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nterotoxaemia is responsible for high mortalities among young ruminants with severe economic

losses to farmers. Using a structured questionnaire, Farmers’ knowledge and practices
responsible for the spread of enterotoxaemia among ruminant species in 16 farms in Egypt were
investigated. Also, 70 calves and lambs found to have died suddenly of haemorrhagic enteritis were
examined post-mortem, and samples were collected from the intestine to isolate bacteriologically the
causative agents. Toxins were identified in the intestinal contents of dead young ruminants and genes
responsible for toxin production were identified in isolated Clostridium perfringens using multiplex
PCR. Results showed a good knowledge of farmers on enterotoxaemia and they revealed that it is
responsible for 25% of young ruminants’ mortalities despite the high vaccination coverage. Farmers
mentioned that most cases occur in the winter season and after Foot and Mouth disease (FMD)
outbreaks. Most farmers do not follow quarantine measures for newly purchased animals and do not
select only to buy vaccinated animals. CI. perfringens type A and alpha toxin only were identified
from two dead calves samples, while Cl. perfiringens type D and alpha and epsilon toxins were
identified from all other dead lambs and calves samples. In conclusion, control of enterotoxaemia has
to be considered especially in winter seasons and known times of FMD outbreaks. CI. perfringens
type A and CI. perfiringens type D is the predominant causative agent of enterotoxaemia in calves and

lambs in the study area.
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Introduction Cl. perfringens produce enterotoxaemia in sheep,
goats, and cattle [4]. Cl perfringens type E is

Enterotoxaemia is a major cause of mortalities in ] . o
considered an infrequent cause of enterotoxaemia in

different young ruminant species; lambs, kids, and ) . ]
different ruminant species [5].

The clinical signs of enterotoxaemia appear after
30 min of toxin production characterized by
anorexia, diarrhea, dehydration, frothing, and
respiratory distress. Post-mortem findings include
severe congestion and hemorrhage of the intestine
with enlarged mesenteric lymph nodes, histological
examination shows edema of the lungs, kidney,
lymph nodes, and brain with lung hemorrhages and
hemorrhagic enteritis [6]. Some calves and lambs

calves. It is caused by cl. perfringens and is
characterized by sudden death associated with
intestinal hemorrhage in affected animals. CI.
perfringens type A is the most common cause of
enteritis, abomasitis, and enterotoxaemia in many
animal mammalian species, especially calves [1,2,3].
Cl. perfringens type B causes necro-hemorrhagic
enteritis, mostly in sheep, cl. perfringens type C
causes necrotizing enteritis, while type D strains of
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die before they develop diarrhea; but others develop
colic, become depressed, and bloat.

Detection and identification of enterotoxaemia
toxins types are critical to ensure a good
understanding of the epidemiology of CI. perfringens
infections and be useful in the development of
effective control of the disease. PCR has proven a
reliable and sensitive diagnostic tool for the rapid
identification of CI. perfringens [7].

Cl. perfringens in a recent study in Egypt
accounted for 95 % and 69% of calf diarrhea in
winter and spring, respectively, and for 73% and
61% of calf mortalities in Qaliubiya governorate and
64% of these isolates were of type A [8]. Mortality
rate due to CIl perfringens is 8% at Behira
governorate [9]. CL. perfringens types A and B were
isolated from 4 and 5.5%, diarrheic calves in the
Behira governorate, respectively and the incidence of
toxigenic and non-toxigenic strains were 81.9% and
18.1%, respectively [10].

The wvaccination against enterotoxaemia using
bacterin-toxoid vaccines is widely used to reduce
enterotoxaemia prevalence but enterotoxaemia is still
a common problem in livestock production [11].
There are other effective non-commercial vaccines
such as nano-vaccines and recombinant vaccines
which can be potential alternatives shortly to
conventional vaccines [11].

Our aims of the current study are to describe the
epidemiological pattern of enterotoxaemia among
suddenly dead young ruminants suffering from post-
mortem hemorrhagic enteritis in the Kafrelsheikh
area, Egypt. Also, to determine the risk factors
associated with enterotoxaemia in ruminant farms
through framer practices analysis. Furthermore, to
isolate and identify CL perfringens associated with
enterotoxaemia among young ruminants in the study
area.

Materials and methods
Study area and samples

In the period between January and December
2021, a total of 16 ruminant farms in the
Kafrelsheikh governorate suffered from sudden death
among their young animals after a short period of
hemorrhagic enteritis. The total number of young
animals in these farms was 1908; 250 buffalo calves,

Identification of CL perfringens isolates

a- Culture character on 10% sheep blood and egg
yolk agar media

The culture was anaerobically at 37 °C for 24 h.
Observation for a double zone of hemolysis on blood
agar and the surrounding zone of opalescence with

158 cow calves, and 1500 sheep lambs. A total of 70
young animals were found dead suddenly; 6 buffalo
calves, 7 cow calves, and 57 sheep lambs. Intestinal
lopes, kidney, and liver samples were collected
immediately after death from sudden dead calves and
lambs with hemorrhagic enteritis. Samples were
placed in sterile separate polyethylene bags, labeled,
and carried on ice to the laboratory.

Intestinal content was mixed with saline (3:1), then
centrifuged at 3000 rpm for 15 min. 0.3 ml of
supernatant fluid was injected into the Swiss mouse
tail vein. Samples that resulted in the death of the
injected mice within 24 h. were considered for
further investigation.

A Questionnaire survey was carried out among the
farm owners to determine their Knowledge, attitude,
and practices against diseases caused by Clostridia
spp. which are responsible for sudden death among
calves and lambs. The questionnaire was developed
in English and translated into Arabic, the main author
of the article was responsible for filling it out upon
meeting with farm owners. The questions were about
the proportion of sudden death among calves every
year in the farms, the suspected causes, detected
clinical signs, postmortem findings, the response to
treatment, the vaccination regimen in these farms,
introducing new animals into the farm, hygienic
measures taken for control of diseases caused by
clostridia spp. and their effects, and finally the
presence of quarantine in the farm.

All data collected across the questionnaire were
stored on an Excel sheet and descriptive analysis was
carried out.

Isolation of ClI. perfringens [12].

Swaps from each sample were inoculated into
sterile freshly prepared cooked meat medium tubes
and anaerobically incubated at 37 °C for 24 - 48 h for
enrichment. Swaps from each incubated tube were
streaked onto 200 pg/ml neomycin sulfate 10% sheep
blood agar. The plates were anaerobically incubated
at 37 °C for 24 - 48 h. Colonies that showed double
zone hemolysis were considered suspected and were
re-cultured for purification and further identification.

the formation of a pearly layer (indicating lecithinase
production) on egg yolk agar was performed.

b- Microscopic examination

Smears from suspected colonies were stained with
Gram’s stain and examined under a light microscope
to search for Gram-positive bacilli.
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c- Nagler reaction:

It was performed according to Helal er al[13]
Suspected colonies were streaked over the surface of
an egg yolk agar plate, which was divided into two
halves, one containing antibodies against alpha toxin
produced by Cl. perfringens and the other half not.
The suspected colonies were streaked across the plate
starting from the free half of the plate, then were
incubated under anaerobic conditions at 37 °C for 48
h. Nagler’s reaction was positive in the free half of
the plate and opalescence was formed but was
inhibited on the other half of the plate which contains
anti-alpha antibodies.

d- Polymerase chain reaction (PCR)

For further confirmation of CI. perfringens isolates, a
uniplex PCR targeting alpha toxin (which is
produced from all types of CI perfringens) was
performed according to Yoo et al. [14] with some
modifications. The Primer sequence is illustrated in
Table 1 and PCR cycling conditions were the same
as that is mentioned below for multiplex PCR of
toxin-typing. A reaction volume of 25 pl composed
of 12.5 pl PCR master mix (Takara, Japan), 20 pmol
(1 ul) of each primer, 6 pl template DNA, and 4.5 pl
PCR grade water was used.

TABLE 1. Oligonucleotide primers sequences used in the current study

Toxin Primer Sequence Amplified product  Reference
Alpha F GTTGATAGCGCAGGACATGTTAAG 402 bp
toxin R CATGTAGTCATCTGTTCCAGCATC
) F ACTATACAGACAGATCATTCAACC 236 bp
Beta toxin R TTAGGAGCAGTTAGAACTACAGAC 14
Epsilon F ACTGCAACTACTACTCATACTGTG 541 bp
toxin R CTGGTGCCTTAATAGAAAGACTCC
] F GCGATGAAAAGCCTACACCACTAC 317 bp
Tota toxin R GGTATATCCTCCACGCATATAGTC

Typing of Clostridium perfringens toxins

Toxin typing was conducted by three different
methods: mice neutralization test according to Smith
and Holdeman (1969) [15], and multiplex PCR
according to Yoo ef al. [14] with some modifications
in protocol and cycling conditions. DNA extraction
was performed using QIAamp DNA Mini Kit
(QIAGEN, United States. The primers of beta,
epsilon, and iota toxins were used in the multiplex
PCR. It was performed in a reaction volume of 50 pl
composed of 25 pl PCR master mix, 20 pmol (1 pl)
of each primer, 10 pl template DNA, and 9 ul PCR
grade water. Cycling conditions were set as 94 °C for
5 min followed by 35 cycles of 94 °C for 30 sec, 55
°C for 40 sec, and 72 °C for 45 sec, then a final
extension step at 72 °C for 10 min. PCR products
were run into 1.5% agarose gel for 30 min and
transferred to a UV cabinet for visualization of
results.
Results

Epidemiological investigations

The examined suddenly dead young animals were
showing hemorrhagic enteritis signs a few hours
before death could be extended for 24-36 h.
Affected calves were almost found dead within 24 to
36 h after the onset of clinical signs. Upon post-

mortem examination hemorrhagic enteritis with a
blackish color portion in dead animals was found
with signs of toxemia on the examined mucous
membranes (Fig. 1 and 2).

e e e ‘ -

Fig. 1. Calf showed a congested intestine ( black arrow)
with a diffuse intestinal darkish coloration (blue
arrow)
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Fig. 2. Showed diffuse congestion of the intestine (black
arrow) of sudden dead young lamb

The 16 farmers showed a good knowledge of
Clostridia spp. as a causative agent of sudden death
among their young ruminants, and they declared that

the mean parentage of sudden death among calves
and lambs is 8.5% and 25% of this percentage is
suspected to be due to enterotoxaemia, respectively.
Out of the 16 farmers, 9 (56%) said that the fatality
due to enterotoxaemia among their young animals is
100%. Most farmers declared that enterotoxaemia
cases are prevalent in the winter season and after
Foot and Mouth disease (FMD) outbreaks and it
could affect animals despite high vaccination
coverage (Table 2). Almost half of the farmers buy
young animals from different sources and 44% of
farmers do not ask about the vaccination status of
such purchased animals and declare that
enterotoxaemia occurs among these newly bought
young animals (Table 2). There are no quarantine
measures in almost 38% of examined farms/herds.

TABLE 2. Results of the answers of 16 farmers in Egypt regarding their practices towards enterotoxaemia

Questions Answer Number %

Season of occurrence of enterotoxaemia Winter and after FMD o
15 94%
outbreaks

Vaccination against enterotoxaemia Yes 13 81%
Occurrenc? of enterotoxaemia in Va.ccmated Yes 13 1%
young ruminants or those from vaccinated dams
Buy young ruminants Yes 9 56%
Ask on vaccination status among bought animals Yes 4/9 44%
Oc.currence of enterotoxaemia among bought Ves 4/9 4%
animals
Presence of quarantine in the farm/herd Yes 6 38%

Isolation and identification of Clostridia spp.

Clostridium spp. were isolated from all samples
of dead animals, and they all were identified using
different identification tests as
perfringens. Uniplex PCR identified the alpha toxin
gene in all isolates (Figure 3) while multiplex PCR
identified the epsilon toxin gene in all isolates of all
lambs and most calves and no other toxin gene was
identified from dead animals (Figure 4). Therefore,
all isolates from lambs and calves were identified as
Cl. perfringens type D, while CI. perfringens type A
was identified from only 2 calves.

Identification of toxins using mice neutralization
test revealed the identification of alpha toxin only
from calves and alpha and epsilon toxins from lambs
and calves as shown from 10 animals in Table 3.

Clostridium

Fig. 3 Detection of Clostridium perfringens alpha toxin
gene from Clostridium perfringens isolates.
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Fig. 4. Detection of Clostridium perfringens epsilon toxin gene amplified by multiplex PCR from Clostridium
perfringens isolates of small intestine of dead small ruminants in Egypt

TABLE 3.1dentification of Clostridium perfringens toxins from small intestine contents of 10 suddenly identified calves

and lambs using toxin-antitoxin neutralization test

Sample Alpha toxin  Beta toxin  Epsilon toxin  Iota toxin
1 + + -
2 + + -
3 + - -
4 + + -
5 + + -
6 + - -
7 + + -
8 + + -
9 + + -

10 + + -

Discussion

Clostridium bacteria produce eight classes of
toxins and frequently found in the soil and water in
most parts all over the world [16]. Enterotoxaemia in
neonatal calves and lambs caused by CL perfringens
represents an economic problem for farmers
worldwide as it is associated with sudden death with
lesions of hemorrhagic enteritis [17]. In the current
study, the knowledge and practices of farmers were
assessed for the first time in the study area — up to
our knowledge- to identify weak points in
enterotoxaemia control in a developing country that
depends mainly on agriculture and farming as a
major source of income. Farmers in the study area
declared that almost 25% of neonatal mortalities are
due to enterotoxaemia despite the regular vaccination
regime being applied. This high-case fatality rate
reported is lower than that reported by Omer et al.
[18]. The reason behind this difference may be
because our study depends on the farmers’
observation which may lack the confirmation of
causes of mortalities. The high case fatality rate of
enterotoxaemia may be attributed to the incomplete
effectiveness of the used vaccines in protection
against enterotoxaemia [11]. Therefore, new vaccines
have been developed and may offer another option to
farmers shortly. Also, half of the farmers tend to buy
animals without prior information on their
vaccination status and these animals could be non-
vaccinated animals and could be either infected or
susceptible to enterotoxaemia. Almost one-third of
the farmers do not have quarantine measures at all

for the newly purchased animals and this poses a
critical point for the introduction of new infections to
the farm/herd as the introduction of a case is
responsible for keeping cases of enterotoxaemia in
the environment [19]. The concentration of
enterotoxaemia cases in the winter season and
especially after FMD outbreaks agreed with the
findings of Selim et al. [8] and Omer et al. [18] who
found that the ability of the bacterium to survive in
the environment especially in the winter season
under unsuitable conditions is an important factor
helps to initiate enterotoxaemia outbreaks.

The prevalence of enterotoxaemia caused by CIL
perfringens has been often reported in sheep and
cattle throughout the world, therefore the cornerstone
for epidemiological investigations and vaccine
improvement is the accurate identification of
Clostridium  perfringens  variants  [20]. CL
perfringens toxins recognition is very important
because they are related to particular gastric and
intestinal animal sicknesses. There are different
methods for the identification of toxins of CI.
perfringens  such as  the  Toxin-antitoxin
neutralization test and Enzyme-Linked
Immunosorbent assay (ELISA) and PCR. Toxin-
antitoxin neutralization test takes a long time, costs
money, tedious, and the monovalent method is
unsuitable and immoral for applying to laboratory
animals [21]. On the other hand, ELISA is laborious,
cannot identify P2 toxins, and requires activated
spore-forming bacteria using a particular culture for
the recognition of toxins [22]. PCR has become an
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important research and diagnostic tool, as it is quick
and able to directly recognize the bacterium in
clinical samples, feasible, and lower cost in
comparison to other tests. [20].

The current study showed that using multiplex
PCR, CI. perfringens type A is the only cause of
enterotoxaemia in some calves and this agreed with
the findings of Selim et al. [8] who isolated and
identify such a microorganism from all specimens
collected from suddenly dead calves in Egypt. On the
other hand, our findings of identification of
Clostridium perfringens type A and D as the most
common isolates from enterotoxaemia cases of lambs
come in agreement with the findings of Tutuncu et
al. [23] in Turkey, Nazki et al. [24] in India,
Moustafa et al. [25] and Moustafa et al. [26] in Egypt
and Omer et al. [18] in Saudia Arbia and this
contradicts with findings of Nayel et al. [27] who
found that Clostridium perfringens type B was
isolated from suspected enterotoxaemia cases of
lambs.

Conclusions

In conclusion, the results of this study indicate
that enterotoxaemia is endemic in Egypt and
responsible for the high case fatality rate among
calves, lambs, and kids especially in the winter
season and following infectious disease outbreaks
such as FMD. CI. perfringens type A and type D are
responsible for enterotoxaemia in calves and lambs,
respectively in the study area. Moreover, there is a
need for educational campaigns to the farmers to
correct their hazardous practices which lead to the
spread of enterotoxaemia in their flocks and farms.
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