Study of haematological and biochemical
alterations in clinical cases of canine
ehrlichiosis to understand the clinical picture of
the disease

ABSTRACT

Aims: To study the effect of Ehrlichia canis infection on various haematological and
biochemical parameters as compared to the normal healthy animals in order to understand
the disease in dogs.

Study design: Dogs who comes to the veterinary hospital with symptoms of ehrlichiosis
were included in the study. Haematological and biochemical parameters of dogs found
positive for ehrlichiosis were analysed. The values of these parameters were subsequently
compared to healthy animals in order to identify any significant difference caused by
ehrlichiosis.

Place and Duration of Study: The studied was conducted at Department of Veterinary
Medicine, Veterinary University Mathura, India. The investigation involved collecting samples
from February 2023 to March 2024.

Methodology: 119 dogs infected with Ehrlichia canis were studied for changes in
biochemical parameters like blood urea nitrogen, creatinine, alkaline phosphatase, alanine
transaminase, aspartate amino transferase, total leucocyte count, total erythrocyte count,
haemoglobin, haematocrit, erythrocyte indices (MCV, MCH, MCHC), differential leucocyte
count, platelet count and platelet indices (MPV, PDW, PCT). Student's t-test in Graphpad
Prism was used to compare these values to healthy animals.

Results: The study confirms that ehrlichiosis leads to significant haematological and
biochemical changes in dogs. Infected dogs have lower Hb, TEC, and PCV than healthy
animals, indicating anaemia. Thrombocytopenia and leukopenia were also observed in the
infected animals. Non-significant differences in MCV, MCH, and MCHC between healthy and
infected dogs indicate normocytic, normochromic anaemia. Anisocytosis is indicated by
significant RDW-CV increases in infected dogs compared to healthy dogs. Increased liver-
specific enzymes like ALT, AST, and ALP and kidney-related enzymes like BUN and CRT
suggest hepatic and renal involvement in disease pathophysiology.

Conclusion: The results indicate that clinicians can use standard haematological and
biochemical markers obtained upon admission of diseased animals to predict and assess
the risk of ehrlichiosis. These findings can be utilized to improve the diagnosis and treatment
of canine ehrlichiosis.
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1. INTRODUCTION

Canine ehrlichiosis is an infectious tick borne disease of dogs caused by Ehrlichia,
belonging to the family Ehrlichiaceae. Ehrlichia spp. is gram-negative bacteria that are
intracellular pathogens and have a particular preference for hematopoietic cells. E. canis is
responsible for tropical canine pancytopenia, which is characterized by a sudden decrease
in many cellular components of the blood, most commonly known as pancytopenia and




thrombocytopenia [1]. In tropical and subtropical regions like India, ehrlichiosis is mainly
caused by E. canis [2].

Ehrlichiosis was first reported in Algeria, North Africa in 1935 [3]. Its historical
significance was recognised in the 1970s during the Vietnam War, when a significant
number of military German shepherd dogs succumbed to the disease [4]. The geographical
distribution of canine ehrlichiosis is determined by the presence of tick vectors,
Rhipicephalus sanguineus, which is a worldwide carrier of E. canis. R. sanguineus is a
widely distributed tick species that is commonly seen on dogs and is known to transmit
infections to both dogs and humans [5,40,41,42].

The size of individual Ehrlichia organisms in the blood is approximately one um, and
they often have a coccoid or ellipsoid form. Within the canine body, these microorganisms
are engulfed by phagosomes and undergo replication through binary fission, resulting in the
formation of densely packed clusters of elementary bodies. The host cell rupture liberates
the elementary entities, which then proceed to infect other cells [6]. The presence of infected
cells in the bloodstream can lead to the development of vasculitis, the creation of blood clots,
and ultimately result in pancytopenia and thrombocytopenia. Leukocytes and erythrocytes
may get destroyed, results in clinical leukopenia and anaemia, respectively.

Ehrlichiosis is characterised by three distinct clinical phases: acute, subclinical, and
chronic. The acute phase commences with symptoms such as elevated body temperature,
discharge from the eyes and nose, lack of appetite, reduction in body weight, difficulty in
breathing, and swelling of the lymph nodes. Thrombocytopenia, leukopenia, and anaemia
may persist during the subclinical period. While during the chronic phase, depression, a
gradual loss of body weight, pale appearance of the mucous membranes, pain in the
abdomen region, bleeding, enlargement of lymph nodes, increased levels of globin in the
blood, enlargement of the spleen, difficulty in breathing, enlargement of the liver,
irregularities in the pulse, excessive urination, and excessive thirst are seen [7]. The
prognosis of dogs with the chronic severe form of ehrlichiosis is grave [8]. Pronounced
pancytopenia and reduced platelet concentration are most important risk factor for mortality
in ehrlichiosis [9]. However, the symptoms of the disease are mostly non-specific similar to
other common diseases of dogs such as hepatozoonosis, babesiosis and anaplasmosis.

The primary target organs of this bacterium include the bone marrow, spleen, and
lymph nodes; however, it also impacts other internal organs such as the liver, kidney, and
lungs [10]. Renal failure may be one of the severe irreparable complications in ehrlichiosis,
therefore, needs early diagnosis. In veterinary clinical practice, serum urea and creatinine
concentrations are widely used as endogenous markers for evaluating renal function in dogs
[11]. Anemia is considered to be the most common and consistent haematological
abnormality of dogs naturally or experimentally infected with E. canis.

Laboratory findings such as haematological and biochemical tests can add
significant value in deciding the disease severity and necessity of treatment. The current
study included cases that were confirmed using a species-specific PCR test for ehrlichiosis.
The purpose was to assess changes in several haematological and biochemical parameters
in order to establish a comprehensive clinical model of the disease in dogs.

2. MATERIAL AND METHODS
2.1 Topography of studied area
The studied area was comprised of portion of semi-arid zone of Northern India. The study

was conducted at Mathura region of western Uttar Pradesh. The area is located at
27.4924°N latitude and 77.6737°E longitude axis, respectively. The area is considered to be



endemic for various tick borne diseases owing to the weather which consists of warm
temperatures and high humidity favoring the abundance of tick population.

2.2 Screening of dogs for study

This study was conducted on a total 119 dogs with ehrlichiosis, which were presented to
Teaching Veterinary Clinical Complex of Veterinary University DUVASU, Mathura, The
investigation involved collecting samples from February 2023 to March 2024. Blood samples
were obtained from the positive animals through the cephalic or saphenous vein for
haematological and biochemical analysis. Approximately 2 ml of blood from each dog was
collected in vacutainer tubes containing EDTA under aseptic situations. The blood for serum
required for biochemical parameters were collected in a 5 ml capacity test tubes with no
anticoagulant. The study included dogs of any age, sex, and breed that exhibited two to
three classical signs of ehrlichiosis, such as mucosal pallor, high fever, vomiting, bleeding
diathesis, mucosal petechiae and ecchymoses, hind limb or scrotal oedema, epistaxis,
melena, nervous signs, ascites, weight loss, ocular abnormalities, or depression.

2.3 Haematological analysis

Hematological parameters like total leucocyte count (TLC), total erythrocyte count (TEC),
hemoglobin (Hb), haematocrit (HCT), erythrocyte indices [mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHCQC)] differential leucocyte count (Monocytes, Eosinophil, Neutrophil, Lymphocyte),
platelet count (PLT), platelet indices [Mean Platelet Volume (MPV), Platelet Distribution
Width (PDW), Platelet Count and Plateletcrit (PCT)], and red cell distribution width (RDW-CV
and RDW-SD) were done by fully automated hematology analyzer (Ceiltac a, Nihon
Kohden).

2.4 Biochemical analysis

Biochemical studies were carried out with the help of autochem ingeniious analyzer (AKRAY
Healthcare Pvt. Ltd.) using diagnostic kits (Span Diagnostics). Various biochemical
parameters studied with the serum samples were blood urea nitrogen (BUN), creatinine
(CRT), alkaline phosphatase (ALP), alanine transaminase (ALT), aspartate amino
transferase (AST), total protein (TP), albumin (ALB). Globulin (GLB) was calculated by
subtracting albumin from total protein.

2.5 Statistical Analysis

The values of various parameters were expressed as mean + S.E. and data were analyzed
by independent samples two tailed t-test using Graphpad Prism software. Values of different
haematological parameters in different groups were tested for normality as per Shapiro-Wilk
normality test. The level of statistical significance for all comparisons was established at (P =
.05).

3. RESULTS AND DISCUSSION

3.1 Haematological Analysis

Hematological profile of dogs found positive with E. canis infection is depicted in Table 1 and
Fig. 1. All the values in different groups for the haematological parameters were passed for
normality as per Shapiro-Wilk normality test without any significant difference. The mean
values of TLC, TEC, Hb, HCT, PLT and PCT were significantly (P < .05) lower in affected
dogs as compared to healthy control while the mean values of lymphocytes and RDW-CV



were significantly (P <.05) higher in affected dogs as compared to healthy control. The
mean values of remaining parameters in affected dogs were non-significantly different from
those of healthy control.

Table 1 Hematological parameters (mean+SE) of dogs infected with ehrlichiosis

Parameter Dog§ W.ith. Healthy dogs P_value
Ehrlichiosis (n=119) | (n=10)
TLC (x103/uL) 6.58+1.29 10.75+0.79 P <.001
TEC (x 108/l) 3.63+1.12 6.67+0.44 P <.001
Hb (gm/dl) 7.91+1.51 13.80+0.64 P < .001
HCT (%) 22.9846.16 41.30+2.29 P <.001
MCV (fL) 63.83+£3.52 64.15+1.75 ns
MCH (pg) 22.16+2.37 23.15+0.62 ns
MCHC (gm/dl) 34.26+1.52 34.48+0.44 ns
Monocytes (%) 6.78+£1.59 6.17£0.40 ns
Eosinophil (%) 1.93+0.27 2.73£0.54 ns
Neutrophil (%) 54.90+6.09 68.650.40 ns
Lymphocyte (%) 36.10+10.15 18.35+1.34 P <.001
PLT (105/pL) 27.73£17.90 351.60+49.53 P <.001
PCT (%) 0.04+0.02 0.37+0.05 P <.001
MPV (fl) 6.87+0.33 6.7920.24 ns
PDW (%) 16.54+1.67 18.35+£1.34 ns
RDW-CV (%) 14.25+1.15 11.66+1.37 P =.001
RDW-SD (fl) 36.23+2.90 33.08+4.15 ns
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Fig.1 Level of significantly different haematological parameters in infected vs healthy
animals

Results of the present study showing decreased TLC, TEC, Hb and HCT are consistent with
other previous studies [12, 13, 14]. The anemia that occurs in dogs suffering from
ehrlichiosis may be a sequel of bone marrow aplasia [15], severe haemorrhage caused by
thrombocytopenia and platelet breakdown, immune-driven destruction of RBCs by means of
the antibodies production and its subsequent binding to erythrocyte and platelet membranes,
potentially destroying these cells [16]. E. canis infected erythrocytes initially opsonized by
antibodies followed by phagocytosis which may be a contributing factor to anemia [17].

Additionally, in our study there was no significant difference observed in the MCV, MCH, or
MCHC values in the infected animals compared to healthy animals. The current data, are
consistent with the results of [18, 19, 20], which showed normocytic and normochromic
anemia in dogs affected with ehrlichiosis. Similar outcomes showing negligible changes in
the mean MCV and MCH values were also observed by other workers [12, 21, 22]. It has
been suggested that the indices of RBCs quantify the size, shape, and physical properties of
the RBCs. Anemia is a prevalent condition characterized by reduced numbers of
erythrocytes, or an excess of malformed, poorly functioning RBCs. The various forms of
anemia can be diagnosed using RBC indices and RBC counts. Thus, poor RBC indices may
lead to anemia in the absence of changed MCV or MCH values. Low MCHC values indicate
hypochromic conditions, which are defined as low comparative levels of Hb per unit volume
of RBCs. MCH is the average amount of hemoglobin per RBC; therefore, reduced MCH
values indicate a reduced Hb level, which in turn causes anemia without reducing the
number of erythrocytes, leading to normocytic anemia. However, our findings showed a non-
significant change in MCH values, yet the TEC reported a significant difference between the
control and infected group.



Compared to microscopic findings of anisocytosis, which frequently result in
misidentification, RDW is said to be more precisely predictive of anaemia [23]. MCV is the
most often used metric for classifying anemia and determining the bone marrow response,
along with RDW (24). However, for a change in MCV a large quantity of erythrocytes with
altered volumes is required. Conversely, a slight alteration in the dimensions of these RBCs
can alter the RDW [25], which can be utilized as potential marker for the diagnosis of
anemia. RDW and MCYV are invaluable parameters for categorizing anemia in canines [26,
27].

Our study revealed significantly higher RDW-CV values in infected groups as compared with
control group with MCV values in the normal rage. The results indicates normocytic non
regenerative anaemia. Previous reports and literature also suggested the presence of
normocytic, non-regenerative anaemia in ehrlichiosis (12, 19, 28). In the present study,
blood samples were collected from the dogs that were presented to the veterinary clinical
complex of the Veterinary University. The cases here are usually referred by the veterinary
practitioners when they don’t get success in the treatment as better diagnostics are available
at this center. Due to this, most of the times chronically illed animals usually presented here.
The presence of non-regenerative anaemia in the ehrliciosis cases in the present study are
in accordace to the previous study that suggests the similar condition in chronic ehrlichiosis
(12, 29).

3.2 Biochemical Analysis

Values of different serum biochemical values of Ehrlichiosis positive dogs as compared to
the healthy dogs are depicted in Table 2 and Fig. 2. All the values in different groups for the
biochemical parameters were passed for normality as per Shapiro-Wilk normality test without
any significant difference. There was found significant (P < .001) increase in mean values of
ALT, AST, ALP and BUN in infected dogs than those of healthy control group. However,
there was a significant (P < .001) decrease in Total protein and globulin concentration in the
serum samples of infected dogs compared to the healthy animals. There was no significant
difference found in the level of Albumin and Creatinine in infected dogs from those of healthy
control.

Table 2 Serum biochemical parameters (mean+SE) of dogs infected with ehrlichiosis

Parameter Dogs with P Value
Ehrlichiosis Healthy dogs
(n=119) (n=10)
Alanine transaminase (ALT) (IU/L) 86.59+1.13 25.03£1.06 P <.001
Aspartate transaminase (AST) (IU/L) 27.14+1.07 14.64+1.43 P <.001
Alkaline phosphatase (ALP) (1U/L) 221.73+1.98 34.60£1.43 P <.001
Total protein (TP) (gm/dl) 5.06+0.78 6.56+0.20 P <.001
Albumin (ALB) (gm/dl) 2.26+0.48 2.56+0.20 ns
Globulin (GLB) (gm/dl) 3.55+0.55 3.95+0.06 P <.001
Blood urea nitrogen (BUN) (mg/dI) 31.82+1.58 23.43+1.03 P <.001




Creatinine (CRT) (mg/dl) 0.87+0.37 0.63+0.06 ns
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Fig.2 Level of significantly different biochemical parameters in infected vs healthy
animals

The current findings of increased ALT in ehrlichiosis cases are consistent with earlier studies
[30, 31, 32], while the findings of increased AST in dogs with ehrlichiosis are consistent with
the outcomes of many earlier studies [32, 33, 34]. The current findings, which show a rise in
ALP in ehrlichiosis instances, are consistent with those of previous studies [34, 35].
According to [36], ALT is an enzyme that is particular to the liver in dogs. It can rise in
response to hepatic necrosis or mild reversible damage where hepatic cells get porous but
fail to survive. In dogs with ehrlichiosis, elevated AST and ALP values are suggestive of liver
disorders resulting in low protein levels [34, 37]. Despite obvious clinical symptoms, liver
pathology linked to preclinical E. canis disease has been described as a channel migration
of lymphocytes, plasma cells, and macrophages that causes a noticeable deformation of the
adjacent acinar structure. Different experimental research reported severe steatosis,
sinusoidal congestion, mild to moderate peri-vascular and periportal mononuclear cell
infiltration, and centri-lobular fatty deterioration [38, 39].




The current investigation revealed that, when compared to the control, the total
protein and globulin levels in the infected dogs, at the day of presentation were significantly
lower. Our results were in line with the results of numerous earlier researches [32, 33]. A
number of factors could be causing the hypoproteinemia in ehrlichiosis, including peripheral
loss of protein to edematous inflammatory fluids due to increased vascular permeability [17],
blood loss, and decreased protein production from concurrent liver disease, intralobular
necrosis from bleeding, anemic hypoxia, or secondary bacterial sepsis [8].

The current study revealed a statistically significant rise in BUN in Ehrlichia positive
animals, as compared to the control group. The results of numerous earlier studies are
consistent with the current findings [34, 35, ]. All renal disorders, such as prerenal azotemia,
kidney azotemia, and post-renal azotemia cause a rise in BUN [38]. In a research study on
Ehrlichiosis, glomerular and tubulo-interstitial alterations displaying mild to moderate lesions
[39]. These pathological conditions may have contributed to the higher serum BUN
concentration.

4. CONCLUSION

The findings suggest that ehrlichiosis has a significant impact on the blood and
biochemical characteristics of infected dogs, with notable alterations in lymphocyte count, a
decrease in RBC count, and a decrease in platelet count. An elevated RDW in infected dogs
suggests the existence of anisocytosis. A lack of considerable variation in MCV, MCH, and
MCHC suggests the presence of normocytic, normochromic anaemia. Whereas, abnormally
high levels of ALT, AST, ALP, BUN, and creatinine indicate liver and kidney damage caused
by the disease. Therefore, clinicians can utilize typical blood tests and chemical indicators
collected while admitting sick animals to anticipate and evaluate the likelihood of ehrlichiosis.
The results can be applied to enhance the identification and therapy of canine ehrlichiosis.
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