International Food Research Journal 24(6): 2645-2651 (December 2017)
Journal homepage: http://www.ifrj.upm.edu.my

Culture dependent and independent studies on emerging food-borne
pathogens Cronobacter sakazakii, Klebsiella pneumoniae and Enterococcus
faecalis in Indian food
Kakatkar, A. S., Gautam, R. K., Pansare Godambe, L. and *Shashidhar, R.
Food Microbiology and Seafood Technology Section, Food Technology Division, Bhabha Atomic
Research Centre, Mumbai - 400 085, India
Article history

Abstract

Received: 24 August 2016
Received in revised form:
12 September 2016
Accepted: 15 September 2016

Emerging food-borne pathogens Cronobacter sakazakii, Klebsiella pneumoniae and Enterococcus
faecalis may cause food-borne diseases in neonates, elderly and immunocompromised patients.
Data on prevalence of emerging pathogens in food from India is lacking. Sixty food samples
were analyzed from local markets in Mumbai for the presence of C. sakazakii, K. pneumoniae
and E. faecalis. Present study shows that incidence of C. sakazakii and K. pneumoniae was
highest in sprouts and least in milk (Table 1). Total 35% and 85% of food samples were positive
for C. sakazakii and K. pneumoniae respectively. Culture independent species specific PCR
based method was better than conventional culture based method in detecting these pathogens.
E. faecalis was not detected in any of the food samples. All the isolates of C. sakazakii and K.
pneumoniae were resistant to ampicillin. C. sakazakii was also resistant to cephalothin and K.
pneumoniae was resistant to many other beta-lactam antibiotics like amikacin, aztreonam and
amoxicillin-clavulanic acid. Our results suggest that conventional method should be carried
out in combination with molecular methods for the accurate identification of these pathogens.
Increase in drug resistance amongst emerging pathogens is also a concern.
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Introduction
Emerging pathogens are those causing illnesses
that have only recently appeared or have been
recognised in a population or that are well recognised
but are rapidly increasing in incidence (Morse, 2004).
Cronobacter is an opportunistic pathogen. It causes
food-borne diseases in neonates and infants and is
therefore classified in hazard identification category A
by World Health Organization/Food and Agriculture
Organization (FAO/WHO, 2004). The primary
reservoirs of Cronobacter are not well defined due to
the ubiquitous nature of this bacterium. Cronobacter
strains have been isolated from a wide range of foods
including milk, cheese, dried foods, meats, water,
vegetables, rice, tea, herbs and spices, and various
food production environments (Friedemann, 2007;
Chen et al., 2016).
Klebsiella pneumoniae is known as neonatal
pathogen and is included in hazard identification
category B (FAO/WHO, 2004). It has been isolated
from raw vegetables, street foods in Malaysia, India
and Africa (Haryani et al., 2007; Tambekar et al.,
2011). Moreover, food-borne nosocomial outbreaks
due to ESBL-Kp (Extended Spectrum Beta lactum
Klebsiella pneumoniae) have also been reported from
Spain (Calbo et al., 2011).
*Corresponding author.
Email: shashi@barc.gov.in

Enterococci are natural inhabitants of the
gastrointestinal tract of humans, other mammals
and birds. They are frequently found in many foods,
including those of meat, dairy and vegetable origin
(Gundogan et al., 2013). E. faecalis possesses a
broad spectrum of natural and acquired antibiotic
resistance.Vancomycin resistance has become a
clinical problem and a majority of vancomycin
resistant enterococcus (VRE) infections are due
to the multidrug resistant vancomycin resistant E.
faecalis. But the global epidemiology of vancomycin
resistant E. faecalis is not well understood (Peter et
al., 2012). K. pneumoniae and E. faecalis have been
isolated from fried rice, salad and tomato stew in
Ghana (Manu et al., 2010) as well as hidden fresh
vegetables and fruits (Kharousi et al., 2016).
The changing lifestyle and urbanization have
increased the demand of processed food and
associated risks of foodborne infections. Ensuring
food safety requires due attention during harvest,
transport, processing, storage and finally during food
preparation and storage by consumers. Processed,
frozen or ready-to-eat food is gaining popularity in
recent years due to changing food habits, product
diversification, busy lifestyle and mass production
practices. In urban settings, there is a growing
tendency to buy meat, milk and vegetables on the
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weekend and store these items in the freezer or
refrigerator. Microwave ovens are often used for
reheating of food. However, while using a refrigerator
and microwave are part of daily life in urban settings,
most users and food handlers rarely have a chance
to learn how to safely store and reheat food (FAO,
2015). Thus, inspite of the ubiquitous nature of these
emerging foodborne pathogens worldwide; data
regarding the prevalence and the antibiotic sensitivity
of C. sakazakii, K. pneumoniae and E. faecalis from
Indian foods is lacking. Our objective in the present
study was to determine the incidence of C. sakazakii,
K. pneumoniae and E. faecalis in milk powder
(processed food), ready to eat raw sprouts and fish.
Antibiotic sensitivity pattern of these isolates were
also evaluated.
Materials and Methods
Samples
Total 60 samples comprising of milk products
such as powdered milk, infant formula, cheese
and paneer - 20 samples, sprouts comprising of
mung, matki, wal, channa, watana, mixed sprouts
-20 samples , fish – 20 samples were purchased
from local markets of Mumbai, brought in ice and
processed within 1 h after bringing to laboratory.
Chemicals and media
The media and the antibiotic discs used for
the experiment were acquired from HiMedia
Laboratories, Mumbai, India. Taq polymerase
enzyme, dNTP and primers were from Merck,
India. The C. sakazakii was previously isolated in
our laboratory from mung sprout sample; while the
cultures K. pneumoniae MTCC 109 and E. faecalis
MTCC 439 were obtained from the Microbial Type
Culture Collection, Chandigarh, India.
Isolation of the emerging pathogens by conventional
method
C. sakazakii was isolated as per the standard
methods adopted from the online Bacteriological
Analytical Manual U. S. Food and Drug
Administration (2012) for milk or milk products
with minor modifications; 0.1 ml of aliquot from preenriched 10% homogenate in buffered peptone water
(BPW) were spread on Hi Chrome Enterobacter
Sakazakii Agar plates. Typical bluish green
colonies were picked up for standard biochemical
characterisation viz: Gram staining, motility,
oxidase, catalase, IMViC, aesculin, dulcitol, and
sucrose fermentation,arginine, ornithine and lysine
decarboxylation and DNase test.

The isolation of K. pneumoniae was carried as
per Haryani et al (2007). The sample (25 g) of was
homogenised in 225 ml lactose broth and incubated
at 37°C for 24 h. 1.0 ml of the pre-enriched sample
was enriched in tetrathionate broth incubated at
37°C for 24 h. 0.1 ml of the aliquots were spread
plated on Bismuth Sulphite agar and Hi Chrome
Klebsiella selective agar. Typical black and purple
magenta coloured, mucoid colonies from Bismuth
Sulphite agar and Hi Chrome Klebsiella isolation
agar respectively were picked up for biochemical
characterization using Hi25 Enterobacteriaceae
Identification Kit (HiMedia, Mumbai, India).
E. faecalis was isolated as per Valenzuela et al.
(2010) with minor modification. 25 g of the sample
was homogenized in 225 ml of sterile saline; settled
on ice for 10 min and spread plated (0.1 ml) on Slantez
and Bartely agar. After incubation for 48 h at 44±1°C
the typical red or maroon colonies were streaked on
Bile esculin agar and Enteococcus confirmatory agar
and incubated for 24 h at 37°C.
Detection by culture independent PCR method
and confirmation of typical/atypical colonies from
selective plate by species specific PCR.
DNA was isolated using boiling method (Saroj et
al., 2008). In brief, 1 ml pre-enriched sample or food
homogenate was centrifuged at 10621 g and the pellet
obtained was suspended in 100 µl of distilled water.
DNA was extracted by boiling for 5 min in water
bath and centrifuged at 10621 g. Similarly the DNA
from typical colonies from selective plates was also
isolated by boiling method. Supernatant was used as
a template for PCR. The PCR was carried out in a
25 µl volume containing 10 mM Tris/HCl (pH 8.3),
50 mM KCl, 1.5 mM MgCl2, 1 µl primer pairs (10
pmol each), 0.5 µl (1.5 U) Taq polymerase, 0.2 mM
dNTPs (Merck, Banglore, India) and 1.0 µl genomic
DNA . C. sakazakii specific PCR (151 bp product)
was carried out by using gyr B gene specific primers
[F1 (5′-AGGTAAAATCCACCAGCAAAC-3′)) and
R1 (5′-CAGAATATCGTATTCAAACTC-3′))] as
described by Huang et al. (2013). K. pneumoniae
specific 130 and 260 bp PCR product was obtained
using primers pf (5′-ATT TGA AGA GGT TGC AAA
CGA T-3′)/pr1 (5′-TTC ACT CTG AAG TTT TCT
TGT GTT C-3′) and pf/pr2 (5′-CCG AAG ATG TTT
CAC TTC TGA TT-3′) respectively as described by
Liu et al. (2008). E. faecalis specific 733 bp PCR
product was obtained using primers E1 (5’ TCA ACC
GGG GAG GGT 3’) and E2 (5’ ATT ACT AGC GAT
TCC GG as described by Deasy et al. (2008).The
amplified DNA products were separated by agarose
gel electrophoresis (1.5% w/v), stained with ethidium
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Table 1. Incidence of different emerging pathogens in food samples by
different methods

E. faecalis was not detected in the study
A- Samples positive only by standard conventional method
B- Samples positive by only PCR method
C- Samples positive by both methods
D- Samples negative by both methods

bromide and visualised by UV trans-illumination
(Figure 1). All DNA samples were also tested with
universal 16s rRNA gene primers to rule out PCR
inhibition by food component (Nossa et al., 2010).
Antibiotic sensitivity test
C. sakazakii (16) and K. pneumoniae (24)
isolates were screened for Antibiotic Sensitivity
using different antibiotics by agar diffusion method
as described by National Committee for Clinical and
Laboratory Standards Institute (2014). The type and
concentration of the antibiotics used were as follows:
amikacin 30 µg; ampicillin 10 µg; cephalothin 30
µg; chloramphenicol 30 µg; ciprofloxacin 10 µg;
gentamycin 10 µg; tetracycline 30 µg; trimethoprim 5
µg; vancomycin 30 µg for C. sakazakii and amikacin
30 µg; ampicillin 10 µg; amoxicillin-clavulanic
acid 30 µg; aztreonam 30 µg; ceftazidimie 30 µg;
cefepime 30 µg; ciprofloxacin 5 µg; cephotaxime 30
µg; imipenem 10 µg; pipercillin-azobactum10 µg for
K. pneumoniae.
Results
A total of 60 food samples (milk products,
fish and sprout) were analysed for C. sakazakii, E.
faecalis and K. pneumoniae by both Standard Culture
(SC) method and culture independent species specific
PCR method. This analysis showed four different
possibilities. Samples positive by both SC and
PCR based method or samples negative by both the
methods. Samples positive for pathogens by only SC
method or samples pathogens positive by only PCR
method (Table 2). Our results show that incidence
of C. sakazakii and K. pneumoniae was highest in
sprouts and least in milk (Table 1). Total 35% of
samples were positive for C. sakazakii irrespective
of the method analysed (Table 1). However, when
each method of detection was analysed separately for

C. sakazakii, 5% samples were positive only by SC
method but negative by PCR method; 10% samples
were negative by SC method but only positive by
PCR method. Twenty two percent samples were
positive by both the methods. However, both culture
dependent and independent methods failed to detect
63% of the samples. Similarly, for K. pneumoniae,
85% of samples were positive irrespective of the
method analyzed (Table 1). However, when each
method of detection was analyzed separately for C.
sakazakii, 5% samples were positive only by SC
method but negative by PCR method; 42% samples
were negative by SC method but only positive by
PCR method. Also, 38% samples were positive by
both the methods and 13% samples were negative for
both detection methods (Table 1, Table 2). All food
samples tested were negative for E. faecalis by both
methods.
In the present study, all the isolates of C.
sakazakii tested were resistant to ampicillin and
were moderately resistant to cephalothin (93.3%),
vancomycin (46.6%) and trimethoprim (20%). In
case of K. pneumoniae all the isolates were resistant
or showed intermediate resistance to aztreonam,
cephotaxime and chloramphenicol while 95.8%
isolates were resistant to ampicillin and cefuroxime.
High resistance was also observed for amoxicillinclavulanic acid (87.5%) and pipercillin-tazobactam
(70.83%) while only 16.6%, 12.5% and 8.3%
isolates showed intermediate resistance to imipenem,
ceftazidime and cefepime respectively (Table 3).
Discussion
High incidence of C. sakazakii and K. pneumoniae
was observed in Indian food. This may be due to
ubiquitous nature of these pathogens and also due to
poor hygienic handling and distribution of the food.
Sprouts have been identified as a problem because
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Table 2. Sample wise distribution of emerging pathogensa by different
methods of detection

E. faecalis was not detected in any of the samples
Sp- sprout, Mp –milk product
a

of the potential for pathogen growth during the
sprouting process (Nguyen and Carlin, 1994). Sprouts
have been implicated in several foodborne outbreaks
(Kim et al., 2012). Our present study also supports
these findings. Baumgartner et al. (2009) reported
that 61% samples of sprouts and fresh herbs/salads
were contaminated with Cronobacter species. Kim et
al. (2009) have reported significantly high incidence
of C. sakazakii in mixed sprouts from retail shops in
Seoul, Korea. In a study on fish and fish products,
Kim et al. (2007) have shown that dried shrimp had
the maximum contamination of C. sakazakii. Though,
K. pneumoniae is known as nosocomial pathogen, it
has been very often reported from food samples (AlMutairi, 2011; Puspanandan et al., 2012). Park and
Sanders (1990) have reported that 40% of the alfalfa
seeds and 67% of the mung bean samples were
positive for K. pneumoniae. Interestingly none of
the samples were positive for E. faecalis. However,
incidence of E. faecalis from foods like French

cheeses, Egyptian fresh raw milk cheese products
have been reported (Jamet et al., 2012; Hammad et
al., 2015). Milk products are hygienically processed
and also are low water activity product. Therefore,
comparatively low incidence of C. sakazakii and K.
pneumoniae was observed.
All the three pathogens evaluated in this study
are emerging pathogens unlike the other known
food-borne pathogens such as Salmonella and Vibrio
cholerae. The detection methods developed for these
three pathogens may not be effective. Our results
clearly demonstrate that, SC method or molecular
method alone would be insufficient in detecting these
pathogens. There is a high probability of obtaining
false negative results. The false negative results from
culture dependent method is higher than culture
independent PCR based detection method. Efficacy
of culture independent PCR based method in
detecting both C. sakazakii and K. pneumoniae was
better than SC method for all food samples except K.
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Table 3. Antibiotic sensitivity patterns of C. sakazakii
/K. pneumoniae

Figure 1. Flowchart for culture independent and culture
dependent methods for detection of C. sakazakii, E
.faecalis and K. pneumoniae.

nd*- not done; only relevant antibiotics for respective pathogens
were tested.
a
The antibiotic disc concentration is given in material and
methods.

pneumoniae in fish samples (Table 1). For example,
more than 50% milk product samples were positive
by PCR for K. pneumoniae and all these samples
were negative for K. pneumoniae by SC method.
There could be two possibilities; one is detection of
dead bacteria, which is not probable; since genomic
DNA from 103 to 104 CFU/ml is needed for PCR
detection (Gorski and Csordas, 2010). Second
possibility is that these cells are in dormant or VBNC
states, which were unable to grow on a rich medium
without appropriate resuscitation step (Li et al.,
2014). The detection speed and accuracy of culture
dependent method was improved by confirmation
of typical and atypical colonies on selective plate
by species specific PCR method. This reduced the
time of detailed biochemical tests and accurately
identified the positive samples (Figure 1). Typical
colonies which gave negative PCR were rechecked
with conventional biochemical tests. Cawthorn et al.
(2008) showed the inconsistencies in the detection
of C. sakazakii by different methods. Therefore, a
combination of phenotypic and genotypic methods
enhances accuracy of detection.

Resistance of C. sakazakii to ampicillin and
cephalothin has been reported (Kim et al. 2008).
However, our isolates were also resistant to
vancomycin and trimethoprim in contrast to the report
by (Li et al. 2014); which reports resistance only to
ampicillin and susceptibility to trimethoprim and
vancomycin. The results show that K. pneumoniae
were resistant to third generation cephalosporins –
aztreonam, cefotoxime, and cefuroxime along with
ampicllin as well as combination of clavulanic acid–
amoxicillin and pipercillin-tazobactum probably due
the presence of ESBL enzymes as well as AmpC
(Kaur et al. 2013). Similar results on multi drug
resistance for both the organisms have been reported
in Africa (Zhou et al. 2011).
Conclusion
There is a high prevalence of C. sakazakii and
K. pneumoniae in Indian food samples. E. faecalis
was not found in any food samples. The combination
of culture independent PCR and standard microbial
culture method should be used for detection of C.
sakazakii and K. pneumoniae for effective detection.
Both pathogens detected in the food were resistant
to many antibiotics; both C. sakazakii and K.
pneumoniae being opportunistic pathogen, this is of
concern.
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