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Abstract

Background Clostridium perfringens, a common environmental bacterium, is responsible for a variety of serious ill-
nesses including food poisoning, digestive disorders, and soft tissue infections. Mastitis in lactating cattle and sudden
death losses in baby calves are major problems for producers raising calves on dairy farms. The pathogenicity of this
bacterium is largely mediated by its production of various toxins.

Results The study revealed that Among the examined lactating animals with a history of mastitis, diarrheal baby
calves, and acute sudden death cases in calves, C. perfringens was isolated in 23.5% (93/395) of the total tested sam-
ples. Eighteen isolates were obtained from mastitic milk, 59 from rectal swabs, and 16 from the intestinal contents

of dead calves. Most of the recovered C. perfringens isolates (95.6%) were identified as type A by molecular toxinotyp-
ing, except for four isolates from sudden death cases (type C). Notably, C. perfringens was recovered in 100% of sud-
den death cases compared with 32.9% of rectal swabs and 9% of milk samples. This study analyzed the phylogeny

of C. perfringens using the plc region and identified the plc region in five Egyptian bovine isolates (milk and fecal
origins). Importantly, this finding expands the known data on C. perfringens phospholipase C beyond reference strains
in GenBank from various animal and environmental sources.

Conclusion Phylogenetic analyses of nucleotide sequence data differentiated between strains of different origins.
The plc sequences of Egyptian C. perfringens strains acquired in the present study differed from those reported glob-
ally and constituted a distinct genetic ancestor.
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Introduction

Clostridium perfringens, a bacterial species that poses
significant threats to both animal and human health, fre-
quently contaminates food systems. This poses a risk to
animals, particularly dairy herds, and can cross-contami-
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Arabia is found in soil, sewage, food, and feces and commonly
resides in the gut of animals. This versatile pathogen
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causes a spectrum of illnesses in both humans and ani-
mals [2, 3].

C. perfringens strains can be categorized into different
toxin genotypes based on the specific toxins they pro-
duce. Traditionally classified into five types (A, B, C, D,
and E), the system has recently been expanded to include
two new genotypes: F and G [4]. Specific C. perfringens
toxin types are often linked to distinct illness syndromes,
with the cpa-encoded alpha-toxin (phospholipase-C)
found in nearly all toxinotypes [5]. and has been pro-
posed to play a major role in both histotoxic infections,
such as gas gangrene, and enteric infections, such as
human food poisoning [6]. The toxin also plays a major
role in several animal diseases such as enterotoxemia in
calves [7] and clostridial dysentery in lambs [8, 9].

It was confirmed that type A C. perfringens-related
bovine postpartum mortality-linked physiological stress-
ors and gut microbiome imbalances lead to severe infec-
tions and death. This further emphasizes the potential
dangers of C. perfringens intestinal carriage during epi-
sodes of gut microbiome dysbiosis [10]. C. perfringens
usually does not spread directly from calf to calf in nurs-
ing systems; it is common for multiple calves in a group
to be affected simultaneously due to shared exposure and
management practices.

Sudden death syndrome (SDS) is a severe form of
enterotoxemia that can affect multiple calves in a group
simultaneously although it is not contagious. This is
because calves in a group are often exposed to the same
bacteria and management practices, which can lead to
SDS. Once symptoms of SDS develop, treatment is diffi-
cult and mortality can occur within days [11].

Although C. perfringens is a major cause of clostridial
enteric diseases in animals, little is known about the role
of a specific type of C. perfringens toxin (type A) in mas-
titis [12].

C. perfringens enterotoxin (CPE) biosynthesis is associ-
ated with alpha, beta, epsilon, and iota toxins, in addition
to being associated temporally with sporulation, and its
synthesis begins after which most C. perfringens strains
produce a range of toxins that induce sporulation and
increase progressively with other toxins or potential viru-
lence factors [11].

Sequencing of the alpha toxin gene in C. perfringens
type A is crucial for unraveling the spread of C. perfrin-
gens infections and building effective prevention strate-
gies. The well-documented diversity of this gene, both
between and within C. perfringens strains, highlights
the complexity of this problem. It is well established
that C. perfringens toxin genes exhibit notable variabil-
ity between different bacterial strains and even within a
single strain. This variation has been reported in several
previous studies [13-16].
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Understanding the genetic connection between isolates
recovered from different sources and their function in
disease outbreaks requires the development of a direct
molecular technique for the phylogenetic analysis of C.
perfringens. In some cases, protein-coding genes, such
as phospholipase C, can be a better substitute for 16 S
rDNA for species differentiation [17].

This study aimed to investigate the prevalence of enter-
otoxigenic C. perfringens in Egyptian dairy cattle, and its
role in mastitis, enteritis, and sudden death. Additionally,
we sought to identify C. perfringens strains isolated from
the farm chain through sequence analysis of the C. per-
fringens phospholipase C region. Our findings offer valu-
able insights for preventing and controlling C. perfringens
infections in livestock, laying the groundwork for novel
therapeutic strategies in future research.

Materials and methods

Farms

A total of 10 farms throughout Giza governorate, Cairo-
Alexandria Desert Road, Fayoum, Alexandria, and
Almanofia governorates were included in this study. The
cattle farms were medium to large according to the pro-
duction and number of lactating animals. (Small: Up to
50 cows, Medium: 20-200 cows, Large: 200—1000 cows,
Very Large: Over 1000 cows) The farms produce raw milk
for further processing into milk, dairy products, or both.
Farms used a hazard analysis and critical control point
(HACCP) approach to prevent contamination of milk
and milking areas, including measures such as hand-
washing stations, pest control measures, and sanitization.

Collected samples

Milk samples

Two hundred milk samples were collected from the lac-
tating dairy herds. The affected animals showed signs of
mastitis, may have been acutely ill from septicemia, and
the udder was sometimes discolored. The affected skin
area of the udder was warm to the touch and red, but the
milk was usually watery. After cleaning, drying, and wip-
ing the teat ends with 70% ethanol, the first three to four
streams of milk were discarded. Udder quarter milk sam-
ples were collected aseptically from the clinically affected
glands in 50-ml sterile plastic tubes.

Fecal samples

One hundred and fifty-nine fecal swabs were collected
from animals showing symptoms of enterotoxemia,
including lethargy, colic, bruxism, and fluid distension
of the abomasum, with significant signs of tympany and
colic preceding diarrhea, which is usually low in vol-
ume and may be fatal. Samples were collected using a
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sterile swab stick. The swab was handed to her caretaker,
labeled, and transported to the laboratory.

Intestinal content samples

Sixteen small intestinal contents were collected from
calves that died unexpectedly in the first week of life, and
no warning symptoms were reported by the producer
before the calves were discovered. The autopsy revealed
segmental intestinal hemorrhage in all calves examined,
along with a significant amount of crimson fluid and clot-
ted blood in the small intestine lumen (Fig. 1).

Bacterial isolates, growth conditions and biochemical
identification

The milk samples obtained were centrifuged for 20 min
at 3,000 rpm. The sediments of each milk sample were
added to cooked meat broth (CMB) after removing the
cream and supernatant. The samples were incubated
anaerobically according to [18]. A loopful from each sam-
ple was streaked onto sheep blood agar plates containing
150 pg/ml neomycin sulfate and incubated anaerobi-
cally at 37 °C for a further 24 h after overnight incuba-
tion using anaerobic jars containing 95% H2 and 5% CO2
(AnaeroGen, OXOID, Ltd, England). To eliminate non-
spore-forming bacteria, sterile swabs from diarrheal fecal
samples were diluted in PBS (1:10) and grown in CMB
at 80 °C in a water bath for 5 min. The CMB tubes were
then incubated anaerobically at 37 °C the next day in a
jar with gas production kits and then transferred to sheep
blood agar with neomycin. C. perfringens has been dis-
tinguished from other Clostridium spp. by biochemical
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screening tests, including oxidase, catalase, motility
nitrate reduction, blood hemolysis, indole production,
urea hydrolysis, lecithinase, and sugar fermentation tests
[19].

C. perfringens DNA extraction and toxin genotyping

A starter culture (5 ml) of each C. perfringens isolate was
prepared by overnight growth at 37 °C in tryptic soya
broth. The bacterial broth was centrifuged, washed with
TE buffer, and prepared for genomic DNA extraction
using a Genomic DNA-Spin column (Jena Bioscience,
Germany) according to the manufacturer’s instructions.
Toxin gene primers for the alpha, beta, iota, and epsilon
subtypes of C. perfringens were detected using a multi-
plex polymerase chain reaction assay (Table 1) according
to [20]. DNA samples were amplified in 25 pl of the fol-
lowing reaction mixture: 5 pl of DNA as template, 0.34
mM of each cpe oligo, 0.36 mM of each cpb oligo, 0.44
mM of each etx oligo, 0.5 mM of each cpa oligo, 0.52
mM of each iA oligo, 12.5 pl of EmeraldAmp Max PCR
Master Mix (Takara, Japan), and completed to 25 pl by
DNase-RNase-free water. The PCR cycling program was
performed in the thermal cycler as follows: the amplifica-
tion condition for toxins was performed with initial dena-
turation at 94 °C for 3 min, 35 cycles of denaturation at 94
°C for 1 min, primer annealing at 55 °C for 1 min. Primer
extension was performed at 72 °C for 1 min, followed by a
final extension at 72 °C for 10 min. Subsequently, the PCR
products were analyzed by applying 20 pL to a 1.5% aga-
rose gel for electrophoresis and visualized with ethidium
bromide on an ultraviolet transilluminator. The negative

Fig. 1 A & B Case of peracute death of Friesian newly born calf with necro-haemorrhagic enteritis from clostridia vaccinated dam (C) Severely
dilated and congested small intestine of a case of bovine necro-haemorrhagic enteritis a typical form of sausage like appearance
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Table 1 Primers for the five toxins genes of C. perfringens used in multiplex PCR

Toxin/gene primer

Nucleotide sequence 5 to 3

Amplicon (bp)

cpa 324
Forward GCTAATGTTACTGCCGTTGA
Reverse CCTCTGATACATCGTGTAAG®

cpb 196
Forward GCGAATATGCTGAATCATCTA
Reverse GCAGGAACATTAGTATATCTTC

etx 655
Forward GCGGTGATATCCATCTATTC
Reverse CCACTTACTTGTCCTACTAAC

iap 446
Forward ACTACTCTCAGACAAGACAG
Reverse CTTTCCTTCTATTACTATACG'

cpe 233
Forward GGAGATGGTTGGATATTAGG
Reverse GGACCAGCAGTTGTAGATA

plc
Plc-MHF1 AAAATTAACGGGGGATATAAAAATGAAAAG
Plc-MHF2 AGAGCAGGTAAGGTTAGATGTGTTTAATTA 1259°
Plc-MHR3 GTAAATACCACCAAAACCAAT 1560°

2120,21]

b The present study

and positive control strains used in this study, C. per-
fringens type A (ATCC 13,124), B (ATCC 3626), (ATCC
10,543), and D (NCTC 8346), were used as controls for
the different toxins.) Experiments were performed using
all reagents except template DNA [20].

A novel oligonucleotide primer designed

for phospholipase C

The primer was designed to identify C. perfringens phos-
pholipase C based on published amino acid sequences
available in the UniProt database. Primer designed for
amplifying the complete coding domain sequence, as the
previous published primer for plc gene amplified only
parts of the respective open reading frames. The present
study primers plc-MHF and plc-MHR were designed
to target the plc gene (Table 1). The gene sequence was
obtained from the NCBI GenBank database (http://www.
ncbi.nlm.nih.gov/genbank/). A multiple alignment of
the gene sequences was carried out utilizing the nucle-
otide blast (https://blast.ncbi.nlm.nih.gov/Blast.cgi) In
Silco analysis of plc gene sequences from 14 C. perfrin-
gens strains, including the three reference strains ATCC
13,124, 8346, 10,543, and NCTC 3626 (Table 2). In silico
analysis identified C. perfringens plc-specific target sites
and a potential primer set for detection using https://
www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi.We
verified the primer’s specificity by searching against the

BLAST database to minimize the possibility of ampli-
fying non-target sequences by Basic Local Alignment
Search Tool) database search application (http://www.
ncbi.nlm.nih.gov/BLAST) Table 2. The study referenced
a previously published primer pair [21] to amplify a 324-
base pair (bp) fragment of the cpa gene located on the
chromosomal cpa locus. PCR mix solution was prepared
as Master Mix 25 (Dream Taq), DNA template 5pL,
Primer pair 2 pL. Nuclease-free water (up to 50 uL). PCR
conditions were as follows: initial denaturation at 94 °C
for 5 min, denaturation at 94 °C for 1 min, annealing at
60 °C for 1 min, extension at 72 °C for 1 min, and a final
extension at 72 °C for 7 min. Amplicons of phospholipase
C were separated using 1% agarose gel electrophoresis.

Molecular identification of plc gene

Five positive DNA bands with targeted sizes were eluted
and purified using a gel extraction kit (QIAquick, Qia-
gen). A BigDye Terminator 3.1 Cycle Sequencing Kit
was used (Applied Biosystems, USA). Sequencing reac-
tions were further purified using the Centri-Sep Puri-
fication Kit (Applied Biosystems) and decoded using a
3500 Genetic Analyzer (Applied Biosystems). Five C.
perfringens strains (one from milk and the other from
feces) were identified by sequence analysis of plc region
sequencing. Homologies between nucleotide sequences
of the detected phospholipase C gene and others


http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi.We
https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi.We
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST

Abo Elyazeed et al. BMC Microbiology ~ (2024) 24:157

Table 2 Results of testing the specificity of primers designed for
plc and cpa targed genes

Taxon Strain Accession Primers set reaction
no.
PLC-MH-F/R (cpa-target)
(plc-target)

C. perfrin- ATCC 13,124 + +
gens

C. perfrin- ATCC 8346 - +
gens

C. perfrin- ATCC 10,543 - +
gens

C. perfrin- ATCC 3626 - +
gens

C. perfrin- L9 D49968.1 + +
gens

C. perfrin- D63911.1 + +
gens

C. perfrin- CPA19 OR626596.1  + +
gens

C. perfrin- Saigas/2013  KP143661.1 + +
gens

C perfrin- Saigas/2012  KP143660.1 + +
gens

C. perfrin- NCIB1063 D49969.1 + +
gens

C. perfrin- KZ211 D32124.1 + +
gens

C. perfrin- PB6KNS5L7 D32123.1 + +
gens

C. perfrin- ORF2 D10248.1 + +
gens

C. perfrin- 143546.1 + +
gens

published in GenBank were determined using BLAST
2.0 search programs (National Centre for Biotechnology
Information, ‘NCBI’; http://www.ncbi.nlm.nih.gov/). The
BLAST search assigns scores to matches with a clear sta-
tistical meaning, making it easier to identify real matches
from random hits [22].

Sequencing and phylogeny tree construction

The BioEdit Sequence Alignment Editor 7.2.5 [23] was
used to prepare sequence alignments. To ascertain their
phylogenetic relationship, the partial sequences obtained
from C. perfringens isolates were first compared with ref-
erence sequences using BLAST (National Center for Bio-
technology Information at www.ncbi.nlm.gov/BLAST).
The most closely related reference strains were obtained
from the GenBank database. The highest-scoring data-
base sequence was retrieved in aligned form from the
GenBank data and aligned with the sequences of the
current investigation for all sequences with database
relatives that demonstrated a similarity value. In addi-
tion, GenBank sequences for a few key bacterial groups
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Fig. 2 A close-up macroscopic characteristics feature of C. perfringens
double zones hemolysis on sheep blood agar with neomycin

were obtained. MEGA11 software was used to create
a UPGMA (Completed CDS) & Maximum Parsimony
(Partial CDS) phylogenetic tree with 1000 bootstrap
replicates to verify the tree [24]. Comparative analy-
sis of sequences and similarity matrices was performed
using the CLUSTALW multiple sequence alignment
program, version 7.1 of the MegAlign suite of Lasergene
DNASTAR software [25], to determine nucleotide and
amino acid sequence similarities and relationships.

Nucleotide sequence accession number

The plc region sequence was determined for the five
bacterial strains, and uploaded to the GenBank data-
base (http://www.ncbi.nlm.nih.gov) is available under
the following accession numbers: KX524150 (cow milk),
KX524151 (baby calf feces, sudden death), MN635790,
MN635792 (Fecal), and PP002324 (baby calves, intestinal
content).

Results

Prevalence of C. perfringens among the examined samples
The recovery rate of C. perfringens was determined
according to its growth characteristics, as it produced a
double zone of hemolysis on 10% neomycin sheep blood
agar, as shown in Fig. (2). Colonies of C. perfringens
appear flat and olive-colored. All suspected colonies were
gram-positive short-plumb bacilli, rarely having central
oval non-bulging endospores, and were further identified
by standard biochemical reactions. As shown in Table (3),
93 C. perfringens isolates were recovered from the total
examined samples (395), with a detection rate of 23.5%.
C. perfringens was isolated from milk samples of mastitic
cases (18/200), rectal swabs of diarrheal cases (59/179),
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and sudden death cases (16/16) with an occurance of 9%,
32.9, and 32.9% 100, respectively Fig. (3).

According to toxin genotyping, all of the isolates (93
(100%) harbored the alpha toxin cpa+, the marker toxin
for C. perfringens, all of which were enterotoxigenic
strains (cpe™™®); thus, most of the strains were type A
(95.6%), whereas the four strains of sudden death cases
(cpe™®) and (cpb™®) (4.3%) were type C (Tables 3 and 4).
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Amplification and sequencing of phospholipase C gene
using a newly designed oligonucleotide primer

For the full analysis of phospholipase C (plc), a new PCR
primer was used for the full sequence analysis of the
gene, especially in the five selected isolates, which were
representative of all clinical cases in the present study of
C. perfringens from milk, diarrhea, and intestinal content
of calves with sudden death. The isolates were tested with

Fig. 3 Agarose gel electrophoresis of multiplex PCR showing amplification of a 324 bp fragment of Alpha-toxin gene and 196 of Beta-toxin gene
from the extracted DNA of C. perfringens isolates, Lane (M) DNA marker GeneRuler 100 bp plus (Thermofisher), Lane (1) positive control, lane (11)

negative control

Table 3 Recovery rate of C. perfringens among the examined samples

Farm code Mastitic lactating  C. perfringens Diarrheic baby C. perfringens Sudden death baby C. perfringens
cow no. calves no. calves

I 20 2 10 4 1 1

I 35 2 30 4 2 2

Il 15 1 12 5 1 1

Y 20 1 18 2 - -

\ 10 3 8 6 - -

VI 40 1 33 12 5 5

VI 20 2 15 8 - -

VIl 10 1 7 5 - -

IX 25 2 21 6 4 4

X 25 3 25 7 3 3

Total 200 18 (9%) 179 59 (32.9%) 16 16 (100%)

Table 4 Recovery rate of plc and cpe genes of C. perfringens strains from different sources by using multiplex PCR technique

Strain source Number of strains

Number (%) of that strains were

tested
cpat cpb™ etxt iap™ cpe*
Milk 18 18 0 0 0 18
Rectal swabs 59 59 0 0 59
Intestinal content 16 16 0 0 16
Total 93 93 (100%) 4 (4.3%) 0 0 89 (95.6%)
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a new primer, in addition to the positive control. The plc
gene was amplified in all tested strains with an amplicon
of an average size of 1560 bp (Fig. 4).

The results, presented in Table 2, demonstrate; the
high specificity of the plc new primer set. This primer
set amplified only C. perfringens plc DNA, confirming
its ability to detect the bacterium at the species level. No
amplification occurred with any non-target strains, vali-
dating its design accuracy. Confirming the specificity of
the plc-target gene was applied by conventional PCR by
the cpa primer set. This primer set only amplified DNA
from strains known to contain a functional chromosomal
cpa gene (Table 2).

Phylogenetic analysis of phospholipase C complete CDS

The plc sequence analysis of five C. perfringens isolates
was performed on milk, three diarrheal cases, and intes-
tinal contents of one dead case. The complete open read-
ing frame for plc gene were applied in three strains.

A total of 9 referral sequences from a-toxins were ana-
lyzed. The alignments and comparisons of the C. perfrin-
gens sequences of alpha toxins obtained in the present
study, and the other ten referral strains from the Gen-
Bank database. According to the query and matching
sequences on GenBank according to the BLAST output,
the nucleotide sequences of the selected phospholipase C
amino acid sequences share main regions of identity with
other queries of different referral C. perfringens strains
on GenBank.

A UPGMA evolutionary tree depicting the entire cod-
ing region of the plc gene is presented in Fig. 5. The Egyp-
tian strains MN635790 and MN635792 were used as the
outgroup to root the tree. Bootstrap analysis with 1,000
computer-generated trees determined the reliability of
the branching order. The sequences of twelve clostridial
species formed a single evolutionary unit (monophyl-
etic group). Two Egyptian C. perfringens strains formed
a distinct, closely related group based on their plc gene

2000bp

1560bp

1200bp

Page 7 of 13

sequences. These Egyptian strains were more closely
related to the Japanese strains, with bootstrap support
values of 59%. Among the C. perfringens sequences,
MNG635790 and MN635792 were the most divergent.
The branching order within the other strains was highly
reliable, indicated by high bootstrap values. Interest-
ingly, MN635790 and MN635792 formed a unique clus-
ter distinct to D63911 (Japan). These findings align with
the only available complete plc gene sequence data on
GenBank.

Diversity matrix of phospholipase C partial CDS

The identity matrix Table (5) shows that the detected
phospholipase C sequences achieved high identity per-
centages (>99%) for all isolates except strain PP002324.
This strain displayed a significantly lower identity score
(34.1%) compared to the other strains in the study. Nota-
bly, the selected strains represent diverse geographical
locations worldwide, including Brazil, China, Denmark,
England, Japan, Kazakhstan, India, Saudi Arabia, and the
USA.

The ML topology showed three major clades with low
bootstrap values. The most divergent strains PP002324
and KX524150 with a maximum divergence of (173.6%)
& (199%), respectively, most of the Egyptian strains were
localized in the first clade (A) (Fig. 5).

The comparative similarity matrix output of the Meg-
Align module of Lasergene DNAStar software Pairwise
(Table 5) shows the highest degree of divergence between
Egyptian isolates, mainly PP002324 (Intestinal content),
KX524150 (bovine milk), KX524151(baby calf of sud-
den death case) and MN635792 (Baby calves feces).
The divergence percentage between Egyptian strains is
(159.4%,199% ,119.8%, and 159.4%).

The sequence of phospholipase C from C. perfringens
was subjected to phylogenetic analysis with the nucleo-
tide sequences of phospholipase C from different refer-
ence strains from different countries. According to the

Fig. 4 Agarose gel electrophoresis showing amplification of a 1560 bp phospholipase C gene (plc) from the extracted DNA of C. perfringens isolates,
Lane 6 DNA ladder 100 bp plus (Invitrogen), Lane 1 negative control, Lane 2 positive control
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N635791 C. perfringens phospholipase C gene Complete - Egypt

89 D32127 C. perfringens plc gene for phospholipase C complete cds - Japan

L 43546 C. perfringensalpha-toxin (phospholipase C) (Cpa) gene complete -Europe

36 D32124 C. perfringensplc gene for phospholipase C complete cds - Japan

49

KP143661 C. perfringens phospholipase C (plc) gene complete cds -Kazakhstan

D10248 C. perfringens phospholipase C complete cds -Japan
M24904 C.perfringens phospholipase C (plc) gene complete cds - Japan
100 |
X13608 C. perfringens cpa gene for phospholipase C complete -England
D32123 C. perfringens plc gene for phospholipase C complete cds -Japan

D63911 C. perfringens hospholipase C complete cds- Japan

58 MN635790 C. perfringens phospholipase gene complete - Egypt

100

MN635792. C. perfringens phospholipase gene complete - Egypt

Fig. 5 The evolutionary tree of the isolated C. perfringens phospholipase C (plc) open reading frame and the obtained 10 referral nucleotide
sequences from GenBank. The tree was constructed by using the UPGMA method. The bootstrap consensus tree inferred from 1000 replicates
is taken to represent the evolutionary history of the taxa analyzed. The evolutionary distances were computed using the JTT matrix-based method.

Evolutionary analyses were conducted in MEGAT1

alignment report, the selected sequences represent coun-
tries from different continents to trace the main origin or
ancestry of our Egyptian strains.

As shown in Fig. (5), three distinct clades were resolved
(15%, 18%, and less than 9% bootstrapping scores) as
seen from the phylogenetic analysis of their bootstrap-
ping scores and amino acid sequence data. Phylogenetic
tree analysis supports the inference of the identified sig-
nature that these groups do not share a homology clade
one with a degree (18% for 1st clades). The (A) clade was
subdivided into two sub-clades (1 A) & (2 A), including
a homology between MN635790 and MN635792 (faecal
samples from diarrheal baby calves), while the KX524151
(bovine feaces) and KX524150 (bovine milk). PP002314
bootstrapping support by 35% to other Egyptian bovine
strains.

The Japanese strain (D63911) is closer to the Egyptian
strain by a 99% bootstrap score. Following that, Kazakh-
stan strain (KP143661)(68%), Chinese strains (AY823400)
and Japanese strains (D32132) (57%).

Plc region sequences obtained in this study were com-
pared with similar sequences obtained from GenBank.
The sequences from the Egyptian strains were grouped
into only one clade (A), except strain KX524151 was phy-
logroup into clade (B).

Sixteen sequences were clustered into two groups
(clades B, and C) together with some other sequences
from GenBank (Fig. 5). The difference in sequence was
not related to the pathogenicity of the strain, as all organ-
isms investigated in this study were obtained from differ-
ent sites and under different pathogenic conditions.

Discussion

Egypt’s robust milk production contributes significantly
to the livelihoods of rural communities and national well-
being [26]. The data about C. perfringens based infection
in dairy farms is limited. However, it is known that masti-
tis is a common problem in Egyptian dairy farms, leading
to economic losses [12].
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Table 5 The divergence and identity matrix between selected five plc partial CDS of C. perfringens
Percent Identity
4 5 6 7 8 9 10 [ 11 |12 |13 [ 14 (15 |16 |17 [ 18 [ 19 | 20 | 21 | 22 | 23 |24 | 25 | 26 | 27 [ 28 | 29 | 30 | 31 | 32
1 84.1/34.8 (98.8 |98.8 [98.3 |98.8 |98.3 [98.8 |98.8 |98.8 |98.8 |98.8 |98.8 |98.8 |98.3 |98.5 |98.8 [98.8 |98.8 |98.8 [98.3 (98.8 |98.8 |98.8 [98.3 [98.5 /98.0 [98.8 (983 | 1 MNB35790
2 ki 841 ‘ 34.8 |98.8 |98.8 |98.3 |98.8 |98.3 |98.8 |98.8 |98.8 |98.8 |98.8 [98.8 |98.8 |98.3 |98.5 (98.8 (98.8 | 98.8 |98.8 (98.3 |98.8 | 98.8 |98.8 |98.3 [98.5 | 98.0 |98.8 |983 | 2 MNB35792
3 |345 345 64.2 139.7 |73.8 [73.8 |[73.8 |73.3 |74.3 |738|73.8|73.8 |73.8 738|738 |73.8|73.3|738 (738 (73.8|73.8|73.8(738(73.8|73.8|73.8(733[735|73.3|738(743| 3 KX524150
4 |184 |184 504 85.3 |85.3 |84.8 |84.6 [85.0 | 85.3 | 85.3 [85.3 [85.3 |85.3 |85.3 853 |84.8 | 84.8 |85.3 | 853 [85.3 |85.3 |85.0 | 853 [85.3 |85.3 |84.8 |85.3 [84.6 853 |85.0 | 4 KX524151
5 |159.4/159.4/125.3/199.0 - 34.3 343 341|348 |34.6 343|343 343|343 343 343|343 |343 |34.3 343|343 |343 |34.3 /338 | 343|343 |343 343|341 (343|343 |346| 5 PP002324
6 1.3 | 1.3 |33.7 [ 16.8 [165.3, 99.3 |99.0 |99.5 (100.0/100.0{100.0{100.0/100.0/100.0{100.0| 99.5 | 99.3 {100.0{100.0/100.0|{100.0| 99.5 [100.0/100.0{100.0/99.5 | 99.8 | 99.3 [100.0/995 | 6 MK599269
7 1.3 | 1.3 337 |16.8 [165.3| 0.0 99.0 | 99.5 (100.0/100.0{100.0{100.0/100.0/100.0{100.0/ 99.5 | 99.3 |100.0{100.0/100.0/100.0| 99.5 {100.0/100.0{100.0|{ 99.5 |99.8 | 99.3 {100.0{99.5 | 7 MNB35791
8 18 | 1.8 |336|17.4 [171.0| 0.8 98.8 |99.3 (99.3 [99.3 |99.3 |99.3 [99.3 |99.3 |98.8 [99.5 |99.3 |99.3 |99.3 [99.3 |98.8 {99.3 (99.3 |99.3 |98.8 [99.0 (98.5 /993 |988 | 8 D32124
9 13 | 1.3 [345(17.7 [160.8| 1.0 | 1.0 99.0 {99.0 (99.0 |99.0 |99.0 [99.0 |99.0 |98.5 |98.8 |99.0 |99.0 | 99.0 [99.0 |98.5 |99.0 [99.0 (99.0 |98.5 |98.8 (98.3 |99.0 |985| 9 D63911
10 | 1.8 | 1.8 328 [17.1[1616/ 05 | 05 | 1.3 99.5 |99.5 [99.5 [99.5 |99.5 |99.5 [99.0 |98.8 |99.5 [99.5 |99.5 | 99.5 | 99.0 [99.5 | 99.5 | 99.5 | 99.0 (99.3 | 98.8 | 99.5 (100.0| 10 D32123
1 13 | 1.3 [33.7[16.8 |[165.3| 0.0 ( 0.0 | 0.8 | 1.0 . 100.0{100.0{100.0/100.0{100.0| 99.5 | 99.3 [100.0{100.0/100.0(100.0| 99.5 {100.0/100.0({100.0| 99.5 | 99.8 [99.3 {100.0/99.5 | 11 D10248
12 [ 13|13 |337[16.8(1653| 0.0 | 00 [ 08 | 1.0 | 05 L 100.0{100.0{100.0(100.0| 99.5 | 99.3 {100.0/100.0|100.0{100.0| 99.5 |100.0{100.0{100.0/ 99.5 | 99.8 [ 99.3 [100.0/99.5 | 12 M24904
13 [ 13 | 1.3 |33.7[16.8 (165.3| 0.0 | 0.0 [ 08 [ 1.0 | 0.5 | 0.0 1 100.0{100.0{100.0/ 99.5 | 99.3 (100.0/100.0/100.0{100.0| 99.5 {100.0{100.0{100.0/ 99.5 | 99.8 [ 99.3 [100.0/99.5 | 13 D32127
14 [ 13|13 [337 168 1653] 00 [ 00 [08 [ 10|05 |00 |00 X 100.0{100.0/99.5 | 99.3 |100.0{100.0/100.0/100.0| 99.5 {100.0/100.0{100.0{99.5 |99.8 | 99.3 |100.0{99.5 | 14 MH900556
§ 15 | 1.3 | 1.3 |33.7 (16.8 [165.3/ 0.0 [ 0.0 [ 0.8 [ 1.0 [ 05 | 0.0 [ 0.0 | 0.0 . 100.0/99.5 | 99.3 {100.0{100.0/100.0{100.0{ 99.5 {100.0/100.0{100.0{ 99.5 [99.8 | 99.3 [100.0{99.5 | 15 MW665558
5 16 |13 | 1.3 |33.7 |16.8 (165.3| 0.0 | 0.0 | 0.8 [ 1.0 | 0.5 | 0.0 | 0.0 | 0.0 | 0.0 99.5 [99.3 [100.0{100.0{100.0{100.0| 99.5 {100.0|100.0{100.0/ 99.5 | 99.8 | 99.3 |100.0/99.5 | 16 JQ071566
g 17 | 1.3 | 1.3 [33.7 |16.8 |165.3| 0.0 [ 00 | 08 | 1.0 [ 05 | 0.0 | 0.0 | 0.0 | 0.0 199.5 | 99.3 |100.0/100.0/100.0/100.0| 99.5 [100.0{100.0{100.0/99.5 | 99.8 | 99.3 |100.0/99.5 | 17 JQo71571
18 [ 13 |13 [33916.9 1630/ 00 [ 00 |08 [ 10|05 [00 |00 |00 |00 -QBE 99.5 |99.5 [99.5 |99.5 | 99.0 [99.5 |99.5 | 99.5 [100.0{99.3 | 99.8 [99.5 [99.0 | 18 JQo71571
19 |15 |15 (336 (174 (1668 08 |08 |05 |13 [13 |08 |08 |08 | 08 0.8 -993 99.3 /199.3 |99.3 (98.8 (99.3 |99.3 [99.3 (98.8 |99.0 |98.5 [99.3 |98.8 | 19 KP143661
20 | 13 (13 337|168 (1653/ 0.0 | 0.0 (|08 |10 |05 |00 |00 | 0.0 | 0.0 00 | 08 -100.0 100.0{100.0{/99.5 [100.0/100.0{100.0/99.5 | 99.8 | 99.3 [100.0/99.5 | 20 KP143660
21 1.3 | 1.3 3371681653/ 0.0 | 0.0 | 0.8 [ 1.0 [ 05 | 0.0 | 0.0 | 0.0 | 0.0 00 |08 |00 -100.0 100.0/99.5 {100.0/100.0/100.0|/ 99.5 [ 99.8 | 99.3 {100.0{99.5 | 21 L43546
22 | 13 (13 |337]|168 :155.3 00 /00|08 |10 |05 |00|00]|00]00 00|08 |00 |00 -100.0 99.5 {100.0{100.0{100.0/ 99.5 | 99.8 (99.3 |100.0/99.5 | 22 X13608
23 [ 13 |13 [337(16.8 1653/ 00 | 0.0 | 0.8 | 1.0 (05 | 0.0 | 0.0 [ 0.0 | 0.0 0.0 |08 00|00 (00 - 99.5 [100.0{100.0{100.0/ 99.5 | 99.8 | 99.3 [100.0/99.5 | 23 X13608
24 | 18 |18 [33.7|17.1]|1736{ 05 (05 |13 |15 |10 [ 05 | 05| 05 | 05 05|13 |05 |05 (05|05 - 99.5 199.5 [ 99.5 |99.0 [99.3 | 98.8 |99.5 [99.0 | 24 KF914160
25 [ 13|13 [337/16.8(165.3/ 0.0 | 0.0 [ 08 | 1.0 |05 | 0.0 | 00 [ 0.0 | 0.0 00 (08 00|00 |00|00) 05 -1100.0 100.0/99.5 | 99.8 [99.3 [100.0/99.5 | 26 FRG87998
26 | 13 [ 1.3 [33.7|16.8|1653{ 0.0 (0.0 | 0.8 | 1.0 [ 05 [ 0.0 | 0.0 | 0.0 | 0.0 0.0 |08 00|00 0000 05|00 -100 0/99.5 [99.8 (99.3 [100.0/99.5 | 26 DQ184166
27 | 13 [ 1.3 [33.7|16.8|1653| 0.0 (0.0 | 0.8 | 1.0 [ 05 [ 0.0 | 0.0 | 0.0 | 0.0 00|08 00|00 (00|00 05]|00]|00 -! 99.5 [ 99.8 [99.3 [100.0/99.5 | 27 DQ184056
28 (13|13 [33916.9(163.0/ 0.0 | 0.0 [ 08 | 1.0 |05 |00 |00 [ 00 | 0.0 00 |08 00|00 |00 |00)05]|00]|00]|0.0 - 99.3 199.8 {995 (99.0 | 28 DQ184056
29 [ 15 |15 [341(16.8|167.7/ 03 | 03 | 1.0 |13 |08 [ 03 |03 [ 03 [ 03 03 /1003 |03 (03 |03)08[03[03|03]03 - 99.0 {99.8 [99.3 | 29 EU839814
| 30 | 1.3 | 1.3 |336 169 |162.6/ 0.0 | 0.0 [08 [ 1.0 [ 05 [ 0.0 | 0.0 | 0.0 | 0.0 00 |08 00|00 |00 |00 05|00|00]|00)00 30 MNG46343
31 |13 | 1.3 |33.7(16.8[165.3/ 0.0 (0.0 [ 08 [ 10 [ 05|00 |00 |00 |00 00 /08 00|00 |00 |00 05|00|00)00) 00]03 [ 0.0 995 31 CLOCPAA
32 (18|18 |328|17.1[1616/ 05 |05 |13 |15 |00 [ 05|05 | 05 | 05 05|13 /05|05 (05 |05)|10|05|05|05)|05]08 [ 05 | 05 -ri AY823400

Mastitis is one of the most important problems in dairy
cattle. C. perfringens type A infections pose a particular
danger to postpartum dairy cows, potentially triggering
aggressive mastitis with sudden symptoms and high fatal-
ity rates [27].

Most mastitis-infected dairy cows carried C. perfrin-
gens type A, but specific toxins linked to mastitis weren’t
found. This suggests C. perfringens might contribute to
uterine and mastitis issues, but more research is needed
to confirm its role and identify the key factors involved
[2, 28].

Since the beginning of Osman and his colleague’s work,
there has been no reference data on the current situa-
tion of C. perfringens and mastitis cases in dairy farms in
Egypt [12].

In the present work, the recovery results of C. perfrin-
gens have been demonstrated at a rate of 23.5% overall in
examined samples from dairy farms. The occurrence of
C. perfringens in milk samples was 9% suggesting the role
of this pathogen in causing disease in dairy animals.

Despite the intensive vaccination programs on these
dairy farms to control Clostridium infection, the
recorded proportion of C. perfringens isolated in cases of
mastitis is very high and alarming compared to what was
identified in Belgian dairy cattle by [29].

On the other hand, clinical samples collected from
diarrheal cases in baby calves, or intestinal contents
in sudden death cases revealed an isolation rate of C.
perfringens of 32.9% and 100%, respectively. The results

maximize the role of circulating C. perfringens in dairy
farm systems as a food-borne contaminant for lactating
baby calves. Acute enteritis and fatal enterotoxemia in
animals have been attributed to C. perfringens, and the
pathogenicity of this organism is associated with enter-
otoxins [12, 27].

Toxin genotyping is considered a convenient and
highly reliable tool for the molecular detection of all
major toxin genes, such as (cpa), (cpbl), (etx), and (iap).
The designed multiplex PCR was found to be a suitable
tool for toxin genotyping of C. perfringens isolates and
for detecting the presence of cpe in the tested isolates.

According to multiplex PCR results, the present study
indicated that type A is the most frequently isolated
genotype of C. perfringens. A total of 93 C. perfringens
isolates were classified as type A toxin producers; all are
enterotoxigenic strains (cpe™¥¢). However, those strains
isolated from the sudden death cases were mainly of
type A, except for only four strains that were of type C
(4.3%) (Table 3).

Globally, about 5% of all C. perfringens isolates pro-
duce a toxin named C. perfringens enterotoxin (cpe)
[30]. Most (cpe*) strains are classified as type A,
although types C and D strains producing this entero-
toxin are also common [31, 32].

These results were in agreement with 12, 13, and 27.
Alpha toxin is produced at a high level in type A and
is involved in the pathogenesis of various diseases in
animals [16, 33]. It is the main lethal toxin of C. per-
fringens, a multifunctional phospholipase produced by
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almost all isolates. The toxin is hemolytic, necrotizing,
and effectively lethal [34].

C. perfringens enterotoxin (CPE) is responsible for
causing the gastrointestinal symptoms of several C. per-
fringens food-borne and non-food gastrointestinal dis-
eases in humans. According to [35] the gene for CPE
(cpe) is located either on the chromosomes of most C.
perfringens type A food poisoning strains or on large con-
jugative plasmids of the remaining type A food poisoning
and most, if not all, other CPE-producing strains.

Another theory stated that the enterotoxin CPE
encoded by the cpe gene is the only toxin known to occur
on both chromosomes and plasmids. Interestingly, cpe
has been found as plasmid-borne in strains isolated from
livestock or non-food-borne human gastrointestinal
cases (i.e. antibiotic-associated diarrhea or sporadic diar-
rhea) [36, 37]. In addition, cpe is only released during the
sporulation of C. perfringens [38].

However, previous research has found that dairy farms
are not a significant source of cpe-positive isolates, which
agrees with [39], who found a low recovery in ruminant-
associated isolates (2.9%) and [40], who found a high
incidence of cpe carriage among canine, equine, and food
isolates with an incidence of 94.1%, 93.8%, and 86.7%,
respectively.

There are limited studies on the analysis of the cpe
sequence of strains of bovine origin, so, in this study, a
primer set was designed for the amplification of the plc
gene of five enterotoxogenic strains from two different
sources of feces and milk.

Bovine necrohaemorrhagic enteritis caused by C. per-
fringens is an important cause of sudden death with
necrohaemorrhagic lesions in the small intestine [28].
The disease frequently strikes calves without warning
symptoms in good to excellent bodily health who are fed
huge amounts of milk or milk substitute [41]. Although
mortality is very close to 100%, the disease has a signifi-
cant economic impact despite the relatively low morbid-
ity. From this fact, we apply molecular sequencing for the
plc region from C. perfringens strains of lactating ani-
mals, diarrheal calves, and sudden death cases to inves-
tigate the pathogenesis of enterotoxigenic strains in dairy
farming chains.

Many studies have sequenced the cpe gene [42, 43]. In
the present work, the plc gene was amplified by novel
oligonucleotide primers and sequenced for five strains.
The nucleotide sequences of the selected Phospholipase
C amino acid sequences have main regions of identity
with other queries of different C. perfringens isolates.
The detected complete phospholipase C sequences
(MN635790 & MN635792 ) are not completely identi-
cal for different isolates with maximum query coverage
(Fig. 5).
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That result of partial CDS sequence for plc gene con-
firms the complete homology of the milk and diarrheal
strains, which subsequently related to a neco-hemor-
rhagic lesion of the intestine (Fig. 6). The results can be
confirmed by the role of C. perfringens type A in clostrid-
ial abomasitis, which was confirmed when intralumi-
nal administration of C. perfringens type A to neonatal
calves induced clinical signs similar to naturally acquired
disease [44]. C. perfringens type A strains were isolated
almost exclusively from animals diagnosed with either
necro-hemorrhagic enteritis [7, 45] or clostridial aboma-
sitis [46, 47].

The enterotoxin (cpe), which acts as a warning to food-
posing strains in humans, plays a significant role in the
development of intestinal sickness in many animal spe-
cies, including human. In contrast to CPE-associated
non-food-borne human gastrointestinal disorders, it has
been shown that the majority, if not all, C. perfringens
type A food poisoning isolates carry a plasmid-based
copy of the cpe gene [36, 37].

House et al. 2014 [47] reported that C. perfringens type
C can cause sudden death in neonatal calves less than 10
days old, which is completely confirmed with the cur-
rent data as four isolates of sudden death cases harbored
type C toxin genes. The recovery rate of type C was 4.3%,
which is extremely high compared to the early work of
Omer et al. 2020 [43] in Saudia Arabia with the percent-
age of type C records reaching 0.96%. Although several
textbooks describe the occurrence of C. perfringens type
C infection in calves worldwide [48, 49].

Neonates can pick up type C bacteria from a habitat
that has been contaminated by sick animals or, less fre-
quently, by asymptomatic carriers. CPB is incredibly
sensitive to trypsin and other protease activity. Newborn
animals suffer from a protease deficiency in the intes-
tine layers and absorption into the system. Death may be
caused directly by severe intestinal necrosis and diarrhea,
indirectly by subsequent toxemia, or both directly and
indirectly.

Conclusion

The present data conclusively confirms the role of
C. perfringens type A in bovine necro-hemorrhagic
enteritis and mastitis. First, it definitively demon-
strates that the present understanding of intestinal
disorders and mastitis associated with C. perfringens,
which mostly focuses on chromosome-borne, disease-
specific toxins, is overly restrictive and that alpha
toxin can be important.

The discovery that C. perfringens type C is necessary
for the development of necrotizing enteritis has major
ramifications for immunization tactics. This helps to
explain why the present clostridial vaccines, which are
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47 ~ MNB35790 Baby Calves Fecal-Egypt
MNGB35792 Baby Calve Fecal-Egypt
KX524150 Cow Milk-Egypt
PP002324 Baby Calf Intestinal Content- Egypt
D63911 - Japan
D32124 - Japan
KP143661 - Kazakhstan
MN646343 Intestinal content Saudi Arabia
DQ184056 USA A
JQO071571 C. perfringens alpha toxin gene Rabbit feces Brazil
D32123 - Japan
AY823400 China
MK599269 Intestinal content Camel Egypt
JQ071571 Rabbit feces Brazil
JQ071566 Poultry Dropping-Brazil
MH900556 Feces Japan

D10248 - Japan

L43546 -Europe

FR687998 Soil India
DQ184166 Genomic-USA
DQ184056 USA(2) B
| MN635791 Bufflo Feces - Egypt
CLOCPAA Belgium
KX524151 Feces-Sudden Death-Egypt
138 EU839814 Chicken Denmark

_____ M24904 - Japan

MWE65558 stool Japan

KP143660 Kazakhstan
X13608 -England
X13808 UK

15 KF914160 Fecal Sample-South Korea

D32127 - Japan

Fig. 6 The evolutionary tree for plc gene partial CDS C. perfringens isolates and the obtained 27 referral nucleotide sequences from GenBank using
the Maximum Parsimony method. The bootstrap consensus tree was inferred from 1000 replicates This analysis involved 22 nucleotide sequences.
There were a total of 408 positions in the final dataset. Evolutionary analyses were conducted in MEGA11. Red labelled strains (The Egyptian strains
in the present study)
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based on formaldehyde-inactivated toxins, don’t seem
to protect against intestinal illnesses in calves caused by
C. perfringens type A. New vaccinations are required to
protect animals from gastrointestinal diseases associated
with C. perfringens type A and C.
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