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ABSTRACT

The stray dog population has no access to veterinary care and most of them are
highly infested with ticks. Ticks can transmit various parasitic, viral and bacterial
diseases to their host dogs as well as can also lead to various zoonotic infections
in humans exposed to them as Lyme disease and skin rashes. Incidence of tick-
transmitted bacterial infection Borreliosis is very high in tick infested dogs,
especially in hot weather. The current cross-sectional study was carried out for
the first time to detect the incidence of borrelia infection in tick-infested dogs in
Shargia province (Zagazig, Egypt) and revealed that female dogs (16.3%) were
more heavily infected than male dogs (11.1%), while infected young dogs
(20.5%) outnumbered infected adults (6.8%). The local strain of the dog’s
infection was (53.8%) compared to other imported strains. Controlling ticks is
considered most important for the eradication of seasonal and zoonotic diseases
and to prevent further human infections. ELISA was used as a chemical test with
an immunological relationship for IgM in our cross-sectional studies for various
serum samples. IgG titer level detection at different stages of disease and
infection. The most common diseases transmitted by tick to human and animals
in mixed infection with other Spirochaete, Anaplasma and Ehrlichia different
stages of lifecycle of parasitic infestation and combined with secondary bacterial
infection that is makes confusion for diagnosis and detection most common blood
-Born parasites and their Zoonotic importance. Epidemiological studies in various
research papers mostly do not consider using stereochemical investigation for
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INTRODUCTION

Borreliosis is a bacterial disease caused by
Borrelia burgdorferi, the etiological agent of Lyme
disease in humans (Alice et al., 2021). Cases of Lyme
disease with an unknown form of juvenile arthritis first
appeared in Connecticut, USA, in the mid-1970s
(Gray, 2002). Tick-borne pathogen infection was
discovered in new research aspects of molecular
biology, veterinary and human medicine, and
arthropods with the detection of their ecology and
effect on their reservoir tick host (Bhide, 2004).
Spirochaete was first isolated from the digestive system
of a tick species called Ixodes dammini in a New York
area named Shelter Island (Burgdorfer and Hayes,
1990).

Lyme disease is the most prevalent tick-borne
zoonotic disease in Europe (nearly more than 62%),
North America, and the Far East, such as Japan, Russia
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and China (Steere, 1989). Borrelia was first ever
reported in ticks ( Burgdorfer et al., 1984; Johnson et
al., 1982), followed by its detection in humans
(Suksawat, 2002), rodents (Praharaj, et al ., 2008)
and also in some wild and domestic animals white
deer, dogs, rats, mice, chipmunks, grey squirrels,
opossums, and raccoons (Anderson, 1989). The
emergence of this disease in humans might be linked
with the large numbers of reservoir hosts (deer),
reforestation of farmlands and presence of ticks
(Barbour, 1998). The spirochetes may be pathogenic
to both animals and humans (Gray et al., 2009).

Clinical signs of borrelia infection in dogs
include fever, arthritis and a renal disorder but in most
of the cases dogs appear symptomatic (Sykes, 2014).
The significance of Lyme disease as a public and
veterinary health problem in addition to the unique
association of Borrelia and Ixodes ticks necessitated
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investigations of the relationship of this spirochete with
some of its tick vectors and vertebrate hosts in the past
(Lane, 1989).

MATERIALS AND METHODS

Study design

The purpose of this study was to determine the
prevalence of Borrelia burgdorferi species in stray dog
populations from various villages in AS-Shargia
Province, as well as the most domesticated dog
admitted to the veterinary clinic and animal hospital at
the Faculty of Veterinary Medicine, Zagazig
University. The study was based on using a serological
diagnostic technique (Snap 4Dx). For this study, stray
and domesticated dog species were selected as study
animals due to their close cohabitation with humans as
pet animals. Furthermore, stray dog populations were
preferred because they could indicate the presence of
disease agents in an area due to the absence of
vaccination and/or treatment. The study was conducted
from March 2017 to January 2018.

The units of analysis considered in the
study were the individual dogs sampled from
different locations in Shargia Province, Egypt.

Sample collection

A total of 117 blood samples from dogs were
collected randomly. Ticks infested 73 of the 117 dogs
whose blood was sampled. Among tick-infested dogs,
only 55 dogs showed signs of infection, while 18 dogs
appeared healthy. Another 44 samples were collected
from dogs free of ticks in different locations in Shargia
province for the detection of Borrelia species. About 4
mL of blood was collected from the jugular vein and
transferred to a plainly labelled vacutainer collection
tube. Ticks were also collected from dogs following a
physical examination. Ticks were collected from
around the ear, neck, back, ventral abdomen, medial
thighs and inter-digital spaces. On average, 3-9 ticks
were collected per dog and placed into properly
labelled and sterile microcentrifuge tubes for further
processing and further studies. Age, breed, and gender
of the dogs whose blood and ticks were collected were
recorded. This research was done according to the
guidelines of the animal use and care committee at
Zagazig University, Egypt with approval number ZU-
IACUC/2/F/5/2018.

Upon reaching the laboratory, the blood
samples were centrifuged at 12,000 rpm for 5 minutes
to obtain the serum. After transferring the serum into
properly labeled 2 ml microcentrifuge tubes, it was
then stored at -80 °C pending serological analysis.
Ticks were collected and placed in plastic vials or tubes
with 500-700 | of 95% ethanol before being stored at
room temperature (25 °C) for further analysis.

31

Borrelia burgdorferi antibodies

A total of 117 serum samples were collected and tested
using ELISA serological kit devices (SNAP 4Dx,
USA). Apart from antibodies against Borrelia species,
the SNAP 4Dx is designed to detect antibodies against
heartworm (Dirofilaria), anaplasma, and Ehrlichia. The
serum stored at -80°C were removed and allowed to
thaw then centrifuged at 6000 rpm for 30—-60 seconds.
According to the manufacturer’s instructions the
devices and the serum could equilibrate at room
temperature for 30 minutes before running the test. The
test procedure was as follows; after allowing the
sample to equilibrate to room temperature (18-25 °C),
three drops of the sample were then dropped into the
new sample tube using the transfer pipette followed by
four drops of conjugate (reagent). The sample tube was
then capped and mixed thoroughly by inverting 3-5
times. Then the test device was placed on a horizontal
surface, and the entire contents of the sample tube were
poured into the sample well allowing them to flow
towards the result window and reach the activation
circle.

When the first colour appeared in the
activation circle, the activator was firmly pushed until
it was flushed with the device body. The results were
recorded at 8 minutes (Praharaj, et al., 2008; Gray et
al., 2009). The diagnostic test kit used in this study was
designed to detect Anaplasma phagocytophilum,
Anaplasma plays, Ehrlichia canis, Ehrlichia ewingii
and Dirofilaria immitis in addition to Borrelia
burgdorferi, which facilitated the detection of other
major tick-borne pathogens in dogs.

Data analysis

The sample size of the cross-sectional study
was calculated using OpenEpi© version 2.3 (OpenEpi,
Atlanta, GA, US). The information gathered during this
study was entered into a Microsoft Excel® 2016
spreadsheet. A frequency table was used to calculate
the seroprevalence based on the age, breed, and gender
of the stray dogs at an estimated 95% confidence
interval. The data were then statistically analyzed using
the statistical package IBM SPSS Statistics (version
20). At a significance level of p 0.05, a Chi-square test
was used to establish the association among or between
proportions of the categories.

RESULTS
Serological diagnosis

Out of a total of 117 dog blood samples tested
for antibodies to Borrelia burgdorferi serum, 32
(27.4%) samples were found to be positive for
antibodies to the Borrelia species (Table 1). Based on
data analysis for gender, breed and age positive cases
included 13 male dogs (11.1%) and 19 female dogs
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(16.3%); the number of infected young dogs was 24
(20.5%), while adult dogs were only 8 (6.8%). The
local strain of the dog’s infection was 53.8%, compared
to other imported strains. Statistical analysis showed
significant differences among the total sampled
population (p < 0.05). A total of 73 (62.4%) dogs
examined were found to be infested with Ixodid ticks
of the species Rhipicephalus sanguineus.

Table 1: Age, breed, and gender-based incidence
of Borrelia burgdorferi in serum of stray dogs

< S z
=3 E’ & = § p-
D c\ Q o\ =
=2 = == -z value
@ o = 5]
« »
Age Adult 93.2109) 6.8 (8) 0.145
Young 795(93) 205(24) -
Gender Female 83.7(98) 16.3(19) 0.05
Male 88.8 (104) 11.2(13) -
Breed  Native 46.2 (54) 53.8(63) 0.137
Imported 53.8(63) 46.2(54) -

Findings of this study revealed sero-prevalence
of other pathogens as for Anaplasma, 20.2% for
Ehrlichia and 8% for Dirofilaria immitis (Table 2). All
the dogs in which Borrelia burgdorferi was detected
had co-infection with Anaplasma and 2 dogs were
carrying Anaplasma and Ehrlichia species and were
tick infested, none of them were positive for
Dirofilaria immitis (Table 2).

Table 2: Seroprevalence of co-infection of
Borrelia burgdorferi in stray dogs infected with
Anaplasma, Ehrlichia and Dirofilaria immitis

£ wo
S 9% s5¥¢
-3 =33 2%
Species +tve -ve X2 =2 9q -
—2 22 gq
g 25 =%
o - 5 !
D
Borrelia
. 85 32 274 9 23
burgdoferi
Anaplasma 99 18 154 1.4 (3) 6
Ehrlichia 106 11 94 1.7(5) 8
Dirofilaria 115 5 427 : :
immitis

Immune fluorescence Assay test compared
with ELISA test for their sensitivity and specificity of
Snap 4Dx test were almost 90-100% for another animal
Test (Chandrashekar, et al., 2008). This kit is
designed to detect the antibodies to the above listed
pathogens in dogs and cats. With this ELISA

32

serological test kit (SNAP 4Dx), the seroprevalence of
Borrelia burgdorferi and other major arthropod-borne
pathogens in dogs was determined using serum
samples obtained from stray dogs in Zagizag, Shargia.

DISCUSSION

Our study showed a significant high level of
Seroprevalence of Borrelia burgdorferi in stray dogs in
Zagazig, despite a report of the pathogen in humans
and the nature of the humidity, warm weather that are
conducive for the persistence and propagation of
arthropod vectors in the area. This may increase the
risk of transmission of some arthropod-borne diseases,
especially in local breeds and stray animals (Lee et al.,
2016; Ge et al., 1998). The high prevalence of Borrelia
species may possibly related to the fact that the
organism is one of the most common pathogens that
cause disease in dogs in an area (Kont et al., 2015;
Keysary et al., 1996). This result is lower compared to
other cases of Borelliosis in dogs in Cairo, Egypt
(Rehab, et al., 2014).

While mixed significant seroprevalence of
other major canine arthropod-borne pathogens
(Anaplasma, Ehrlichia and Dirofilaria immitis) have
been reported in dogs in Europe Burgdorfer and
Hayes, 1990) and in areas where such disease
pathogens are endemic ( Shaw, et al., 2001 ). Co-
infection with two and even three pathogens was
observed in three Borrelia burgdorferi positive stray
dogs (Table 2). A dog already infected with one
pathogen is likely to be more susceptible to infection
with another. Burgdorfer et al., (1982) found high co-
infection rates among canine arthropod-borne
haemopathogens such as Anaplasma and Ehrlichia,
which were commonly found in dogs in Asia. The
apparent low prevalence (1.6%) of Borrelia
burgdorferi may be attributed to the limited
distribution of this agent in the area ( Bhide, et al .,
2004). However, the low prevalence of Borrelia, a
major  tick-borne  pathogen, was unexpected
considering the seroprevalence reported in humans at
the University Hospital Zigzag, Shargia, Egypt (Tay, et
al., 2002). Additionally, the health implications may
actually be higher as some infected individuals go
undiagnosed (Shaw, et al., 2001).

Detection of IgG in the serum occurs within 4-
6 weeks and persists with high titers for several years
but IgM titers develop in the serum after infection With
Lyme disease 1-2 weeks ( Lee, et al ., 2016 and
Magnarelli, et al., 1990) That may be the reason why
Borrelia species were detected among older dogs, as
older stray dogs may be expected to have higher
prevalence of disease than their younger counterparts
due to the likelihood of contact to reservoir host or
exposure to tick vector, as antibodies to this organism
can persist for a longer period in infected individual (
Divers, et al., 2012).
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The limitations of this study included the
inability to determine whether the subject dogs had
seroconverted. This cannot be established whether the
positives cases are because of just exposure or active
infection and sometime cross reactivity may occur with
either member of the spirochaete family or we cannot
specify which strain of Borrelia is present. It may be
Borrelia but not necessarily the Borrelia burgdorferi
strain. Although, seasonal and regional factors may
play a greater role and affect young age hosts in terms
of infection with Borrelia species in most area.
Therefore, dog owners should practise ectoparasitic
control and be more vigilant when their animals are
outdoors especially in an endemic area.

CONCLUSION

Dogs in Shargia province were found to be
infested with a significant level of Borrelia burgdorferi
27.4% (32/117) for the first time. Infection incidence
was higher in young dogs than adults which may be an
indication that transplacental transmission may be
involved in infection spread especially related to higher
levels in females than males. Awareness of arthropod-
borne pathogens in dogs warrants instituting control
measures not only against the pathogens but also the
stray dog population that harbours these pathogens in
villages. Furthermore, a more extensive prevalence
study with a larger sample size should be carried out to

determine the geographical distribution of this
pathogen and its vector in the study area.
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