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Abstract The present study was aimed at detecting nat-

ural cases of canine monocytic ehrlichiosis (CME) by

molecular and cytological methods and assessment of

clinico-patho-biochemical parameters among the affected

population. Nested polymerase chain reaction was found to

be highly sensitive (47.7 %) in detecting the acute cases,

followed by buffy coat (29.5 %) and blood smear exami-

nation (22.7 %). CME incidence rate was found to be

8.4 %. Hemogram revealed significant (P\ 0.01) deple-

tion in the levels of hemoglobin, hematocrit, total ery-

throcyte count, monocyte and platelet count in diseased

dogs as compared to healthy controls. Plasma biochemistry

revealed hypoproteinemia, hypoalbuminemia and hyper-

globulinemia along with significantly (P\ 0.05) higher

blood urea nitrogen and alanine aminotransferase values.

CME revealed non-significant increase in the levels of

erythrocytic lipid peroxides, reduced glutathione and

activity of superoxide dismutase, whereas activities of

glutathione-S-transferase and glutathione reductase showed

significant (P\ 0.05) increase and decrease, respectively

as compared to healthy controls. Plasma levels of cortisol,

insulin and blood level of copper showed non-significant

(P[ 0.05) reduction, whereas blood level of zinc showed

significant (P\ 0.05) reduction as compared to healthy

controls. These findings revealed that changes in erythro-

cytic oxidant–antioxidant profile and blood mineral con-

centration in canine monocytic ehrlichiosis are largely non-

significant and inconsistent. Hence, further study is

required to elucidate their role in pathogenesis of canine

monocytic ehrlichiosis.

Keywords Canine monocytic ehrlichiosis � Buffy coat �
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Introduction

Tick-borne diseases are highly prevalent in tropical coun-

tries like India causing loss of animal performance and

mortality. Canine ehrlichioses is an example of such a tick-

borne disease. Among all the ehrlichial species, Ehrlichia

canis is the most well-studied, pathogenic and worldwide

prevalent in dogs which causes canine monocytic ehrli-

chiosis (CME). These small pleomorphic coccoid bacteria

reside and replicate within monocytes, macrophages and

granulocytes resulting in severe leukopenia and thrombo-

cytopenia [1]. It is a potentially fatal disease and induces a

life-long carrier state in dogs. Thus, it warrants a rapid and

accurate diagnosis for initiating appropriate therapy and a

favorable prognosis [2].

Currently, most of the epidemiological data available on

E. canis are from the southern part of India and there is

complete dearth of information with respect to epidemi-

ology of CME in northern part of the country. Moreover,

knowledge on vector-borne diseases of companion animals

in India remains incomplete [3]. Recently, molecular

techniques like the polymerase chain reaction (PCR) and
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more specifically nested PCR and real time PCR have

become the most promising diagnostic tools of choice

because of their higher sensitivity and specificity in

detecting target pathogens [4].

Reactive oxygen species (ROS) are free radicals gen-

erated from regular metabolism in cells as a consequence

of electron transfer reactions that can be scavenged by

cellular defense systems and antioxidants [5]. The

dynamic balance between the generation and elimination

of ROS may be broken under certain pathological condi-

tions leading to oxidative stress. These excess free radicals

interact with endogenous bio-molecules affecting various

cellular components and destruction of the defense system

leading to cell death [6]. As ROS are involved in the

etiology of many diseases, determination of oxidant/an-

tioxidant balance, trace elements in peripheral blood of

dogs and their correlation in cases of CME, therefore,

would facilitate better understanding of the disease

pathogenesis.

Taking all the above facts into consideration, the present

study was aimed at investigating clinico-incidental aspects

of the disease, its comparative diagnosis by nested PCR/

buffy coat (BC)/blood smear (BS) examination, effect of

the disease on hemato-biochemistry, and assessment of

erythrocytic oxidant/antioxidant status and blood mineral

among the affected population.

Material and Methods

Animals/Study Area

The study was carried out from January 2010 to May 2011

at Referral Veterinary Polyclinic, Indian Veterinary

Research Institute, Izatnagar, Bareilly, Uttar Pradesh,

India. Dogs with the history of tick infestation, erratic

fever, epistaxis and refractoriness to conventional treat-

ment were screened in the present study. Those dogs which

were found positive for E. canis infection in blood/BC

smear examination and/or nested PCR were included in

this study. Further, biometric data for the animals including

age, sex, breed as well as seasonal occurrence of canine

ehrlichiosis were recorded and incidence rate was esti-

mated in the referred canine population. For comparison,

10 healthy control dogs brought for vaccination to the

clinic were selected.

Twenty dogs, irrespective of age, sex and breed, natu-

rally infected with acute form of CME were selected as

diseased group (T1) for estimation of erythrocytic oxidant/

antioxidant, blood mineral and plasma hormone. Ten

apparently healthy, PCR- negative dogs presented for

routine health check -up and vaccination served as healthy

control (T2).

Blood Sampling, Plasma Separation

Four milliliters of blood per infected animal was collected

aseptically by venipuncture in sterile vial with K3 EDTA as

an anticoagulant, out of which 1 mL was used for separa-

tion of BC for DNA isolation and kept at –20 �C for further

use. Rest 3 mL of blood was used for separation of plasma

(plasma biochemistry), for hematological study, erythro-

cyte preparation for assessment of oxidant/antioxidant

status and estimation of blood mineral.

Diagnosis

Diagnosis of CME was based on anamnesis, clinical signs,

blood smear cytology, laboratory tests and nested PCR.

Cytological Examination

Both PB (smear made from ear tip prick) and BC smears

were stained with Giemsa stain (Stock Giemsa stain solu-

tion is diluted with distilled water @1:9 to make working

solution) and examined for ehrlichial inclusions under

9100 oil immersion lens.

DNA Extraction, Quantification and Purification

Genomic DNA was isolated from BC (200–300 lL) of the
suspected dogs by phenol:chloroform:isoamyl alcohol

extraction method [7] and stored at -20 �C. Concentra-
tions of total nucleic acid isolated were then quantified by

measuring optical density (OD) value at 260 nm and the

purity was checked by taking the ratio of OD values at 260

and 280 nm using a Nanodrop (Nanoview, General Elec-

tronics, USA). The samples having OD ratio 1.7–1.9 were

used for the experiment.

PCR Amplification

In order to detect and identify the etiologic agent of CME

in suspected dogs, nested PCR technique was followed

with initial amplification using modified universal eubac-

terial primers (EC 9 and EC 12) and reamplification with

species specific primer specific for E. canis. Universal

primer pair EC9 (50 AAGGATCCTACCTTGTTACGAC
TT 30) and EC12 (50 AATCTAGAGTTTGATCMTGG 30)
was used to amplify nearly the entire 16S rRNA gene of

eubacteria [8] which yielded a 1500 bp product. In order to

sequence the 1500 bp of the corresponding fragment, an

internal primer pair ECA [(Forward primer): 50 CAA TTA

TTT ATA GCC TCT GGC TAT AGG AA 30)] and HE3

[(Reverse primer): 50 TAT AGG TAC CGT CAT TAT

CTT CCC TAT 30] [9] was used to amplify a 389 bp

portion of the E. canis 16 s rRNA gene.
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Amplification by PCR was preformed with a 25 lL
reaction mixture containing 0.5–1 lg of template DNA,

1 lL each of forward (10 pmol/lL) and reverse primer

(10 pmol/lL), 12.5 lL of 29 PCR master mix (0.05U/lL
Taq DNA polymerase, 4 mM MgCl2, 0.4 mM dNTP)

(Fermentas Life Sciences) and nuclease free water to

make final volume of 25 lL. First step of the PCR was

performed under following conditions: initial denaturation

94 �C for 5 min, denaturation at 94 �C for 1 min,

annealing at 52 �C for 1 min, extension at 72 �C for

1 min, thirty-five cycles followed by final extension at

72 �C for 10 min.

In the nested reaction, 1 lL of PCR product was used

along with1 lL each of primer ECA (10 pmol/lL) and

HE3 (10 pmol/lL), 12.5 lL of 29 PCR master mix (Fer-

mentas) and nuclease free water to make final volume of

25 lL. For the nested PCR, the conditions followed were;

initial denaturation: 95 �C for 2 min., denaturation: 94 �C
for 40 s., annealing: 58 �C for 1 min., extension: 72 �C for

40 s., repeated for 40 cycles and final extension at 72 �C
for 10 min. Each time the reaction was run with positive

control (50 pg of E. canis DNA) in addition to negative

control without DNA template.

All PCR products were electrophoresed through ethid-

ium bromide stained 2 % agarose gel and visualized under

UV fluorescence.

Hemato-Biochemical Study

Hematological parameters were estimated as per the stan-

dard methods [10]. Plasma biochemistry was estimated

using Cogent Diagnostic Kits (Span Diagnostic Limited,

Surat, India).

Preparation of Hemolysate and RBC Suspension

for Assessment of Oxidant/Antioxidant Status

The anticoagulated whole blood from affected animals

was centrifuged at 3000 rpm for 10 min with the removal

of plasma and buffy coat followed by washing of red

blood cells thrice with ice-cold isotonic sodium chloride

solution (NSS). The RBC pellet was diluted with ice-cold

distilled water in 1:10 ratio for the preparation of 10 %

stock hemolysate for the estimation of superoxide dis-

mutase (SOD), lipid peroxidation (LPO), Glutathione-S-

transferase (GST) and glutathione reductase (GR) and rest

of the RBC pellet was diluted with ice-cold NSS in 1:1

ratio to get RBC suspension for estimation of reduced

glutathione (GSH). Hemoglobin concentration of hemo-

lysate was estimated by cyanomethemoglobin method

[11].

Assay of Oxidant–Antioxidant Parameters

The concentration of malonaldehyde (MDA; nmol of

MDA/mg of Hb) [12], SOD activity [13], GST [14] and GR

[15] were measured in the hemolysate, whereas, GSH

(lmol/mL packed RBC) was measured in the RBC sus-

pension [16].

Estimation of Blood Minerals

One milliliter of the blood was digested with triple acid

extract comprised of nitric acid, sulphuric acid and per-

chloric acid in micro-kjeldahl flask and micro-minerals (Cu

and Zn) were estimated by atomic absorption spectropho-

tometer (Electronic Corporation of India Limited, Model

4141) in air-acetylene flame.

Hormonal Estimation

Plasma levels of cortisol (nmol/L) and insulin (lIU/mL)

were determined by radio-immuno assay kit (Beckman

Coulter, USA) using competitive binding immunoenzy-

matic assay procedure using a gamma counter (STRATEC

Biomedical AG, Germany; Model, SR 300).

Statistical Analysis

The values obtained were expressed as mean ± SE and

analyzed using appropriate statistical procedures [17]. The

level of statistical significance for all the comparisons was

established at P B 0.05 or P B 0.01.

Results and Discussion

Clinico-Incidental Study

A total of 833 dogs suspected for CME were screened, out

of which 70 were found positive in PB/BC examination

with an incidence rate of 8.40 %. The incidence rate of

CME varies from region to region. In contrast to the pre-

sent findings (8.40 %), incidence rates of 18.90 and 6 %

were observed in Nagpur [18] and Chennai [19], respec-

tively. Month-wise incidence (Fig. 1) revealed highest

incidence rate in the month of April (24.28 %) and no

incidence in the months of November and December.

Season-wise incidence revealed highest incidence in sum-

mer (April–June) followed by that of winter and monsoon

season. Out of 12 different breeds (Table 1), German

Shepherd (25.71 %) suffered the most followed by Lab-

rador (24.28 %). There was no gender predilection. The

overall sex ratio (male:female) was 1.12:1.0. Age of
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affection ranged from 3 months to 11 years and higher

incidence was observed in the age group of 12–36 months.

In an effort to study the ecology of the disease in dogs, data

with respect to age, sex, breed and season was collected.

The lack of incidence in November and December might

be due to reduced vector activity whereas high incidence in

summer [20] might be due to increased activity of the

vector tick [2]. The higher susceptibility of German

Shepherd to this disease was well established [21, 22],

which might be explained on the basis of the breed’s poor

cellular immune response against E. canis [21]. The vari-

ation in the occurrence of ehrlichiosis in different breeds of

dog might be due to variation in the population size of

different breeds which was in agreement with previous

reports [18, 19]. Similar high incidence in the younger age

group (up to 36 months) was also reported in earlier studies

[23].

Out of 70 confirmed positive cases, 52 (74.28 %) were

pure cases of CME, rest 18 were of mixed infections with

different organisms, e.g. Babesia gibsoni (7.14 %), Hepa-

tozoon canis (5.71 %), Anaplasma phagocytophilum

(5.71 %), Trypanosoma evansi (2.85 %), B. canis (2.85 %)

and Leptospira icterohaemorrhagiae (1.42 %). In majority

of cases, the E. canis organisms were observed as intra-

cytoplasmic varying shaped morulae (Fig. 2). Concurrent

infections of E. canis with other tick-borne diseases were

reported from time to time. Concomitant infections of E.

canis with H. canis [24], Babesia spp. [25], and Try-

panosomosa spp. [26] were reported from different parts of

the country.

Clinical signs (Table 2) varied from case to case with

most consistent findings of anorexia/inappetance, followed

by dehydration, presence of ticks on body, pyrexia and

hemorrhage. Hemorrhages were manifested in the form of

epistaxis, melena and cutaneous petechiae. The wide

variation in clinical picture may be due to many factors like

age, breed, immune competence of dogs, clinical phase of

the disease, variation in virulence between different strains

and coinfection with other ehrlichial species or diseases

[2]. Pyrexia, the most common indicator of acute phase of

the disease, was observed in 81.42 % which was in

agreement with Chaudhury [20]. Pale mucous membranes

(37.14 %) were associated with chronic phase of the dis-

ease during the development of pancytopenia [27]. Con-

ditions like hepatomegaly and splenomegaly [2] as well as

lymphadenomegaly [22] were detected mostly in acute

conditions. Bleeding tendencies may be attributed to a

combination of mild thrombocytopenia and vasculitis [28].

Out of the 70 positive cases, six dogs succumbed to death

(four pure CME, one with additional infection of B. gibsoni

and other with T. evansi), 50 % of which were German

Shepherd echoing the more severe form with poor prog-

nosis in this breed [2].

Table 1 Breed-wise percentage of incidence of E. canis at Referral

Veterinary Polyclinic during 2010–2011

Breed No. of cases Percentage

German Shepherd 18 25.71

Labrador 17 24.28

Doberman 7 10.00

Spitz 7 10.00

Non-descript 6 8.57

Mixed breed 5 7.14

Rottweiler 3 4.28

Pug 2 2.85

Pomeranian 2 2.85

Rampur Hound 1 1.42

Golden Retriever 1 1.42

Neapolitan Mastiff 1 1.42

Fig. 1 Month-wise incidence of E. canis at Referral Veterinary

Polyclinic during 2010–2011

Fig. 2 Blood smear of an 18-month-old Rottweiler bitch showing E.

canis morula in a monocyte, Giemsa stain (91000)
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Detection of Organism and Comparison Between

Molecular and Cytological Examinations

A total of 44 dogs were evaluated for CME by nested PCR.

The amplification of the 16S rRNA fragment with specific

primers for E. canis produced a specific, visible, single

band pattern of approximately 389 bp (Fig. 3). Out of 44

samples which were subjected to comparative study, the

nested PCR revealed (21/44; 47.72 %) better sensitivity as

compared to BC (13/44; 29.54 %) and PB examinations

(10/44; 22.72 %) in detecting E. canis organism which

signified and underscored the former’s usefulness. The

sensitivity of nested PCR was found to be better than the

cytological methods in detecting acute form of CME which

was in agreement with an earlier report [29]. Wen et al. [9]

found nested PCR as one of the most preferred methods as

it can detect as little as 0.2 pg of purified E. canis DNA

which was 100 times more sensitive than one-step PCR.

Hemato-Biochemistry

Hematological indices showed mild to marked anemia,

leukopenia to leukocytosis, lymphopenia to marked lym-

phocytosis and mild to moderate thrombocytopenia in

acute stage of the disease (Table 3). Levels of neutrophil,

lymphocyte, eosinophil and total leucocyte count (TLC)

were marginally altered in comparison to healthy controls.

Plasma biochemical profile (Table 4) revealed significantly

(P\ 0.01) decreased values of total protein and albumin,

whereas significantly (P\ 0.05) increased values were

observed in the level of BUN and activity of ALT as

compared to healthy control. However, alterations in the

levels of ALP and creatinine were non-significant as

compared to healthy control (Table 4). Significant varia-

tions in the leukocytic indices might be due to different

stage of the diseased condition at the time of presentation

[2, 30]. Anemic changes and thrombocytopenia were sig-

nificant when compared with healthy control echoing the

earlier finding [31]. Thrombocytopenia (94 %) was found

to be most consistent and acted as prognostic marker of the

disease [22], which has been attributed to an

immunopathological mechanism with overproduction of

antiplatelet IgG antibodies induced by E. canis [32].

Similar hypoproteinemia and hypoalbunemia conditions

were reported earlier [2, 30] and similar increase in BUN

and ALT levels was also found [2, 23]. The increase in

Table 2 Clinical variants observed in dogs with CME (n = 70)

Clinical signs No. of

cases

Percentage

Anorexia/inappetance 65 92.85

Dehydration 60 85.71

Ticks on body 58 82.85

Pyrexia ([102.8 �F) 57 81.42

Depression/lethargy 54 74.28

Lymphadenomegaly 44 62.85

Hemorrhage/congestion of conjuctival

mucus membrane

34 48.57

Pale mucosa 26 37.14

Vomiting 22 31.42

Epistaxis 21 30.00

Hepatomegaly 20 28.57

Splenomegaly 19 27.14

Melena/diarrhea/constipation 16 22.85

Ataxia/nervous signs 16 22.85

Emaciation/weight loss 10 14.28

Respiratory signs/dyspnea 8 11.42

Ascites/peripheral edema/abdominal

distention

6 8.57

Petechial/ecchymotic hemorrhage

on ventral abdomen

6 8.57

Death 6 8.57

Ocular signs 4 5.71 Fig. 3 Agarose gel electrophoresis result showing positive amplifi-

cation of Nested-PCR products from dogs. Lane M 100 bp ladder;

Lane P Known positive control of E. canis; Lane N Known negative

control of E. canis; Lane 1 and 5 DNA of Tick and blood from the

same dog; Lane 2–4 and 6 Positive samples of E. canis
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BUN was prerenal in nature and occurred mostly in the

acute condition [27]. The hypoalbuminemia may be

attributed to anorexia and associated decrease in protein

intake [22], hepatic insufficiency, nephropathy with protein

loss, gastrointestinal loss and vasculitis [33].

Oxidant/Antioxidant Status in Affected Animals

The mean values of the oxidant/antioxidant parameters for

dogs are illustrated in Table 5. Except GST and GR, rest of

oxidative stress parameters like LPO, GSH and SOD

showed non-significant (P[ 0.05) difference between

affected and healthy dogs. In diseased dogs, activity of

GST was significantly (P\ 0.05) increased, whereas

activity of GR was significantly (P\ 0.01) reduced in

comparison to that of healthy dogs. Free radicals generated

from regular biochemical and physiological reactions in the

cell are capable of oxidative damage [34], but are protected

by a broad variety of endogenous antioxidant enzyme

systems like glutathione peroxidase, GR, GST, GSH and

SOD [5]. Free radicals also initiate and promote lipid

peroxidation causing cellular injury by inactivation of

membrane enzymes and receptors, depolymerizaton of

polysaccharide, as well as protein cross-linking and frag-

mentation [35]. MDA, a breakdown product, which is

frequently quantified as a measure of lipid hydroperoxides

is a good predictor of oxidative damage. The finding of

non-significant increase in the level of MDA in diseased

dogs, as observed in the present study, was in corroboration

with the earlier in vitro [36] and in vivo [37] studies. This

indicates that a minimal role is played by these free radi-

cals in CME disease process. Killing of intracellular bac-

teria like E. canis by monocytes involves both oxygen-

dependent and oxygen-independent mechanisms. However,

it was hypothesized that oxidative stress plays only a minor

role in killing of intracellular ehrlichiae and hence ROS

production is not enhanced significantly [38]. GSH, a first

line endogenous antioxidant defense can effectively neu-

tralize free radicals either directly or indirectly through

enzymatic reactions and protects cells from oxidative

damage [39]. SOD accelerates the dismutation of super-

oxide radicals (O2
-) to H2O2 [40]. Non-significant increase

in the levels of SOD and GSH in the diseased dogs might

be due to their decreased utilization in the absence of

Table 3 Hematology of dogs with acute form of CME on day of presentation (Mean ± SE) (n = 20)

Parameters CME positive Healthy control P value

Hb (g/dl) 8.39a ± 0.68 (3.6–13.2) 12.92b ± 0.33 (11.6–14) 0.000

PCV (%) 26.50a ± 1.88 (13–48) 39.10b ± 0.67 (36–42) 0.000

TEC (9106/lL) 3.74a ± 0.43 (0.99–6.15) 5.97b ± 0.20 (4.98–6.9) 0.001

TLC (9103/lL) 9.06 ± 1.70 (3.4–28) 9.62 ± 1.12 (5.48–12.54) 0.801

Neutrophil (%) 72.12 ± 2.82 (51–92) 69.80 ± 1.08 (64–75) 0.535

Lymphocyte (%) 18.63 ± 2.88 (6–44) 16.90 ± 1.20 (9–21) 0.653

Monocyte (%) 6.81a ± 1.12 (1–18) 11.40b ± 0.81 (6–15) 0.007

Eosinophil (%) 2.00 ± 0.37 (0–6) 1.80 ± 0.47 (0–4) 0.738

Platelet (9103/lL) 38.11a ± 5.55 (16.75–54.54) 204.14b ± 17.42 (135.65–298.57) 0.000

Values with superscript a, b differ significantly (P\ 0.01) in a row

Values in parentheses indicate range

PCV packed cell volume, TEC total erythrocyte count, TLC total leukocyte count

Table 4 Plasma biochemistry of dogs with acute form of CME on day of presentation (Mean ± SE) (n = 15)

Parameters CME positive Healthy control P value

TP (g/dl)* 4.29a ± 0.28 (2.3–5.9) 5.82b ± 0.12 (5.2–6.3) 0.000

Alb (g/dl)* 0.93a ± 0.09 (1.0–2.4) 2.72b ± 0.09 (2.2–3.1) 0.003

Globulin (g/dl) 3.36a ± 0.14 (1.9–3.9) 3.10a ± 0.08 (2.6–3.5) 0.856

ALT (IU/L) 61.00a ± 6.72 (16–102) 34.90b ± 6.02 (10–58) 0.013

ALP (IU/L) 60.84 ± 5.16 (10.4–86.6) 52.70 ± 8.03 (15–87) 0.379

BUN (mg/dl) 34.96a ± 4.02 (19–90.4) 23.60b ± 2.15 (16–26) 0.045

Creatinine (mg/dl) 0.99 ± 0.09 (0.6–1.8) 0.98 ± 0.10 (0.6–1.1) 0.904

Values with superscript a, b differ significantly (P\ 0.05) in a row

* Values differ significantly at P\ 0.01

Values in parentheses indicate range
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oxidative stress. However, the significant increase in the

activity of GST and decrease in GR activity indicated

involvement of oxidative stress to a certain extent. But, as

the majority of oxidant–antioxidant status (LPO, GSH and

SOD) was not affected, the role of oxidative stress in the

pathogenesis of acute form of CME might be minimal.

Plasma Hormonal and Blood Mineral Profile

of Affected Animals

Plasma minerals and hormones of diseased as well as heal-

thy dogs are presented in Table 6. Blood levels of copper

and zinc in diseased dogs exhibited non-significant

(P[ 0.05) and significant (P\ 0.05) decrease, respectively

as compared to healthy controls. Both copper and zinc help

in various vital functions of the body as a co-factor of many

enzymes including Cu–Zn superoxide dismutase and meta-

bolic activities. Non-significant reduction in blood copper

level substantiated the present finding of minimal role

played by free radicals in this disease pathogenesis as Cu is

an integral part of various enzymes like SOD. Zinc is

involved in combating infection and acts as a cofactor of

many enzymes in the body [41]. The significant decrease in

zinc level may be attributed to the increased use of zinc in

different metabolic enzymes and low Zn intake due to

inappetence/anorexia or stress. To the author’s knowledge,

report on the levels of these minerals in dogs with CME or

any other rickettsial disease is lacking to compare the pre-

sent findings. However, low levels of Zn and Cu have been

reported in case of other tick-borne diseases like Babesia

gibsoni [42] and Hepatozoon canis [43] in dogs.

The mean plasma cortisol and insulin concentration of

dogs with CME were non-significantly (P[ 0.05) lower

than that observed in healthy dogs. Plasma cortisol level

is elevated in stressful conditions like infection, thermal

stress, illness, fever, trauma, septicemia, inappetence and

anorexia. The insulin and cortisol level showed wide

variations in the diseased animals, and did not differ

significantly from those observed in healthy dogs. The

non-significant decrease in the levels of cortisol in CME

positive animals also supported absence of oxidative

stress in the disease process. The decrease in plasma

insulin concentration might be attributed to body’s

attempt to raise the blood glucose concentration or a

result of the malfunctioning of the adrenals, pancreas and

thyroid [44].

Conclusion

In conclusion, the study highlights the importance of nested

PCR in diagnosing CME, incidence of CME in northern

part of India and clinico-hemato-biochemical variations in

affected dogs. However, changes exhibited by Ehrlichia

canis infection on erythrocytic oxidant–antioxidant profile,

plasma hormonal profile and blood mineral concentration

in CME are largely non-significant and inconsistent, which

need to be further explored to provide an insight into the

disease pathology.
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