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Ehrlichiosis is an important and potentially fatal disease of dogs caused by 

the rickettsia Ehrlichia canis. This disease has a worldwide distribution and 

pathogenic mechanism involves haematological alteration   that may occur 

due to immune mediated inflammatory changes and hormonal alterations. 

Diabetes mellitus is a frequently occurring endocrinopathy in dogs. Non 

insulin dependent diabetes mellitus is very rarely reported in dogs.  The 

present study aims at evaluation of diabetic biomarkers like fasting blood 

glucose, glycated haemoglobin,serumfructosamine,serum insulin  and oral 

glucose tolerance test  in E. canis infected dogs. Out of 67 dogs screened, 

26.8% showed antibodies to E.canis by SNAP 3DX test.But only 8.9% of 

dogs demonstrated morulae in the buffy coat smear indicating antibody test 

is more sensitive compared to buffy coat smear examination. Out of 18 dogs 

infected with E.canis, 77.7 % of dogs exhibited subclinical diabetes with 

biomarkers above the range in healthy animals, but below the level in clinical 

diabetes. These animals also showed higher insulin level signifying insulin 

resistance. Future research is warranted to identify the factors contribute to 

insulin resistance in E.canis infection in dogs. 

 
                   Copy Right, IJAR, 2014,. All rights reserved.

 

Introduction   

Canine monocytic ehrlichiosis caused by Ehrlichia canis is a tick-borne rickettisial disease, manifested by a variety 

of clinical signs and mortality in the chronic severe form. Chronic severe ehrlichiosis is a serious health problem in 

dogs in India as well as other parts of the world. Decreased concentrations of thyroid hormones and cortisol in dogs 

with chronic severe ehrlichiosis was reported by Kumar et al. (2006) and suggested that the pathogenesis of 

ehrlichiosis in dogs involves disruption of endocrine function. T3 and insulin have a synergistic role in glucose 

homeostasis as these hormones possess similar action sites in the regulation of glucose metabolism, at both cellular 

and molecular levels (Kim et al, 2002). Hypothyroidism may result in disturbance in glucose metabolism by post 

receptor defect in insulin action, possibly with a concurrent decrease in insulin secretion and receptor affinity in 

dogs ([Handisuryet al,2008) and can predispose to insulin resistant state by decreasing the ability of insulin for 

glucose utilisation in peripheral tissues like muscle (Dimitriadi et al,2006; Rochon et al,2003; Cettour-Rose et 

al,2005). Maratou et al. (2009) suggested the impairment in Insulin-stimulated rates of glucose disposal in muscle 

and adipose tissue in hypothyroidism could be due to impaired translocation of GLUT4 transporters on the cell 

surface. Changes in the lipid composition and microviscosity of the islet membranes induced by hypothyroidism 

results in decreased amount and velocity of H islets in the release of insulin in response to glucose (Diaz et al, 1993).  

Though the positive correlation between human Type-1 disease and canine diabetes is well established, yet, 

there is little convincing evidence that dogs suffer from Type-2 diabetes (German et al, 2010). Incidence of obesity 

in dogs is increasing as human obesity increases overall population. Obesity in dogs is associated with the 

development of insulin resistance, altered lipid profiles, and mild hypertension, which are ameliorated by weight 

loss (German et al, 2009; Yamka et al, 2006). Overweight dogs are more likely to suffer from diabetes mellitus 
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(Lund et al, 2006). Diagnosis of diabetes in animals is difficult because often apparent clinical manifestations are not 

clear indicators of type of problem;   moreover, detection in advanced stage of this disease is of little value because 

sometimes conditions may become irreversible in nature. Studies aimed at detecting early stages of diabetes are 

critical. Detection of diabetes in dogs as well as taking corrective measures at its subclinical stage   is essential to 

appropriate health care, and increases the quality of life for pets. Subclinical diabetic animals often appear healthy 

with persistent fasting blood glucose (BG) concentrations above the reference range but below the concentration that 

results in glycosuria (Rucinsky et al, 2010). Biomarkers reflect the presence and severity of hyperglycemia. 

Glycated haemoglobin (HbA1c) is considered as a valuable predictive biomarker of diabetes (Sacks et al, 2011; 

Lyons and Basu, 2012; Mared et al, 2012). Serum fructosamine retorts much more quickly than the HbA1c to a 

change in glucose situation and reflects diabetes control over the previous 2-3 weeks (Kostolanska et al, 2009; 

Mittman et al, 2010). Nathan et al. (2007) revealed the most efficient sequence of testing for diabetes is fasting 

plasma glucose concentration first followed by the oral glucose tolerance test on a subsequent day to demonstrate 

the presence of impaired glucose tolerance .Present study aims at assessing the biomarkers related to diabetes in 

dogs affected with Ehrlichia canis infection. 

Materials and Methods 

Animals and sample collection 

Dogs irrespective of sex and breed, above 5 years of age, presented to Referral Polyclinic of the Indian Veterinary 

Research Institute, with various disease manifestations like anorexia, vomiting, weakness, anemia, emaciation were 

screened for diabetes. The blood samples collected from these animals were subjected to tests like Complete blood 

count (haemoglobin, total erythrocyte count, Total leukocyte count, platelet count, differential leukocyte count), 

blood glucose and glycated haemoglobin. Serum from these animals was tested for serum fructosamine, insulin and 

antibodies to Ehrlichia canis using SNAP 3DX test (IDEXX laboratories).   Blood sample was centrifuged and the 

smear prepared from buffy coat smear was used for screening hemoprotozoa by Giemsa staining.  Urine sample was 

collected and checked for glucose. 

 Estimation of glucose and glycated hemoglobin 

Glucose level in blood was measured by glucose oxidase perxidase method (Kaplan.1984). Urine glucose was 

measured by Benedict’stest (Benedict, 1908). Glycosylated haemoglobin was estimated by ion exchange 

chromatography method of Trivelli et al. (1971). Initially hemolysate was prepared by mixing 100µl of blood 

sample to 500 µl of 10 mm potassium cyanide surfactant (lysing reagent) solution. Glycohemoglobin was prepared 

by adding 100 µl of hemolysate to 3 ml of cation exchange resin buffered at pH 6.9. Glycohemoglobin fraction was 

determined by measuring the absorbance of supernatant at 415 nm. Total haemoglobin fraction was determined by 

adding 20 µl of the hemolysate to 5 ml of deionized water and absorbance was measured at 415nm. The result was 

expressed as percentage of glycosylated haemoglobin of the total haemoglobin fraction.  

Serum fructosamine 

Serum fructosamine was estimated by NBT reduction method (Sahu and sarkar, 2008). 200µl of serum was added to 

1ml of 9gm/l sodium chloride and incubated at 37
o
c for 10 min. 1ml of pre warmed NBT reagent prepared in 

carbonate buffer (0.2mol/l, pH 10.8) was added and absorbance was  measured at 530nm  at interval of 5 min(A1) 

and 10 min (A2). The difference was calculated and expressed as AA/min. 40 mmol/l   stock solution of 1deoxy- 1 

mopholino-D fructose (DMF) prepared in bovine serum albumin solution (40 g/l in 155 mmol/l saline). This stock 

solution was diluted with bovine serum albumin solution to prepare DMF standard containing 4 mmol/l.  

Absorbance was measured at 530 nm at interval of 5 min and 10 min. The result was expressed in mmol/l. 

Detection of Ehrlichia canis antibody 

A commercially available diagnostic kit (canine SNAP 3DXtest, IDEXX laboratories) was used for detection of 

Ehrlichia canis antibody. This ELISA test uses asynthetic peptide (C6) derived from invariable region as a 

diagnostic antigen. Two drops of serum was taken in the sample tube and 5 drops of conjugate which contains HRP 

labelled E. Canis peptide conjugate was added. The resultant mixture was dropped in to sample well in the device.  

Development of colour in the designated reaction area indicates sample positive for E. Canis antibody. 

Oral glucose tolerance test (OGTT) 

OGTT, as described for dogs by Kaneko et al. (2008) consisted of an oral glucose bolus of 4 g/kg body weight given 

as a 50% w/v solution. The blood glucose was estimated just before dosing and 2hrs after administering glucose.  
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Estimation of Insulin  

Immunoreactive insulin (IRI) concentrations were measured by immune radiometric assay using poly clonal 

antibodies.  

Statistical analysis: The data were expressed as mean ± standard error mean (S.E.M). The test followed by 

student’s test p values less than 0.05 were considered as significance. 

Results 

A total of 67dogs with various clinical manifestations of anorexia, vomiting, lymphadenopathy, anemia, weakness 

were subjected to the study. Out of these, 18dogs (26.8%) showed antibody to E. canis by SNAP 3DX test.  Of 

these, six dogs (8.9%) demonstrated morulae (inclusion bodies) in the cytoplasm of monocytes. The haematological 

values of affected dogs are depicted in Table1.hemoglobin, PCV, Total erythrocyte count, and platelet counts were 

significantly lowered in E.canis affected dogs.   Among the 18 dogs, fourteen (77.7%) had fasting blood glucose 

level above 110 mg/dl, but below 200 mg/dl, with a mean value of 147.77±16.32 mg/dl. Urine samples showed 

negative reaction to glucose in all the dogs tested.  The mean glycated haemoglobin and serum fructosamine values 

are given in Table 2.   In oral glucose tolerance test, all the fourteen dogs exhibited elevated level of blood glucose 

two hrs following glucose load.  Blood glucose level increased from mean fasting glucose level of 147.77±16.32 

mg/dl to 188.89±18.74mg/dl after 2hrs of glucose load. Twelve dogs showed serum insulin level above the higher 

range of insulin in healthy dogs (above 20 µU/ml). 

 

                 Positive for E. canis antibody                              SNAP test sowing antibody positive to E canis                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

 Detection of morulae in circulating monocytes is a routine diagnostic method for ehrlichiosis (Moreira et al, 2005). 

The present study showed an incidence of 8.9% Ehrlichiosis in dogs by buffy coat smear examination.  26.8% dogs 

were infected with Ehrlichia canis by SNAP antibody test.  E.canis can be detected for a short period of time in 

monocytes, but cannot be found during chronic phase of infection. Altas et al (2013) demonstrated E. canis 

antibodies in 62% of stray dogs. SNAP test for ehrlichiosis had a specificity of 98.2% (Belanger et al, 2002; Tzipory 

et al, 2010). The present study revealed an impaired glucose tolerance in 77.7% of E. Canis infected dogs with 

fasting blood glucose, glycated haemoglobin and serum fructosamine values above the normal range. This is in 

agreement with findings of Kumar et al (2006) showed endocrine dysfunction in E canis infected dogs, particularly 

affect thyroid glands resulting in decreased concentration of thyroid hormones.  Hypothyroidism contributes to type 

2 diabetes mellitus by impairing glucose utilisation and disposal in muscles, overproduction of hepatic glucose 

output and enhanced absorption of splanchnic glucose (Wang, 2013). According to Kaneko et al (2008) a normal 

glucose profile should reach a peak between 30 and 60 min and return to baseline by 120 min .The failure of glucose 

to return to baseline levels within 2 h in this study indicates a prediabetic glucose-intolerant state.  The elevated 

serum insulin levels in this study also suggest insulin resistance. This is in agreement with Shanik et al. (2008) 

suggested hyperinsulinemia   is both a result and driver of insulin resistance. Hypothyroidism can cause 

hyperinsulinemia and thyroid hormone treatment was shown to be highly effective in eliminating hyperinsulinemia 

in obese zucker rats (Torrance et al, 1997). 
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Table1. Hematological indices of dogs affected with E.canis (Mean±SE values) 

Parameters E.canis  infected   Healthy dogs 

Haemoglobin(g/dl) 7.69±0.86
a
 12.63±0.67 

PCV (%) 25.7±1.43
a
 39.1±0.54 

Total erythrocyte count (10
6
/µl) 3.74±0.52

a 
5.97±0.33 

Total leukocyte count(10
3
/ µl) 9.13±1.6 9.62±1.21 

Neutrophil(%) 73.12±2.75 69.7±0.85 

Lymphocyte (%) 18.53±2.73 17.85±0.72 

Monocyte (%) 5.83±1.12 7.83±0.84 

Eosinophil(%) 2.1±0.63 1.2±0.47 

Platelet (10
3
/ µl) 39.16±3.21

a
 203.21±18.6 

Values with superscript a differ significantly (P˂ 0.05) in the row 

 

Table 2. The fasting blood glucose, glycated haemoglobin serum fructosamine and insulin values in E. canis 

affected dogs (Mean ±SE) 

Parameters E.canis infected  Healthy dogs 

Fasting blood glucose(mg/dl) 147.77± 16.32
a
 94.21±14.23 

Glycated haemoglobin 

(HbA1c %) 

7.08±1.6 
a
 5.4±1.02 

Serum fructosamine (µmol/l) 342.53±17.62
a
 212.66±17.89 

Insulin (µU/ml) 26.41±4.9
a
 13.67±3.2 

Values with superscript a differ significantly (P˂0.05) in the row 

 

Conclusion 

Ehrlichia canis infected dogs exhibited an impaired glucose tolerance and   higher level of serum insulin which 

indicates subclinical diabetic stage. It is evident from existing literature that E canis infection in dogs result in 

decrease concentration of thyroid hormones and hypothyroidism can contribute to insulin resistance. Further 

research is needed to unveil the mechanism involved in insulin resistance.   
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