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Abstract

The present study was undertaken to isolate and study the virulence gene profile of C. perfringens from
freshwater fish in Srinagar city (local fish: Schizothorax spp, Cyprinus carpio and exotic carp like
common carp, silver carp, Rohu, Pangus). Of the total of 110 randomly collected fish samples processed
anaerobically for the presence of C. perfringens, 13 (11.81%) samples were found positive for the
organism. The higher prevalence was observed in locally available fish collected from different markets
of the Srinagar city (18.18%) as compared to fish imported from other states of the country (5.45%). The
level of contamination among two types of fish samples was statistically significant with higher levels of
contamination in locally available fish (p<0.05). The virulence gene profiling of the isolates was studied
using multiplex-PCR targeting cpa, cpb, etx, iap, cpb2 and cpe genes. The cpa gene was detected in all
13 isolates (100%), either alone in 7 isolates (53.84%) or in combination with the cpb2 gene in 5 isolates
(38.46%) and with cpe gene in 1 isolate (7.69%). None of the isolates screened carried cpb, etx or iap
gene confirming the occurrence of C. perfringens toxinotype A and thereby the absence of toxinotypes B,
C, D and E. The study regarding isolation and molecular characterization of C. perfringens from fish
especially from Srinagar was conducted for the first time as well as from other regions of India are very
scanty. The present findings suggest that fish may be considered as a potential source of C. perfringens
type A infection to human populations through food chain.
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1. Introduction

The C. perfringens is a Gram positive, sporulating anaerobic bacterium belonging to genus
Clostridia ™. The organism has large rods (0.6-2.4 x 1.3-9.0 um), encapsulated and is non-
motile. Most C. perfringens isolates are catalase negative, oxidase negative and grow
optimally around 42-50 °C [, It is known as the most rapidly multiplying organism, with some
strains possessing less than 10 minute doubling time . A distinguishing characteristic of the
C. perfringens is their ability to form endospores, typically initiated under conditions of
nutrient depletion that helps to preserve genetic content until favourable conditions leading to
ubiquitous nature of organism. C. perfringens is a prolific toxin producer with a capacity to
secrete at least 17 types of toxins Bl The C. perfringens mediated enteric diseases can be
attributed to the well characterized, lethal, membrane active toxins which include alpha (o),
beta (B), epsilon (g), iota (1), enterotoxin and perfringolysin O (0) . Based on toxin
production, C. perfringens are classified into five toxinotypes viz; type A (a- toxin), type B (a,
B and e toxin), type C (a and P toxins), type D (a and e toxin) and type E (a and 1 toxins) Bl C,
perfringens is the most widespread pathogen responsible for a number of disease syndromes in
both humans and animals I,

Fish being the major source of dietary protein is often infected with various food borne
pathogens particularly bacteria causing health hazards to the consumers. The fish and fish
based products get spoiled easily within 40 hrs at <10 °C due to high perishability [ &, The
rate of bacterial spoilage of fish is dependent on the initial microbial load, ambient temperature
and improper handling; therefore, proper storage is critical in maintaining high standards of
safety. The refrigeration temperatures does not prevent spoilage of fish because of autolytic
activities and chemical changes occurring in fish after harvest, therefore, creating undesirable
changes like off-flavours, texture and appearance [ 1, Since the microbiological diversity of
the fresh fish muscle depends on the fishing grounds and environmental factors around it, fish
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from warm waters mostly harbor mesosphilic Gram negative
bacteria while cold waters harbor mostly psychrophilic Gram
positive bacteria M, Fish acts as a vehicle of transmission to
the C. perfringens food borne infections. The spores of the
organism have been recovered from both raw and cooked fish
making it a potential foodborne pathogen 4. Globally, there
are reports of earlier studies on epidemiological
characterisation of C. perfringens from fish samples but in
Indian scenario there are limited studies carried out earlier on
given aspects and there are no previous reports from the study
area, therefore, keeping in view the importance of research of
C. perfringens, the present study was conducted with the
following objectives:
e To isolate and determine prevalence of Clostridium
perfringens from fish
e To determine virulence gene profile of Clostridium
perfringens isolates.

2. Materials and methods

2.1 Place of work

The study was conducted in the Division of Veterinary Public
Health, Faculty of Veterinary Sciences and Animal
Husbandry, SKUAST-K, Shuhama, Jammu and Kashmir,
India. The period of study was from August, 2015 to January,
2016.

2.2 Sampling

A total of 110 samples of fish were collected from different
areas of Srinagar city aseptically in sterile zipper bags that
included locally available fish (n=55) (local fish:
Schizothorax spp, Cyprinus carpio) procured from retail fish
markets, Government and private fish farms. Fish imported
from outside state (exotic carp like common carp, silver carp,
Rohu, Pangus) (n=55) which are mainly brought in the valley
from different parts of the country like Punjab, Delhi, Andhra
Pradesh and West Bengal via Jammu were also analysed.. The
samples were transported in an ice box to the laboratory for
microbiological analysis and processed within 2-3 hours for
isolation and identification of the C. perfringens

2.3 Bacterial strain

The reference strain of C. perfringens ATCC-13124 was
procured from Hi-media (Mumbai, India) and maintained in
the laboratory of Division of Veterinary Public Health. It
served as positive control during the study.

2.4 Isolation and Identification of C. perfringens

Isolation and identification of C. perfringens from fish was
carried out as per standard microbiological method 3 241,

For isolation of C. perfringens 25g of the fish meat sample
was chopped into very small fine pieces using sterile scissors
or scalpel and suspended into 225 ml of sterile 1% peptone
water in a 250 ml sterile flask and homogenized for 1-2 min.
Fluid thioglycollate medium (FTM) was used for the
enrichment of C. perfringens. Diluted meat samples (1 ml)
were inoculated into each of two tubes containing 10 ml of
sterile FTM. To enrich for any C. perfringens spores present
in the sample, one of these two tubes was heat shocked at 80
°C for 10-15 min. The other tube was not heat shocked to
enrich primarily for C. perfringens vegetative cells present in
the sample. Both were then incubated in 3.5 litre anaerobic jar
(Oxoid Limited, Thermo Fisher Scientific Inc., UK) with
anaerobic gas-packs at 37 °C for 24 hrs. For selective
isolation, sulfite polymyxin sulfadiazine (SPS) agar and
tryptose sulfite cycloserine (TSC) agar (Becton, Dickinson

and Company, Sparks, MD, USA) were used as the selective
isolation medium. A loop full of each FTM and litmus milk-
enriched culture medium was streaked on SPS and TSC agar
(containing egg yolk). The agar plates were incubated at 37
°C for 18-24 hours anaerobically. The growth of C.
perfringens was evident by the typical black colored colonies
on SPS agar medium and yellowish gray opaque zones caused
by lecithinase activity on TSC agar. Such colonies were
selected for further purification by sub-culturing onto TSC
agar plates. The isolates were stored at -80° C in cooked meat
medium containing 40% glycerol until used for PCR.

2.5 Morphological and biochemical characterization
Isolates were identified on the basis of their colony
characteristics, Gram’s staining, morphological features,
capsular staining, spore staining and motility testing, catalase
test, triple sugar iron test as per the standard procedure. The
isolates were further characterized by double haemolysis on
blood agar, lecithinase and proteolytic activity as well as
gelatin liquefaction, nitrate reduction and lactose fermentation
tests [15 161,

2.6 Molecular characterization

The virulence gene profiling of the isolates was carried out by
targeting alpha toxin gene (cpa), beta toxin gene (cpb),
epsilon toxin gene (etx), iota toxin gene (iA), B2-toxin (cpb-2)
and enterotoxin (cpe) using specific primers by multiplex
PCR assay as described by (Songer and Meer [7); Baums et
al. 181: vvan Asten et al. [19],

2.7 Preparation of DNA template by boiling and snap
chilling method 2%

About 200 pl of overnight culture of C. perfringens was taken
in the microcentrifuge tube and the cell suspension was
centrifuged for 10 min at 14,000 x g. The pellet was
suspended in 100 pl of nuclease free water (NFW) by
vortexing. The microcentrifuge tube was placed in hot water
bath for 15 min at 100 °C and immediately chilled in ice. An
aliquot of 3 pl of the supernatant was used as the template
DNA in the PCR assays. Purity of the extracted DNA was
checked by agarose gel electrophoresis and concentration was
checked spectrophotometrically. One microlitre of extracted
DNA was diluted in 1 ml of sterile double distilled water and
the optical density was measured at 260 nm and 280 nm
against sterile double distilled water blank. The purity of the
sample was estimated by determining the ratio of absorbance
at 260 nm and at 280 nm. For a reasonably pure sample the
ratio should be 1.65 to 1.85. The DNA extracted from isolates
was stored at -20°C till further use.

All the C. perfringens isolates were screened for six different
toxin genes using a multiplex PCR. These six toxin genes
include o-toxin (cpa), B-toxin (cpb), e-toxin (etx), i-toxin
(cpi), B2-toxin (cpb-2) and enterotoxin (cpe). The primers
used for the amplification of the genes are listed in Table 1. In
a final volume of 25 pl, the reaction mixture consisted of 2.5
pl of 1X PCR buffer (20 mM Tris HCI pH 8.4, 50 mM KCl),
2 mM MgCl,, 200 pM of each dNTPs, 1 U of Taqg DNA
polymerase (MBI-Fermentas), 3.0 pl template DNA.0.2 mM
of each primer except beta2 primers. Concentration of each
beta2 primer was 0.4 mM. The PCR conditions consisted of
initial denaturation at 95°C for 15 min, followed by 35 cycles
of denaturation at 94°C for 30 sec, annealing at 53°C for 90
sec and extension at 72°C for 90 sec. This was followed by
final extension at 72°C for 10 min. Sterilized distilled water
with no template DNA was used as negative control and
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ATCC-13124 strain of C. perfringens as standard positive
control in every reaction. PCR products were analyzed by gel
electrophoresis in 1.5% agarose (SRL) stained with ethidium

bromide (5 pg/ml). Gene Ruler 100-bp DNA Ladder (MBI
Fermentas) was used as a molecular size standard to estimate
the size of amplified products.

Table 1: Target toxin gene and oligonucleotide primer sequences for multiplex PCR

S. No. | Target gene Primer Sequence (5'-3') Primer conc. (pM) | Product size (bp)
) cpa F-GCTAATGTTACTGCCGTTGA 0 201
R-CCTCTGATACATCGTGTAAG
F-GCGAATATGCTGAATCATCA
3 cpb R-GCAGGAACATTAGTATATCTTC 10 195
. " F-TGGGAACTTCGATACAAGCA 0 276
R-AACTGCACTATAATTTCCTTTTCC
5 i F-AATGGTCCTTTAAATAATCC 0 o7
R-TTAGCAAATGCACTCATATT
6 oph2 F_AAATATGATCCTAACCAACAA 0 518
R-CCAAATACTCTAATCGATGC
F-TTCAGTTGGATTTACTTCTG
" cpe R-TGTCCAGTAGCTGTAATTGT 10 485
486

3. Statistical analysis

The statistical analysis of the data was done by using standard
statistical tests i.e Chi-Square “?’ test by using standard
software package SPSS Version 10 and 16.0 (Statistical
Package for Social Sciences) for Windows, Chicago USA for
values. The test was referenced for ‘P’ values for their
significance. Any ‘p’ value less than 0.05 (p<0.05) was taken
to be significant (24

4. Results

4.1 Prevalence of C. perfringens in Fish

Of the 110 fish samples processed for C. perfringens, 13
(11.81%) samples were found positive for the organism. The
higher prevalence was observed in locally available fish
collected from different markets of the Srinagar city (18.18%)
as compared to fish imported from other states of the country
(5.45%). The level of contamination among two types of fish
samples was statistically significant with higher levels of
contamination in locally available fish (P<0.05) (Table 2).

Table 2: Prevalence of C. perfringens in fish

Nature of Tvoe of sample No. of samples No. positive Per cent positive (C. | y*value
sample yp P tested (C. perfringens) perfringens) (p-value)
Locally available
Fish (Schizothorax spp, Cyprinus carpio) 5 10 18.18 4.414
Imported from outside state (exotic carp like common carp, (0.036)
. 55 3 5.45
silver carp, Rohu, Pangus).
Total 110 13 11.81

4.2 Isolation and identification of C. perfringens

Isolation and identification of C. perfringens was done as per
the standard procedure %1, The organism produced typical
black colonies on the selective SPS/TSC agar (without egg
yolk) due to the reduction of sulfite (Plate 1). On egg yolk
agar plates the C. perfringens produced opalescence around
the colonies indicating the lecithinase activity which is
characteristic of the organism. The organism was found non
motile in semisolid agar during the motility test which is
characteristic of C. perfringens. In Gram staining test, large
Gram positive, straight parallel rods were observed
microscopically suggestive of C. perfringens (Plate 2).

4.3 Biochemical characterization
The isolates were further characterized and confirmed

biochemically. In Triple Sugar Iron test C. perfringens
changed the colour of both butt and slant from red to yellow
confirming the utilization of all the three sugars. In Litmus
milk media stormy fermentation was observed with gas
formation in the positive samples (Plate 3). The positive
isolates showed nitrate reduction indicated by the red
discoloration of the nitrate broth, characteristic of the
organism. The cultural, morphological and biochemical
characteristics of the isolates were compared with the
standard C. perfringens ATCC-13124. All the isolates
presented similar biochemical characteristics when compared
with the standard C. perfringens culture. The biochemical
characteristics of the isolates and those of the standard strain
are presented in Table 3.

Table 3: Biochemical characteristics of C. perfringens isolates

S. No. Name of the test Characteristics ATCC-13124 | Isolates
1 Growth on SPS Agar Demonstration of black colonies + +
2 Growth on selective TSC Agar (without egg yolk) Demonstration of black colonies + +
3 TSC (with egg yolk) Lecithino-Vitallin reaction + +
3 Gram staining Gram positive, large rods + +
4 Motility test Non motile _ _
5 Malachite green staining Presence of spores + +
6 Litmus milk test Stormy fermentation with gas + +
7 Blood agar (5% sheep blood) B haemolysis, double zone of haemolysis + +
8 Nitrate reduction test Reduction of nitrates to nitrites + +
9 Gelatin liquefaction test After 48 hours + +
10 Carbohydrate fermentation Glucose, lactose, maltose (acid and gas production) + +
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4.4 Molecular characterization of C. perfringens isolates
4.4.1 Genomic DNA

The DNA extracted from the different isolates was found
intact and without smearing in gel electrophoresis. The purity
of DNA was checked by measuring ODasorso in a
spectrophotometer which yielded a value between 1.7- 1.8
confirming it to be free from any contamination of protein or
RNA. The concentration of DNA was observed from 1.41 to

4.61png/ul in different isolates.

4.4.2 Typing of C. perfringens by Multiplex PCR

All the 13 isolates obtained during the study carried the cpa
gene (324bp) while none of the isolates carried cpb (195bp),
etx (376bp) or iap (272bp) genes indicating the presence of C.
perfringens toxinotype A and absence of toxinotypes B, C, D
and E (Plate 4; Table 4).

Table 4: Toxin gene pattern of C. perfringens type A isolates

Toxin gene pattern
Type of sample No of Isolates Cpa (%) | cpa lepb2 (%) | cpal cpe (%)
Locally available 10 6 (60.00) 3 (30.00) 1 (10.00)
Fish Imported 3 1(33.33) 2 (66.66) 0 (00.00)
Subtotal 13 7 (53.84) 5 (38.46) 1 (7.69)

Plate 1: Colony characteristics of C. perfringens on Sulphite
Polymixin Sulphadiazine media

Plate 2: Gram’s Staining of C. perfringens showing large Gram
positive rods under oil immersion (100x)

Plate 3: Stormy fermentation produced by C. perfringens in Litmus Milk 1, 2, 3, 5 Positive 4 Negative
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1000 bp

324bp
500 bp

100bp

Plate 4: Agarose gel electrophoresis showing amplification of alpha
gene of C. perfringens type A isolates

Lane M 100bp plus DNA ladder
Lane 1 Negative control
Lane 2 Positive control (ATCC 13124)
324 bp product corresponding to alpha gene
Lane 3 -7 confirming the presence of C. perfringens type
A isolates.
5. Discussion

Fish is considered as one of the most popular and nutritionally
balanced food. However, the quality of fish and spoilage has
always been the concern for human health. C. perfringens in
raw fish and its products leads to human infections when
improperly stored or cooked fish is consumed. In the present
study, the C. perfringens was detected in 11.81% fish
samples. The locally available fish revealed significantly
higher level of contamination (18.18%) in comparison to fish
imported from other states of the country (5.45%) indicating
high amount of organic pollution of human and animal origin
in local water bodies of Srinagar city. C. perfringens an
anaerobe grows best under anaerobic conditions of polluted
waters and become pathogenic which is a matter of great
public health concern. Presence of toxins in fish imply high
risk of occurrence of C. perfringens type A disease in human
beings and to prevent such diseases the better methods of
cooking the fish and their storage should be adapted. In
previous studies, Cai et al. 22 reported prevalence of the
organism in 17.9% freshwater fishes of China. Similar
findings related to the prevalence of C. perfringens in fish
have been reported by Matches et al. 1 who found C.
perfringens in 18% samples from fish gut contents collected
in the state of Washington.

All the 13 isolates obtained during the study carried the cpa
gene (324bp) while none of the isolates carried cpb (195bp),
etx (376bp) or iap (272bp) genes indicating the presence of C.
perfringens toxinotype A and absence of toxinotypes B, C, D
and E. Beta2 toxin gene and cpe gene were found in 38.46%
and 7.69% samples respectively. Similar results were reported
by Das and Jain 4 who detected C. perfringens in 18.35% of
fish samples of Tamil Nadu, India. Out of four major
virulence genes, they reported cpa gene in 100% and beta2
gene in 59.18% isolates while none of the isolates were found
positive for other major virulence genes viz beta, epsilon, iota
and enterotoxin genes. Aschfalk and Mulle 3 reported
occurrence of C. perfringens in 38.9% Atlantic cod samples
caught along the northern Norwegian coast. All the isolates

were C. perfringens toxin type A. The genes encoding for
beta, epsilon, iota and enterotoxin genes were not reported
whereas in 2.1% samples, the gene encoding for B2 toxin was
detected.

Wen and McClane, % analysed the non-outbreak American
retail foods and reported 34 isolates of C. perfringens from
fish samples having alpha gene (Type A) while 3 isolates
were type A with additional enterotoxin gene (8.82%) but
none of the type A isolates were positive for beta2 toxin gene.
Similar findings were put forward by Yadav et al ?”1 who
reported that all the 24 (100%) isolates from fresh water fish
and fish products harbored cpa toxin gene confirmed as C.
perfringens type A during PCR assay however, 17 (70.83%)
cpa positive isolates were having additional cpb2 toxin gene,
while none of the isolates were found to be positive for cpb,
etx, iap, and cpe genes.

6. Conclusion

The present study suggested that PCR is a reliable molecular
technique and useful tool for the detection of virulence genes
and typing of C. perfringens isolates recovered from fish. The
presence of cpa gene in all the isolates of C. perfringens
suggest that C. perfringens type A is the most predominant
type in fish in this study area. The C. perfringens type A was
detected in 11.81% fish samples. The locally available fish
revealed significantly higher level of contamination (18.18%)
in comparison to fish imported from other states of the
country (5.45%). Beta2 toxin gene and cpe gene were found
in 38.46% and 7.69% samples respectively.
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