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Abstract
Aim: Hemorrhagic gastroenteritis (HGE) ranging from mild to severe forms is commonly encountered in puppies. The 
aim of the study was to identify the prevalence of common enteropathogens and the antibiotic sensitivity pattern in puppies 
reported with HGE.

Materials and Methods: The canine HGE activity index, with little modification, was adopted to identify Grade III/
severely affected puppies below 6 months of age. Fecal polymerase chain reaction (PCR) assay was employed to screen and 
compare the enteropathogens in puppies with hemorrhagic diarrhea and healthy control.

Results: Canine parvovirus 2b was identified in 90.3% of the diarrheic and 10% of the non-diarrheic healthy puppies. 
Clostridium difficile was identified in all the diarrheic puppies and in 80% of the healthy puppies. Among the diarrheic 
puppies, 17.7% were positive for Clostridium perfringens enterotoxin, 9.7% were positive for C. perfringens alpha toxin, 
6.4% were positive for Escherichia coli shiga toxin, 6.4% were positive for E. coli enterotoxin (LT), and 3.2% were positive 
for canine distemper virus. Whereas, none of the healthy puppies were positive for these bacteria and toxins. Fecal antibiotic 
sensitivity test pattern revealed gentamicin to be sensitive in 95% of the cases, azithromycin in 50%, enrofloxacin in 25%, 
cefotaxime in 20%, and tetracycline in 5% of the cases.

Conclusion: Parvoviral enteritis is predominant among puppies. Yet, bacteria and their toxins also play an important role in 
HGE. Gentamicin has higher sensitivity against the enteropathogens associated with the condition.

Keywords: canine hemorrhagic gastroenteritis activity index, enteropathogens, fecal antibiotic sensitivity test, fecal 
polymerase chain reaction assay, hemorrhagic gastroenteritis.

Introduction

Acute hemorrhagic diarrhea is one of the most 
serious clinical manifestations of the gastrointesti-
nal failure faced by small animal practitioners [1]. 
Infectious agents associated with diarrhea in young 
dogs are typically bacterial or viral [2]. The poten-
tial enteropathogenic bacteria associated with bac-
terial gastroenteritis in dogs include Clostridium 
difficile, Clostridium perfringens, Escherichia coli, 
Campylobacter jejuni, and Salmonella sp. [3]. While, 
the enteric viruses that are commonly detected in 
dogs with diarrhea include canine parvovirus (CPV), 
enteric Canine coronavirus (CCoV), and canine dis-
temper virus (CDV) [4].

The intestinal micro flora of dogs and cats is 
a complex and poorly understood population. The 
poor understanding of what truly constitutes nor-
mal versus abnormal, along with the ability to only 
superficially characterize the gut microbial popula-
tion, limits understanding of the pathophysiology of 
enteritis [5]. There is a growing body of evidence 
indicating bacterial translocation due to impaired 
gastrointestinal function, leading to the septice-
mia in young puppies [6]. This supports the use of 
antibiotics in the treatment protocol of the affected 
animals.

Thus, the study was conducted to identify the 
various possible underlying etiology of hemorrhagic 
gastroenteritis (HGE), which will help in better under-
standing of the pathogenesis and to identify the better 
choice of antibiotic in most of the affected puppies, 
thereby to improve the survivability.
Materials and Methods
Ethical approval

As the study was conducted with the clinical 
cases (affected animals) ethical committee approval 
was not required. 
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Selection of animals and sampling
Puppies below 6 months of age presented to the 

Madras Veterinary College Teaching Hospital with 
hemorrhagic diarrhea were selected for the study. The 
selection criteria used were based on the canine HGE 
activity index [7] with little modifications, given in 
Table-1. A total of 62 puppies that satisfy Grade III/
severely affected criteria were selected for the study. 
A total of 10 apparently healthy puppies below 
6 months of age were selected as negative control. 
About 2 g of fecal sample and fecal swab was col-
lected from the rectum of the affected puppies.

Fecal samples collected from all the puppies 
during the study period were screened by polymerase 
chain reaction (PCR) for the common enteropatho-
gens, including the bacteria, their toxins and viruses. 
The organisms that were screened include E. coli – 
shiga and enterotoxin (LT), C. perfringens – alpha 
(cpa) and C. perfringens enterotoxin (cpe) C. difficile 
and its toxin B, Salmonella sp., Campylobacter sp., 
and the viruses such as CPV-2b strain, CDV, enteric 
CCoV, and Rotavirus.
Sample processing and DNA isolation (phenol chlo-
roform method)

DNA isolation was performed using phe-
nol-chloroform method [8]. 1-2 g of fresh fecal sam-
ples were collected. 3 ml of phosphate buffered saline 
was added to it. About 1 ml of this fecal mixture was 
taken, centrifuged at 6000 rpm for 10 min and the 
supernatant was collected. To 200 µL of supernatant, 
800 µL of proteinase buffer, and 4 µL of proteinase K 
enzyme were added and incubated in a water bath at 
37°C for 1 h. 800 µL of phenol:chloroform:isoamyl 
alcohol mixture (25:24:1) and 100 µL of 5 M sodium 
acetate were added and centrifuged at 10,000 rpm for 
15 min. Then, 1 ml of isopropanol was added to the 
supernatant and kept at −20°C for 1 h or overnight 
incubation and centrifuged at 10,000 rpm for 15 min. 
1 ml of 70% ethanol was added to the pellet and cen-
trifuged at 10,000 rpm for 10 min. The ethanol was 
discarded and the pellet air dried. 30-50 µL of nucle-
ase free water was added to the air-dried pellet and 
stored at −80°C until use.
RNA isolation

RNA isolation from fecal sample was done using 
the TRIzol reagent method [9]. 250 µL of fecal sam-
ple (supernatant) was mixed with 750 µL of TRIzol 
reagent and incubated in ice for 2 min. 200 µL of 

chloroform was added, incubated for 5 min and cen-
trifuged at 12,000 rpm for 15 min at 4°C. The 500 µL 
of isopropanol was added to the supernatant and kept 
at −20°C for overnight incubation. The samples were 
then centrifuged at 12,000 rpm for 20 min at 4°C. 1 ml 
of 70% ethanol was added to the pellet and centrifuged 
at 12,000 rpm for 15 min at 4°C. 15 µL of NFW was 
added to the RNA pellet. cDNA synthesis was per-
formed with random primers and RevertAid M-MuLV 
reverse transcriptase as per the manufacturer’s instruc-
tions: The cDNA obtained was used as templates 
for PCR assay, the live attenuated Rotavirus vaccine 
(Human Rotavirus RIX 4414 strain) and killed CCoV 
vaccine (NL-18 strain) were used as positive controls.
PCR

The stn gene corresponding to the Salmonella 
spp. was tested to show amplification with a molecu-
lar length of 617 bp [10]. The stx 1 (shiga toxin) and 
LT 1 (enterotoxin) genes corresponding to E. coli were 
tested to show amplification with a molecular length 
of 614 and 480 bp [11]. The 16S rRNA gene corre-
sponding to C. jejuni and C. coli was tested to show 
amplification with a molecular length of 854 bp [12]. 
The 16S rRNA and toxin B genes corresponding to 
the C. difficile were tested to show amplification 
with a molecular length of 270 and 399 bp [13]. The 
cpa (alpha toxin) and cpe (enterotoxin) genes corre-
sponding to the Clostridium perfringens were tested 
to show amplification with a molecular length of 
400 and 233 bp [14]. The VP7 gene corresponding 
to Rotavirus was tested to show amplification with a 
molecular length of 1062 bp [15]. The VP2 gene cor-
responding to CPV-2b was tested to show amplifica-
tion with a molecular length of 427 bp [16]. The H 
gene corresponding to CDV was tested to show ampli-
fication with a molecular length of 863 bp [17], and 
the S gene corresponding to CCoV was tested to show 
amplification with a molecular length of 346 bp [18], 
respectively.

The PCR reaction mixture containing 12.5 µL 
of master mix, 2 µL of DNA template and 6.5 µL of 
nuclease free water was taken in PCR tubes and kept 
on ice. The PCR tubes were spinned for 10 s and the 
appropriate program was set in thermal cycler.
Agarose gel electrophoresis

The PCR products were analyzed in 0.8-1.5% 
agarose gel according to the PCR amplicon size, con-
taining 1 µL of working ethidium bromide staining 

Table-1: Canine HGE index suggested by Unterer et al. [7] with little modifications.

Clinical signs Grade 0 Grade I Grade II Grade III

Appetite Normal Mild Moderate Severely decreased
Vomiting frequency No 1 X/day 2-3 X/day >3 X/day
Stool consistency Normal Slightly soft Very soft Watery diarrhea
Stool frequency Normal 2-3 X/day 4-5 X/day >5 X/day
Dehydration No <5% 5-10% >10%
Level of consciousness Normal Mild depression Moderate depression Severe depression/recumbency

HGE=Hemorrhagic gastroenteritis
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along with 100 bp DNA ladder [19]. The gel was 
visualized under ultraviolet transilluminator and doc-
umented using MEGA-CAPT software.
Fecal antibiotic sensitivity tests (ABST)

Fecal ABST based on Kirby-Bauer agar disc dif-
fusion technique was followed [20]. About 1-2 ml of 
nutrient broth was added to the culture swab and incu-
bated at 37°C for 24 h. Mueller-Hinton agar plates were 
prepared, and the samples were inoculated. Antibiotic 
discs were placed at specific distance, and the plates 
were incubated at 37°C for 24 h. The results were read 
by measuring the zone of inhibition produced by vari-
ous antibiotic discs and compared to the standards.
Results

Based on the PCR assay, among the healthy pup-
pies screened, 80% were found positive for C. diffi-
cile, and 10% were positive for CPV-2b.

Among the affected puppies, all were positive 
for C. difficile, 90.3% were positive for CPV-2b, 
17.7% were positive for cpe, 9.7% were positive for 
cpa toxin, 6.4% were positive for E. coli shiga toxin 
(STEC), 6.4% were positive for E. coli – enterotoxin 
(LT), and 3.2% were positive for CDV (Figure-1). 
None of the puppies were shedding both the CPV and 
CDV together whereas, cpe together with cpa and LT 
were detected in two of the puppies with hemorrhagic 
diarrhea.

Salmonella sp., Campylobacter sp., and C. diffi-
cile toxin B, enteric CCoV and Rotavirus were found 
negative in 62 puppies with hemorrhagic diarrhea 
screened samples.

The fecal antibiotic sensitivity results revealed 
gentamicin to be sensitive in 95% of the cases, azith-
romycin in 50%, enrofloxacin in 25%, cefotaxime in 
20%, and tetracycline in 5% of the cases. The order 
of sensitivity was gentamicin > azithromycin > enro-
floxacin > cefotaxime > tetracycline. Maximum resis-
tance (100%) to amoxicillin and least resistance (5%) 
to gentamicin were observed.
Discussion

The diagnostic methods based on PCR have 
the potential to be more sensitive and have a shorter 

turnover time, though they lack proper validation [21]. 
These molecular tests have been designed for the 
detection of many virulence genes and are often the 
most sensitive methods for detecting them [22].

PCR-based methods for CPV infection in dogs 
have been shown to be more sensitive than traditional 
techniques [23]. They have shown to detect very low 
concentrations CPV and feline parvovirus in unpro-
cessed fecal samples, and have been more useful to 
diagnose and differentiate canine enteric pathogens as 
the definitive diagnosis is important primarily for epi-
demic control and prevention [24]. The PCR assays 
avoid the necessity for culture for subsequent pheno-
typic tests and that when employed to a large number 
of diarrheic samples help in clarifying the role of a 
particular organism in the enteric disease [12].

In this study, all the diarrheic puppies (100%) and 
majority of the healthy non-diarrheic puppies (80%) 
were positive for C. difficile. A variety of 20 species 
of bacteria and 10 species of fungi were isolated from 
the rectal swabs taken from healthy dogs [25]. Among 
them, E. coli, Streptococcus mitis, S. lactis, and 
Enterococci were more prevalent whereas Clostridium 
spp. and Lactobacillus spp. were least prevalent and 
neither Salmonella spp. nor Shigella were detected. 
Whereas, Clostridium spp. was most abundant in the 
fecal samples collected from dogs and cats (>20% 
on average) [26]. C. difficile was identified to cause 
of diarrhea in 10-21% of cases and postulated to be 
involved in some cases of acute hemorrhagic diarrhea 
syndrome in dogs [5,27]. Thus, the increased preva-
lence of C. difficile in the fecal samples in puppies is 
explained by their normal inhabitance and abundance 
in the gastrointestinal tract of the puppies, more com-
monly among the diarrheic animals.

The prevalence of CPV-2b in the diarrheic pup-
pies (90.3%) was more when compared with the 
healthy non-diarrheic puppies (10%). The shedding 
of CPV and CDV is strongly associated with acute 
hemorrhagic diarrhea [4]. CPV-2 was typically seen 
in dogs without protective antibody titers, because of 
a lack of or an incomplete series of vaccinations [2]. 
A window of susceptibility also occurs in puppies, in 
which maternal antibody falls below protective levels 
but vaccine-induced immunity is lacking. CDV was 
involved in acute hemorrhagic diarrhea without prom-
inent respiratory and neurological signs [28].

Cpe, cpa toxin, STEC, E. coli – enterotoxin (LT), 
and CDV were identified in the puppies with hemor-
rhagic diarrhea, but none of them were isolated from 
the healthy puppies.

C. perfringens was responsible for a wide range 
of diseases in humans and animals. The pathogenicity 
of this species is associated with the toxin production 
such as the major toxins- alpha, beta, epsilon and iota, 
and the minor toxin-enterotoxin (cpe) [29].

The identification of C. perfringens in the 
affected puppies could be related to the intestinal dys-
biosis. The changes in the intestinal environment of 

Figure-1: Enteropathogens identified in healthy and 
affected puppies.
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dogs with diarrhea promote increased proliferation 
and transient overgrowth of enterotoxigenic strains 
of C. perfringens, leading to detectable amounts of 
enterotoxin (cpe) in the feces [30]. Frequent growth 
of C. perfringens was observed in the intestine of dogs 
with CPV infection [31].

The main pathogenic elements of STEC and 
enterotoxigenic E. coli were classified into shiga toxin 
(stx1, stx2), heat-labile toxin (LT), and heat-stable 
toxin (ST) [11]. A higher percentage of diarrheic dogs 
were positive for hemolytic E. coli, with increased 
prevalence in young age as the intestinal epithelium 
appears to be more permeable than is the intestinal 
epithelium in older dogs [32,33].

Amoxicillin-clavulanate was recommended in 
patients with bacterial translocation [34]. Gentamicin 
was identified as the drug of choice for treating 
Gram-negative gastroenteritis bacteria and parvoviral 
enteritis [35,36]. This supports the maximum sensi-
tive pattern of gentamicin in 95% of the puppies with 
HGE. Cefotaxime was found useful against few Gram-
positive and most of the Gram-negative microbes 
implicated in parvoviral enteritis [37], which was in 
turn found to be sensitive in 20% of the affected pup-
pies. The choice and response to antibiotics vary with 
each and individual animal, as the type and composi-
tion of gastrointestinal microflora are not similar in all 
the animals [38] which explain the varying sensitivity 
pattern observed in the study.
Conclusion

A higher prevalence of CPV-2b among the pup-
pies with hemorrhagic diarrhea is evident in the local-
ity. Effective vaccination program, client education, 
and disinfection strategies will help in reducing the 
incidence. C. difficile is identified to be a common 
enteropathogen in diarrheic as well as healthy pup-
pies, yet its role in pathogenesis is not clearly under-
stood. Various bacteria and the toxins also play an 
important role as a sole enteropathogen and in combi-
nation with viruses in the etiology of HGE in puppies. 
Gentamicin is found to have the maximum sensitiv-
ity pattern against the enteropathogens implicated in 
severe HGE.
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