
Molecular Characterization and Pathogenesis 
of Local Isolates of Clostridium perfringens 
Type D from Sheep in District Peshawar

Saqib Nawaz1, Sher Bahadar Khan1*, Umar Sadique1, Muhammad Israr2, 
Mumtaz Ali Khan3, Hameed Ullah Khan4, Muhammad Irshad5, Ihsan Ali1 and Haq Aman Ullah1

1College of Veterinary Sciences, The University of Agriculture, Peshawar
2Pakistan Science Foundation, Islamabad
3Civil Veterinary Hospital, Takht Bhai, Mardan
4Veterinary Research Institute, Peshawar
5Livestock Research and Developmental Station, Surezi, Peshawar

Article Information
Received 03 February 2020 
Revised 29 June 2020
Accepted 07 July 2020
Available online 08 June 2021

Authors’ Contribution
SN, SBK and US designed the idea, 
performed experiments and wrote 
the article. M Israr, MAK and HUK 
did analysis and reviewed the article. 
M Irshad, IA and HAU collected and 
processed the samples.

Key words
Clostridium perfringens, 
Enterotoxaemia, Pathogenesis, Pulpy 
kidney dissease, PCR

The main objective of this study was isolation and determination of changes caused by Clostridium 
perfringens type D from sheep. For this purpose, a total of 272 fecal samples were collected from sheep 
and lambs from four different zones of district Peshawar. Isolates were morphologically, biochemically 
and molecularly confirmed through Gram staining, gelatin liquefaction test (GLT) and polymerase 
chain reaction (PCR), respectively. Out of total, 85 (31.3%) were positive for C. perfringens type D on 
PCR. The results revealed 6-34% prevalence of C. perfringens type D in different regions. Similarly, 
significantly (P˂0.001) higher prevalence was observed in lambs (54%) as compared to sheep (23%). For 
gross and histopathological lesions a total of 50 animals were necropsied infected with C. perfringens 
type D. A total of 43 (86%) sheep were recorded having hemorrhages on serosa of intestine followed by 
gas filled small intestine in 41 sheep (82%), lesions in ileum and colon in 39 sheep (78%), soft kidney 27 
(54%), dark congested liver 26 (52%), nephritis 23 (46%) and spleenitis 13 (26%). Microscopic lesions 
revealed a score of 10 of kidney tissue out of 15 while the lesion score of intestine revealed 08 out of 
lesion score of 15.

Pulpy kidney disease (PKD) is one of the major endemic 
diseases of small ruminant. This disease mainly occurs 

in sheep in region where there is abundant availability of 
green fodder and is caused by different types of toxins 
of Clostridium perfringens with high case fatality rates 
leading to considerable economic losses to the farmers. 
The disease mostly transmitted through feces to sheep and 
rarely to large ruminants (McClane et al., 2006). 

C. perfringens is non motile, spore forming, large rod 
shaped gram-positive, catalase-negative, oxidase-negative 
and anaerobic bacteria with an abundant ecological 
spreading in soil, sewage, diet, feces, and in the normal 
gut flora of humans and animals (McClane et al., 2013). C. 
perfringens produces 4 major toxins which is categorized 
into 5 toxino-types (A, B, C, D and E), namely alpha (α) 
(CPA), beta (β) (CPB), Epsilon (ε) (ETX), and iota (ITX). 
α toxin is produced by all 5 toxino-types while β toxin is 
produced by C. perfringens type B and C. ε toxin is produced   

*      Corresponding author: sbvetdr@yahoo.com
0030-9923/2021/0004-1595 $ 9.00/0
Copyright 2021 Zoological Society of Pakistan

by C. perfringens type B and D while iota toxin is 
produced by C. perfringens type E. C. perfringens also 
produces 15 other minor toxins including lethal toxins 
such as enterotoxin (CPE), perfringolysin O (PFO) and β2 
toxin (CPB2) (Garmory et al., 2000). C. perfringens type 
A and B cause yellow lamb disease and lamb dysentery 
in sheep respectively, while C. perfringens type C 
causes haemorrhagic enteritis (struck in disease) and C. 
perfringens type D causes pulpy kidney disease.

In Pakistan, the prevalence of C. perfringens in small 
ruminants and sheep is 26% and 32.1%, respectively while 
some study reported 31% (Radad and Khalil, 2011). In 
Khartoum State, Iran and Al-Ahsa, Kingdom of Saudi 
Arabia the prevalence of C. perfringens in sheep was found 
to be 23.8% and 26.5%, respectively (Aschfalk et al., 
2002). Alteration in the gastro intestinal tract (GIT) is the 
predisposing factor for C. perfringens type D due to which it 
starts proliferation and produces large number of copies of ε 
toxin in the form of inactive prototoxin which get activated 
by proteolytic degradation of C-terminal 14 amino acid 
which produces both local and systemic effects (Cheung 
et al., 2004). In kidney it lead to autolysis while in lungs it 
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cause pulmonary edema and in brain it lead to perivascular 
edema and cerebral necrosis (Garmory et al., 2000).

Clinically in sheep pulpy kidney disease is mainly 
characterized by nervous signs like staggering and 
knuckling at fetlock in forelimbs, champing of jaws, 
teeth grinding, salivation, rapid shallow and irregular 
respiration along with sudden onset of death (Fernandez 
and Uzal, 2003). On postmortem examination, empty and 
gas filled small intestine, congested liver and dark, pulpy 
soft kidney, increased fluid in pericardial sac and petechial 
and ecchymotic hemorrhages in abdominal muscles and 
serosa of intestine in sheep are seen (Radad and Khalil, 
2011). The main objectives of this study were isolation, 
histopathological and molecular identification of local 
isolates of C. perfringens type D from sheep and lambs to 
assess the prevailing situation of C. perfringens type D in 
district Peshawar, to reduce the economic losses and to make 
devise strategies for effective control of this fatal disease.

 
Materials and methods

Fecal samples were randomly collected from sheep 
and lambs suspected on clinical signs and symptoms for 
C. perfringens type D infection present in four regions 
of District Peshawar, Khyber Pakhtunkhwa province, 
Pakistan. A total of 272 fecal samples were used in the 
study including 200 from sheep (50 from each region) and 
72 from lambs (18 from each region). Region I consist of 
Pelosi, university dairy farm and adjacent areas. Region 
II consists of Tajabad and Achenai bala. Region III 
consists of Nasir Pur and Charsadda Road while Region 
IV consists of GT Road and adjacent area. Samples were 
labeled, transported in ice box and stored at 4oC until use. 
A preformed questionnaire was developed to collect detail 
data of the animals. 

Fecal sample were washed with phosphate buffer 
saline and culture in fluid thioglycollate broth (HI Media 
Laboratories Pvt. Ltd., India) for enrichment, followed 
by incubation at 37°C for 24h anaerobically using CO2 
incubator (Galaxy 48 S, New Brunswick an eppendorf 
Company) and observed for any growth. After obtaining 
mass turbidity in broth, the samples were subcultured 
on tryptose sulphite cycloserine (TSC) agar (HI Media 
Laboratories Pvt. Ltd., India) by taking 0.1ml of the 
inocula for obtaining suspected grayish black colonies 
having diameter of 3-5mm. The suspected isolates were 
initially confirmed through Gram staining and gelatin 
liquefaction test (Kalender et al., 2005).

For PCR amplification of α and ε toxins, genomic 
DNA was extracted by using the commercially available 
DNA extraction kit (GeneAllBldg, 303-7 Dongnam-
ro, Songpa-gu, Seoul, South Korea) according to the 
manufacturer’s instructions.

PCR was conducted in 25 µL reaction mixture 

containing 10 μl of MasterMix, 1μl each of Forward Primer 
and Reverse Primer, 8 μl of PCR water and 5μl of DNA 
template using Bio-Rad thermal cycler. Amplification was 
done with initial denaturation at 94°C for 5 min followed 
by 30 cycles, each consisting of 60 sec of denaturation at 
94°C, 60 sec of annealing at (α 55°C, ε 53.4°C), 60 sec of 
extension at 72°C and 10 min of final extension at 72°C. 
Two sets of primers used for the detection of C. perfringens 
type D α/cpa and ε/etx in fecal samples are: 
a/cpa Primer F-5-TGC TAA TGTTAC TGC CGT TGA TAG-3 
Primer R-5-TGC TAA TGTTAC TGC CGT TGA TAG-3
ε/etx Primer F-5-ATT AAA ATC ACA ATC ATT CAC TTG-3 
Primer R-5-CTT GTG AAG GGA CAT TAT GAG TAA-3
with products of base pair 247 and 206, respectively as 
described by Garmory et al. (2000).

PCR products were run on 1.5% agarose gel with gel 
red (3μl) added along DNA ladder of 1 Kb (Genesta™) 
as a Marker and optimized positive and negative control 
product at 120 V, charge of 500 mA current for 35min.

A total of 50 sheep were examined to study the 
gross and histopathological lesions. Similarly those sheep 
showing diarrhoea, staggering and knuckling at fetlock 
in forelimbs, champing of jaws and teeth grinding were 
suspected for Enterotoxaemia and were purchased and 
sacrificed for recording pathological lesions. On post 
mortem inspection, detailed lesions were recorded in small 
intestine, liver, kidney, pericardial sac and abdominal 
muscles. The detail lesions scoring were documented in 
different organs of each necropsied animal (Wesonga et 
al., 2004). Tissues samples were collected from kidney 
and intestine in aseptic condition in sterile container 
under refrigeration for histopathology and preserved in 
neutral buffered formalin (10%) for histopathological 
examinations. Samples were properly labelled and 
transported to the Microbiology laboratory, Department 
of Animal Health, the University of Agriculture, Peshawar 
for further processing.

For gross and histopathological lesion scoring of 
different organs was made on the basis of severity of lesion. 
The severity level was 0, 1, 2, 3 and 4 that represent normal, 
mild, moderate, severe and highly severe, respectively 
(Sadique et al., 2012). For histopathology a small cross-
section were trimmed off from intestine and kidney. Then 
suitable sections were made by placing these samples in 
10 % neutral buffered formalin for fixing of these samples. 
Then samples were further processed for histopathology 
and routine staining by following the method suggested 
by Bancroft et al. (2007). The data collected in the present 
study was analyzed through SPSS 8.1 using post Hoc and 
lesion scoring performed for evaluation of pathogenesis 
and severity of infection.

Results and discussion
C. perfringens type D was confirmed on PCR that 
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all 85 samples (46 from sheep and 39 from lambs) were 
positive for α and ε toxin gene (Table I). The maximum 
prevalence of C. perfringens type D in sheep and lambs 
was found in region III (34%) and (89%), respectively. On 
PCR analysis an amplicon size of 247 bp for α and 206 bp 
for ε was obtained that represents C. perfringens type D 
in sheep and lambs. Out of total 200 examined sheep, 123 
(61.5%), 112 (56%), 105 (52.5%) and 81 (40.5%) showing 
diarrhoea, staggering and knuckling at fetlock in forelimbs, 
champing of jaws and teeth grinding, respectively. Along 
with these symptoms the frothing of mouth 75 (37.5%) 
and rapid shallow and irregular respiration 41 (20.5%) 
was also recorded. Most of the sheep’s showing signs of 
mild fever 97 (48.5%) with anorexia, anemia and lethargy. 
Out of total 50 sheep died from pulpy kidney disease were 
examined for postmortem lesions, 43 (86%), 41(82%), 
39(78%), 27(54%), 26(52%), 23(46%) and 13(26%) sheep 
showing hemorrhages on serosa of intestine, gas filled 
small intestine, lesions in ileum and colon, soft kidney, 
dark congested liver, nephritis and Spleenitis, respectively 
were recorded.

Table I. Incidence of C. Perfringens type D in sheep and 
lamb on PCR in Peshawar, KPK.

Regions Sheep Lamb
1 50/03 18/02
2 50/12 18/11
3 50/17 18/16
4 50/14 18/10
Total 200/46 72/39

 
Kidney and intestine were severely infected so 

the tissue sections were studied for histopathology. C. 
perfringens type D were confirmed that in kidney, it causes 
degenerative changes in the glomerulus, cast disposition, 
necrotic changes in tubular epithelium accompanied 
by congestion and leukocytic infiltration (Figs. 1A, B). 
The sections of intestine of sheep showed erosion of 
epithelium lining, sloughing of villi, leukocytic infiltration 
and aggregation of inflammatory cells (Figs. 1C, D). The 

gross lesion score was carried out to record and evaluate 
the severity of C. perfringens type D infection in kidney 
and intestine of sheep. Out of total lesion score of 15 the 
distribution of lesion score was 08 in kidney while the 
lesion score of intestine is 07. However, the microscopic 
lesions score revealed that out of total lesion score of 15, 
the kidney present a score of 10 while the lesion score of 
intestine was 08 (Table II).

The isolates were identified on the basis of their 
culture, morphological and biochemical characteristics 
and its gross and histopathological lesion in its predirection 
sites (kidney and intestine). The isolates show grayish 
black colonies on TSC agar while Gram staining were also 
performed for morphological identification and show purple 
rods having spore which agree with the result of (Cheung et 
al., 2004). During current study the prevalence rate in sheep

Fig. 1. Histological structure of sheep kidney (A, B) 
and intestine (C, D). Control kidney (A), sheep kidney 
infected with C. perfringens type D (B) showing leukocyte 
infiltration, cast deposition, tubular epithelial cells and 
severe degeneration in tubular epithelium. Control 
intestine (C), intestine of infected sheep (D) showing 
sloughing of villi and leukocytic infiltration (D). **Stain: 
H&E (Hematoxcillin and Eosin); Magnification: A, B, 
100x; C, D, 400X.

Table II. Gross and microscopic lesion score in sheep suspected for C. perfringens type D infection.

Tissue Gross lesions Scoring Microscopic lesions Scoring
Intestine Serosae hemorrhages

Enteritis 
Bloody ingesta
Edematous 

2
2
1
2

07/15 Hemorrhagic enteritis
Sloughing of Villi
Necrosis of epithelial cells
Leukocytic infiltration 

2
3
3
0

08/15

Kidney Pyelonephritis 
Pus in hilus and pelvis
Focal necrosis

3
2
3

08/15 Loss of glomerulus
Distal tubular necrosis
Nephrosis
Congestion 
Leukocyte Infiltration 

3
2
2
3
0

10/15

Gross lesions scoring on the bases of tissue severity; 0, Normal; 1, Mild; 2, Moderate; 3, Severe; 4, highly severe.
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in region I, II, III and IV were (06%), (24%), (34%) and 
(28%) while the overall prevalence of enterotoxaemia in 
sheep is 23% which is in line with the finding of (Greco 
et al., 2005) from Italy who reported 25% prevalence of 
enterotoxaemia in sheep. These results are in contrast with 
the result of (Bachhil and Jaiswal, 1989) who reported less 
prevalence when compared with our findings. This high 
occurrence rate may be due to different climatic condition, 
breed, and poor farm management, system of rearing and 
lack of information about disease to farmer community. 

The prevalence rate in lamb in region I, II, III and 
IV was 11%, 61%, 88% and 55% while the overall 
prevalence of enterotoxaemia in lambs is 54% which 
is in close accordance with the result of (Kalender et 
al., 2005) from turkey who reported 50% prevalence of 
enterotoxaemia in lambs. The results are in contrast with 
results of (Aschfalk et al., 2002) from West Africa who 
reported 71% prevalence of enterotoxaemia in lambs. The 
high occurrence rate of (Aschfalk et al., 2002) may be due 
to random selection of sheep, different climatic condition, 
breed and system of rearing.  

PCR is used for molecular identification of 
toxinotyping of C. perfringens type D due to its high 
efficiency and sensitivity. α and ε primers with an amplicon 
size of 247bp and 206bp respectively were used. As per 
PCR findings, out of 272 suspected fecal samples (200 from 
sheep and 72 from lamb), 85 samples were positive for α 
and ε toxin which confirmed that C. perfringens type D is 
the most predominant type of C. Perfringens in sheep and 
lamb. These results are in line with (Kalender et al., 2005). 

Beside it the histopathological changes in intestine 
are dependent on the involvement of C. perfringens type D 
that causes lesions in the form of hyperplasia, granuloma, 
enteritis, congestion and fibrosis. There was sloughing of villi, 
desquamation of epithelial cells, hyperplasia of serosa and 
scattered hemorrhages in serosa layer of intestine infiltrated 
with leukocytes. The lesions noted in the current study are in 
line with the findings of (Kalender et al., 2007). The section 
of kidney showed congestion, extensive degeneration 
in the glomeruli, and necrosisin tubular epithelium, 
urinary tubules filled with cast and loss of glomeruli. 

Conclusion
The overall prevalence of enterotoxaemia in sheep 

and lamb population in study area was 23% and 54% 
respectively. The region wise prevalence of enterotoxaemia 
in sheep in region I, II, III and IV were 06%, 24%, 34% 
and 28% respectively while the region wise prevalence of 
enterotoxaemia in Lamb in region I, II, III and IV were 
11%, 61%, 88% and 55% respectively. Region III showed 
the highest incidence rate of 34% and 88% in sheep and 
lamb respectively. PCR confirmed the α and ε toxin with 
an amplicon size of 247bp and 206bp for the presence of 

C. perfringens type D respectively while the gross and 
microscopic lesion scoring revealed that kidney is more 
severely infected then intestine.
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