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ABSTRACT

dogs in Egypt.
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Canine Ehrlichiosis is a fatal tick-borne disease in dogs transmitted by brown tick called Ripicephallus Sanguinus.
Canine monocytic Ehrlichiosis is an intracellular gram-negative bacterial infection with 3 clinical phases: acute,
subclinical, and chronic. Clinically, the dog infected with Ehrlichia shows common symptoms as fever, sever
emaciation, off food, redness of conjunctiva. Here, blood samples were collected from 46 dogs (37 suspected with
Ehrlichia) and 9 cases normal control from 3 Governmental veterinary units and 3 private clinics (24 males and 22
females) in Egypt. Out of the 37 suspected cases, 15 were feverish, 7 were off food, 15 appeared emaciated, 15
showed thrombocytopenia, and one case had epistaxis and died within 72 hours. By Nested PCR for the 46 cases,
17 (37.0%) were positive, while, 22 (47.8%) cases showed morulae in the monocytes. Nested PCR is more
sensitive and accurate test confirming E. canis infection, however, blood smear testing could be used as a cheap,
rapid routine diagnosis for dogs infested with ticks. The current work is the second for the detection of E. canis 16S
RNA gene by Nested PCR in Egypt, further surveillance studies are still required to monitor E. canis infection in

1. INTRODUCTION

Canine Monocytic ehrlichiosis (CME) is a fatal tick-
borne disease worldwide. Canine ehrlichiosis has
emerged as one of the most important infectious diseases
affecting dogs (Moreira et al., 2003), infecting mainly
macrophages, monocytes and granulocytes (Jadhav et
al., 2011).

Canine Ehrlichiosis is transmitted by brown tick called
Rhipicephalus Sanguineus (Nazari et al 2013).
Following an incubation period of 8-20 days, Canine
Ehrlichiosis has three clinical phases; acute, subclinical,
and chronic phases. Dogs in acute phase respond rapidly to

treatment and show great improvement in symptoms but 2.

untreated dogs recover from acute phase after 2-4 weeks
to enter subclinical phase, which lasts from months to
years a showing healthy state but could infect another
dog. Chronic phase gives poor prognosis, not responding
to treatment, and characterized by high mortality rate due
to severe bleeding (Harrus and Waner, 2011).
Definitive  diagnosis is based on microscopic
examination of blood smears searching for morulae and
detection of DNA by Polymerase chain reaction (PCR).
Serological diagnosis fails to differentiate between
current infection and previous one or exposure without
establishment of infection (Allison and Little, 2013).

Polymerase chain reaction (PCR) is a sensitive method
of the detection of acute monocytic ehrlichiosis in dogs,
even before the onset of clinical signs. Moreover, it can
detect Ehrlichia canis (E. canis) before the development
of antibodies in the early stages of the disease and
identify new species using species-specific primers
(NAKAGHI et al., 2008).

Therefore, this study was undertaken to detect E. canis
DNA from blood samples of dogs by nested PCR and
blood smear rapid testing aiming for early and rapid
diagnosis of canine monocytic ehrlichiosis.

MATERIALS AND METHODS Blood samples

Blood samples were collected twice from 46 dogs (37
suspected having ehrlichiosis and 9 control apparently
normal dogs) from 3 private and 3 governmental
veterinary clinics in Egypt. Selection was random based
on the willingness of the owners to have blood sample
from their dogs. A questionnaire was filled at the
sampling site in order to gather data (age, sex, breed,
body temperature, mucous membrane status, the
presence of haematuria, off food and tick infestation) and
to report risk factor(s) associated with the prevalence of E.
canis DNA in dogs, if any. The body of each dog, with
special attention to the ears, was examined for the
presence of ticks. Peripheral blood smears were made
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and stained with Giemsa stain for
examination (Vaden et al., 2009).

microscopic

Polymerase chain reaction (PCR)
Whole blood samples were collected in tubes with

EDTA for DNA isolation, stored at 4°C in ice box until
transferred to laboratory (Selim et al., 2020). Genomic
DNA was extracted with Quick-gDNA Blood Mini Kit
(ZYMO RESEARCH), according to the manufacturer’s
recommendations. The Ehrlichia genus amplification
was performed using ECC (5’-
GAACGAACGCTGGCGGCAAGC-3") and ECB (5’-
CGTATTACCGCGGCTGCTGGCA - 3’) primers, and
HE3 (5-TATAGGTACCGTCATTATCTTCCCTAT -
3) and ECAN (5-
CAATTATTTATAGCCTCTGGCTATAGGA-3’)

primers were used to amplify the E. canis 16S rRNA
gene (Gal et al.,, 2008; Inokuma et al., 2003;and
Inokuma et al., 2001). Nested PCR was carried out in a
thermal cycling procedure was; 1 cycle of 1 minute at

94°C, 30 cycles of 1 minute at 94°C, 2 minute at 65°C, 2

minutes at 720C, and final cycle of 5 minutes at 72°C
(Nazari et al 2013). The amplification products were
visualized on a 2% agarose gel after electrophoretic
migration at 100 voltages.

3. RESULTS

Out of the 46 dogs, 37 was suspected and 9 control dogs,
24 (52.2%) were males and 22 (47.8%) females with
mean age 1.75+1.31 vyears old. Twenty-two cases
(47.8%) were Balady (mixed breed), 9 (19.6%) German
Shepard, 6 (13%) Wolf, 4 (8.7%) Golden Retriever, 3
(6.5%) Husky,1 (2.2%) Mastive and 1 (2.2%) boxer. Out
of the 46 dogs, 35 (76.1%) were infested with ticks
(Table 1).

The 37 suspected cases showed at least one symptom at
the time of examination. They showed different
manifestations of the disease as fever in 15 cases
(32.6%), emaciation in 15 cases (32.6%), off food in 7
cases (15.2%), thrombocytopenia in 15 cases (32.6%).
The 9 (19.6%) control dogs showed no symptoms and
where clinically normal (Table 1). By microscopic
examination of the blood smears for all dogs, 22/46
(47.8%) were positive for Ehrlichia canis morulae; 11
males (50%), 11 females (50%), while, 24/46 were
negative (52.2%); 13 males (54.2 %), and 11 females
(45.8%) as shown in Table 1 and figure 1. The mean age
of positive cases was 1.69+1.31 years as compared to
mean age of negative cases of 1.79+1.33 years.
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Figure 1: Total number of dogs, gender, dogs with
morulae, PCR positive dogs and cases showing
clinical manifestations.

For positive blood smear cases; the majority were Balady
mixed breed; 12 cases (54.5%), 6 German Shepherd
(27.3%), 2 Golden retrievers (9.1%), 1 Husky (4.55%)
and 1 Wolf (4.55%). Out of those positive cases, 20 dogs
(90.9%) were tick-infested and two dogs were not (9.1%).
One of the asymptomatic dogs was a Balady one and was
blood smear positive (Table 1).

Regarding the clinical manifestations of the positive
blood smear cases, 21 (95.5%) dogs showed symptoms
of fever, emaciation, off food and thrombocytopenia.

For negative blood smear cases, the majority were
Balady mixed breed; 10 cases (41.7%), 3 German
Shepherd (12.5%), 5 Wolf (20.8%), 2 Golden retrievers
(8.3%), 2 Husky (8.3%), 1 Mastive (4.2%) and 1 Boxer
(4.2%). Also, 15 dogs (62.5%) were tick-infested and
9 dogs were negative for ticks (37.5%). The negative
blood smear cases showed clinical symptoms in 16 dogs
(66.7%) and 8 asymptomatic cases were negative as well.

By comparing blood smear positive and negative cases,
there was statistically significant difference between
symptomatic cases and asymptomatic cases (P-value
0.021) as well astick infestation (P-value 0.025) (Table
1).

By PCR amplification, 398 bp fragment from 16S rRNA
gene of E. canis, was detected in 17 (37%) cases. There
were statistically significant differences between the
PCR positive and negative groups (P-value <0.05)
specially in the presence of fever and symptomatic and
asymptomatic cases. One asymptomatic case was PCR
positive and was tick infested as well (Table 1).

E. canis 16S rRNA gene was detected in 7 males
(41.2%) and 10 females (58.8 %). The majority were
Balady dogs (n=7; 41.2%), 4 German shepherd (23.5%),
3 Husky (17.6%), 2 Golden retriever (11.8%) and 1 wolf
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(5.9%). Fifty percentage of the PCR positive cases were
morula negative, while only 38% of the morula positive

cases were PCR positive.

Tick infestation was detected in 76.1% of all dogs with
higher percentage in the symptomatic cases (91.9%) as

compared to the control asymptomatic cases (11.1%).

Table (1): Collective results for all samples for the blood smear and PCR in relation to number of cases, gender,

Character/test No. (%) | Morula +ve | Morula-ve | PCR +ve PCR -ve | Symptomatic No. | Asymptomatic No.
No. (%) No. (%) No. (%) No. (%) (%) (%)
Total No. (%) 46 (100) | 22 (47.8) 24 (52.2) 17 (37) 29 (63) 37 (80.4) 9 (19.6)
Mean Age (Years) 1.7541.31| 1.69+1.31 | 1.79+1.33 |2.011+1.377 | 1.59+1.264 1.84+1.388 1.33+0.849
Gender
Male 24 (52.2) 11 (50) 13 (54.2) 7 (41.2) 17 (58.6) 16 (43.2) 8 (88.9)
Female 22 (47.8) 11 (50) 11 (45.8) 10 (58.8) 12 (41.4) 21 (56.8) 1(11.1)
Breed
German shepherd 9 (19.6) 6 (27.3) 3 (12.5) 4 (23.5) 5 (17.2) 9 (24.3) 0
Husky 3 (6.5) 1 (4.55) 2 (8.3) 3 (17.6) 0 3(8.1) 0
Golden retriever 4(8.7) 2(9.1) 2(8.3) 2(11.8) 2 (6.9) 4 (10.8) 0
Balady 22 (47.8) | 12 (54.5) 10 (41.7) 7 (41.2) 15 (51.7) 20 (54.1) 2(22.2)
Wolf 6 (13) 1 (4.55) 5 (20.8) 1(5.9) 5 (17.2) 1(2.7) 5 (55.6)
BX 1(2.2) 0 1(4.2) 0 1(3.5) 0 1(11.1)
MS 1(2.2) 0 1(4.2) 0 1(3.5) 0 1(11.1)
Clinical Manifestations
Symptomatic 37(80.4) | 21(95.5) 16 (66.7) 16 (94.1) 21 (72.4) + -
Fever 15(32.6) | 9(40.9) 6 (25) 9 (52.9)* 6 (20.7)* + -
Emaciation 15(32.6) | 8(36.4) 7 (29.2) 8(47.1) 7(24.1) + -
Off Food 7 (15.2) 4 (18.2) 3 (12.5) 3(17.6) 4 (13.8) + -
Thrombocytopenia 15 (32.6) 8 (36.4) 7 (29.2) 7 (41.2) 8 (27.6) + -
Asymptomatic 9 (19.6) 1(4.5)* 8 (33.3)* 1(5.9)* 8 (27.6)* - -
Ticks
Positive 35(76.1) | 20(90.9) 15 (62.5)* 14 (82.4) 21 (72.4) 34 (91.9) 1(11.1)
Negative 11 (23.9) 2(9.1) 9 (37.5)* 3 (17.6) 8 (27.6) 3(8.1) 8 (88.9)

age, breed, clinical manifestations and tick infestation.
*There is a statistically significant difference between the 2 groups (P-value < 0.05).

Table (2): Comparison between blood smear and PCR results in relation to gender, breed, clinical
manifestations and tick infestation.

Blood Smear -ve Blood Smear +ve Blood Smear +ve Blood Smear -ve
Character/test /PCR -ve No (%) / PCR +veNo (%) /PCR -ve No (%) /PCR +ve No (%)
No. 8 8 13 8
Mean Age (Years) 1.8+1.32 2.0+1.48 1.5+1.26 2.2+1.46
Gender
Male 3(37.5) 3(37.5) 7 (53.8) 3(37.5)
Female 5 (62.5) 5 (62.5) 6 (46.2) 5 (62.5)
Breed
German shepherd 2 (25) 3(37.5) 3(23.1) 1(12.5)
Husky 0 1(12.5) 0 2 (25)
Golden retriever 1(12.5) 1(12.5) 1(7.7) 1(12.5)
Balady 5 (62.5) 2 (25) 9 (69.2) 4 (50)
Wolf 0 1(12.5) 0 0
Clinical Manifestations
Fever 2 (25) 5 (62.5) 4 (30.8) 4 (50)
Emaciation 2 (25) 3(37.5) 5 (38.5) 5 (62.5)
Off Food 2 (25) 2 (25) 2 (15.4) 1(12.5)
Thrombocytopenia 3(37.5) 3(37.5) 5 (38.5) 4 (50)
Ticks
Positive 7 (87.5) 7 (87.5) 13 (100) 7 (87.5)
Negative 1(12.5) 1(12.5) 0 1(12.5)
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DISCUSSION

E. canis has been detected and reported in dogs from
many parts of the world (Harrus et al., 2011; Rani et
al.,, 2011; Sasaki et al., 2012; Ybafiez et al., 2012;
Nazari et al., 2013; Aktas et al., 2015; Inpankaew et
al., 2016; Abdelfattah et al., 2019).

In the present study, E. canis was successfully detected
using nested PCR technique and this represents the
second molecular detection of this pathogen in Egypt
where the first was reported by Selim et al., (2020).

The results of the present study showed that PCR is more
sensitive than routine microscopic examination of blood
smear in the detection of early infection as reported
earlier by Lakshmanan et al., (2007). These results agree
with Derakhshandeh et al., (2017) who found it difficult
to detect morulae through microscopic examination as
they found it in only 4% of their analysed cases, while in
our study more than 40% of the cases were morulae
positive.

There are variations between different studies mainly in
seasonality, breeds, age, diagnostic methods and
geographical areas (Milanjeet et al., 2014).

Here, the common prevalence was detected in dogs from
1.3 -2 years old, true positive for the presence of morulae
and positive for PCR, which is consistent with several
studies stating that the older the dog the greater the
probability of exposure to infection (Pinter et al., 2008;
Vieira et al., 2013).

The high prevalence was detected in German Shepard
(37.5%) as shown in Table 2 similar to that reported by
Abdelfattah et al., (2019) who showed that 23.5% of the
dogs were German shepherded. Balady breed showed
25% prevalence of infection positive for the presence of
morulae and positive for PCR similar to results by
Derakhshandeh et al., (2017). Presence of ticks could
be a proof for E. canis infection, especially with the
mixed breeds (balady) where they are not exposed to
medical treatment or attention as with pure breeds. This
managemental factor may explain why pure breeds could
be protected against E. canis as most infections were in
mixed breed exposed to ticks (Alexander et al.,2016), in
contrast to Harus et al., (2004) where the prevalence
rates were low in both clinic cases and stray dogs.
Further, the highest prevalence of E. canis was detected
in stray dogs while the lowest were observed in
Labradors (Salem et al., 2013; Malik et al., 2018).

Ehrlichia species multiply in the blood cells and form
intracytoplasmic microcolonies called morulae during the
acute phase of infection (Mcquiston et al., 2003). Some
studies have found higher seropositivity in males, but this
may be explained by a higher exposure to vectors than
females, due to behavioral characteristics (Costa et al.,
2007).

In the study of Derakhshandeh et al., (2017), canine

ehrlichiosis was observed only in female dogs, which
agrees with our study as the number of symptomatic and
positively infected females was higher than males as
reported by Milanjeet et al., (2014), while, in contrast to
Solano-Gallego et al., (2006) and Maazi et al., (2013)
findings. The reasons for such low detection rates in
males require excessive investigation, however, it is
important to consider that subclinical and chronic
Ehrlichial infections are not as readily diagnosed as acute
infections when canine blood is used for the detection of
E. canis. Therefore, ideally, PCR using both blood and
splenic aspirates should be considered to overcome this
limitation. Thus, as found here 8 PCR positive samples
were blood smear negative indicating that PCR could
detect early infection before clinical symptoms as shown
in Table 2.

With PCR negative samples (13 samples) despite their
blood smears were positive for the presence of morulae
as shown in Table 2, it may possibly indicate infection
with some closely related pathogens such as Ehrlichia
ewingii, Ehrlichia chaffeensis, Anaplasma
phagocytophilum and Neorickettsia risticii, which were
shown to cause the same clinical and haematological
manifestations in dogs as E. canis (Mojgan et al., 2013).

There were 8 dogs negative in both PCR and blood
smear indicating freedom from E. canis infection. Other
8 dogs were positive in both test, which indicates a good
correlation for selection criterion of dogs in relation to
their clinical manifestation and data recorded from
owners. Further, this also implies that PCR is more
accurate for detecting E. canis (Breitschwerdt et al.,
1998; Sainz et al., 2015).

There was no significance between seasons in Egypt for
the detection of E. canis, although Mosallanejad et al.,
(2010) reported a highest prevalence in summer. Ticks
became more adaptive due to global climatic changes
(Leschnik et al., 2008), and the dynamics of tick
prevalence depends on such climatic conditions followed
by changes in seasonal patterns (Friedhoff, 1988). In
Egypt, the weather is warm throughout the year, which
may have an impact on the pattern of tick prevalence in
Egypt. Here, tick infestation was detected in 35/46
(71.4%) dogs indicating a high susceptibility to infection
with not only E. canis but also any other tick-born
infections. Further, E. canis was detected in 87.5% of the
tick-infested dogs from cases positive morulae and
positive PCR (Table 2) indicating a direct correlation
between infection and tick detection (Costa et al., 1973;
Botros et at., 1995; Neer et al., 2002; Khazeni et al.,
2014 and Stich et al., 2014). Moreover, coinfection must
be considered as may be the presence of morulae could
be due to infection(s) other than E. canis (Rojaset al.,
2014; Wei et al., 2014).

The prevalence of E. canis varied significantly (P <
0.001) between three sampling sites from Pakistan in
2018 as reported by Malik et al., (2018) that can be due
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to different

climatic conditions that affects the

prevalence of ticks and hence E. canis prevalence. These
variation in the prevalence of E. canis could be due to
many factors including the distribution and population
density of the vector (Otranto et al. 2011), the sampling
methodology and the characteristics of the targeted dog
population (Gomes et al. 2010; De Miranda et al.
2014). These results indicate that E. canis is prevalent in
dogs in Egypt. Dogs infested with ticks with fever,
emaciation, off food should be diagnosed and treated as
soon as possible to avoid entering in subclinical or
chronic phase, as it is a fatal disease. Further accurate
and wider surveillance studies are required to understand
the prevalence of E. canis and other infections in
companion animals to be able to develop control and
preventive strategies.
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