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ABSTRACT

Present investigation has recorded ehrlichiosis associated C-reactive protein status in dogs. Total 79 dogs were screened for 
ehrlichiosis based on the clinical diagnosis criteria. All the screened dogs underwent for blood smear examination followed by 
primary and nested PCR analysis which confirm total 64 dog positive for ehrlichiosis. These confirmed cases were taken for 
further analysis to assess the extent of inflammation caused by acute phase protein such as C-reactive protein. Results of present 
investigation revealed significant increase in serum concentration of canine C-reactive protein in ehrlichiosis affected dogs as 
compared to healthy ones. Conventional treatment of diseased animals reduces these values towards the reference values as 
assessed in healthy animals. It can be concluded thatserum level of C-reactive protein is significantly increases in case of canine 
monocytic ehrlichiosis and can be used as potent clinical biomarker for assessment of extra cytokines induced inflammatory 
reaction.

HIGHLIGHTS

mm Canine Monocytic Ehrlichiosis causes severe inflammation as evident by increased serum level of cytokine.
mm CRP is an extra-cytokinin biomarkers for inflammation associated with canine ehrlichiosis.
mm In ehrlichiosis affected dog significant increase in canine C reactive protein has been observed.
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Canine monocytic ehrlichiosis (CME) is defined as an 
inflammatory, tick transmitted, multisystemic disease 
caused by intracellular parasite known as Ehrlichia 
canis (Barman et al., 2014). Clinically the disease can be 
identified by pyrexia, depression, lethargy, subcutaneous 
haemorrhage, epistaxis, lymphadenopathy (Harrus and 
Waner, 2011), spleenomegaly and thrombocytopenia 
(Sainz et al., 2015). Disease may occur in acute, subacute 
or chronic form. Infection is common in both the sexes 
of all age but some serological studies suggested higher 
occurrence of disease in male animals. Ehrlichia canis has 

reported to cause a significant inflammatory response in 
dogs as evident by increased acute phase proteins (APPs) 
such as C-reactive protein or haptoglobin (Karnezi et al., 
2016). This appears to occur via a variety of mechanisms 
particularly via infiltration of the sub endothelial layer and 
perivascular region of multiple organs with lymphocytes, 
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monocytes/macrophages, and plasma cells (Abiramalatha 
et al., 2016). Previous studies reported the increase 
in Canine C-reactive protein in dogs affected with 
immune mediated polyarthritis (Kjelgaard-Hansen et al., 
2006) and canine tick-borne diseases (Asawakarnand 
Taweethavonsawat, 2021).The kinetic properties of canine 
CRP during an acute phase response are characterized by 
a low concentration at normal homeostasis, a short lag-
phase after the inflammatory stimulus of around 4 hours 
(Higgins et al., 2003), reaching a peak in concentration 
after approximately 24 hours, and a quick normalization 
after ended inflammatory stimulus (Hayashi et al., 2001). 
Keeping in view the above discussion present study 
has been designed to evaluate the alternation in serum 
concentration of canine C-reactive protein in dog affected 
with ehrlichiosis.

MATERIALS AND METHODS

Screening of dogs for study

Screening of dogs, suspected for Ehrlichiosis was done on 
the basis of observation of classical signs of Ehrlichia in 
dogs. Based on results of previous studies, clinical signs 
considered for screening are mucosal pallor, high fever, 
lymphadenomegaly, epistaxis, splenomegaly, hyphema, 
depression, ocular abnormalities, vomiting, haematuria, 
melena, haematemesis, hind limb /or scrotal edema, 
bleeding diathesis, icterus, central nervous system signs, 
ascites and weight loss (Fig. 1-4). Dogs with above 
mentioned 2-3 classical signs of ehrlichiosis listed above 
will be included in screening procedure. Dogs’ positive 

Fig. 1: Pale mucus membrane Fig. 2: Epistaxis in GSD

 
Fig. 3: Hyphema in GSD Fig. 4: Limb edema in Rottweiler
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for ehrlichiosis with a concurrent disease and dog without 
proper history of vaccination and deworming were 
excluded from screening procedure. A total of seventy-
nine (79) dogs were screened in the present investigation, 
which were presented to Veterinary Clinical Complex, 
DUVASU, Mathura between August 2018 to April 2019.

Confirmation of screened dogs for ehrlichiosis

Screened dogs further underwent a series of diagnostic 
procedure to confirm the disease. The primary confirmation 
of canine monocytic ehrlichiosis was done by detection of 
morulae in monocytes in the blood smear (Fig. 5) which 
was taken from ear tip and stained by Leishman stain. 

Fig. 5: Morula in Monocytes

Fig. 6: Result of nested PCR (M = Marker of 100 bp, Lane 1-23 
= Sample, primer: 460-540 bp)

Dogs having symptoms of CME but negative for 
blood smear examination were further confirmed by 
polymerase chain reaction (PCR) test. Out of 79 screened 

samples, Sixty–four (64) samples were found positive 
for ehrlichiosis on the basis of Nested PCR which were 
used for further clinical studies. Out of these 64 dogs, 42 
dogs were taken for therapeutic study. Specific primer 
pairs were used for E. canis gene (16 S rRNA). Details of 
primers and thermal cycling profile used for nested PCR 
analysis are given in table 1. Amplification reactions were 
carried out in Thermocycler (BioRad, USA). PCR results 
were analysed using agarose gel electrophoresis under UV 
light (Fig. 6).

Table 1: Details of primer and thermal cycling profile for nested 
PCR analysis of Ehrlichia canis

Species Ehrlichia canis
Primer 
sequence

ECAN5: 5’- CAATTATTTATAGCCTCTGGCTC 
TGGCTATAGGA-3’

HE3: 5’- TATAGGTACCGTCATTATCTTCCCTAT- 
3’

Thermal 
cycling 
profile

Initial denaturation- 94 °C for 3 min

First step Second step
Denaturation (3 cycles)- 94 
°C for 1 min

Annealing- 55 °C for 2 min

Extension- 72 °C for 1.5 min

Denaturation (37 
cycles)- 94 °C for 1 
min

Annealing- 55 °C for 
2 min

Extension- 72 °C for 
1.5 min

Final extension- 72 °C 
for 8 min

Determination of Canine C-Reactive Protein

These parameters were analyzed by using commercial 
ELISA kit (Canine C-Reactive protein, CRP ELISA 
kit, catalog no.-YHB0022Ca-48T, Gentaur) as per the 
manufacturer’s protocol and results were summarized in 
tabular form for easy understanding.

Therapeutic study

The dogs were grouped in two groups having six dogs 
in group 1 (control) and 42 dogs in group 2 (Treatment). 
Treatment group has been treated with conventional 
treatment for canine ehrlichiosis.
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Group-I (Controlor 
healthy) (N=06)

At six healthy dogs, irrespective of breed, 
age and sex. Apparently healthy animals 
on the basis of clinicalexamination and 
confirmed by same panel of test used for 
Group II

Group-II 
(Treatment) (N=42)

 42 clinical cases of dogs suffering from 
ehrlichiosis

(Irrespective of breed, age and sex).

Conventional treatment used in this study is as follows:

�� Tab. Doxycycline @ 5 mg/kg.bwt twice a day for 
21 days.

�� Tab. Carprofen @ 2.2 mg/kg.bwt twice a day in 
case of fever, (if required).

�� Tab. Pantoprazole @ 1 mg/kg.bwt once a day (if 
required).

�� Syp. Sucralfate @ 1 gm, thrice a day, (if required).

�� Other need based supportive and fluid therapy (if 
required).

Statistical analysis

Web based Agricultural Statistics Software Package 
(WASP2) icargoa.res.in /wasp2.0/index.php was used for 
analysis of data.

RESULTS AND DISCISSION

C -Reactive protein (CRP) values of control and diseased 
(Pre-treatment and post treatment) group have been 
summarized in the table 2. The Mean ± SE values of CRP 
concentration on day zero and day 14 of healthy dogs 
(group 1) were 1.75±0.07, 1.78±.04 respectively while 
these value in diseased dogs at day zero and day 14 post 
treatment were 6.28±.81 and 2.54±.18 respectively. Test 
of significance showed that CRP concentration value 
of treatment groups were significantly higher than that 
of control group on the day of presentation. There was 
significant decrease in the mean CRP concentration value 
on day 14 post-treatment in the treatment groups. The 
present findings of increase in CRP concentration in cases 
of ehrlichiosis are in agreement with the findings of many 
previous studies (Shimada et al., 2002). Evaluation of 
certain inflammatory mediators like acute phase protein 
(for example C-reactive protein) or haptoglobinhas proved 

that significant inflammatory response is associated with 
Ehrlichia canis has infection (Karnezi et al., 2016).

This appears to occur via a variety of mechanisms 
particularly via infiltration of the sub endothelial layer and 
perivascular region of multiple organs with lymphocytes, 
monocytes/macrophages, and plasma cells (Abiramalatha 
et al., 2016). The kinetic properties of canine CRP 
during an acute phase response are characterized by a 
low concentration at normal homeostasis (Otabe et al., 
2000), a short lag-phase after the inflammatory stimulus 
of around 4 hours (Higgins et al., 2003), reaching a peak 
in concentration after approximately 24 hours, and a quick 
normalization after ended inflammatory stimulus (Hayashi 
et al., 2001). Thus, canine CRP has the properties of an 
almost real time marker of the inflammatory activity during 
an acute phase response. A positive relationship has been 
established between increase in CRP values and magnitude 
of secondary bacterial infection (Cirvoni et al., 2012). A 
reduction in level of CRP was recorded after treatment of 
ehrlichiosis affected dogs in present investigation, which 
is in accordance with Capsi et al. (1987), which might 
be due to the general down regulation of inflammatory 
activity after treatment. APPs are part of the nonspecific 
reaction of the innate immune system, which is the 
organism’s first line of defense at the early stages of the 
disease. This physiological mechanism allows time for the 
organism to activate other more specific lines of defense, 
such as cellular and humoral immune responses (Ceron et 
al., 2005). Thus, increased plasma CRP concentrations in 
the acute stages of E. canis infection may help to kill E. 
canis in the macrophages of infected dogs, controlling the 
infection at a subclinical level. (Rikihisa et al., 1994). The 
liver has been identified as the major site for production 
and release of acute phase proteins and interleukin-6 is 
considered the major inducing cytokine of the hepatic 
production of CRP. Interleukin-1 and TNF-alpha that is 
traditionally also considered as major pro-inflammatory 
cytokines seem not able to induce the hepatic synthesis 
of CRP alone or in combination, but should still be 
considered as major co-working modulators. In addition 
to ehrlichiosis, plasma concentrations of CRP are reported 
to be increased in many infectious and inflammatory 
conditions, such as surgical trauma (Eckersall et al., 
2007; Petersen et al., 2004), polyarthritis, leptospirosis, 
bacterial and haemorrhagic enteritis, parvoviral infection 
and leishmaniasis (Ceron et al., 2005). CRP inhibits 
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chemotaxis and modulates neutrophil function, binds to 
bacteria activating the complement pathway and induces 
anti-inflammatory cytokine production (Ceron et al., 
2005). Therefore, the changes in CRP concentrations in 
blood observed in various stages of disease activity are 
indirect indications of the participation of these cytokines 
in the pathogenic process (Eckersall, 2000).

Table 2: C-reactive protein alterations in various groups of dogs 
suffering from Canine Ehrlichiosis

Groups
C-Reactive protein conc. 

(mg/L)
Day 0 Day 14

G1 (Control, N=06) 1.75±.07ᵅ 1.78±.04ᵅ
G2 (Diseased, N=42) 6.28±.81ᴮᵇ 2.54±.18ᴬᵇ

Mean with different superscript (a, b,) in columns are differing 
significantly in between the groups, otherwise non-significant. Mean 
with different superscript (A, B) in rows are differing significantly 
in between the intervals, otherwise non-significant.

CONCLUSION

Present findings clearly highlight the significant increase 
in canine C-reactive protein in dogs affected with 
canine monocytic ehrlichiosis. Although cytokines are 
considered as potent mediators of inflammatory reaction 
and their estimation has also been considered as indication 
about severity of inflammation associated with various 
infectious and non-infectious diseases, some extra-
cytokine inflammatory mediators are also be synthesized 
in body by various tissue or organs during inflammation. 
Canine C reactive protein is one of these extra-cytokines 
inflammatory mediators which has been evaluated in 
ehrlichiosis affected dogs and compared with healthy one. 
From current study we can recommend the use of canine 
C-reactive protein estimation for assessing the severity 
of inflammation associated with canine monocytic 
ehrlichiosis.
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