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Abstract
Panting syndrome and respiratory infection have been recorded in complicated cases of foot and mouth disease (FMD) in cattle.
However, investigations on the causative agents of respiratory disease in such cases are scarce. In this study, 30 animals (13
buffalo and 17 cattle) suffering from respiratory distress associated with signs of FMD were examined. Serum samples were
collected and FMD infection was confirmed. Bacteriological examination of lungs from eight necropitized cases revealed the
presence of C. perfringens. Multiplex polymerase chain reaction (mPCR) was performed on the positive samples followed by
sequencing analysis. The alpha toxin gene (plc) ofC. perfringenswas identified in six cases. The present investigation highlights
the role of clostridial infection as a complication of FMD in cattle and buffalo. This is the first report identifying the
C. perfringens toxins from lung of animals with respiratory distress associated with FMD infection.
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Introduction

FMD has a great endemic importance in Egypt and various
African countries (Knowles et al. 2007; Rweyemamu et al.
2008). The disease is expressed by a high morbidity with
low mortality rates and is characterized by the development
of vesicles and erosions in the mucosa of the mouth and on the
skin between and above the hoofs (Alexandersen et al. 2003;
Lee et al. 2013). Importantly, foot and mouth disease virus
(FMDV) produces a transient immunosuppression in the af-

fected animals that provides an opportunity for a secondary
bacterial infection resulting in severe clinical diseases and
sometimes death of the affected animal (Chhabra et al. 2004;
Díaz-San Segundo et al. 2009). Indeed, a recent study had
demonstrated the complications of FMD-infected Indian
gaurs (Bosgaurus) with Pasteurellamultocida causing respira-
tory manifestations (Chandranaik et al. 2015). Moreover,
Pasteurellamultocida has been proposed to be the most com-
mon secondary bacterial pathogen responsible for deaths dur-
ing FMD outbreaks (Venkataramanan et al. 2005). FMD has
been also found to be a potential risk factor hemorrhagic sep-
ticemia in buffalo and cattle in Karachi, Pakistan (Moustafa
et al. 2017). Moreover, there was an evidence of increased rate
of mastitis after one month of outbreaks of FMD in the dairy
cattle (Lyons et al. 2015).

Al though Clost r idia are uncommon causes of
pleuropulmonary infection, many researchers reported that
Clostridium perfringens is a causative agent of pneumonia
in animals (Fernandez-Miyakawa et al. 2007; Uzal et al.
2002).

Alpha (α), beta (β), epsilon (μ), and iota represent the four
main C. perfringens toxins, forming the basis of categorizing
this bacterium into five different types, from A to E (Gurjar
et al. 2008). Therefore, recognition of bacteria is not only

* Sabry El-Khodery
khodery@mans.edu.eg

1 Department of Animal Medicine, Faculty of Veterinary Medicine,
Aswan University, Aswan 37916, Egypt

2 Department of Internal Medicine and Infectious Diseases, Faculty of
Veterinary Medicine, Mansoura University, Mansoura 35516, Egypt

3 Department of Biochemistry and Chemistry of Nutrition, Faculty of
Veterinary Medicine, Mansoura University, Mansoura 35516, Egypt

4 Zewail City of Science and Technology, University of Science and
Technology, Giza, Egypt

5 Department of Bacteriology, Mycology and Immunology, Faculty of
Veterinary Medicine, Mansoura University, Mansoura 35516, Egypt

Tropical Animal Health and Production (2019) 51:847–852
https://doi.org/10.1007/s11250-018-1763-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s11250-018-1763-8&domain=pdf
http://orcid.org/0000-0002-0545-5827
mailto:khodery@mans.edu.eg


sufficient, but determination of exotoxin type is also crucial
(Sasani et al. 2013). Alpha toxin is produced by all five types
and is a phospholipase C (PLC) that can hydrolyze lecithin
into phosphorylcholine and diglyceride and is proposed to be
a major factor responsible for the organism’s tissue pathology
(Hatheway 1990; Katayama et al. 1993). Consequently, diag-
nosis of Clostridium infection can be achieved by molecular
detection of C. perfringens alpha toxin gene (plc gene). In the
present study, we identified and characterized the plc gene of
C. perfringens from cattle and buffalo suffering from respira-
tory syndrome–associated complicated cases of FMD disease.

Materials and methods

Animals and clinical examination

A total of 30 animals (13 buffalo and 17 cattle) at age range
between 4 months and 2 years were studied. The animals were
related to 12 farms located at Qalyubia governorate, Egypt.
Initially, selection of the animals under study was based on the
presence of clinical signs of FMD infection (Constable et al.
2016), associated with severe panting and nasal discharge.

Blood samples

Venous blood samples were collected via jugular vein-
puncture from 30 animals under investigation. The separated
serum samples were subsequently stored at − 20 °C for further
ELISA screening.

ELISA

The commercial FMD 3ABC ELISA kit (IZSLER: Brescia,
Italy) was used for detection of FMDV infection via detection
of antibodies against non-structural proteins of FMDV (De
Diego et al. 1997).

A postmortem examination was carried out on eight dead
animals. Lung, spleen, heart, and liver samples were collected
from eight dead animals and kept on ice until further use for
identification of bacterial infection.

Bacteriological examination

Tissue samples were homogenized and serially diluted. The
aforementioned dilutions were inoculated into blood base agar
with 7% sterile blood under aerobic. Inoculation was also
carried out on C. perfringens base agar enriched with supple-
ments (Oxiod, UK). The inoculated plates were placed in
modified atmosphere jars and were incubated under anaerobic
conditions at 37 °C for 20 ± 2 h. Identification of
C. perfringens was accomplished initially by classical micro-
biological techniques described previously (Brett 1994),

microscopical appearance (Beveridge 2001), and by conven-
tional biochemical tests (Koneman et al. 1992).

DNA extraction

DNA extraction from recovered isolated was performed using
the QIAamp DNA Mini kit (Qiagen, Germany, GmbH).
Briefly, a total of 200 μl of the sample suspension was incu-
bated with 10 μl of proteinase K and 200 μl of lysis buffer at
56 °C for 10 min. After incubation, 200 μl of 100% ethanol
was added to the lysate. The sample was then washed and
centrifuged following the manufacturer’s recommendations.
DNA was eluted with 100 μl of elution buffer provided in
the kit. DNA concentration was measured by using a Nano-
Drop TMND-1000 Spectrophotometer (PeqlabBiotechnolo-
gie GmbH, Erlangen, Germany).

Molecular detection and sequencing of C. perfringens
toxin gene

Multiplex polymerase chain reaction assay was used for the
detection of C. perfringens toxin (alpha, beta, iota, and epsi-
lon) genes (Yoo et al. 1997). All protocols, primer sequences,
amplification, and sequencing conditions were employed as
previously described (Lorenz 2012).

The forward and reverse primer sequences of
C. perfringens toxins, respectively, were as follows: alpha
toxin, GTTGATAGCGCAGGACATGTTAAG and
CATGTAGTCATCTGTTCCAGCATC; beta toxin,
ACTATACAGACAGATCATTCAACC and TTAGGAGC
AGTTAGAACTACAGAC. Epsilon toxin, ACTGCAAC
TACTACTCATACTGTG and CTGGTGCCTTAATA
GAAAGACTCC. However, for iota toxin, the sequences
were GCGATGAAAAGCCTACACCACTAC and
GGTATATCCTCCACGCATATAGTC, respectively.

Primers were utilized in a 25-μl final reaction volume con-
taining 12.5 μl of EmeraldAmp Max PCR Master Mix
(Takara, Japan), 1 μl of each primer (20 pmol concentration),
4.5 μl of water, and 6 μl of DNA template. The reaction was
performed in an applied biosystem 2720 thermal cycler. The
amplification condition for all surveyed toxins was done with
initial denaturation at 94 °C for 5 min, and 35 cycles of dena-
turation at 94 °C for 30 s, primer annealing at 55 °C for 45 s.
The primer annealing was followed by amplification at 72 °C
for 1 min, followed by a final extension at 72 °C for 5 min.
Subsequently, 1.5% agarose gel was used for gel electropho-
resis of the PCR products. Amplified products were stained
with ethidium bromide (Sigma-Aldrich, St. Louis, MO,
U.S.A.) and visualized under UV-transilluminator (Hybaid,
UK). The detected product size that was similar to the size
of positive control for a particular species was considered
positive. For detection of C. perfringens alpha toxin gene,
ATCC® 13124 was used as positive control. For other toxins,
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samples previously confirmed in reference lab for veterinary
quality control on poultry production to be positive were used.
Negative control was confirmed; samples in the same lab to be
negative were also used. Sequencing of the plc gene was per-
formed as previously described (Tsutsui et al. 1995).

Phylogenetic analysis of the plc gene

The data were analyzed by the National Center for
Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.
gov/) using BLAST analysis. The previously deposited
sequences of phospholipases C gene in GenBank were used
to perform phylogenetic analysis. This study was conducted
on the plc alleles of 24 C. perfringens strains. The used
accession number in phylogenetic analysis was as follows:
MF803086 (current study), KP143660 (C. perfringens-
saigas 2012), KP143659 (C. perfringens-saigas 2011),
KP143658 (C. perfringens-saigas 2010), JQ071566 (C.
perfringens-LF-4A), JQ071542 (C. perfringens-AI-3A),
JF298802 (C. perfringens-CPB228), FR688009 (C.
perfringens-H2-3), FR687999 (C. perfringens-AG07-1),
FR687998 (C. perfringens-AG04-3), FJ655569 (C.
perfringens-ELA03), EU839836 (C. perfringens-S03),
DQ184137 (C. perfringens-NRRL B-23782), D32128 (C.
perfringens-NCBI19681), L43547 (C. perfringens-alpha
toxin complete cds), M24904 (C. perfringens-alpha toxin
complete cds), X13608 (C. perfringens-alpha toxin complete
cds), JQ071570 (C. perfringens-RAN-21b), FR688011 (C.
perfringens-AL05-12), KJ729015 (C. perfringens-Zon-CU-
ah16), AM888383 (C. perfringens-JS8), DQ184056 (C.
p e r f r i n g e n s -NRRL B-23658 ) , KX793136 (C .
perfringens-Zon-CU012), KY386862 (C. perfringens-CP3),
KY038859, C. perfringens-CDDD). All the given sequences
were trimmed and aligned with our obtained sequence using
Clustal omega software (Sievers and Higgins 2014).
Phylogenetic analysis was performed usingMEGA6 software

(Tamura et al. 2013). Phylogeny was executed using both
neighbor-joining and maximum-parsimony methods, where
bootstrap statistical test was adjusted on 100 replicates. The
deduced amino acid sequences were also analyzed using
MEGA 6 software for confirmation of the phylogenetic rela-
tionship between nucleotide sequences.

Results

Using ELISA screening, FMD viral infection was serological-
ly detected in all suspected cases (100%). Respiratory mani-
festations including respiratory distress, nasal discharge, and
panting were observed (13 buffalo and 17cattle).

Postmortem findings on 8 out of 30 infected animals
showed different PM lesions (Table 1). C. perfringens was
recovered from lung samples of only six cases. Briefly, on
blood base agar with 7% sterile blood,C. perfringens colonies
were 2–3 mm in diameter, rounded, raised, glistened, and
showed double zone of hemolysis. On TSC agar,
C. perfringens colonies were black in color. Microscopically,
C. perfringens isolates appeared to be Gram-positive short
plumb bacilli rarely having central oval non-bulging endo-
spores . Biochemical tes ts were conf i rmat ive to
C. perfringens, while multiplex PCR revealed presence of
C. perfringens alpha toxin gene (Fig. 1).

In the current study, the neighbor-joining and maximum
parsimonies were performed on the obtained nucleotide se-
quences of phospholipase C of C. perfringens, which was
further confirmed by performing phylogenetic analysis of
deduced amino acid sequences of our isolated strain and
revealed a close relationship between the obtained sequence
from the current study and the phospholipase C isolated
from Sharkia governorate, Egypt, among other closely re-
lated species (Fig. 2). The computed pairwise genetic dif-
ference was executed using Poisson model and showed the

Table 1 Postmortem findings and
result of bacteriological
examination in eight animals with
complicated cases of FMD

Post mortem lesion Case numbers

1 2 3 4 5 6 7 8

Oral lesion + + + + + + + −
Intestinal congestion + + + + + + + +

Rumenal ulcers – – – – – + – –

Liver congestion + – + – – + – –

Kidney congestion – – – – – + – –

Pneumonia + + + + – + + –

Cardiac hypertrophy and pericarditis + + + + – + – +

C. perfringens (plc) + + + + – + + –

+: present

–: absent
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similar genetic difference between our isolated species and
other species except JQ071570 (Brazil) and AM888383
(India); the highest genetic divergent strain was in
KY038859 (China). Surprisingly, an Egyptian strain

isolated from the Giza governorate (KJ729015) revealed a
significant genetic divergent in comparison with the isolate
recovered from the current study, although it was also re-
covered from Egypt.

Fig. 1 Multiplex PCR of theC. perfringens enterotoxin (CPE) plc gene in
the lung tissue of C. perfringens-infected cattle and buffalo. PC,
positive control; NC, negative control; Lg, lung; a, alpha; b, beta; e,
epsilon; and I, iota toxins of C. perfringens; M indicates a 100-bp DNA

ladder. The expected size of the PCR product was 402 bp, 236 bp, 541 bp,
and 317 bp for alpha, beta, epsilon, and iota toxins of C. perfringens,
respectively

Fig. 2 Phylogenetic analysis of deduced amino acid sequences of
C. perfringens phospholipase C gene between the isolated PLC and the
obtained amino acid sequences from GenBank. The tree was constructed

using a neighbor-joiningmethodwith bootstrap replicates of 100 that was
shown beside branches
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Discussion

FMD is a highly contagious, vesicular disease affecting pri-
marily cloven-hoofed animals with severe economic conse-
quences worldwide (Sutmoller et al. 2003). Indeed, there is
scarcity in detecting the bacterial agent associated with FMD
clinically infected cases.

To the best of the author’s knowledge, this is the first study
that reportsClostridium infection as a complication of FMD in
buffalo and cattle worldwide. Although pneumonia related to
C. perfringens has rarely been described (Chen et al. 2011),
the respiratory distress by clinical examination and pneumo-
nia by postmortem examination in FMD-infected cattle and
buffalo complicated with C. perfringens infection observed in
this study is coincided with previous report that documented
C. perfringens to affect the respiratory system as it causes
severe acute pulmonary edema, which was particularly
marked in the interlobular septa in calves (Constable et al.
2016), lung edema in mouse (Fernandez-Miyakawa et al.
2007), interstitial pneumonia, purulent fibrinous broncho-
pneumonia, abscess, and interlobular fibrosis sick calves and
cow cattle (Sasani et al. 2013). Moreover, the presence of
necrotizing pneumonia in a woman due to C. perfringens
was previously recorded (Palmacci et al. 2009). The compli-
cations with bacterial infections in such cases might be attrib-
uted to the suppression in the body immunity that is associated
with viral infection as previously proposed (Francoz et al.
2015; Grubman and Baxt 2004; Howard 2007). Moreover,
outbreaks of respiratory form of hemorrhagic septicemia
(HS) followed FMD in the same animals have been reported
(Verma et al. 2004). Preceding FMD infection probably
lowers the resistance to diseases or causes stress on the ani-
mals, leading to precipitation of HS. Several predisposing
factors for systemic clostridial dissemination include intraoral
pathology (carious teeth or gingival disease) and
intrabdominal pathology such as malignancy and enteric vas-
cular malformation (Craven 1989; Tanabe et al. 1989).

To investigate the genetic diversity of the plc gene among
recovered isolates, nucleotide sequences were compared with
the other corresponding strain of C. perfringens. The results
proposed a close proximity between the isolated strain and the
plc gene isolated from C. perfringens in Sharkia governorate.
Interestingly, the isolated strain of C. perfringens type A
showed a divergent relationship in comparison with the cur-
rently studied isolate, which was also observed that the plc
gene showed a minimum correlation with the source of infec-
tion (Siqueira et al. 2012).

The high genetic diversity observed among the plc gene
isolated from different geographical regions creates a road-
block in constructing a solid phylogenetic relationship among
the same species of C. perfringens, but the close genetic rela-
tionship between some Egyptian strain of clostridial alpha
toxin was also existed. It has been found that most toxin

plasmids carry a transfer of clostridial plasmid locus–
mediating conjugation, which likely explains the presence of
similar toxin plasmids in otherwise unrelated C. perfringens
strains (Freedman et al. 2015). Moreover, certain similarities
were also detected between different species of Clostridia
toxins as recorded between C. heamolyticum and
C. Botulinum (Nakamura et al. 1983). Another similarity
was also observed between C. sordellii and C. bifermentans
regarding the plc gene (Karasawa et al. 2003).

Although this is the first study addressing the Clostridium
infection associated with FMD in cattle and in buffalo in
Egypt, some limitations in this study including the small sam-
ple size used in this study may not allow obtaining a concrete
conclusion. Therefore, future studies should consider non-
examined provinces and other animal species subjected to
the infection by FMDV.

In conclusion, the present investigation draws the attention
to the FMD-infected cases associated with C. perfringens in-
fection in cattle and buffalo in Egypt. Cattle raisers are recom-
mended to undertake the proper management practice and
preventive measures to avoid co-infection with bacterial
agents, especially C. perfringens.
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