 2014; Liang et al., 2000; 

Nielssen et al., 2002). Hence, serological 

tests have been widely used for indirect 

detection of Borrelia by detecting antibodies 

in the serum of infected animals (Hanifeh et 

al., 2012; Mosallanejad et al., 2015; Liang et 

al., 2000; Lindenmayer et al., 1990). In 

experimentally infected dogs, detectable IgG 

titers were produced 4 to 6 weeks after tick 

exposure and even after antibiotic treatment 

were persisted for years. While determining 

the exact time of exposure and the length of 

time that IgG level remains elevated is 

difficult in natural infections, it could be 

somewhat the same as the first one (Krupka 

and Straubinger, 2010; Greene et al., 1988; 

Lindenmayer et al., 1990).  

Previous studies regarding the 

prevalence of B. burgdorferi in companion 

dogs have shown variable results in different 

provinces of Iran (Hanifeh et al., 2012; 

Mosallanejad et al., 2015). This diversity 

could be due to the different geographic area, 

endemicity of the disease and abundance of 

the vector. Therefore, the status of borreliosis 

should be defined separately for each area. 

The aim of the study described here was to 

evaluate the occurrence and seroprevalence 

of B. burgdorferi infection among 

companion dogs population in Fars province, 

South of Iran. This is the first study regarding 
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the prevalence of canine Lyme borreliosis in 

Fars province. Since dogs may serve as a 

potential source of infection for human 

beings, the public health implications of these 

results are quite significant.  

 

Materials and Methods 

The present study was conducted on 181 

blood samples collected from companion 

dogs in Fars province, Shiraz district. Shiraz 

is located at an elevation of 1484 m above sea 

level and its climate is semi-arid, with mild 

winters and warm summers (Saboohi et al., 

2012). The dogs subjected to the study were 

referred to the Veterinary Hospital of Shiraz 

University, from December 2014 to 

September 2015, mostly for regular 

vaccination. Amongst the specimens, 107 

were male dogs and 74 were female. The 

dogs were classified into 3 groups according 

to their age (group 1, <1 year; group 2, 1–5 

years; and group 3, >5 years). They were also 

classified as pure and mix-breed according to 

their breed. At the time of blood collection, 

21 dogs showed respiratory or 

gastrointestinal signs, but all others were 

asymptomatic and revealed no clinical signs 

of Lyme disease, including fever, arthritis or 

lameness (Table 1). Each serum sample was 

accompanied by a questionnaire to be 

completed by the owner and included 

information related to the place where dog 

kept, exposure to ticks, type of food and 

relation to other dogs. None of the animals 

included in this study had been vaccinated 

against Lyme borreliosis and as no Borrelia 

vaccine is available in Iran. 

Blood samples were collected from the 

cephalic veins and sera were separated and 

stored at -20°C until serological assays. 

Immunoglobulin G (IgG) class antibodies 

against B. burgdorferi were detected using 

indirect Enzyme-linked Immunosorbent 

Assay (ELISA), employing B. burgdorferi 

VlsE (Variable major protein-like sequence, 

expressed) antigen. VlsE is an outer 

membrane lipoprotein which is highly 

conserved among species of B. burgdorferi 

sensu lato complex and only expressed in 

mammalian hosts (Krupka and Straubinger, 

2010; Liang et al., 2000). The antibodies 

against the VlsE antigen were detected using 

a commercial ELISA kit (NovaTec 

Immunodiagnostica GmbH, Germany).The 

diagnostic specificity and sensitivity of the 

ELISA test were >95 and 93.3%, 

respectively. According to the 

manufacturer’s instructions, absorbance 

values higher than 10% over the cut-off were 

considered positive, while absorbance values 

lower than 10% below the cut-off were 

considered negative.  

Relationships between the prevalence of 

positive cases and age, sex, breed, type of 

housing, type of food and exposure to other 

dogs were examined using chi-square 

analysis and Fisher’s exact test by SPSS 

software, version 16 (SPSS, Inc. Chicago, IL, 

USA). Multiple logistic regression analysis 

was performed to evaluate the effects of 

different risk factors on the disease. P value 

less than 0.05 was considered statistically 

significant. 

 

Results 

IgG antibodies against B. burgdorferi 

were detected in 1.1% (n=2) of the 

companion dogs in Shiraz district. One of 

them was a 3-month old male watching dog 

with mix breed, while the other was a 2.5 year 
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old female great din. Both of dogs were kept 

in the garden and in contact with other dogs. 

No clinical symptoms of Lyme disease were 

observed in the studied dogs, though, positive 

samples showed respiratory and 

gastrointestinal signs (Table 1).  

 

Table 1. Seroprevalence of Borrelia burgdorferi 

infection among companion dogs in Shiraz 

province, Iran. 

Variable Category 

No. of dogs 

examined 

(%) 

No. of 

positive 

dogs 

(%) 

Age 

(year) 

< 1 81 (44.8) 1 (1.23) 

1-5 89 (49.2) 1 (1.12) 

> 5 11 (6.6) 0 

Sex 
Male 107 (59.1) 1 (0.93) 

Female 74 (40.9) 1 (1.35) 

Type of 

housing 

Indoor 19 (10.5) 0 

Watchdog 146 (80.7) 2 (1.36) 

Stray 16 (8.8) 0 

Breed 
Pure 96 (53) 1 (1.04) 

Mix 85 (47) 1 (1.17) 

Type of 

food 

Raw food 76 (42) 1 (1.31) 

Cooked food 95 (52.5) 1 (1.05) 

Both 10 (5.5) 0 

Exposure 

to other 

dogs 

Yes 117 (64.6) 2 (1.7) 

No 64 (35.4) 0 

Clinical 

signs 

Lyme 

Borreliosis 
0 0 

Respiratory 9 (4.9) 
2 

(22.22) 

Gastrointestinal 12 (6.52) 
2 

(16.66) 

No signs 160 (88.39) 0 

Total  181 (100) 2 (1.1) 

 

Since no vaccination program was running in 

the studied population, positive samples were 

considered as naturally infected. Because of 

the low prevalence of canine borreliosis in 

the studied population, no statistical analysis 

was possible. 

 

Discussion 

Results of the present study showed the 

evidence of exposure to B. burgdorferi 

infection in the companion dog population in 

South of Iran. The overall seroprevalence of 

1.1% in this study was in great agreement 

with the earlier reports of 1.09% from France 

(Pantchev et al., 2009) and 1.2% from United 

States of America (Carrade et al., 2011) using 

SNAP® 4Dx® and ELISA techniques as 

screening assays. However, our 

seroprevalence was higher than the 

prevalence reported from east of Turkey 

(ELISA, 0.0%) (Icen et al., 2011), Bolivia 

(ELISA, 0.0 %) (Ciceroni et al., 1997), Italy 

(western blot, 0.0 %) (Mannelli et al., 1999) 

and Romania (SNAP® 4Dx®, 0.5 %) 

(Mircean et al., 2012), while it was lower 

than the seropositivity reported from Czech 

Republic (ELIZA, 6.5%) (Pejchalova 2006), 

Netherlands (ELISA, 17 %) (Goossens 

2001), Spain (IFA, 21 %) (Amusategui et al 

2008), West of Turkey (ELISA, 23.2%) 

(Bhide et al., 2008), Serbia (ELISA, 25.81 %) 

(Savić et al., 2010) and Germany (SNAP® 

4Dx®, 35.5 %) (Barth et al., 2012).  

Documented information regarding the 

prevalence of Lyme borreliosis among Iran 

dogs population is restricted to two studies 

from Northern and South-western provinces. 

A study conducted on 273 serum samples 

collected from three Caspian provinces of 

Golestan, Mazandaran and Guilan reported 

the overall seroprevalence of 8.1% using 

ELISA technique. The seroprevalence of B. 

burgdorferi in provinces of Golestan, 

Mazandaran, and Guilan were 20.91%, 

2.91%, and 0.91%, respectively (Hanifeh et 

al 2012). Seroprevalence of Borrelia 
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infection among companion dogs in Ahvaz 

district (Southwest of Iran) was 9.52% 

identified by Immunochromatography assay 

(ICA) (Mosallanejad et al., 2015). It seems 

that prevalence of Borrelia infection is 

different not only between countries, but also 

between different regions within a country. 

These differences could be attributed to 

different geographical areas, environmental 

factors, exposure to the tick vectors and 

diagnostic laboratory methods (Merio et al., 

2000; Nielssen et al., 2002).  

The lower prevalence of Borrelia infection in 

Shiraz district could be due to the 

geographical conditions and activity of tick 

vectors. Based on the literature, Ixodes 

ricinus and I. persulcatus are the main 

vectors of B. burgdorferi in Europe and 

Eurasia, respectively (Hanifeh et al., 2012; 

Goossens et al., 2001; Pantchev et al., 2009). 

Low altitude and relative humidity of more 

than 80% are necessary for survival and 

activity of Ixodes genus (Merino et al., 2000; 

Guerra et al., 2001). A comprehensive tick 

survey carried out on different geographical 

areas of Iran (North, North-west/North-east, 

South and Central regions) showed that 

Ixodes ticks were only present in the Caspian 

region (Rahbari et al., 2007). Semi-arid 

climate of Shiraz district along with high 

temperature and low humidity during the 

spring and summer seasons are the main 

limiting factors which decrease the survival 

rate of carrier ticks and consequently the 

prevalence of infection in this area. 

Therefore, it seems that dogs in the Northern 

areas of the country are at a higher risk of 

Borrelia infection.   

Variety in the seroprevalence of Borrelia 

infection among different areas could also be 

as a result of different diagnostic methods 

used for detection of antibodies. Serological 

assays such as ELISA, Immunofluorescent 

assay (IFA) and Immunochromatography 

assay (ICA) are widely used as screening 

tests for Borrelia infection, while 

Immunoblotting assays are more considered 

as confirmatory tests (Krupka and 

Straubinger, 2010; Hanifeh et al., 2012; 

Mosallanejad et al., 2015; Lindenmayer et 

al., 1990; Guerra et al., 2001).  Among 

serological tests, ELISA presented greater 

sensitivity relative to IFA and ICA. 

Moreover, using recombinant antigens for 

ELISA coating, the specificity of the test has 

been significantly increased (Krupka and 

Straubinger, 2010; Liang et al., 2000; 

Lindenmayer et al., 1990). In the present 

study, IgG antibodies against B. burgdorferi 

were detected using ELISA method, 

employing B. burgdorferi VlsE antigen. 

Surface accessibility, flexibility, 

hydrophobicity and proximity to the site 

recognized by helper T cells are 

characteristics which positively determine 

the VlsE antigenicity (Liang et al., 2000a; 

Liang et al., 2000b). VlsE undergoes 

antigenic variation and allow the spirochete 

to escape efficiently from the host immune 

responses (Krupka and Straubinger, 2010; 

Liang et al., 2000a). VlsE antigen is highly 

conserved among genospecies of B. 

burgdorferi sensu lato complex, and 

therefore recombinant VlsE ELISA is 

expected to be highly sensitive and specific 

diagnostic technique for Lyme disease (Liang 

et al., 2000a; Liang et al., 2000b). 

In conclusion, the results of this study 

revealed the presence of B. burgdorferi 

infection among the companion dogs 
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population in Fars province, South of Iran. 

However, a positive antibody test may not be 

sufficient to differentiate the Lyme 

borreliosis disease from prior exposure in a 

dog’s history. Further studies including 

molecular detection of B. burgdorferi sensu 

lato from companion dog population and 

isolated ticks in suspected areas are highly 

recommended. In areas like Iran, where 

human cases of B. burgdorferi are not 

common or remain unreported, the public 

health implications of Lyme borreliosis 

seroprevalence in dogs are quite significant. 
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