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Abstract Corynebacterium species occur as part of the normal flora of animals and humans and there is very little
information on the diversity and host range of these pathogens. Despite this, some Corynebacterium species have
been reported to cause infections in both animals and humans. Infections usually result from the consumption of
contaminated food products such as meat and milk as well as contact with infected animals. The aim of study was to
isolate, identify and characterize Corynebacterium species from retail meat products obtained from some
supermarkets in the North West Province, South Africa. A total of 25 mutton and lamb meat samples were
purchased from some supermarket and butcheries in the North West Province, South Africa and bacteria was
isolated using Colombia agar supplemented with 5% (w/v) bovine blood. Seventy five presumptive
Corynebacterium isolates were obtained based on colonial morphology and these isolates were screened for
characters of Corynebacterium species. Amongst these, 67 isolates were catalase positive while 54 were Gram
positive rods. Twenty four representative isolates were not able to utilize urea and ferment glucose and maltose
respectively. However 19 (79.2%) of these isolates were able to utilize nitrate and33% were positively identified as
Corynebacterium species using APl Coryne assay. Eleven percent of the isolates were positively identified as
Corynebacterium species by 16S specific rRNA PCR analysis. From these results it was evident that
Corynebacterium species were present in the raw meat products and the meat products could pose severe health risks
to consumers, especially individuals who are immuno-compromised. This therefore amplifies the need to implement
strict measures that limit the transmission of these pathogens through the food chain to consumers. Moreover,
constant assessments of the health risks associated with contaminated food products in the South African market
should be performed on routine basis.
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1. Introduction

Corynebacterium is genus within the phylum
Actinobacteria and the order Actinomycetales and it
involves a heterogeneous group of approximately 60
species that are easily differentiated through chemical
analysis [1]. Bacteria belonging to the genus
Corynebacterium can be found in a wide range of
ecological niches such as dairy products, soil, sewage,
plant surfaces, and aquatic environments [2]. Bacteria in
this genus have morphological resemblance to diphtheria
bacillus [3]. Corynebacterium species share phenotypic
traits that are easily determined and these include positive
reactions for the catalase test, Gram positive rod shaped,
pleomorphic, non-spore forming, non-motile, and non-
acid fast bacilli [4].

Corynebacterium species also occur as normal flora in
humans and animals [1,5,6]. However, there is very little
information on the diversity and host range of this bacteria

species in many parts of the world [1,5,6]. Previously non-
diphtheria Corynebacterium species were considered to be
none pathogenic strains within the genus. However, they
have recently been recognized as pathogenic organisms,
which cause severe health problems in individuals
especially those who are immuno-compromised and with
indwelling catheters [7].

Corynebacterium species cause diseases respiratory
tract, wound and skin infections in humans [3,8]. These
bacteria are easily transmitted through droplets, contact
contaminated mucous membranes and skin abrasions [8].
Moreover, toxigenic stains may produce toxins that are
responsible for the pathological conditions associated with
Corynebacterium species [8]. Human infections also result
the consumption of contaminated food products such as
raw milk as well as undercooked meat [9-15]. Therefore
an evaluation of the occurrence of these organisms in food
products may provide information on the health risks that
may result in consumers. Moreover, a determination of the
genetic fingerprints of isolates from different sources may
have huge epidemiological value.
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2. Materials and Methods

2.1. Area of the Study

This study was conducted at North West University
(Mafikeng Campus), North West Province. A total of 25
mutton and lamb samples were bought from some
supermarkets and butcheries in the North West Province,
South Africa. Table 1 indicates the number of meat
samples collected from different sampling areas.

2.2. Sampling Regime and Area

A total number of 25 samples (mutton and lamb) were
collected from different butcheries and supermarkets in
the North West Province, South Africa. Samples were
collected in sterile plastic bags and transported on ice to
the laboratory for analysis. Colombia agar base
supplemented with 5% (w/v) bovine blood was used to
isolate the target organisms from meat samples.

Table 1. Areas from which beef (meat) samples were collected

Sampling area Number of samples
Potchefstroom 3

Mafikeng 14

Carletonville 4

Coligny 1

Lichtenburg 3

2.3. Isolation of the Bacteria

2.3.1. Isolation of Bacteria

Two grams of mutton and lamb meat samples were
aseptically cut with a sterile blade washed in 5 mL of
sterile 2% (w/v) peptone water. An aliquot of 100 pL from
each sample was spread plated on Colombia agar base
supplemented with 5% (w/v) bovine blood. The plates
were incubated microaerophilically (10% CO,) at 37°C for
72 hours. After incubation, 3 presumptive colonies from
each sample were sub-cultured on Colombia agar and
plates were incubated microaerophilically (10% CO,) at
37°C for 72 hours. Pure isolates were stored at room
temperature and used for bacteria identification tests.

2.4. Bacterial lIdentification

Isolates were identified as Corynebacterium species
using the following criteria:

2.4.1. Cellular Morphology

Isolates were Gram stained using standard techniques
[4]. Gram positive rods were subjected to preliminary
biochemical and confirmatory identification tests.

2.4.2. Catalase Test

The catalase test is commonly used to determine the
presence of the catalase enzyme which degrades toxic
hydrogen peroxide (H,O,) in cells containing the
cytochrome oxidase system. A pure colony was
transferred onto the surface of a microscopic slide using a
sterile inoculating needle. A drop of 3% hydrogen
peroxide was added and the slide was observed for the
presence of bubbles. The results were recorded in the data

sheet and all isolates that were catalase positive were
presumptively considered to be Corynebacterium species.

2.4.3. API Coryne for Confirmatory Identification of
Corynebacterium Species

The identities of all presumptive Corynebacterium
isolates were confirmed using the APl Coryne assay Kkit.
The test was performed according to the manufacturer’s
instructions (Bio-Mérieux®, France). The tests performed
included nitrite reduction, hydrolysis of urea and esculin,
fermentation of sugars, and expression of the enzymes
pyrazinamidase and alkaline phosphatase that are specific
for the genera Corynebacterium [5,16]. Results were read
with or without the addition of reagents and indices were
generated. Results were interpreted using the APl web
software obtained from Bio-Mérieux®, S.A [5].

Genomic DNA extraction

Genomic DNA was extracted from all presumptive
Corynebacterium isolates using Zymo Research Genomic
DNA™ —Tissue MiniPrep kit (Catalog No. D3051-USA
supplied by Biolab, South Africa) according to the
manufacturer instructions. Pure isolates from Colombia
agar base were inoculated into 5 mL of nutrient broth and
incubated aerobically at 37°C for 24 hours while shaking.
Briefly, 100 pL from the broth cultures were transferred
into 1.5 pL sterile eppendorf tubes in which 95 pL 2X
digestion buffer and 5 uL of Proteinase K were also added.
The contents of the tube were vortexed and incubated at
55°C for 20 minutes using pre-heated dry bath (Digital dry
heat, Bio-Rad). After incubation, 700 puL of Genomic
Lysis Buffer was added to the tubes and thoroughly mixed
by vortexing vigorous. The mixture was transferred into a
Zymo-Spin ™ I1C column present in a collection tube and
centrifuged at 13500 rpm for 1 minute in a Heraeus
microfuge (Kendro, Germany). The supernatant was
discarded and 200 uL DNA Pre-buffer was added to the
spin column present in a new collection tube. The tubes
were centrifuged at 13500 rpm for 1 minute and the
supernatant was discarded. An aliquot of 400 uL of the g-
DNA Wash Buffer was added to the spin column and
centrifuged at 13500 rpm for 1 minute. The supernatant
was discarded and100 puL of DNA Elution Buffer was
added to the spin column that was transferred to a new
collection tube. The tube was incubated for 2-5 minutes at
37°Cand later centrifuged at 13500 rpm for 30 seconds to
elute the DNA. DNA samples were stored at -20°C and
used for molecular identification assays.

Molecular identification
PCR for amplification of 16S rRNA gene specific
sequences in Corynebacterium species fragments

Designated primer pairs F (5’-
TGGCTCAGATTGAACGCTGGCGGC-3’) and 16S
rRNA R (5-TACCTTGTTACGACTTCACCCCA-3’)
were used to amplify Corynebacterium species specific
16S rRNA gene fragments [17]. Amplifications were
carried out using a C1000 Touch ™ Thermal Cycler (Bio-
Rad, Johannesburg, South Africa. PCR amplification was
performed in a total volume of 25uL made up of 12.5pL
master mix (Thermo scientific PMM), 8.5ul of nuclease
free water, 1.5uL of loading buffer, 0.5uL oligonucleotide
primer set and finally, 2uL of DNA template. All the
reagents were obtained from Ingaba Biotec Ltd,
Sunnyside- South Africa. The thermocycling conditions
were as follows: denatured at 95°C for 5 minutes, 35
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cycles of 95°C for 45 seconds, 55°C for 45 seconds, 72°C
for 1 minute and a final extension at 72°C for 10 minutes.
The PCR products were stored at 4°C before separation by
electrophoresis.
ERIC-PCR fingerprinting

The strains of Corynebacterium species identified were
fingerprinted by RAPD using the primers ERIC-1R (5'-
ATGTAAGCTCCTGGGGATTCAC-3") and ERIC-2 (5'-
AAGTAAGTGACTGGGGTGAGCG-3") [18]. Optimal
reaction mixture was 25.0uL containing 1XPCR master
mix, 2uL of template DNA, 0.5uL of primer, 8.5uL
nuclease free water and 1.5uL buffer 10X reaction.
Amplifications were performed on a DNA thermal cycler
(C1000  Touch™,  BIO-RAD, South  Africa).
Thermocycling conditions used consisted of the following
initial denaturation of 94°C for 2 minutes, followed by 2
cycles at 94°C for 30 seconds, 37°C for 1 min and 72°C
for 2 minutes. This was followed by 41 cycles of 93°C for
30 seconds, 35°C for 1 minute and 72°C for 2 minutes,
and a final extension at 72°C for 5 minutes.
Electrophoresis of PCR Products

The PCR products were resolved by electrophoresis on
a 2% (w/v) agarose gel, for both toxic genes and
housekeeping genes. A horizontal Pharmacia biotech
equipment system (model Hoefer HE 99X; Amersham
Pharmacia biotech, Sweden) was used to carry out
electrophoresis and this was run at 100 volts for 10
minutes and 80 volts for 45minutes using 1x TAE buffer
(40mM Tris, ImM EDTA and 20mM glacial acetic acid,
PH 8.0). Each 16S rRNA and ERIC PCR gel contained a
1kb and 100bp DNA molecular weight marker
(Fermenters, USA) respectively. The gels were stained in
ethidium bromide (0.1pug/mL) for 15 minutes and
amplicons were visualized under U.V light at 420nm
wavelength. A Chemo Doc imaging system (Bio-Rad
Chemo Doc™ MP imaging system, UK) was used to
capture the image using GeneSnap (version 6.00.22)
software. GeneTools (version 3.07.01) software (Syngene,
Synopties; UK) was used to analyze the images in order to
determine the relative sizes of the amplicons.

3 Results and Interpretation

3.1. Detection of Corynebacterium Species in
Mutton and Lamb Samples Using
Preliminary and Confirmatory Biochemical
Tests

Twenty five mutton and lamb samples were analyzed
for the presence of Corynebacterium species using
Colombia agar base supplemented with 5% bovine blood.
A total of 75 presumptive Corynebacterium isolates were
obtained during the study and representative isolates were
screened for characters of Corynebacterium species. Of
these a total of 67(89%) isolates were positive for the
catalase test while 54 (72%) were Gram positive rods. A
total of 24 representative isolates were not able to utilize
urea while all these isolates were able to ferment glucose
and maltose. However, 5 of the 24 isolates were not able
to utilize nitrate. Only 33% of these isolates were
positively identified as Corynebacterium species using
APl Coryne assay. The results of the present study
indicated that Corynebacterium species was most often

isolated from samples obtained from supermarkets and
butcheries in Mafikeng (21%) and Carletonville (8%).
Despite this, samples obtained from Potchefstroom
showed some level (4%) of Corynebacterium
contamination. However, the identification of isolates
belonging to the genus Corynebacterium was a cause for
concern. These findings indicated that meat products
obtained from supermarkets and butcheries may
potentially cause food-borne infections if they are
consumed undercooked.

3.2. PCR Analysis for the Detection of
Corynebacterium Species

To amplify Corynebacterium species specific sequences
genomic DNA was extracted from 54 presumptive isolates
and Figure 1 shows a 2% (w/v) agarose gel
electrophoresis of representative isolates. DNA obtained
was of good quality with no fragmentation observed.

4 9 10 1113 14 15 _M

= = =
L.LH.IJ | ™) hu u

Figure 1. Genomic DNA extracted from isolates. Lane M= 1kb DNA
marker; Lanes 1-15= genomic DNA extracted from all positive isolate

3.3. Specific PCR for the Detection of 16S
rRNA Gene Fragment in Corynebacterium
Species
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Figure 2. PCR for the detection of Corynebacterium species specific 16S
rRNA gene composite gel electrophoresis. Lane 1=1kb DNA maker; lane
2= specific 16S rRNA gene from Corynebacterium species isolated from
mutton sample in Lichtenburg and Lanes 3-6= specific 16S rRNA gene
from Corynebacterium species isolated from mutton and lamb samples in
Potchefstroom, Lane 7=No template DNA reaction tube

A total of 54 isolates that satisfied both preliminary and
confirmatory identification tests were subjected to simplex
specific PCR analysis for the detection of
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Corynebacterium species specific 16S rRNA gene
fragments. This gene encodes for conserved signature
proteins which are unique to the genus Corynebacterium
[20,21]. These proteins are known to facilitate clustering
of organisms belonging to the genus Corynebacterium on
a phylogenetic tree. Only a small proportion (11%) of the
potential Corynebacterium isolates were positively
identified by specific 16S rRNA PCR analysis. Figure 2
shows a 2% (w/v) agarose gel electrophoresis image
depicting the 16S rRNA gene fragments that were
amplified by PCR using genomic DNA extracted from all
isolates. Fragments with the expected amplicon size of
1500bp were obtained.

Table 2. Number of Corynebacterium species isolates that were
ositive for the targeted genes

No of isolates No of isolates positive for

Sample area tested the targeted genes (16S
rRNA)

Potchefstroom 9 5
Mafikeng 21 0
Carletonville 12 0
Coligny 0
Lichtenburg 9 1
TOTAL 54 6

3.4. ERIC Genotypes

Fifty four strains of Corynebacterium species from
mutton and lamb meat products were fingerprinted by
ERIC-PCR and all strains compared were always included
in a single run in order to avoid misinterpretation
problems associated with interassay variability. Specific
fingerprints were generated and the amplicons were
separated on a 2% agarose (w/v) gel electrophoresis
(Figure 3). The band patterns obtained for each isolate was
used to determine the degree of similarity between isolates
from different sampling sites. As shown in Figure 3, bands
produced ranged from one to five for different isolates and
the amplicon sizes ranged from 250bp to 1000bp. Six
genotypes were obtained when using both ERIC PCR
primers and the banding patterns were used to determine
similarities between isolates.
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Figure 3. ERIC PCR analysis for Corynebacterium species composite
gel electrophoresis. Lanes M= 100bp DNA marker; Lane 1 and 6= ERIC
profiles of Corynebacterium species isolated from mutton and lamb
samples in Carltonville; Lane 2= ERIC profiles of Corynebacterium
species isolated from mutton and lamb samples in Lichtenburg; Lane 3=
ERIC profiles of Corynebacterium species isolated from mutton and
lamb samples in Carltonville; Lane 4= ERIC profiles of
Corynebacterium species isolated from mutton and lamb samples in
Mafikeng and Lane 5= ERIC profile of Corynebacterium species isolated
from mutton and lamb samples in Potchefstroom

4. Discussions

The primary objective of the study was to isolate and
identify Corynebacterium species from retail mutton and
lamb meat samples obtained from supermarkets and
butcheries in the North West Province, South Africa. This
was motivated by the fact that some food products such as
meat, milk and milk products has been implicated as the
cause of Corynebacterium species contamination in the
food chain [9-15]. Despite the fact that foodborne
outbreaks of Corynebacterium species infections have not
been reported to date in South Africa the pathogens have
been isolated from animals, humans, and food products
even in countries with advanced healthcare and public
health facilities [13,22,23,24,25,26]. The implication of
this is that if hygiene measures are not fully implemented
either during the slaughtering of animals or the processing
and preparation of food products this might provide
opportunities for these contaminated food products to
serve as a potential source for the transmission of
Corynebacterium species to consumers. This may
therefore have severe health consequences on humans in
the area.

In some developed countries, a number of
Corynebacterium species have been isolated from humans
and animals [2,3,5,6,7,9,27-32]. Although in some cases it
is difficult to link infections with the source of
contamination, there is evidence that these organisms are
highly prevalent in sheep and goat populations [33,34].
Corynebacterium species cause diseases in these animal
species that account for a significant economic loss
worldwide [35]. Unfortunately, the actual incidence of
diseases caused by Corynebacterium species is usually
underestimated since it is not a notifiable disease in many
countries. The natural hosts of Corynebacterium species
are domestic animals and transmission of these bacteria to
humans usually occur through contact with infected
animals and the consumption of contaminated food such
as milk there is need to determine their occurrence in
animals and food sources. To the best of our knowledge
there is currently very little information on the prevalence
of these organisms in food products and their associated
virulence determinants in Africa [13]. South Africa is no
exception and lack of information on the occurrence of
Corynebacterium species in South Africa among humans,
animals as well as food products, amplifies the need to
evaluate food products for the presence of these pathogens
in order to access the health risks they may pose on
consumers [14,32].

In the present study, Corynebacterium species were
successfully isolated and identified in some of the mutton
and lamb samples. Based on available data this is the first
study in the North West Province in which
Corynebacterium species has been isolated from food
products (mutton and lamb). Isolates were more prevalent
in samples purchased in Potchefstroom and Lichtenburg.
These species can cause diseases such as diphtheria if
consumed in contaminated food products [11,12,32,35].

Despite the fact that Corynebacterium species differ
with respect to virulence or pathogenicity in their hosts, all
pathogenic strains are of severe health concern, especially
if isolated from food products that are intended for human
consumption. Therefore the results obtained in the present
study indicate that these food products may have
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significant public health implications on consumers.
Moreover, considering the incidence of HIV/AIDS in the
country  disease  causing  organisms including
Corynebacterium that usually present more severe
complications on immuno-compromised individuals, those
in poverty stricken communities and hospitalized
personnel must be monitored constantly [4,7,36].
Moreover, there is need to implement strict measures
during the handling of meat especially in the supermarkets
[37]. Even though PCR methods have proven to be very
reliable in identifying microbes including
Corynebacterium species, conventional microbiology
methods have also been used to determine the identity of
these isolates. In the present study, large proportions of
isolates (72% to 89%) were Gram positive rods and
catalase positive. Similar observations have been reported
[12,13]. None of the isolates utilized urea a large
proportion (80%) was positive for nitrate reduction.
Similar  observations have been reported for
Corynebacterium diphtheria and other potential toxigenic
Corynebacterium  species  [19].  Moreover, the
carbohydrate fermentation trend observed for glucose and
maltose have also been previously reported for
Corynebacterium species [23]. Among the representative
isolates from Potchefstroom, Mafikeng, Coligny,
Lichtenburg and Carletonville 33% were positively
identified using APl Coryne test and this assay has been
used to effectively identify Corynebacterium species
[23,38]. Despite the fact that virulent gene profiles of the
Corynebacterium species were isolated from retail meat
(mutton and lamb) were not determined, the different
species have been reported to have severe implications on
consumers [7,36,39,40] and this was a cause for concern.

Another objective of the study was to determine the
presence of 16S rRNA gene fragments specific to
Corynebacterium species using simplex specific PCR
analysis. The 16S rRNA gene sequence analysis is a
reliable tool for identifying Corynebacterium strains [41]
and the 16S rRNA gene has been used to successfully
cluster Corynebacterium isolates from different sources
into a phylogenetic tree [42]. In the present study, 11% of
the isolates were positively identified for the 16S rRNA
gene fragment which is specific for Corynebacterium
species and similar observations were reported [13]. These
results indicate that there is a need for more detailed
studies to be conducted in which these Corynebacterium
species will be isolated from animals, their corresponding
food products and humans. This may provide an
indication of the health risks associated with these
products in the South African context.

A further objective of the study was to evaluate the
potential of Enterobacterial Repetitive Intergenic
Consensus (ERIC-PCR) in determining the genetic
relationship of Corynebacterium species isolated from
different sources. Several protocols that include
Restriction Fragment Length Polymorphism (RFLP) [43],
Pulse-Field Gel Electrophoresis (PFGE) [44,45], Random
Amplified Polymorphic DNA (RAPD) [46,47] have been
used to determine the genetic relatedness of
Corynebacterium species. However, it has been reported
that Corynebacterium pseudotuberculosis isolates from
different animal species produced very closely related
ERIC patterns regardless of the country in which they
were isolated [45]. Similar observations were obtained in

the present study. On the contrary, 10 RAPD fingerprints
of Corynebacterium pseudotuberculosis from horses,
cattle and sheep in the USA were obtained in another
study [46]. ERIC-PCR has been used successfully for
genotyping of bacteria species and the detection of strain
diversity within a known population [48]. In the present
study ERIC PCR effectively determined the genetic
patterns of isolates from different areas.

5. Conclusion and Recommendations

The findings suggest the presence of Corynebacterium
species from raw mutton and lamb that is sold in some
supermarkets and butcheries within selected areas in the
North West Province. Due the fact that some diseases
caused by Corynebacterium species have been found to
occur through the consumption of contaminated food
products, this can also pose a health risks to consumers
who prefer their meat undercooked especially immuno-
compromised individuals and those who live in poverty
driven  rural communities.  The isolation  of
Corynebacterium species from mutton and lamb raises the
need for further studies which will determine the
occurrence and virulent gene profiles of this species in
food products. Such a study will ensure public health in
the North West Province, since foodborne diseases are a
growing public health problem worldwide.
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