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1. Introduction 

Ehrlichia is one of the rickettsia belonging to the 

Anaplasmataceae family (1). Ehrlichia canis is a 

pathogen considered a zoonotic disease in animals and 

significantly affects the public health of both dogs and 

breeders (2). The disease was also known as canine 

monocytic ehrlichiosis, a tropical and non-tropical 

disease caused by an intracellular pathogen (3, 4). 

Ehrlichia contains many species, such as E. canis, E. 

muris–like, E. ewingii, and E. chaffeensis (5, 

6). Clinical signs of ehrlichiosis in dogs include fever, 

pale mucous, lethargy, epistaxis with thrombocytopenia 

and petechiae, hepato-splenomegaly, 

lymphadonmegaly, and neurological signs (7). The 

seroprevalence of E. canis varies from 33.1% to 74.3% 

in some areas of Mexico (5, 6). Ehrlichia canis is 

spread transstadially by ticks; Rhipicephalussanguineus 

is one of the dogs' most important transmission carriers. 

Also, all stages of the tick can transmit the infection, 

usually after the adult tick and nymph are separated 

from the infected host (8).  

The blood smear is often used to diagnose 

ehrlichiosis, especially in the early stages, but it is not 

very sensitive and requires experience. On the other 
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Abstract 

Ehrlichia canis is a pathogen considered a disease in both dogs and breeders, a tropical and non-tropical disease 

caused by an intracellular pathogen. For the first time, the study aimed at hematological and molecular detection 

and phylogenetic analysis of Erlchcia canis in dogs in Baghdad, Iraq. Two hundred dogs were clinically 

examined from April to September 2019 at the Veterinary Hospital in Baghdad. Blood samples with EDTA 

tubes were used for microscopic examination, complete blood count (CBC) and polymerase chain reaction 

(PCR). The study's results revealed that the infection rate was 3.5% when analyzed using microscopic or 

molecular methods. Ataxia, posterior recumbency, and occasionally vision problems were identified as the 

clinical characteristics that were distinguished in this study. The hematological values showed no significant 

differences between infected and uninfected dogs (P<0.05). However, the study did show that infected dogs had 

neutrophilia and monocytosis. Four samples were sent to the sequencers, and NCBI accession numbers were 

assigned to two isolates of the Ehrlichia canis 16s rRNA gene (MN227483.1 and MN227484.1). This study 

showed that 99% of the isolates matched those found in other countries. The study concluded that microscopic 

examination is not the best method for diagnosing Ehrlichia in dogs because it requires the ability to 

differentiate microscopically between intracellular inclusion bodies and the included morula of Ehrlichia and 

may produce incorrect results. Instead, molecular tests are used to confirm an Ehrlichia diagnosis.  
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hand, the polymerase chain reaction is one of the most 

sensitive and accurate tests for diagnosing ehrlichiosis 

in all clinical phases (9, 10). There are a number of 

molecular studies that have studied tick-borne diseases 

in Iraq (11-13), but there is still an insufficient amount 

of research on Ehrlichia canis as well as other 

Ehrlichia species in a number of geographical areas, 

including Iraq. The study aimed to investigate the 

prevalence, molecular detection, and phylogenetic 

analysis of Erlchcia canis in dogs in Baghdad, Iraq, and 

to detect haematological and clinical changes linked to 

canine ehrlichiosis.  

2. Materials and Methods 

2.1. Samples Collection, Clinical and Hematological 

Examinations 

Two hundred dogs were clinically examined 

(temperature, pulse, and respiratory rate), and other 

clinical signs were evaluated from April to September 

2019 at the Veterinary Hospital in Baghdad. The study 

included 122 males and 78 females, including 106 dogs 

aged three years or less and 94 dogs aged three years or 

more. 114 German Shepherds, 46 Malinois, seven 

huskies, 12 crossbreds, six terriers, four Rottweilers, 

two Boo-dogs, two Pekingese, two Lolo foxes, two 

Labrador retrievers, two Sheep-dogs, and one Husher-

dog were the dog breeds included in the survey. Two 

mL of blood taken directly from the cephalic vein and 

put in EDTA tubes were used to do a blood smear with 

Giemsa stain and microscopic examination, as well as a 

complete blood count (CBC). After the haematological 

assays were completed, DNA extraction and 

polymerase chain reaction (PCR) was performed on the 

blood. 

2.2. Molecular Diagnosis 

2.2.1. DNA Extraction 

From 200 μl of EDTA blood, DNA was isolated 

using a genomic DNA isolation kit (Promega, USA). 

An agarose gel (1.5%) was loaded with RedSafe 

nucleic dye (iNtRON, Korea), and template DNA was 

evaluated using the NanoDrop system (Thermo 

Scientific, USA). DNA purity at 260/280 nm ratios 

varied from 1.7 to 1.9. 

2.2.2. PCR Test 

The forward primer EC9 (5-

TACCTTGTTACGACTT-3) and reverse primer EC12 

(5-TGATCCTGGCTCAGAACGAACGAACG-3) 

developed by Badawi and Yousif (14) were used to 

amplify a fragment of the Ehrlichia canis 16S rRNA 

gene of about 1400-bp. The master mix (12.5 μL) 

(Promega, USA) contains Taq DNA polymerase (50 

units/mL), MgCl2 (3 mM), each dNTP (400 μM), each 

primer (1 μL) with concentration (10 pmol), template 

DNA (3 μL), and nuclease-free water (8.5 μL) for a 

total volume of 25 μL for the PCR reaction. The 

thermal cycling protocol was used after estimating the 

annealing temperature using the (ThermoFisher 

Scientific website, Tm Calculator): initial denaturation 

(94°C for 5 minutes), 40 cycles of denaturation (94°C 

for 40 seconds), annealing (51.5°C for 40 seconds), 

extension (72°C for 30 seconds), final extension (72°C 

for 5 minutes), and holding (4°C for 10 minutes). PCR 

electrophoresis (Bio Basic, Canada) and agarose gel 

(1.5 %) with RedSafe nucleic dye (Bio Basic, Canada) 

were used to identify PCR results and visualize them 

under UV light. 

2.3. Sequencing 

The forward primer EC9 was used to sequence the 

PCR products submitted to Macrogen, Korea. The 

sequences were then compared to other 16S rRNA 

genes of E. canis sequences using the BLAST of 

NCBI data on the website 

(http://www.ncbi.nlm.nih.gov/BLAST/). The 

Phylogenetic Tree and Multiple Sequence Alignment 

analyses were done with the help of the Molecular 

Evolutionary Genetics Analysis (MEGA) 6.0 

software. 

2.4. Statistical Analysis 

The SPSS programme version 20 was used for 

statistical analysis, and Analysis of Variance 

(ANOVA) at level (P<0.05) was used to estimate 

significant differences.  



Mohammed Badawi et al / Archives of Razi Institute, Vol. 77, No. 6 (2022) 2431-2437  

 

 

 

2433 

3. Results 

3.1. The Clinical Examination and Hematological 

Study 

The results of clinical and hematological 

examinations revealed that 7 of the 200 dogs studied 

were infected with Ehrlichia canis. This means that 

3.5% of the dogs were infected. The most significant 

clinical signs were prolonged inappetence, a body 

temperature between 38.5 and 39.6 °C, vomiting, and 

dehydration. The initial neurological clinical signs were 

ataxia and posterior recumbency. Two of the dogs lost 

much weight after being infected for months without 

treatment, lay on their sides at the end of the disease, 

showed signs of nervousness like lack of attention, 

tremors, and shifting their legs, affected one eye with 

uveitis, and died of respiratory failure (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

  

 

Examination of infected dogs' blood smears revealed 

that the Ehrlichia canis morulae were spherical and 

inside the neutrophils (Figure 2). Many Ehrlichia canis 

extracellular morulae spread along the microscopic 

field outside the white cells that can phagocyte them in 

severe or late-stage infections (Figure 3). The main 

hemogram values reveal a non-significant difference 

(P>0.05) in the (Table 1) of blood values: Red Blood 

Cells (RBC), Hemoglobin (Hb), Hematocrit (HCT), 

Mean Corpuscular Volume (MCV), Mean Corpuscular 

Hemoglobin (MCH) and Mean Corpuscular  

 

Hemoglobin Concentration (MCHC). There was no 

significant difference (P>0.05) in the total white blood 

cell (WBC) and differential white blood cell counts. 

However, there were no significant differences 

(P>0.05) between Ehrlichia canis infected and non-

infected dogs, there was an apparent non-significant 

increase (P>0.05) in the Mean+SE of neutrophils at 

75+2.45 and 69.26+0.99, and monocytes at 4.57+2.37 

and 2.59+0.27 of infected and non-infected dogs, 

respectively. 

3.2. Molecular Detection of Ehrlichia canis by 16S 

rRNA 

The PCR test revealed that seven of the 200 dogs were 

affected (3.5%). A specific primer for Ehrlichia canis in 

PCR was used to confirm blood smear staining. Figure 4 

shows the loading of the products of the 16rRNA gene in 

the agarose medium (1400bp). The affected dogs ranged 

in age from one to five years old in five cases, with two 

dogs aged six and eight. Five German Shepherds and two 

Malinois, four females and three males were also among 

the dogs affected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Dogs with Ehrlichia canis infection suffered from 

severe emaciation, recumbency, and neurological signs 
 

Figure 2. Ehrlichia morulae with neutrophil, Giemsa stain, 

under a light microscope (100×) 

 

Figure 3. Extracellular morulae of dogs with Ehrlichia canis 

infection, Giemsa stain, under a light microscope (100×) 
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Table 1. The hematological values of infected and non-infected dogs with Ehrlichia canis were compared (Mean+SE) 

 

Tests 
Infected 

(n=7) 
Non- infected   (n=193) 

RBC 

(×106/μ L) 

4.54-7.32 

(6.17+0.35)A 

4.07-8.84 

(5.99+0.08)A 

Hb (g/dl) 
10.40-17 

(14.77+0.83)A 

8.1-19.7 

(14.3+0.2)A 

HCT (%) 
30.50-51.78 

(43.74+2.78)A 

24.56-61.69 

(42.14+0.61)A 

MCV (fl) 
67-76 

(70.57+1.23)A 

60-80 

(70.34+0.24)A 

MCH (pg) 
21.3-27.7 

(24.01+0.77)A 

 

19.3-30.8 

(23.92+0.13)A 

 
MCHC (g/dl) 

31.3-37.8 

(33.88+0.75)A 

27.9-43.5 

(33.99+0.13)A 

WBC 
6.27-17.5 

(10.14+1.48)A 

4.9-22.5 

(10.91+0.42)A 

Lymphocytes % 
8-28 

(15+3.12)A 

8-64 

(22.67+0.92) A 

Neutrophils % 
66-83 

(75+2.45)A 

28-88 

(69.26+0.99)A 

Monocytes % 
0-16 

(4.57+2.37)A 

 

0-25 

(2.59+0.27)A 

 
Eosinophils % 

0-16 

(5.43+1.98)A 

0-24 

(5.47+0.44)A 

Basophils % 
0 

A 

0-1 

(0.01+0.006)A 

Platelets 

(×103/ μ L) 

279-378 

(328+13.84)A 

 

202-654 

(343+7.78)A 

  

The differences in capital letters horizontally refer to significant differences at (P<0.05) 

 
Figure 4. Ehrlichia canis PCR amplicons of 16S rRNA gene, 7 positive dogs at 1400bp EC9 and EC12 primers (Agarose 1.5% with safe 

red stain), DNA ladder in the first lane, 100 bp 
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3.3. DNA Sequencing 

The nucleotide sequences of the four samples were 

sent to Korea Macrogene, and the NCBI database was 

used to confirm that Ehrlichia canis was present by 

comparing the sequence results to other sequences. The 

results of phylogenetic analysis are shown in the 

phylogenetic tree (Figure 5), which shows that these 

four isolates are in two different groups, or "clades." In 

the first sister clade, isolate A5 was an exact match for 

isolate A21. Furthermore, second sister clade isolates 

A52 and A53 were 100% similar and Chinese isolate 

CP025749.1, although the similarity between these two 

clades was 99%. All of the isolates in this study were 

99% matched to isolates from other countries. For 

documentation, two isolates, A5 and A21, were 

registered in the NCBI Gene Bank. The accession 

numbers MN227483.1 and MN227484.1 were assigned 

to them, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

Canine ehrlichiosis is usually caused by the rickettsia 

Ehrlichia canis and transmitted by a brown dog tick 

infected with the Ehrlichia canis. Several of the dogs in 

this research showed clinical signs of a slight 

temperature increase, a lack of appetite, vomiting, and 

dehydration. These signs are common for a wide range 

of illnesses, making it challenging to identify a specific 

disease from them. Malik, Qamar (15) observed these 

signs, noting that blood tests are required for a 

thorough diagnosis, which most cases are considered 

subclinical, and that unique signs appear in the 

advanced stages of the disease (16). The current study 

indicates that some of the most important signs for a 

dog with canine ehrlichiosis are lying down, its back 

legs being weak or partially paralyzed, and having 

trouble seeing. Canine ehrlichiosis causes ataxia, limb 

paralysis, and other neurological symptoms due to a 

brain lesion that includes T2-hyperintense and punctate 

in the spinal cord and brain (15). Dogs with E. canis 

have been reported to have neurological and 

ophthalmological abnormalities (17). Parashar, Sudan 

(18) showed that the different ocular signs might reach 

43.47% in 46 dogs that were confirmed to be infected 

with Ehrlichia canis. 

Although red blood cells and platelets did not change 

significantly between infected and uninfected dogs, 

neutrophils and monocytes showed non-significant 

increases. In contrast, another study indicated that dogs 

with E. canis infection had more eosinophils and fewer 

PCV and platelets (19). Other investigations found a 

decrease in white blood cells, red blood cells, 

hemoglobin, and platelets, with no difference in the 

differential count of white blood cells between infected 

and uninfected dogs (18, 20). 

The study found the infection rate to be 3.5%, which 

is close to what has been reported elsewhere in the 

world. The prevalence rate of Ehrlichia canis infection 

was 2% in a study of 500 dogs in Malaysia (21). While 

in another study, after analyzing three distinct regions 

in Pakistan, it was discovered that there was a very high 

infection incidence of canine ehrlichiosis, 28% (22). 

Infection rates were affected by a number of things, 

like geographic region and season, as well as the type 

and method of diagnosis.  

The study found that the genetic profile of Ehrlichia 

canis, which was detected in Iraq, had a high level of 

similarity, with a limit of 99%, with some worldwide 

isolates. One of these isolates had about 1433bp of the 

16S rRNA gene of Ehrlichia canis in the blood of the 

dogs and was identical to Iraq isolates with the 

 
Figure 5. The phylogenetic tree of Ehrlichia canis isolates 

from Iraq and other countries 
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accession number (KR920044.1) from Malaysia (23). 

Also, a Taiwanese isolate (GU810149.1) was similar to 

the isolates of this study. Using a whole genome blood 

extraction method, 1620bp of the same gene for 

Ehrlichia canis was found in the blood of dogs from 

Taiwan (24). 

Also, one study from India found that using 

doxycycline reduced the severity of canine ehrlichiosis 

and its pathogenicity (25), with this study showing 

genetic similarity to current isolates from Iraq and 

recording 1478bp of the 16S rRNA of Ehrlichia canis 

in NCBI under accession number (JX861392.1) (which 

is not the case in Iraq, where the use of doxycycline has 

gone down, and there is a decline in the diagnostic tools 

for canine ehrlichiosis in veterinary clinics in Iraq). 

Several global isolates with genetic affinity to Iraq 

isolates were fixed in dogs, including Turkish isolate 

(KY594915.1) with 1380bp of the 16S rRNA gene of 

Ehrlichia canis, Japanese isolate (AB723707.1) with 

1369bp of the 16S rRNA gene of Ehrlichia canis in 

cats of the same gene, and Chinese isolate 

(CP025749.1) in dogs. All of these global isolates were 

taken from whole blood for PCR, which was confirmed 

as the best way to determine if Ehrlichia infection 

occurred.  

According to the study, this was the first molecular 

detection of Ehrlichia canis in Iraq. Neurological 

symptoms and posterior recumbency are identifying 

characteristics of canine ehrlichiosis. The study 

concluded that microscopic examination is not the best 

method for diagnosing Ehrlichia in dogs because it 

requires the ability to differentiate microscopically 

between intracellular inclusion bodies and the included 

morula of Ehrlichia and may produce incorrect results. 

Instead, molecular tests are used to confirm an 

Ehrlichia diagnosis.  
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