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Enterotoxemia is a severe and peracute disease caused by Clostridium perfringens

(C. perfringens) rendering high mortality leading to huge economic losses, especially

in small ruminants. The bacterium induces peracute death in animals based on the

rapid production of different lethal toxins. Mortality occurred three private herds of

two breeds, i.e., Makhi Cheeni and Beetal, and one non-descriptive (Teddy) herds

reared in the desert area of Bahawalpur, Pakistan. At necropsy, tissue samples for

histopathology and intestinal contents for bacterial isolation and culture were collected.

Following the standard procedure, tissue slides were prepared. Multiplex PCR was

used to identify toxinotypes using specific primers. Morbidity, mortality, and case fatality

in Makhi Cheeni, Beetal, and Teddy goats caused by enterotoxemia were 87.58,

75.81, and 76.11%, respectively. Based on toxinotypes in the present outbreaks, C.

perfringens type A (cpα = 20.7%; cpα + cpβ2 = 11.2%) and C. perfringens type

D (cpα + cpβ2 + etx = 47.7%; cpα + etx = 20.7%) were detected. Deaths due

to C. perfringens type D (68.10%) were significantly higher (p < 0.001) compared

with deaths by C. perfringens type A (34.90%). Petechiation of serosal surfaces,

hemorrhage of intestines, lungs, and liver were seen. Kidneys were soft, and under the

microscope, tubules were studded with erythrocytes. There was stunting and fusion in

the intestinal villi. From this study, we concluded that endotoxemia can occur in any

season; thus, a proper vaccination schedule must be followed for the protection of small

ruminants’ health.
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INTRODUCTION

In Pakistan, livestock animals including large animals (cattle
and buffaloes) and small ruminants (sheep and goats) are
usually kept for milk and meat purposes. The small ruminants
are routinely reared under various tropical and subtropical
environmental conditions in small groups in Pakistan (1–3). The
small ruminants, particularly sheep and goats, play a crucial role
both in the economy of the country and the livelihood of farmers
and are a common source of mutton, wool, milk, and leather
(4, 5). The small ruminants are the major dairy animals kept in
desert conditions in southern areas of Punjab province for the
routine livelihood of millions of people inhabiting these areas
including nomads (6). The situation becomes more critical when
these animals suffer from various infectious and non-infectious
diseases (7, 8). Among infectious diseases, parasitic, bacterial, and
viral diseases are themain constraints for these animals and cause
huge economic losses (9–11). Among various bacteria, clostridia
are the main etiological agents of acute/sudden death in animals
including sheep and goats. Enterotoxemia caused by Clostridium
perfringens has a worldwide distribution. It has been reported
from Brazil (12, 13), China (14–16), Italy (17, 18), Pakistan
(19, 20), Spain (21), Saudi Arabia (22), South Africa (23), and
USA (24, 25).

Clostridium perfringens is an anaerobic, sporulating, and
Gram-positive bacterium that causes several diverse and
important diseases in livestock and humans. It causes peracute,
severe, rapidly fatal enterotoxemia in dairy animals including
large and small ruminants. The disease is characterized by having
a high lethality rate causing huge economic losses to the dairy
industry in terms of high mortality (26). C. perfringens induces
peracute/acute death in animals on the basis of rapid production
of different lethal toxins. The bacterium is categorized into seven
toxinotypes (A, B, C, D, E, F, andG) on the basis of the production
of four major toxins, i.e., alpha (cpα), beta (cpβ), epsilon (etx),
and iota (itx). However, it is reported that the bacterium can also
produce a variety of other lethal toxins including perfringolysin,
β2 toxin, and enterotoxin (13, 27, 28). The studies have indicated
that the epsilon toxin is mainly produced by C. perfringens types
B and D, and causes peracute and severe disease in the livestock
population (29, 30). The disease in sheep and lamb due to type
B is known as hemorrhagic enteritis and lamb dysentery. The
enteric disease induced by rapid proliferation and absorption
of C. perfringens toxins in small ruminants particularly sheep
and goats and various other domestic and wild animals is an
important disease (16). It is reported that various factors like
overfeeding of green fodder rich in carbohydrates and proteins,
an anaerobic environment of the intestine, rapid change in
climate, and diet favor the rapid proliferation of bacterium
leading to the release of different toxins. The toxins change the
intestinal permeability and enter the blood resulting in various

Abbreviations: API, analytical profile index; bp, base pairs; χ²-value, chi
square value; C. perfringens, Clostridium perfringens; dNTPs, deoxynucleoside
triphosphate; H and E stain, hematoxylin and eosin stain; MgCl2, magnesium
chloride; PCR, polymerase chain reaction; IUB, the Islamia University of
Bahawalpur; TE, Tris EDTA; TSC, tryptose sulfite cycloserine agar.

histological ailments in different visceral organs such as the lungs,
brain, kidneys, heart, and necrotizing colitis in small ruminants
(12, 21, 31).

Enterotoxemia is mainly induced by C. perfringens type
D in small ruminants. However, the disease is particularly
characterized by enterocolitis with and without nervous and
respiratory signs in goats (32). In sheep, enterotoxemia is
characterized by severe nervous and respiratory signs. The
disease in small ruminants due to types C and D is characterized
by different ailments like swollen and congested kidneys,
myocardial hemorrhage, hydrothorax, hemorrhagic enteritis,
hydropericardium, and is known as struck or pulpy kidney
disease (21, 32). Preliminary clinical ailments, necropsy lesions,
and histopathological findings are important and suitable tools,
which help in disease diagnosis. Previously, a few epidemiological
reports are available about the prevalence of enterotoxemia in
goats (33). Therefore, this study describes the exact pathogenesis
of enterotoxemia in goats and reports the types of C. perfringens
toxins involved in the outbreak of this disease kept under desert
conditions of Southern Punjab, Pakistan.

MATERIALS AND METHODS

Materials Used
Formaldehyde, ethanol, xylol, paraffin, hematoxylin, and eosin
were from M/S Merck KGaA, Darmstadt, Germany. Equipment,
such as a light microscope, thermocycler, and AlphaImager Mini
Imaging System, was from Nikon (Japan), Bio-Rad (UAE), and
ProteinSimple (UK), respectively. Tryptose sulfite cycloserine
agar and agar agar were from Oxoid, UK, API 20A kits were
from bioMérieux, Marcy l’Étoile, France, Column Extraction Kit
was from Bio-Basic, Canada, and other chemicals for PCR were
from Wuhan Zokeyo Co. Ltd., China. The Minitab software for
Windows was fromMinitab Ltd., Coventry, UK.

Study Location
The current study was conducted at desert conditions (Cholistan)
of district Bahawalpur during January 2020. Cholistan is known
as a tropical desert. This desert is in South Punjab between
27◦42′ and 29◦45′N latitude and 69◦52′ to 75◦24′E longitude. The
desert is stretched on an area of about 26,330 km2 and includes
three districts Bahawalpur, Bahawalnagar, and Rahim Yar Khan.
Tobas (artificial ponds filled by rainwater) are famous for the
compensation of permanent water sources and are well-known
common sites for drinking purposes even including nomads.
About more than 50% of the agroecological area of South Punjab
is inhabited with 32% of the total human population of the
province, which is directly or indirectly related to dairy animals.

The socioeconomic and livelihood of the people of this area is
based and centered on agriculture and dairy animals. This area
has tropical climatic conditions at 48◦C in summer. December to
February are the colder months, where the average temperature
remains below 15◦C. The rearing of small ruminants in semiarid
areas in this region is famous. Most of the people reared different
breeds of goat for sacrificial use and to earn their livelihood.
Moreover, the nomadic system in this region is often diversified
with small ruminants (sheep and goats), sharing of dairy animals,
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the seasonal movement of dairy animals for fodder, and water
purposes. Despite the importance of these animals, there is
a scarcity of proper husbandry measures in this region, and
mixed livestock-rearing practices are employed for different dairy
animals, which result in outbreaks of various diseases.

Study Animals and Management
Private herds of two breeds of goat (Makhi Cheeni and Beetal)
and one non-descriptive native (Teddy) herd were reared in
the desert area of district Bahawalpur. There were three herds
(n = 153), i.e., Makhi Cheeni (n = 84), Beetal (n = 39),
and non-descriptive Teddy goats (n = 30). Out of these, there
were 63 male and 90 female goats. Of the total goats, 43, 61,
and 49 were <1 year, 1–2 years, and 3 and above 3 years,
respectively. These animals were mainly kept in barrens under
similar husbandry practices/management on the sandy floor. All
the animals were grazed daily for about 2–3 h (9 a.m. to 12 noon).
All the animals were offered lush green fodder (lucerne/alfalfa).
On the day of mortality, these animals were grazed on oats,
and there was a sudden change in weather; there was heavy
rain in cold weather. The goats were vaccinated against various
diseases including enterotoxemia, peste des petits ruminants,
and pleuropneumonia. Deworming was regularly carried out
thrice a year. All the animals were carefully monitored for
any obvious/visible clinical and behavioral signs daily. Morbid
animals were separated from the other animals and treated
according to the nature of the condition/disease.

Morbidity, Mortality, and Case Fatality
During the cold, rainy, and foggy week of January 2020, history
from the owner/attendants indicated that the animals were
grazed early in the morning and, in the evening, offered green
fodder ad libitum. However, on the day of mortality, there was
heavy rain, and animals were grazed on oats. Whole oat (Avena
sativa L.) is a rich source of carbohydrate (66%), though protein
(17%) and some fats are also present (34). After 2–3 h, the animals
started showing clinical signs (watery diarrhea) and became sick.
In spite of treatment therapy, there were high morbidity and
peracute deaths. Percentage of morbidity, mortality, and case
fatality was calculated as given below:

Morbidity% =
Animals became sick

Total animals
× 100

Mortality% =
Animals died

Total animals
× 100

Case fatality% =
Animals died

Animals became sick
× 100

Necropsy and Histopathology
As the farms where outbreaks of enterotoxemia occurred
were near the university premises, we were able to conduct
necropsy within the shortest possible time (30–60min). All the
visceral organs were examined thoroughly for lesions. Based
on severity, the lesions were scored as mild, moderate, and
severe. At necropsy, all the goats (carcasses) exhibited similar
gross lesions. Tissues from different visceral organs including the
lungs, spleen, heart, intestines, liver, and kidneys were fixed in

10% formaldehyde solution (35) and shifted to the Laboratory,
Department of Pathology, Faculty of Veterinary and Animal
Sciences, IUB. After a few days of preservation/fixation, all the
tissues were washed, dehydrated in ascending grades of ethanol,
cleared in xylol, and embedded in melted paraffin. For the study
of microscopic changes, 4-µm-thick slices of all the visceral
organs were cut, processed, and stained with hematoxylin and
eosin technique (36). Prepared slides were examined under a light
microscope. The scoring of microscopic lesions was made based
on severity (mild, moderate, and severe).

Bacterial Culturing
For bacterial isolation and culturing, intestinal contents (fecal
samples) were collected from all the morbid animals and
were shifted to the laboratory immediately. All the collected
samples were cultured in reinforced clostridial media (Oxoid,
CM0149) and incubated at 37◦C for 24 h anaerobically. A
loopful from the crude broth culture was streaked onto tryptose
sulfite cycloserine agar (TSC, Oxoid, CM0587B) having selective
supplement. Incubation was carried out under anaerobic
conditions at 37◦C for 24 h. The isolated colonies were stained
for bacterial morphology. Typical blackened colonies on TSC
plates, characteristic beta hemolysis on 5% sheep blood agar,
and production of opaque halo around colonies on egg yolk
agar confirmed the isolated colonies as C. perfringens. The pure
bacterial isolates were further biochemically characterized using
API 20A kits (bioMérieux, Marcy l’Étoile, France).

DNA Extraction
For DNA extraction, pure colonies from 18-h culture of C.
perfringens were mixed in sterile water and centrifuged at 6,000
× g for 4–5min. After centrifugation, the pellets were suspended
in 200–250 µl of cold Tris EDTA (TE) buffer. DNA extraction
was conducted using EZ-10 Spin Column Extraction Kit (Bio-
Basic, Canada).

Multiplex Polymerase Chain Reaction
Multiplex PCR was carried out for inquisition of cpα, cpb, etx,
iap, cpβ2, and iota toxin genes (Table 1) using previous specific
primers (37–39). The reaction mixture contained 1.2U of Taq
DNA polymerase, 1× PCR buffer, 4mMMgCl2, 250µM dNTPs,
0.12µM forward and reverse primers of alpha (α), epsilon (ε),
beta (β), iota (i), and β2 gene, and 1.5 µl of sample DNA (100–
200 ng/µl). The PCR conditions included 95◦C for 10min of
predenaturation step, followed by 94◦C for 45 s, 55◦C for 60 s,
72◦C for 90 s (35 cycles) followed by 72◦C for 7min (40, 41). Gel
electrophoresis was carried out in a 1.5% agarose gel, and bands
were observed under UV transillumination, photographed using
AlphaImager Mini Imaging System (CA, USA).

Statistical Analysis
The C. perfringens isolates identified from fecal samples of goat
that died of enterotoxemia were screened by multiplex PCR,
and the toxinotypes were presented in a tabularized form. The
prevalence percentage was calculated. Chi-square test was applied
using the Minitab software for data analysis, and the significance
level was considered at p < 0.05.
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TABLE 1 | Primers used for multiplex polymerase chain reaction (PCR) for the

detection of different toxins from fecal material collected from goats that died of

enterotoxemia.

Toxin gene Primers Primer sequence (5′–3′) Product

size (bp)

cpa (α-toxin) CPA F GCTAATGTTACTGCCGTTGA 324

CPA R CCTCTGATACATCGTGTAAG

cpb (β-toxin) CPB F GCGAATATGCTGAATCATCTA 195

CPB R GCAGGAACATTAGTATATCTTC

etx (ε-toxin) ETX F TGGGAACTTCGATACAAGCA 376

ETX R AACTGCACTATAATTTCCTTTTCC

iap (ι-toxin) IA F AATGGTCCTTTAAATAATCC 272

IA R TTAGCAAATGCACTCATATT

cpb2 (β2-toxin) CPB2F AAATATGATCCTAACCAACAA 548

CPB2 R CCAAATACTCTAATCGATGC

TABLE 2 | Morbidity, mortality, and case fatality of goats caused by

enterotoxemia.

Farm Breed Morbidity Mortality Case fatality

No % No % No %

I (n = 84) Makhi Cheeni 77 91.66 67 79.76 63 81.81

II (n = 39) Beetal 33 84.61 27 69.23 23 69.70

III (n = 30) Non-descriptive 24 80.00 19 63.33 16 66.67

Total 134 87.58 116 75.81 102 76.11

Chi-square value 25.419 24.879 26.432

p-value 0.0001 0.0001 0.0001

RESULTS

Clinical Signs
No clinical signs were observed in peracute cases. However, there
were different clinical abnormalities such as watery diarrhea,
acute anorexia, depression, dullness, and dehydration in acute
cases. Other than these, the following were observed: pale mucus
membranes, icterus, mild-to-moderate color of urine, herding in
corner and opisthotonus, bloody diarrhea, stretching their bodies
at the time of standing and walking, and reluctant to eat and
drink. In case of convulsion, animals were unable to stand, laying
on the ground by extending the legs, with their head and neck
stretched back on its withers. At this stage, frothy discharge from
the mouth and abdominal discomfort was obvious.

Morbidity, Mortality, and Case Fatality
Morbidity, mortality, and case fatality in Makhi Cheeni, Beetal,
and non-descriptive (Teddy) goats caused by enterotoxemia were
87.58, 75.81, and 76.11%, respectively. In Makhi Cheeni goats,
morbidity (χ²-value = 25.419), mortality (χ²-value = 24.879),
and case fatality (χ² value = 26.432) were significantly (p <

0.0001) higher compared with these parameters in Beetal and
non-descriptive goats (Table 2). Morbidity, mortality, and case
fatality based on sex and age showed non-significant differences
(Table 3).

TABLE 3 | Overall morbidity, mortality, and case fatality in goats that died of

enterotoxemia on the basis of sex and age.

Sex/age No. of Morbidity Mortality Case fatality

animals
No % No % No %

Sex

Male 63 55 87.3 47 74.6 43 78.1

Female 90 79 87.7 69 76.6 59 74.6

Chi-square value 0.001 0.012 0.060

p-value 0.982 0.913 0.806

Age groups

<1 year 43 39 90.6 37 86.1 32 82.1

1–2 years 61 51 83.6 43 70.5 37 72.5

3 years and above 49 44 89.7 36 73.5 33 75.0

Chi-square value 0.099 0.473 0.044

p-value 0.952 0.789 0.978

TABLE 4 | Intensity and frequency of necropsy lesions in goats (n = 116) that died

of enterotoxemia.

Lesions Severe Moderate Mild

No. % No. % No. %

Serosal petechiation 109 93.96 04 3.44 03 2.58

Hemorrhagic enteritis 99 85.34 09 7.75 08 6.89

Congested and edematous lungs 103 88.79 07 6.03 06 5.17

Multifocal hemorrhage on

epicardium

107 92.24 07 6.03 02 1.72

Pulpy kidneys 105 90.51 07 6.03 04 3.44

Gross Lesions
Main gross lesions were quantified into severe, moderate,
and mild (Table 4). At necropsy, severe serosal petechiation
(93.96 %), and straw-colored and light pink fluid were present
in the thoracic, peritoneal, and abdominal cavity. Grossly
hyperemic mesentery, congestion, ballooning degeneration,
multifocal hemorrhagic enteritis, ulcerated mucosa, and
necrotizing enteritis were the striking features in the ilium.
Severe congestion, hyperemic mucosa, ballooning, and severe
hemorrhagic enteritis (85.34%) were observed in the large
intestines of goats. Both the small and the large intestines
contained mucoid exudate and were severely hemorrhagic.
In the majority of cases, the jejunal mucosa was necrosed
and had multiple hemorrhage areas. Hemorrhagic enteritis
(Table 4), congestion, brown color fluid with smell, and intense
mucosal and serosal hyperemia were the most striking lesions
observed in the intestine. Grossly, the liver of infected goats
was congested, swollen, dark black in color, friable, and had a
petechial necrotic lesion.

The heart of goats that died of peracute enterotoxemia showed
congestion along with multifocal severe hemorrhage on the
epicardium (92.24%) and myocardium. The heart contained
clotted blood in the ventricles. A large amount of straw-colored

Frontiers in Veterinary Science | www.frontiersin.org 4 March 2022 | Volume 9 | Article 849856

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Hussain et al. Enterotoxemia in Goats

FIGURE 1 | Organs of goats that died of enterotoxemia showing (a) congested and consolidated lungs (arrows), (b) trachea full of froth (arrows) along with congested

lungs (arrowhead), and (c) congested kidneys (arrowheads).

TABLE 5 | Intensity and frequency of microscopic lesions in goats (n = 116) died

of enterotoxemia.

Lesions Severe Moderate Mild

No. % No. % No. %

Broncho-interstitial pneumonia 105 90.51 05 4.31 06 5.17

Glomerular hemorrhage 101 87.06 05 4.31 10 8.62

Stunting and fusion of villi 103 88.79 06 5.17 07 6.03

Neutrophilic myocarditis 89 76.72 13 11.20 14 12.06

Depletion of lymphoid tissue in

spleen

93 80.17 13 11.20 10 8.62

fluid was present in the pericardial sac. The ventricles were
enlarged and had necrotic foci.

The lungs of goats were hyperemic, consolidated, severely
congested (Figure 1a), and edematous (88.79%). The cut sections
of the lungs of infected goats indicated the presence of frothy
material in all parts of the airways including the bronchioles. The
trachea was severely congested and exhibited extensive frothy
fluid (Figure 1b). The spleen of infected goats in the majority
of cases was congested and edematous, and in a few cases, the
spleen indicated engorgement of the small blood vessels. The
kidneys both right and left in the majority of cases (90.51%) were
severely hemorrhagic, swollen, and soft in consistency (Table 4).
Grossly, the cut sections of the kidneys were severely congested
(Figure 1c). The urinary bladder was filled with light pink color
urine. In some cases, the urinary bladder contained chocolate
color urine.

Histopathology
Lesions recorded through a microscopic study were also
quantified into severe, moderate, and mild (Table 5). Lungs of all
the infected goats showed extensive mononuclear cell infiltration
in the alveoli, emphysema, interstitial pneumonia, congestion,
fibrinous exudate, and hemorrhage. The predominant

histopathological changes in the lungs were severe eosinophilic
proteinaceous edema, broncho-interstitial pneumonia (90.51%),
embolic pneumonia, and inflammatory exudate within the
bronchioles, bronchi, and alveoli. Histological observation of
liver tissues showed extensive necrosis of hepatocytes, fatty
change, congestion, and hemorrhage.

Microscopic analyses of the kidneys indicated severe
glomerular hemorrhage (87.06%), severe necrosis (Figure 2) and
degeneration of the renal tubules, sloughing of the endothelium
of the renal tubules, congestion, atrophy of the glomeruli,
hemorrhage, and increased urinary spaces. The small and large
intestines had severe pathological changes in the infected goats
(Figure 3A). In these tissues, the microscopic changes mainly
comprised of congestion, hemorrhage, necrosis of the mucosa
and submucosa, necrosis of the villi, edema in the submucosa,
and mononuclear cell infiltration in the lamina propria. There
were severe necrosis and sloughing of the epithelium of the villi
and fusion of the villi (88.89%) (Figure 3B). Histologically, spleen
sections showed necrosis of the red and white pulp, congestion,
hemorrhage, and depletion of the lymphoid tissue in the white
pulp (80.17%). Histopathological analyses of heart sections
of different goats showed extensive neutrophilic infiltration
(76.72%), edema, congestion, hemorrhage, coagulative necrosis,
degeneration of cardiac cells, and severe myocarditis.

Toxinotypes
All goats at the farms (dead and live) were screened for
the presence of alpha, beta, epsilon, iota, and cpβ2 genes
using specific primers. About 116 samples were positive for C.
perfringens indicated by the presence of an alpha gene (cpα)
screened using simplex PCR. These 116 positive isolates were
further subjected to mPCR to identify the toxinotypes involved
in the current outbreak (Figure 4). Deaths due to C. perfringens
type D were significantly higher (χ²-value = 10.288; p < 0.001)
compared with deaths by C. perfringens type A. The multiplex
PCR has shown that 47.4% of the isolates were positive for cpα
+ etx, and 20.7% for cpα, etx, and cpβ2 genes (Table 6). All
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FIGURE 2 | Photomicrograph of hemorrhagic kidneys of goats that died of enterotoxemia showing (A) tubules studded with erythrocytes (arrows), (B) erythrocytes

extensively present in tubules (arrow) and detachment of endothelial linings of various renal tubules (arrowheads), and (C) detachment/sloughing of endothelium from

most of the renal tubules (arrowheads) and congestion. H and E stain. ×40.

FIGURE 3 | Microphotograph of intestines of goats that died of enterotoxamia showing (A) extensive infiltration of inflammatory cells in glandular part (arrowheads)

and extending to up to the villi, necrosis of the villi (arrows) and (B) stunting, fusion, and necrosis of the intestinal villi (arrow) and infiltration of inflammatory cells in the

glandular portion (arrowhead). H and E stain. ×40.

FIGURE 4 | The multiplex polymerase chain reaction (PCR) for the detection

of toxinotypes released by Clostridium perfringens. Bands 1: molecular

marker; 2, 4, and 6: cpα + cpβ2 (C. perfringens type A), 3: cpα (C. perfringens

type A), 5: cpα + etx (C. perfringens type D), and 7: cpα + cpβ2 + etx (C.

perfringens type D).

these isolates positive either for cpα and etx or cpα, etx, and
cpβ2 belonged to C. perfringens type D. The remaining 31.9%
isolates were type A, whereas 11.2% of these type A isolates

TABLE 6 | Toxinotypes involved in outbreaks of enterotoxemia in goats.

Clostridium Toxin Positive samples Deaths

perfringens type (n = 116)

Number % Number %

A Cpα 24 20.7 37 31.90

A cpα + cpβ2 13 11.2

D cpα + etx 55 47.4 79 68.10

D cpα + cpβ2+ etx 24 20.7

Chi-square value 25.179 10.288

p-value p < 0.001 p < 0.001

were also harboring cpβ2 gene. Occurrence of these toxinotypes
showed that cpα + etx was significantly (χ²-value = 25.179; p
< 0.0001) high as other toxins. Neither beta nor iota gene was
identified from the isolates via mPCR indicating the absence of
C. perfringens types B, C, and E among the outbreak animals.
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DISCUSSION

This study reported an outbreak of enterotoxemia in goats kept
under tropical conditions. It is a common and economically
important disease worldwide (9–11, 20). Peracute and acute
mortality have earlier been reported (19, 42, 43). Some animals
may become convulsant with extension of their legs, with their
head and neck stretched back over their withers. These signs are
thought to be due to the effects of the toxins in the brain, and
animals usually die within minutes to hours after this sign (44).

As the present study was conducted in the winter month,
similarly, Shehzadi et al. (20) also conducted a study in the
spring months (February to April). Two unusual factors in the
present study were noted, i.e., (i) animals grazing on oats and
(ii) heavy rain in cold weather. Clostridium perfringens is the
main causative organism of the disease. It can be a normal
inhabitant of the intestine of most animal species, but when
the intestinal environment is altered by sudden changes in diet
or other factors, like sudden changes in weather, C. perfringens
proliferates and produces potent toxins that act locally or are
absorbed into the general circulation with usually devastating
effects on the host (45). Moreover, it is usually accepted that the
presence of C. perfringens type D in the small bowel, together
with a sudden change to a diet rich in carbohydrates, could be
the main predisposing factor for the disease (46). In the present
outbreaks, goats were grazed on oats, which are a rich source of
carbohydrates up to 66% and protein of 17% (34); hence, these
carbohydrates made animals vulnerable to enterotoxemia, and
heavy rain in mortality days was also a source of stress, thus,
leading tomortality. Similarly, Uzal and Songer (13) reported that
high protein and carbohydrate diets, abrupt change in weather,
and handling of animals (transport, weighing) are thought to be
predisposing factors of enterotoxemia in cattle.

In the present study, no sex- or age-based difference was
observed in regard to morbidity, mortality, and case fatality. In
the published literature, it is reported that the disease is prevalent
in sheep and goats, with peracute cases at 3–10 weeks of age
(46), though both acute and chronic enterotoxemia can occur
in both young and adult sheep and goats (19). Goats presenting
with acute cases have shown similar clinical signs as reported
earlier (47). The peracute deaths have shown no clinical signs.
The morbidity, mortality, and case-fatality rates were high as
reported earlier. The acute cases presented anorexic, marked
depression, opisthotonus, head down depressed animals staying
toward corners, and passing chocolaty urine (43, 48). Similar
clinical signs were presented earlier in sheep, cattle, deer, and
other animals (19, 47–49).

An excessive amount of straw-colored fluid was seen
in the thoracic and abdominal cavity as reported earlier
in small ruminants (19). The lungs and kidneys showed
the same gross changes as were seen in experimentally
induced animals. Affected kidneys were found darker in color
with congestion and were soft and swollen (50). Animals
having respiratory signs had congested and edematous lungs.
Microscopic examination depicted inflammatory exudate in the
alveoli and bronchioles. Extensive infiltration of white blood
cells, particularly mononuclear cells, was seen in the lungs (45).

The small and large intestines were ballooning and hemorrhagic.
The jejunum and the base of the heart muscles had petechial
hemorrhage. Histopathological changes in the intestine showed
congestion, hemorrhagic enteritis, dilated intercellular spaces,
and degenerated epithelial villi (28). Degenerative changes in
the kidney were mainly glomerular inflammation, interstitial
hemorrhage showing pyknosis, and renal tubular necrosis. The
liver was found congested showing cytoplasmic vacuolation of
hepatocytes (50).

C. perfringens releases a number of major and minor toxins,
which leads to moderate-to-severe enterotoxemia. Usually, C.
perfringens type D, which produces alpha and epsilon, is
thought to be the leading cause of sudden death exhibiting
characteristic signs of enterotoxemia in goats. In the present
study, three outbreaks were reported in desert conditions, which
on molecular investigations revealed C. perfringens type D and
type A involvement. Neither type B nor C was found using
specific primers when singlet and multiplex PCR was carried
out. This is in agreement with previously reported type A and D
toxinotypes isolated from sheep and goats from Punjab province
of Pakistan (33). A previous study reported from Turkey has
also shown only types A and D prevalent in sheep, examined
by multiplex PCR; of these, 95% belonged to type A, and the
remaining 5% were type D (51). The findings are similar to those
reported in other studies (16, 52).

Reports from various studies around the world have found
that the prevalence of type D enterotoxemia ranges from 24.13
to 100% (19). In Turkey, the prevalence of type D enterotoxemia
in diseased animals was reported to be from 38.63 to 50% (52).
In our findings, C. perfringens type D was found prevalent in
58.9–75.6% of goats at both farms.

Although several minor toxins are also important and
considered to play a significant role, however, in small ruminants,
cpβ2 is relatively more important than others. We found
cpβ2 in 31.9% of goats. A higher prevalence of cpβ2 in
goats was previously reported from this region (53). There
is debate on whether the cpβ2 gene expresses its protein
and/or plays a significant role in causing enteric disease or not.
Epidemiological studies correlating the cpβ2 toxin gene with
the enteric disease found its strong association in pigs and
weak association in horses (27, 54, 55). The C. perfringens types
possessing the cpβ2 gene have been reported in poultry, fish,
sheep, goats, cattle, horses, pigs, dogs, cats, wildlife species, and
humans (37, 42).

Despite the vaccination of goats in the present study,
there was mortality. Vaccination does not provide surety of
protection against the disease (45). In a study, the occurrence
of C. perfringens type D genotype in 37.1 and 33.94% in
unvaccinated and vaccinated goats, respectively, has been
reported with non-significant (p < 0.062) difference (56); thus,
vaccination of enterotoxemia in animals is used for prophylaxis
(45, 57). Vaccination history is frequently used by animal
owners/veterinarians to rule out infections by C. perfringens in
case of an outbreak. However, the quality of vaccines varies
greatly between countries and manufacturers, and vaccines are
not always correctly transported, stored, and/or administered
(57, 58). In addition, individual variation in antibody responses
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between animals occurs frequently (59). All animals in a herd
should be vaccinated against enterotoxemia as vaccination will
reduce the chances of enterotoxemia (60, 61). Another possibility
could be that single vaccination with most clostridial vaccines
does not provide adequate levels of protection and must be
followed with a booster dose (62).

CONCLUSION

The present study indicated the involvement of Clostridium
perfringens types A and D in descriptive and non-descriptive
breeds of goats raised at the Cholistan ecosystem in the
winter month. The infection rendered 87.81, 75.81, and 76.11%
morbidity, mortality, and case fatality, respectively. Toxinotypes
of C. perfringens type A (cpα = 20.7%; cpα + cpβ2 = 11.2%)
and C. perfringens type D (cpα + cpβ2 + etx = 47.7%; cpα
+ etx = 20.7%) were detected. Deaths due to C. perfringens
type D were significantly higher (χ²-value = 10.288; p <

0.001) compared with deaths by C. perfringens type A. Severe
serosal petechiation along with straw-colored fluid was seen in
thoracic, peritoneal, and abdominal cavity. Severe hemorrhagic
enteritis along with stunting and fusion of villi were observed.
The lungs were hyperemic, consolidated, severely congested,
and edematous trachea contained frothy exudate. The kidneys
were severely hemorrhagic, swollen, and soft in consistency.
The present study indicated the involvement of C. perfringens

type A and type D in goats raised at the Cholistan ecosystem.
Both descriptive and non-descriptive breeds were affected by
the infection; thus, goats must be vaccinated properly against all
Clostridium perfringens types.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by Institutional
Animal Ethics Procedures and Guidelines of the Islamia
University of Bahawalpur (IUB), Pakistan. Written informed
consent was obtained from the owners for the participation of
their animals in this study.

AUTHOR CONTRIBUTIONS

RH and AK designed and coordinated the execution of the
study. MM, AS, RA, and IK were involved in sample collection
and laboratory analyses. ZG performed the statistical analyses
and drafted the manuscript. All authors participated in the data
analysis, interpretation, and read and approved the final version
of the manuscript.

REFERENCES

1. Hussain R, Mahmood F, Aslam B, Siddique AB, Rafique A, Khaliq SA, et al.
Investigation of different serotypes of FMDV in vaccinated buffaloes (Bubalus
bubalis) in Southern Areas of Punjab Province, Pakistan. Pak Vet J. (2020)
40:118–22. doi: 10.29261/pakvetj/2019.062

2. Khan UD, Khan A, Gul ST, Saleemi MK, Du XX. Seroprevalence of brucellosis
in cattle (Bos taurus) kept in peri urban areas of Pakistan. Agrobiol Rec. (2020)
1:6–10. doi: 10.47278/journal.abr/2020.003

3. Hussain R, Haque SE, Khan I, Jabeen G, Siddique AB, Ghaffar A, et al.
Clinico-hematological, patho-anatomical and molecular based investigation
of blackleg disease in Cholistani cattle. Pak J Agri Sci. (2021) 58:1017–25.
doi: 10.21162/PAKJAS/21.1240

4. Hussain R, Javed MT, Khan I, Siddique AB, Aslam B, Ghaffar A, et al.
Pathological and clinical investigations of an outbreak of Blackleg disease
due to C. chauvoei in cattle in Punjab, Pakistan. J Infect Dev Count. (2019)
13:786–93. doi: 10.3855/jidc.11635

5. Kuru M, Kükürt A, Akyüz E, Oral H, Kulaksiz R, Karapehlivan
M. Paraoxonase activities, total sialic acid concentration and lipid
profile after use of controlled international drug release (CIDR) in
Gurcu goats. Int J Vet Sci Med. (2020) 9:517–22. doi: 10.37422/
IJVS/20.068

6. Altaf M, Ijaz M, Iqbal MK, Rehman A, Avais M, Ghaffar A, et al. Molecular
characterization of methicillin resistant Staphylococcus aureus (MRSA) and
associated risk factors with the occurrence of goat mastitis. Pak Vet J. (2020)
40:1–6. doi: 10.29261/pakvetj/2019.079

7. Hassan NMF, Sedky D, Abd El-Aziz TH, Shalaby HA, Abou-Zeina HAA.
Anthelmintic potency and curative effect of pomegranate peels ethanolic
extract against H. contortus infection in goats. Int J Vet Sci. (2020) 9:210–6.
doi: 10.37422/IJVS/20.002

8. Ali S, Ijaz M, Ahmed A, Aziz MU, Naveed M, Javed MU, et
al. Prevalence and associated risk factors of bovine babesiosis in
Lahore, Pakistan. Agrobiol Rec. (2020) 2:17–23. doi: 10.47278/journal.
abr/2020.009

9. Chemweno VJ, Gitao CG, Gachohi JM, Soi RK, Ndungu EK, Khalif A,
et al. PPR in camels: sero-prevalence and socio-economics. Int J Vet Sci.

(2019) 8:84–8.
10. Zaman MA, Mehreen U, Qamar W, Qamar MF, Kashif M, Shahid Z, et al.

Brief account of bovine theileriosis prevalence in some South Asian countries.
Agrobiol Rec. (2020) 2:38–48. doi: 10.47278/journal.abr/2020.012

11. El-Yazid HA, Soliman R, Wasif IM, El Kariem SA, Balata M, Mahmood Z, et
al. Protective efficacy of the inactivated adjuvant vaccines againstMycoplasma

agalactiae infection in goats. Int J Vet Sci. (2019) 8:14–9.
12. Garcia JP, Adams V, Beingesser J, Hughes ML, Poon R, Lyras D, et al.

Epsilon toxin is essential for the virulence of Clostridium perfringens type
D infection in sheep, goats, and mice. Infect Immun. (2013) 81:2405–14.
doi: 10.1128/IAI.00238-13

13. Uzal FA, Songer JG. Diagnosis of Clostridium perfringens intestinal
infections in sheep and goats. J Vet Diagn Invest. (2008) 20:253–65.
doi: 10.1177/104063870802000301

14. Jiang Y, Ma Y, Liu Q, Li T Li Y, Guo K, et al. Tracing Clostridium

perfringens strains from beef processing of slaughter house by pulsed-
field gel electrophoresis, and the distribution and toxinotype of
isolates in Shaanxi province, China. Food Microbiol. (2022) 101:103887.
doi: 10.1016/j.fm.2021.103887

15. Jiang H, Qin YM, Yang XT, Li QL, Shen QC, Ding JB, et al. Bacteriological
and molecular typing of Clostridium perfringens strains isolated in retail beef
in Beijing, China. J Vet Med. (2021) 83:1593–6. doi: 10.1292/jvms.21-0129

16. Wang G, Zhou J, Zheng F, Lin G, Cao X, Gong X, et al. Detection of different
genotypes of Clostridium perfringens in feces of healthy dairy cattle from
China using real-time duplex PCR Assay. Pak Vet J. (2011) 31:120–4.

17. Forti K, Ferroni L, Pellegrini M, Cruciani D, de Giuseppe A, Crotti S, et al.
Molecular characterization of Clostridium perfringens strains isolated in Italy.
Toxins. (2020) 12:650. doi: 10.3390/toxins12100650

18. Greco G, Madio A, Buonavoglia D, Totaro M, Corrente M, Martella
V, et al. Clostridium perfringens toxin-types in lambs and kids affected
with gastroenteric pathologies in Italy. Vet J. (2005) 170:346–50.
doi: 10.1016/j.tvjl.2004.08.001

Frontiers in Veterinary Science | www.frontiersin.org 8 March 2022 | Volume 9 | Article 849856

https://doi.org/10.29261/pakvetj/2019.062
https://doi.org/10.47278/journal.abr/2020.003
https://doi.org/10.21162/PAKJAS/21.1240
https://doi.org/10.3855/jidc.11635
https://doi.org/10.37422/IJVS/20.068
https://doi.org/10.29261/pakvetj/2019.079
https://doi.org/10.37422/IJVS/20.002
https://doi.org/10.47278/journal.abr/2020.009
https://doi.org/10.47278/journal.abr/2020.012
https://doi.org/10.1128/IAI.00238-13
https://doi.org/10.1177/104063870802000301
https://doi.org/10.1016/j.fm.2021.103887
https://doi.org/10.1292/jvms.21-0129
https://doi.org/10.3390/toxins12100650
https://doi.org/10.1016/j.tvjl.2004.08.001
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Hussain et al. Enterotoxemia in Goats

19. Khan A, Ali I, Hussain I, Ahmad N. Clostridium perfringens type D
enterotoxaemia in the Chinkara Deer (Gazella bennettii). Turk J Vet Anim

Sci. (2008) 32:225–8.
20. Shehzadi S, Khan SB, Sadique U, Nawaz S. Isolation and molecular

identification of Clostridium perfringens type D in goats in district Peshawar.
Sarhad J Agric. (2021) 37:110–14. doi: 10.17582/journal.sja/2021/37.1.110.114

21. Dorca-Arévalo J, Pauillac S, Díaz-Hidalgo L, Martín-Satué M, Popoff MR,
Blasi J. Correlation between in vitro cytotoxicity and in vivo lethal activity
in mice of epsilon toxin mutants from Clostridium perfringens. PLoS ONE.

(2014) 9:e102417. doi: 10.1371/journal.pone.0102417
22. Omer SA, Babiker SEH, Aljulaifi MZN, Al-Olayan EM, Alagaili AN,

Mohammed OB. Epidemiology of enterotoxaemia in livestock in the
Kingdom of Saudi Arabia. J King Saud Univ Sci. (2020) 32:2662–8.
doi: 10.1016/j.jksus.2020.06.001

23. Bath GF, Penrith ML, Leask R. A questionnaire survey on diseases and
problems affecting sheep and goats in communal farming regions of the
Eastern Cape province, South Africa. J S Afr Vet Assoc. (2016) 87:e1–10.
doi: 10.4102/jsava.v87i1.1348

24. Songer JG. Clostridial enteric diseases of domestic animals.ClinMicrobiol Rev.

(1996) 9:216–34. doi: 10.1128/CMR.9.2.216
25. Finnie JW, Navarro MA, Uzal FA. Pathogenesis and diagnostic

features of brain and ophthalmic damage produced by Clostridium

perfringens type D epsilon toxin. J Vet Diagn Invest. (2020) 32:282–6.
doi: 10.1177/1040638719900190

26. Bokori-Brown M, Hall CA, Vance C, Fernandes da Costa SP, Savva CG,
Naylor CE, et al. Clostridium perfringens epsilon toxin mutant Y30A-Y196A
as a recombinant vaccine candidate against enterotoxemia. Vaccine. (2014)
32:2682–7. doi: 10.1016/j.vaccine.2014.03.079

27. Garmory H, Chanter N, French N, Bueschel D, Songer J, Titball R. Occurrence
of Clostridium perfringens β2-toxin amongst animals, determined using
genotyping and subtyping PCR assays. Epidemiol Infect. (2004) 124:61–7.
doi: 10.1017/S0950268899003295

28. Morris WE, Dunleavy MV, Diodati J, Berra G, Fernandez-miyakawa ME.
Effects of Clostridium perfringens alpha and epsilon toxins in the bovine gut.
Anaerobe. (2012) 18:143–7. doi: 10.1016/j.anaerobe.2011.12.003

29. Uzal FA, McClane BA. Recent progress in understanding the pathogenesis of
Clostridium perfringens type C infections. Vet Microbiol. (2011) 153:37–43.
doi: 10.1016/j.vetmic.2011.02.048

30. Nasir AA, Ashraf MU, Kausar A, Mustafa N, Fatima Z, Sarwar M, et
al. Detection of Clostridium perfringens Alpha, Epsilon and Clostridium

chauvoei A toxin genes in blackleg. Asian J Agri Biol. (2020) 8:519–23.
doi: 10.35495/ajab.2020.02.120

31. Garcia JP, Beingesser J, Fisher DJ, Sayeed S, McClane BA, Posthaus H,
et al. The effect of Clostridium perfringens type C strain CN3685 and its
isogenic beta toxin null mutant in goats. Vet Microbiol. (2012) 157:412–9.
doi: 10.1016/j.vetmic.2012.01.005

32. Hussain R, Khan A, Jahanzaib A, Qayyum A, Abbas T, Ahmad M, et
al. Clinico-hematological and oxidative stress status in Nili Ravi buffaloes
infected with Trypanosoma evansi. Microb Pathog. (2018) 123:126–31.
doi: 10.1016/j.micpath.2018.07.001

33. Mohiuddin M, Iqbal Z, Siddique A, Liao S, Salamat MKF, Qi N, et
al. Prevalence, genotypic and phenotypic characterization and antibiotic
resistance profile of Clostridium perfringens Type A and D isolated from feces
of sheep (Ovis aries) and goats (Capra hircus) in Punjab, Pakistan. Toxins.
(2020) 12:657. doi: 10.3390/toxins12100657

34. Zeece M. Food systems and future directions. In: Introduction to the

Chemistry of Food. Cambridge, MA: Academic Press. (2020). p. 345–97.
doi: 10.1016/B978-0-12-809434-1.00009-8

35. Murtaza S, Khan JA, Aslam B, Faisal MN. Pomegranate peel extract
and quercetin possess antioxidant and hepatoprotective activity against
concanavalin A-induced liver injury in mice. Pak Vet J. (2021) 41:197–202.
doi: 10.29261/pakvetj/2020.097

36. Latif M, Faheem M, Asmatullah. Study of oxidative stress and histo-
biochemical biomarkers of diethyl phthalate induced toxicity in a cultureable
fish, Labeo rohita. Pak Vet J. (2020) 40:202–8. doi: 10.29261/pakvetj/
2019.108

37. Van Asten, Nikolaou AJ, Gröne A. The occurrence of cpb2-toxigenic
Clostridium perfringens and the possible role of the β2-toxin in enteric disease

of domestic animals, wild animals and humans. Vet J. (2010) 183:135–40.
doi: 10.1016/j.tvjl.2008.11.005

38. Elalamy RA, Tartor YH, Ammar AM, Eldesouky IE, Esawy AEI. Molecular
characterization of extensively drug-resistant Pasteurella multocida isolated
from apparently healthy and diseased chickens in Egypt. Pak Vet J. (2020)
40:319–24. doi: 10.29261/pakvetj/2020.020

39. Baums C, Schotte G, Amtsberg U, Goethe R. Diagnostic multiplex PCR for
toxin genotyping of Clostridium perfringens isolates. Vet Microbiol. (2004)
100:11–6. doi: 10.1016/S0378-1135(03)00126-3

40. Pestil Z, Sait A, Sayi O, Ozbaser FT, Bulut H. Molecular epidemiology
of peste des petits ruminants cases associated with abortion in sheep
and goat in Marmara Region of Turkey. Pak Vet J. (2020) 40:494–8.
doi: 10.29261/pakvetj/2020.042

41. Eremenko VI, Rotmistrovskaya EG. Investigation on functional reserves of
the testosterone-synthesizing system in the blood of 12-month-old heifers
in different breeds. Int J Vet Sci. (2020) 9:425–8. doi: 10.37422/IJVS/
20.057

42. Schotte U, Truyen U, Neubauer H. Significance of β2-toxigenic Clostridium
perfringens infections in animals and their predisposing factors–a
review. J Vet Med B. (2004) 51:423–6. doi: 10.1111/j.1439-0450.2004.
00802.x

43. Javed MT, Irfan M, Mukhtar N, Hussain R. An outbreak of enterotoxaemia
at livestock farm during subtropical summer. Acta Trop. (2009) 112:225–7.
doi: 10.1016/j.actatropica.2009.07.003

44. van Metre D. Enterotoxemia (Overeating Disease) of Sheep and Goats – 8.018.
Colorado State University Extension specialist (veterinarian) and associate
professor, College of Veterinary Medicine and Biomedical Sciences, Clinical
Sciences. (2010). Available online at: https://extension.colostate.edu/topic-
areas/agriculture/enterotoxemia-overeating-disease-of-sheep-and-goats-8-
018/ (accessed January 08, 2022).

45. Uzal FA, Giannitti F, Finnie JW, Garcia JP. Diseases produced by Clostridium
perfringens type D. In: Uzal FA, Songer JG, Prescott JD, Popoff MR, editors.
Clostridial Diseases of Animals. Ames, IA: Wiley Blackwell (2016). p. 157–72.
doi: 10.1002/9781118728291.ch13

46. Uzal FA, Kelly WR. Enterotoxaemia in goats. Vet Res Commun. (1996)

20:481–92. doi: 10.1007/BF00396291
47. Popoff MR. Epsilon toxin: a fascinating pore-forming toxin. FEBS J. (2011)

278:4602–15. doi: 10.1111/j.1742-4658.2011.08145.x
48. Hussain R, Javed MT, Mahmood F, Hussain T, Chaudhry HR, Aslam MS,

et al. Clinicopathologic findings of enterotoxemia in Chinkara deer (Gazella
bennettii) under desert conditions in Pakistan. Pak Vet J. (2014) 34:400–2.

49. Giannitti F, Rioseco MM, García J, Beingesser J, Woods L, Puschner B, et al.
Diagnostic exercise: hemolysis and sudden death in lambs. Vet Path. (2014)
51:624–7. doi: 10.1177/0300985813501339

50. RenuHD,MathurM, Rani S, Boyal P,MehraM, Asopa S. Pathological study of
kidneys in Clostridium perfringens type D enterotoxemia in sheep. J Entomol

Zool Stud. (2021) 9:1395–7.
51. Kalender H, Ertas H, Cetinkaya B,Muz A, Arslan N, Kilic A. Typing of isolates

of Clostridium perfringens from healthy and diseased sheep by multiplex PCR.
Veterinarni Medicina-Praha. (2005) 50:439. doi: 10.17221/5646-VETMED

52. Ozcan C, Gurcay M. Enterotoxaemia incidence in small ruminants in Elazig
and the surrounding provinces in 1994-1998. Turkish J Vet Anim Sci.

(2000) 24:283–6.
53. Mohiuddin M, Iqbal Z, Rahman SU. Prevalence of Clostridium perfringens

Beta2-toxin in sheep and goat population in Punjab, Pakistan. Thai J Vet Med.

(2016) 46:491–6.
54. Hussain K, Ijaz M, Durrani AZ, Anjum AA, Farooqi SH, Aqib AI, et al.

Molecular typing of Clostridium perfringens toxins (α, β, ε, ι) and type ‘A’
multidrug resistance profile in diarrheic goats in Pakistan. Kafkas Univ Vet

Fak Derg. (2018) 24:251–5. doi: 10.9775/kvfd.2017.18774
55. Tariq M, Anjum AA, Sheikh AA, Awan AR, Ali MA, Sattar MMK,

et al. Preparation and evaluation of alum precipitate and oil adjuvant
multivalent vaccines against Clostridium perfringens. Kafkas Univ Vet Fak

Derg. (2021) 27:475–82. doi: 10.9775/kvfd.2021.25732
56. Khan MA, Bahadar S, Ullah N, Ullah S, Shakeeb U, Zeb Khan A, et al.

Distribution and antimicrobial resistance patterns of Clostridium Perfringens

isolated from vaccinated and unvaccinated goats. Small Rumin Res. (2019)
173:70–3. doi: 10.1016/j.smallrumres.2019.02.011

Frontiers in Veterinary Science | www.frontiersin.org 9 March 2022 | Volume 9 | Article 849856

https://doi.org/10.17582/journal.sja/2021/37.1.110.114
https://doi.org/10.1371/journal.pone.0102417
https://doi.org/10.1016/j.jksus.2020.06.001
https://doi.org/10.4102/jsava.v87i1.1348
https://doi.org/10.1128/CMR.9.2.216
https://doi.org/10.1177/1040638719900190
https://doi.org/10.1016/j.vaccine.2014.03.079
https://doi.org/10.1017/S0950268899003295
https://doi.org/10.1016/j.anaerobe.2011.12.003
https://doi.org/10.1016/j.vetmic.2011.02.048
https://doi.org/10.35495/ajab.2020.02.120
https://doi.org/10.1016/j.vetmic.2012.01.005
https://doi.org/10.1016/j.micpath.2018.07.001
https://doi.org/10.3390/toxins12100657
https://doi.org/10.1016/B978-0-12-809434-1.00009-8
https://doi.org/10.29261/pakvetj/2020.097
https://doi.org/10.29261/pakvetj/2019.108
https://doi.org/10.1016/j.tvjl.2008.11.005
https://doi.org/10.29261/pakvetj/2020.020
https://doi.org/10.1016/S0378-1135(03)00126-3
https://doi.org/10.29261/pakvetj/2020.042
https://doi.org/10.37422/IJVS/20.057
https://doi.org/10.1111/j.1439-0450.2004.00802.x
https://doi.org/10.1016/j.actatropica.2009.07.003
https://extension.colostate.edu/topic-areas/agriculture/enterotoxemia-overeating-disease-of-sheep-and-goats-8-018/
https://extension.colostate.edu/topic-areas/agriculture/enterotoxemia-overeating-disease-of-sheep-and-goats-8-018/
https://extension.colostate.edu/topic-areas/agriculture/enterotoxemia-overeating-disease-of-sheep-and-goats-8-018/
https://doi.org/10.1002/9781118728291.ch13
https://doi.org/10.1007/BF00396291
https://doi.org/10.1111/j.1742-4658.2011.08145.x
https://doi.org/10.1177/0300985813501339
https://doi.org/10.17221/5646-VETMED
https://doi.org/10.9775/kvfd.2017.18774
https://doi.org/10.9775/kvfd.2021.25732
https://doi.org/10.1016/j.smallrumres.2019.02.011
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Hussain et al. Enterotoxemia in Goats

57. Miyashiro S, Nassar AFC, Del Fava C, Cabral AD, Silva
M. Clostridium perfringens types A and D associated with
enterotoxemia in an 18-month-old goat. J Venom Anim Toxins

Incl Trop Dis. (2007) 13:885–93. doi: 10.1590/S1678-91992007000
400017

58. Poorhassan F, Nemati F, Saffarian P, Mirhosseini SA,Motamedi M. Design of a
chitosan-based nano vaccine against epsilon toxin of Clostridium perfringens

type D and evaluation of its immunogenicity in BALB/c mice. Res Pharm Sci.

(2021) 16:575–85. doi: 10.4103/1735-5362.327504
59. Blackwell TE, Butler DG, Bell JA. Enterotoxaemia in the goat: the

humoral response and local tissue reaction following vaccination
with two different bacterin toxoids. Can J Comp Pathol Med. (1992)
47:127–32.

60. Leite-Browning M. Enterotoxemia (Overeating Disease) in Sheep and Goats.
Huntsville, AL: Alabama A&M University, Alabama Cooperative Extension
System (UNP-89) (2007).

61. Xin W and Wang J. Clostridium perfringens epsilon toxin: toxic
effects and mechanisms of action. Biosaf Health. (2019) 1:71–5.
doi: 10.1016/j.bsheal.2019.09.004

62. Veschi JLA, Dutra IS, Miyakawa MEF, Perri SHV, Uzal FA.
Immunophrophylactic strategies against enterotoxemia caused by

Clostridium perfringens type D in goats. Pesq Vet Bras. (2006) 26:51–4.
doi: 10.1590/S0100-736X2006000100011

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Hussain, Guangbin, Abbas, Siddique, Mohiuddin, Khan, Rehman

and Khan. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 10 March 2022 | Volume 9 | Article 849856

https://doi.org/10.1590/S1678-91992007000400017
https://doi.org/10.4103/1735-5362.327504
https://doi.org/10.1016/j.bsheal.2019.09.004
https://doi.org/10.1590/S0100-736X2006000100011
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Clostridium perfringens Types A and D Involved in Peracute Deaths in Goats Kept in Cholistan Ecosystem During Winter Season
	Introduction
	Materials and Methods
	Materials Used
	Study Location
	Study Animals and Management
	Morbidity, Mortality, and Case Fatality
	Necropsy and Histopathology
	Bacterial Culturing
	DNA Extraction
	Multiplex Polymerase Chain Reaction
	Statistical Analysis

	Results
	Clinical Signs
	Morbidity, Mortality, and Case Fatality
	Gross Lesions
	Histopathology
	Toxinotypes

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


