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The present investigation was undertaken to study the incidence and
enterotoxigenic profile of Bacillus cereus in human stool samples. A total of 311 stool
samples of apparently healthy human were collected and screened for the presence of B.
cereus. Recovered B. cereus isolates were confirmed by PCR for gyrB gene and further
evaluated for enterotoxin genes. Organism was isolated from 23 samples making the
percent incidence of 7.4%. Screening of isolates by multiplex polymerase chain reaction
revealed the overall distribution of various enterotoxin genes hbIDAC complex, nheABC
complex, cytK and entFM as 39.1, 95.6, 69.5 and 100%, respectively. Incidence rate (7.4%)
was found low in population but majority of isolates harboring all the enterotoxin genes.
B. cereus isolates of human stool origin were found to be strongly hemolytic and showed
the presence of at least two enterotoxigenic genes. B. cereus is a very common food borne
pathogen but a very limited data are available regarding the enterotoxin gene profile of B.
cereus strains isolated from human stool. The presence of large number of enterotoxigenic
B. cereus strains in stool samples must be considered as a potential health hazard as well
as a source of contamination to environment.
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Bacillus cereusis an important cause of
foodborne illnessin humans and bacteriumisone
of the pathogensfrequently responsible for human
diarrhoea. Acute diarrhoeais an endemic disease
in many parts of India and a mgjor cause of
morbidity and mortality ininfantsand young ones
especially in developing countries (1).

B. cereusisagram-positive, rod shaped,
endospore forming, motile facultative anaerobic
bacterium. It can survive in any given situation
because of itsubiquitous nature and ability to grow
in a different type of foods. It has shortest mean
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incubation period (0.8 h) and onset of illnesswithin
8 h which makes B. cereus more potent pathogen
than the other enteric organisms (2). Therearetwo
types of B. cereus food poisoning syndromes
which are caused by two different toxins. Diarrheal
syndrome is caused by enterotoxin(s), results in
diarrhoea and emetic syndrome is characterized
by nauseaand vomiting (3). Sometimes both types
of symptoms are produced probably due to the
synergistic effects of one or more enterotoxins (4).
The onset of infection occursin about 8-16 h, lasts
for 12-24 h, and is mostly associated with
abdominal pain, profuse watery diarrhoea and
tenesmus and later nauseaand vomiting. B. cereus
produce four enterotoxins: hemolysin BL or Hbl,
nonhemolytic enterotoxin or Nhe, Cytotoxin K or
cytK (5) and enterotoxin FM or entFM (6). These
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toxins are considered as the primary virulence
factorsin B. cereusdiarrhoea. The haemolysin BL
consists of a binding component B and two lytic
components L1 and L2 responsible for
enterotoxigenicity of B. cereus. TheB and L (L1
and L 2) componentsare encoded inthe geneshbl A,
hbID and hbIC, respectively. These three
components may be present in a different
composition in B. cereus, and all the components
together are necessary for the expression
haemolysisto occur. Non-haemolytic enterotoxin
also consists of three different proteins, A, B and
C with the corresponding encoding genes nheA,
nheB and nheC, respectively (7).

The organismis present in human faeces
(8), athough there is no existing evidence. It is
possiblethat farm animals harbor the organismin
their faeces and, similar to other pathogens such
as Listeria monocytogenes, may contribute to the
presence of the organism in the soil environment
by the persistent cycle of faecal-oral transmission
(9). As far as Indian conditions are considered,
people are mostly uneducated and they do not
nurture good sanitation habits which makes
relatively higher chances of fecal oral and human
to human transmission. Besides, the use of
domestic wastewater and night-soil in agriculture
isacenturies-old practice that is getting renewed
attention with theincreasing scarcity of fresh water
resources in many arid and semi-arid regions of
theworld (10). All these factsincrease the chances
of contamination of vegetables and other
agricultural products with B. cereus.

Keeping in view the above facts a study
was undertaken to determine the presence of B.
cereus in fecal samples of population of
Uttarakhand and to characterize these isolates to
understand their virulence features.

MATERIALS AND METHODS

A total of 311 (n) human stool samples of
mid-age group (from 25-40 years) and both sexes
were randomly collected from different localities
of Uttarakhand, India. Details of the samples are
given in Table 1. The sterilized containers were
distributed to target population in evening and
collected early inthe next morning. All the samples
aseptically brought to the laboratory immediately
after collection maintaining the proper cold chain
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for processing.
I solation and | dentification

All the samples were processed for
isolation and identification of B. cereus as per the
methodology of Shinagawa (11) with suitable
modifications. Each of the collected stool samples
wasasepticaly transferred into 10 ml of Brain heart
infusion broth (BHI) supplemented with polymyxin
B and incubated at 35°C for 24 h. Then after, aloop
full of broth culture was streaked onto Polymyxin
Pyvurate Egg Yolk Mannitol Bromothymol Blue
Agar (PEMBA). All the inoculated plates were
incubated at 35°C for 24 h. Thetypical crenate to
fimbriate peacock blue colored colonies (3-5 mm)
on PEMBA surrounded by blue zone of egg yolk
hydrolysis were presumptively identified to be B.
cereus. All the presumptive colonies of B. cereus
were subjected to morphol ogical and biochemical
tests for identification of species.
DNA Template

One typical colony from each of the
isolates was picked up and inoculated in 5ml of
Brain Heart Infusion (BHI) broth and incubated
overnight at 35°C. The broth culture was subjected
for DNA extraction using the Hi-PuraBacterial and
yeast genomic DNA purification kit (Hi-Media,
Mumbai) as per the instructions of manufacturer.
The DNA sampleswere diluted to aconcentration
of 50ng ul* prior toitsamplification.
Molecular Characterization of B. cereus|solates
Primersand PCR assay for confirmation

The primers (Forward-BCJH-
5 TCATGAAGAGCCTGTGTACGS3'; Reverse-
BCJH-5 CGACGTGTCAATTCACGCGC3) for
detection of gyrB gene (encoding the subunit B
protein of DNA gyrase) for differentiation and
confirmation of B. cereus used in this study were
got synthesized from M/SAldrich, USA. PCR was
performed for molecular characterization of B.
cereus by using reaction condition as described
by Park et al. (12) with suitable modifications. A 25
%4 PCR reaction mixture was made consisting of
0.5 %4 DNA template (25 ng), 2.5 ¥4 PCR buffer
withMgCl2 (1X), 0.5%d dNTPs(100¥2M), 0.20 ¥4
forword primer (460 pmol/~/4), 0.40Y4 reverseprimer
(230 pmol/%d) and 0.4 /4 Taq DNA polymerase (1
U/A).

The optimized PCR was setup in a 25 pl
volumereaction mixture and the cycling conditions
consisted of an initial denaturation at 94°C for 5
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min, 30 cycles of amplification with denaturation
at 94°C for 30 sec, annealing at 63°C for 30 sec, an
extension at 72°C for 30 sec, and final extension of
the incompletely synthesized DNA at 72°C for 5
min.
Multiplex PCR Protocol

The primers used for the detection of
enterotoxin genes (hblADC, nheABC, cytK and
entFM) in the current study are described by
Ngamwongsatit et al. (13). Two sets of multiplex
PCR were employed to amplify the genes under
study. Briefly, in first reaction; hblC, hblD, hblA
and cytK genes were amplified while in second
reaction; nheA, nheB, nheC and entFM geneswere
targeted using specific primers. In first set of
reaction, 5l (50ng pl) aiquot of bacterial genomic
DNA was combined with 3.0 ul of reaction buffer
(2l of 1X PCR buffer, 1l of 1.5mM MgCl,), 0.4 ul
of deoxynucleoside triphosphate (ANTP) mixture
(concentration of each dNTP, 200 uM), 6.0 ul of
primers (0.4 uM for each of hblC, hblD, hblA and
0.3 uM of cytK), and 1 ul of Tag DNA polymerase
(5U ul). Then after, the volume was made upto 20
I by addition of triple glassdistilled water infinal
mixture. The second set of reaction was similar to
first set except having 3.2 ul of primers (0.2 uM for
each of nheA, nheB, nheC and entFM). Both the
setsof reactionswere amplified under same cycling
conditions. Amplification was performed in a
thermocycler (GeneAmp PCR system 9700, Applied
biosystems) involving an initial denaturation at
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95°C for 5 min., followed by 30 cycles of
denaturation at 94°C for 45 s, primer annealing at
54°C for 1 min. and extension at 72°C for 2min. A
final extension at 72°C for 5 min. was also given.
The PCR products were electrophoresed in 1.5%
agarose gel and analysed using Gel documentation
system (Alpha Innotech).
Statistical analysis

The comparison of the prevalence of B.
cereus between male and female population and
diarrheal and non-diarrheal sampleswas made by
the Chi square test. The value of P<0.05 was
considered significant.

RESULTS

Among 311 samples, B. cereus was
isolated from 23 (7.4%) of the samples. Stool
samplesof 7.0% male and 7.9% femal es of targeted
population were found positivefor B. cereus. 9.5%
diarrheal while 7.1 % non-diarrheal sampleswere
reported positivefor B. cereus. All theisolateswere
motile and 20 were hemolytic on 5% sheep blood
agar. All presumptive B. cereus isolates were
subjected to PCR targeting gyrB gene by using
species-specific primers. All isolates produced PCR
product of 475 bp on agarose gel (Fig 1), which
was specific to B. cereus.

Enter otoxigenic Profile

Theisolates were screened by multiplex

PCR for the presence of eight enterotoxin genes

Table 1. Details of sample population

Male Female Diarrhoeal Non- diarrhoeal
Stool Sample* 13/185 10/126 4142 19/269
Percentage 7.0% 7.9% 9.5% 7.1%
Total 23/311 (7.4%) 23/311

* Number of positive samples out of total no. of samples in each head

Table 2. Distribution of enterotoxic isolates of B. cereusin different groups

Group Gene/ genes present

Number of Isolates

% isolates in each group

G1 HBL, entFM, cytK, NHE complex
G2 HBL complex, entFM, NHE complex
G3 entFM, cytK, NHE complex

G4 entFM, NHE complex

G5 cytK, entFM

3+1(1C*)=4 17.4
5 217
10+1(IC*)=11 47.8
2 8.7

1 43

*|C- incomplete isolates means lacked atleast one gene of NHE complex
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(hblADC complex, nheABC complex, cytk and
entFM), having the predicted size of 1,018, 935,
884, 759, 695, 618, 565 and 486 for hblD, nheB,
hblA, nheA, hblC, nheC, cytKk and entFM,
respectively (Fig. 2).

The polymerase chain reaction products
in base pairsin figureindicate the enterotoxin gene
i.e 1,018, 935, 884, 759, 695, 618, 565, 486 indicates
hbiD, nheB, hblA, nheA, hbIC, nheC, cytK and
entFM, respectively.

On the basis of the presence or absence
of enterotoxins, B. cereus isolates were divided
into 5 groups (G1-G5). Group-1(G1) isolates showed
the presence of cytK, entFM, NHE and HBL
complex but one member was devoid of at least
onegeneof NHE complex. Isolatesof Group-2 (G2)
lacked only cytK gene. Group 3 (G3) comprised of
isolates lacking HBL complex but one isolate of

Fig. 1. Molecular characterization of B. cereusby using
gyrB gene (475 bp)

TEWARI & SINGH: ENTEROTOXIC Bacillus cereus OF HUMAN ORIGIN

this group was also devoid of at |east one gene of
NHE complex. Members of the Group 4 (G4) were
devoid of cytk and HBL complex while isolates
lacking HBL and NHE complex were placed in
Group 5 (G5). Of the total isolates, 4 (17.4%), 5
(21.7%), 11(47.8%), 2 (8.7%) and 1 isol ates (4.3%)
were categorized into G1, G2, G3, G4 and G5,
respectively (Table 2). The entFM gene was the
most common enterotoxin genefoundin all isolates
(100%), followed by NHE complex and cytK with
22 (95.6%) and 16 isolates (69.5%), respectively.
The HBL complex gene was detected in only 9
isolates (39.1%) of B. cereus(Table 3).

DISCUSSION

Theisolateswere confirmed as B. cereus
based on various morphological and biochemical
tests as described by Rhodehamel and Harmon
(14), and the results were in accordance with
previousreports (15), (16). B. cereuswasisolated
from 23 of the 311 human stool samples screened
making an overall percent incidenceof 7.4%. Almost
similar reporting was done by Hassan and Nabbut
(17) who al so reported 7% B. cereusin normal stool
sampleswhile, Ghosh (8) found 14% preval ence of

Table 3. Distribution of enterotoxin genesin total

isolates
Gene Isolatehaving Total number %
thegene of isolate
NHE 22 23 95.6
HBL 9 23 39.1
entFM 23 23 100
cytk 16 23 69.5

Fig. 2. Agarose gel electrophoresis of multiplex PCR products amplified from genomoic DNA of Bacillus cereus

for grouping on the basis of enterotoxin gene
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B. cereusin stool samplein two studies conducted
on British )population. Turnbull and Kramer (18)
however, reported ahigher prevalence (25-40%) in
normal stool specimen harbouring B. cereus,
whereas, Volkova (19) and Banerjee et a. (2)
reported relatively very less prevalence in stool
samples i.e. 0.35% and 3.5% respectively. The
possibly explanations of thisvariation may betype
of diet taken by individuals. The higher isolation
rate might be expected in that group whose diet is
mainly rice and other (20). Another factor for the
variation might be the stage of the stool sample
collection after taking B. cereus laden diet, as
according to the Ghosh (8) excretion of B. cereus
probably lasted <2 weeks in healthy individuals.
The target population in the present study was
apparently healthy but 7.4% population wasfound
to have the organism. This may occur becausethe
organism can function as a commensal in the
gastrointestinal tract of certainindividuals, or there
may be acritical inoculum that one must ingest to
produce disease. Some authors believe that large
numbers of organisms must be present in the
ingested food to result in the diarrheal form of B.
cereusfood poisoning (21).

No special association was noted
between incidence rates of B. cereusin male and
female population. B. cereus was isolated about
equally from both male and female in the
population. Nor was there any obvious association
between diarrheal and non-diarrheal samples.
Similarly Turnbull and Kramer (18) reported non-
significant relationship between isolation rate of
B. cereus from stool samples and sex or age.

All of theB. cereusisolates carried at | east
one of the enterotoxin genes out of 4 encoding
virulencefactorsinvestigated inthis study, similar
tofindingsof Yang Ichenetal. (22) and Tewari et a
(23). NHE complex was present in 22 isolates
(95.6%) of B. cereus, whereas, Noori et al. (24)
reported | ess prevalence (80%) of thisgeneintheir
study. However, NHE complex wasfound in almost
all tested isolates in previous study of Stenfors
Arnesen et a. (25). He also explained that because
of the variability in the NHE operons, these
unexpected resultswerefound. The enterotoxigenic
profile of theisolatesreveal ed the presence of HBL
complex (hbIDAC) in 9 isolates (39.1%). On the
contrary of thisfinding, Souzaand Abrantes (26),
Guinebretiereet a. (27) and Thaenthaneeet a. (28)
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reported higher frequency of HBL complex in
samplesi.e. 52.9%, 73% and 65.5% respectively. In
the present study, the genes of HBL complex were
found in lesser frequency than NHE complex, this
finding wasin accordance with Moravek et al. (29)
andAl-khatibet al. (30).

According to the reports of
Ngamwongsatit et al. (13) and Vyletelova and
Banyko (31) thethree genes of NHE complex occur
together in operon. But the present study indicates
that the genes in an operon can occur
independently of each other, as 2 of the isolates
showed the absence of one or two genesin NHE
complex (Table 2). Thus, the genotype and
incidence of enterotoxin genesmay vary in different
geographical locations and source of origin asis
reported by various authors above.

Twenty isolates produced beta
haemolysis on sheep blood agar. As per the result
of multiplex PCR 9isolates out of 23 harbored HBL
complex which indicated gene function. Eleven
isolateslacked HBL complex, but interestingly, they
produced positive haemolysis reaction on blood
agar. There is a possiblity that such haemolytic
effect might be produced by other toxins such as
haemolysin | (Cereolysin O), haemolysin 11,
Haemolysin|1ll or cytK of B. cereus(32).

The entFM gene was the common
enterotoxin genefound in all B. cereusisolatesin
thisstudy, Ngamwongsatit et a. (13) and Rahimi et
al (33) alsofound thisgenein all tested isol ates of
B. cereus. The gene for cytK was found in 16
(69.5%) of the isolates whereas Wijnands et al.
(34), Ngamwongsatit et al. (13), Chitov et al. (16)
and Rather et al. (35) detecteditin 50, 88, 70.40 and
65.98 % of their isolates, respectively.

CONCLUSON

The wide distribution of B. cereus in
nature and in various foods including milk (36),
rice (37), vegetables (38), and meat (24) and poultry
(35), these organisms are unavoidably ingested
frequently in small numbers and contribute to the
momentary member of intestinal flora. But the
presence of enterotoxigenic B. cereus must be
considered as serious health hazard. Thereishigh
probability of the potential transmission of
enterotoxigenic bacteria from human to
environment to food and vice versa.

J PURE APPL MICROBIO, 9(1), MARCH 2015.
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