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Abstract

Introduction: Enteroaggregative Escherichia coli (EAEC) and Vibrio cholerae are common bacteria that infect people in developing
countries. Nowadays, food preservation by freezing and refrigeration are very common practices that extend the shelf life of food products.
Unfortunately, EAEC and V. cholerae are suspected to survive at low temperatures.

Methodology: Various foods and beverages used as samples were artificially inoculated with EAEC and V. cholerae pure colonies and
incubated at room temperature (27°C), refrigeration temperature (4°C), and frozen temperature (-20°C) for one week, two weeks, one month,
two months, and three months. The survival of these bacteria was confirmed by polymerase chain reaction (PCR) with specific primers to
detect their virulence genes (aggR for EAEC and toxR for V. cholerae) that represent the presence of these bacteria.

Results: This study showed that EAEC was able to survive in all food samples used in this study for at least three months under room
temperature, refrigeration temperature, and frozen temperature. V. cholerae had poor survival in almost all food samples over two months
under room temperature and over three months under refrigeration temperature. V. cholerae was able to survive in all food samples for at
least three months under frozen temperature.

Conclusions: The survival of EAEC and V. cholerae in this study should increase our awareness of how hazardous these bacteria are.
Therefore, in order to improve food safety and hygiene, advanced preservation and sterilization methods should be discovered to prevent

contamination with and survival of EAEC and V. cholerae.
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Introduction

Escherichia coli is a common bacteria in the
intestinal tract of humans and a variety of animals.
Most E. coli do not cause gastrointestinal illnesses;
however, some of E. coli strains are pathogenic,
including enteroaggregative E. coli (EAEC), and cause
diarrheal disease. Diarrhea can cause death in those
who have experienced dehydration, malnutrition,
development deficiencies, and other complications.
EAEC is commonly found in people, especially infants
and children, in developing countries, including
Indonesia. EAEC likely has the ability to evade the
immune system and cause persistent infection because
it has various gene profiles that encode pathogenic
mechanisms [1,2].

Vibrio cholerae is known to be a pathogenic
bacteria that mainly lives in sea water [3]. The
pathogenicity of V. cholerae is due to the expression
of the toxR gene as a positive transcriptional virulence
regulator gene that induces the secretion of
enterotoxins [4]. V. cholerae can cause cholera by

infecting the mucosal epithelium, which often happens
in developing countries around the world. Cholera can
cause death from dehydration. The infectious dose that
can cause severe cholera is about 10° bacteria [5].

The number foodborne and waterborne illnesses is
increasing. E. coli and V. cholerae have a high
potential as causative agents of foodborne and
waterborne illnesses because they can spread through
water, uncooked meat and poultry, and untreated
sewage [6,7]. Nowadays, food preservation is a
common process to prevent food from spoiling, and to
prevent the growth of pathogenic bacteria and molds.
There are a number of methods to preserve food,
including pasteurization, drying, refrigeration, and
freezing. Food preservation has become very
important in the food industry. Unfortunately,
pathogenic bacteria, including EAEC and V. cholerae,
are suspected to survive many methods of food
preservation [8].

Studies of the survival of EAEC and V. cholerae
are few, compared to studies on the survival of
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enterohemorrhagic  Escherichia coli  O157:H7.
Therefore, it is necessary to conduct research to
examine the survival of EAEC and V. cholerae in
frozen and chilled foods.

The aim of this work was to study the survival of
EAEC and V. cholerae in some artificially infected
frozen and chilled foods kept under different
temperatures for different periods. The study of the
viability of these pathogens under the same conditions
was another goal of this work.

Methodology
Culture preparation

The pathogenic bacteria used in this study were
EAEC provided by the United States (US) Naval
Medical Research Unit No. 2 and V. cholerae
(B.NJ.1.1, toxR") originally isolated from edible ice
[9]. Both strains were activated by streaking on
nutrient agar (NA) (Oxoid, Basingstoke, England) and
were then incubated at 37°C overnight.

Sample preparation

Samples of frozen and chilled foods including
nuggets, fish meatballs, fresh chicken meat, frozen
peas, frozen corns, pudding, chocolate ice cream,
carrot juice, ultra-high temperature processing (UHT)
milk, and drinking water were used in this study. Food
samples of 5 g were inserted into sterile bottles. Food
samples were homogenized with a blender to mix with
the culture. There was a total of 60 bottles (three
different incubation temperatures, five different
durations of incubation, two different pathogenic
bacteria, and two replications).

Inoculation of cultures to samples

EAEC colonies from NA were subcultured in EC
broth media (Oxoid) and incubated in 37°C 120 rpm
for about 18 hours to get the log phase. Meanwhile, V.
cholerae colonies from NA were subcultured in
alkaline peptone water (APW) media (Oxoid) and
incubated in 37°C 120 rpm for about 18 hours to get
the log phase. After 18 hours, the culture was
homogenized to ensure the culture suspension. The
concentration of cells was measured using a
spectrophotometer (Thermo Scientific Genesys 20,
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Waltham, USA) at 600 nm. To equalize the
concentration of cells in every inoculation to the
sample, EAEC culture was diluted to the equivalent of
a McFarland standard 0.5 (% transmittance = 74.3,
absorbance at 600 nm = 0.132). McFarland standard
0.5 equals 1.5 x 10° cell count density.

Food samples were inoculated with 1 mL of
diluted bacteria. Then samples were incubated at room
temperature (27°C), refrigeration temperature (4°C),
and frozen temperature (-20°C). The food samples
were analyzed after one week, two weeks, one month,
two months, and three months.

Sample preparation before detection

After being incubated, EAEC and V. cholerae
were detected by polymerase chain reaction (PCR).
Inoculated food samples were added to 15 mL
physiological solution 0.85% (w/v) (Oxoid). One
milliliter of each sample was diluted into 5 mL EC
broth for EAEC and 5 mL of APW media for V.
cholera, and then incubated overnight in 37°C 120
rom. One loopful of suspension in EC broth was
streaked in eosin methylene blue (EMB) agar (Oxoid),
which is a selective media, to check the viability of
EAEC. Meanwhile, one loopful of suspension in APW
media was also streaked in thiosulfate citrate bilesalts
sucrose (TCBS) (Oxoid), which is also a selective
media, to check the viability of V. cholerae. Then,
EMB and TCBS agars were incubated at 37°C
overnight. Positive E. coli colonies were metallic
green sheen colonies in EMB, while positive V.
cholerae colonies were yellow colonies in TCBS.
These validations in EMB and TCBS were done after
every incubation time.

PCR detection

The detection of EAEC was focused on the aggR
gene, while V. cholerae was focused on the toxR gene.
One milliliter of the suspension was taken and
centrifuged at 8,000 rpm for 2 minutes. Then, pellets
were re-suspended by 200 pL nuclease-free water and
boiled in boiled water for about 15 minutes. After
boiling, the suspension was centrifuged at 12,000 rpm
4°C for 2 minutes. The supernatant was used as a
DNA template.

Table 1. Sequence of primers used for detection of virulence genes in this study 5’ >3’

Gene Primer name Primer sequences (5° 2> 3°) Amplicon size (bp)  Annealing temp (°C) Reference
aggR-Fwd GTATACACAAAAGAAGGAAGC

aggR aggR-Rvs ACAGAATCGTCAGCATCAGC 254 52 [10]
toxR-Fwd CCTTCGATCCCCTAAGCAATA

(xR toxR-RVS AGGGTTAGCAACGATGCGTAAG 779 62 [11]
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PCR mixture consisted of 12.5 pL GoTaq Green
Master Mix (Promega, Fitchburg, USA); 1 pL of each
of primer, forward and reverse (Eurogentec-AlT
Biotech, Singapore, Singapore) as listed in Table 1
[10,11]; 2 yL of DNA template; and 8.5 pL nuclease-
free water. PCR was performed in a thermal cycler,
Bio-Rad C-1000 (Biorad, Hercules, USA). The PCR
running condition for aggR was as follows: pre-
denaturation at 95°C for 5 minutes, 30 cycles of
denaturation at 95°C for 1 minute, annealing at 52°C
for 1 minute, elongation at 72°C for 1 minute,
followed by post-elongation at 72°C for 10 minutes
[10]. Meanwhile, the PCR running condition for toxR
was as follows: pre-denaturation at 94°C for 2
minutes, 25 cycles of denaturation at 94°C for 1
minute, annealing at 62°C for 1 minute, elongation at
72°C for 1 minute, followed by post-elongation at
72°C for 10 minutes [12].

After PCR was performed, the DNA was
visualized with electrophoresis using 1.8% agarose
and 1 kb DNA ladder (Geneaid, New Taipei City,
Taiwan) as a marker. Positive controls were EAEC
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and V. cholerae (B.NJ.1.1, toxR") pure colonies. The
electrophoresis running condition was 100 voltage for
45 minutes using TAE 1X buffer.

Sequencing of aggR and toxR genes

The amplified genes were sequenced to confirm
that they were the aggR gene from EAEC and the toxR
gene from V. cholerae. About 100 pL of unpurified
amplified genes from random food samples was
sequenced. The sequencing phase was done in PT
Genetika Science Indonesia, Jakarta. The FASTA
sequence was analyzed with nucleotide BLAST from
the National Center for Biotechnology Information
(NCBI) (http://blast.nchi. nim.nih.gov/Blast.cgi).

Results
PCR detection

The virulence genes of EAEC and V. cholerae
were amplified using PCR with specific primers. aggR
gene detection after various incubation durations is
presented in Table 2 and Figure 1. The aggR genes
were detected in all food samples after one week up to

Table 2. aggR gene detection in frozen and chilled foods after various incubation durations

1 Week

2 Weeks 1 Month 2 Months 3 Months

Samples

K K K K

Nugget

Fish meatball
Fresh chicken meat
Pea

Corn

Pudding

Ice cream

Carrot juice

UHT milk
Drinking water

+ 4+ + + + + + + + +|7D
+ + + + + + + + +[X

+

+ + + + + + + + +[M

+

+ + 4+ + 4+ + + + +|D
+ + + + + + + + +
+ + 4+ + 4+ + 4+ + +|T
+ + 4+ + 4+ + + + +|D
+ + 4+ + 4+ + + + 4+
+ + 4+ + 4+ + + + +|M
+ + 4+ + 4+ + + + +|D
+ + + F + + + + + +
+ + + + + + + + + +|T
+ + 4+ + 4+ + + + +|D
+ + + + + + + + +
+ + + + + + + + + +|T

+ 0+ o+ 4+ 4+ 4+ o+ + o+

UHT: ultra-high temperature processing; R: room temperature (27°C); K: refrigeration temperature (4°C); F: frozen temperature (-20°C); + Presence of aggR

gene; - absence of aggR gene.

Table 3. toxR gene detection in chilled and frozen foods after various incubation durations

s | 1 Week 2 Week 1 Month 2 Month 3 Months
amples R K F R K F R K F R K F R K F
Nugget + o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ - - +
Fish meatball + o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ - - +
Fresh chicken meat - + o+ - + + - + o+ - + o+ - - +
Pea + + + + + + + + + - + + - - +
Corn + 0+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ - + o+
Pudding + 0+ o+ o+ o+ o+ - + o+ - + o+ - - +
Ice cream + + + + + + + + + + + + - + +
Carrot juice +  + o+ o+ 4 + 0+ o+ o+ o+ o+ o+ o+ o+ +
UHT milk + 0+ + o+ + 4+ o+ o+ 4+ o+ o+ 4+ o+ o+ 4+
Drinking water + o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ +

UHT: ultra-high temperature processing; R: room temperature (27°C); K: refrigeration temperature (4°C); F: frozen temperature (-20°C); + Presence of toxR

gene; - absence of toxR gene.
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three months at room temperature (27°C), refrigeration
temperature (4°C), and frozen temperature (-20°C).
These results indicated that EAEC can survive in all
foods for at least three months.

toxR gene detection after various incubation
durations is presented in Table 3 and Figure 2. At
room temperature (27°C), the toxR gene was detected
in all samples up to three months, except in fresh
chicken meat, pudding, nuggets, fish meatballs, frozen
peas, and frozen corn. The toxR gene was not detected
in fresh chicken meat after one week of incubation,
while in pudding after one month of incubation. In
frozen peas, the toxR gene was not detected after two
months of incubation. Meanwhile, in nuggets, fish
meatballs, corn, and chocolate ice cream the, toxR
gene was not detected after three months of
incubation.

At refrigeration temperature (4°C), the toxR gene
was detected in all samples up to three months, except
in fresh chicken meat, nuggets, fish meatballs, frozen
peas, and pudding. The toxR gene was not detected in
fresh chicken meat after one month of incubation,
while in nuggets, fish meatballs, frozen peas, and
pudding after three months of incubation.

Under frozen temperature (-20°C), the toxR gene
was detected in all samples after one week up to three
months. These results indicated that V. cholerae had
the longest survival time in all foods under frozen
temperature for at least three months.

Sequencing of aggR and toxR genes

The aggR gene and toxR gene, which were
detected as target genes to confirm the survival of
EAEC and V. cholerae, were sent for sequencing by
PT Genetika Science Indonesia, Jakarta. The FASTA
sequence analysis by nucleotide BLAST from NCBI
showed 100% similarity with the aggR gene of EAEC
and 99% similarity with the toxR gene of V. cholerae.

Discussion

By artificially contaminating food and beverage
samples with EAEC, the authors discovered and
confirmed with two replications that EAEC was able
to survive under three different temperatures in
various samples for at least three months, which is in
agreement with the findings of a previous study
reporting the ability of EAEC to survive in response to
nutrient  limitation and adverse environmental
conditions that persist in the prolonged stationary
phase [13,14].

The survival of V. cholerae under three different
temperatures in various samples varied among
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Figure 1. aggR gene amplification using PCR after two
months of incubation under (a) room temperature (27°C), (b)
refrigeration temperature (4°C), (c) frozen temperature (-
20°C).

254 [

Marker (M): 1 kb DNA ladder (Geneaid, Taiwan); (+): positive control
(EAEC pure colonies); (-): negative control; (N): nuggets; (B): fish
meatballs; (D): fresh chicken meat; (P): peas; (G): corn; (C): pudding;
(I): chocolate ice cream; (S): UHT milk; (A): drinking water; (W):
carrot juice

Figure 2. toxR gene amplification using PCR after two months
of incubation under (a) room temperature (27°C), (b)
refrigeration temperature (4°C), (c) frozen temperature (-
20°C).

a. b. c.

Marker (M): 1 kb DNA ladder (Geneaid, Taiwan); (+): positive control
(V. cholerae [B.NJ.1.1, toxR™] pure colonies); (-): negative control;
(N): nuggets; (B): fish meatballs; (D): fresh chicken meat; (P): pea;
(G): corn; (C): pudding; (1): chocolate ice cream; (S): UHT milk; (A):
drinking water; (W): carrot juice

samples. These results also showed similarity with the
findings of previous studies. At room temperature,
authors of previous studies reported that V. cholerae
was able to survive in milk and water for the longest
period, followed by ice cream and corn. The shortest
survival period was in fish meatballs, peas, and
pudding. In ice cream and corn, V. cholerae had
almost the same length of survival [15,16].

Under refrigeration temperature (4°C), the survival
of V. cholerae was also reported previously [15,16]. It
showed the same pattern that was found in this study.
V. cholerae was able to survive in ice cream, milk, and
water for the longest period, followed by peas and
pudding. The shortest survival period was in fish
meatballs. In peas and pudding, V. cholerae had
almost the same period of survival. Moreover, the
survival period of V. cholerae in corn in this study was
better than that reported in the previous studies
[15,16].

Unfortunately, the survival of V. cholerae in
nuggets and fresh chicken meat was not measured and
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analyzed in previous studies, whether under room
temperature (27°C), refrigeration temperature (4°C),
or frozen temperature (-20°C). The differences in V.
cholerae’s survival period among these studies were
due to the differences in food composition and
characteristics, number of inoculums, secondary flora
or endogenous microorganisms in foods, and also the
handling and processing techniques used on the foods
[15,16].

The samples used in this study were very diverse,
including raw foods, cooked foods, high-acidity
drinks, drinking water, vegetables, and high-sugar
foods. Moreover, food and beverage samples were not
sterilized before EAEC pure culture and V. cholerae
pure culture were inoculated into the samples. This
will increase the competition for the EAEC and V.
cholerae to survive, especially under incubation in
room temperature (x27°C) which allowed other fast-
growing microorganisms to grow by utilizing nutrients
in foods [17]. In addition, the minimum growth
temperature for V. cholerae is 15°C, while for EAEC
is 7-8°C [18,19]. This competition inhibited the
survival of V. cholerae at room temperature after one
week of incubation in fresh chicken meat.

After several days of incubation time, the
environmental conditions tend to be adverse, including
limited nutrition, high acidity (acid stress), osmotic
shock, and limited oxygen level. These adverse
conditions should have inhibited the growth of
microorganisms, including EAEC, but in fact EAEC
was able to survive. The survival of EAEC was also
supported by its capability to keep growing under
aerobic and anaerobic conditions [20]. EAEC utilizes
glucose and produces acetate as a major fermentative
product under aerobic conditions, then uses acetate as
a carbon source during the early stationary phase of
growth. When acetate is used up, amino acids will be
used as carbon and nitrogen sources during the
stationary phase of growth [14].

EAEC survival also occurred because EAEC has
the rpoS gene, which is a regulator gene. This gene is
an alternate sigma factor (c) of RNA polymerase,
which plays an important role in the survival of
several foodborne human pathogens. The gene rpoS is
involved in stress resistance and protection under
adverse environmental conditions such as acid stress,
nutrient limitation, and osmotic shock [21]. Moreover,
the survival of EAEC is also related to the growth
phase. The stationary phase makes EAEC more
resistant to acid than it is in the exponential phase.
Once induced, the rpoS gene will remain active until
cell growth reenters the log phase or a normal
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situation. RpoS will be rapidly degraded by ClpXP
proteases [21,14].

E. coli, including EAEC, also has Fis (factor for
inversion stimulation), which is a nucleotide-
associated protein. Fis levels peak during the early
growth phase and become very low during the
stationary phase. Fis plays a role in regulating efficient
nutrient uptake and rapid growth. Therefore, during
poor nutritional conditions, Fis levels tend to be very
low to slow down the growth of EAEC by regulating
nutrient uptake as efficiently as possible [14].
Moreover, during the adverse nutritional condition,
including the stationary phase and long-term stationary
phase, Fis upregulates genes for cell processes,
including genes for adaptation and protection [22].

During the stationary phase, nutrients become
exhausted, while waste products accumulate. This
condition causes a stress to the cells and leads to the
death phase. During this phase, the cells become
viable but non-culturable (VBNC), and nutrients from
these kind of cells will be released into the
environment, where they will be used by the
remaining viable and culturable cells. Damaged cells
in the stationary phase will be lysed by . This o will
reduce outer membrane proteins (OMP) in the outer
membrane, which will be followed by disintegration of
the outer membrane [23,14]. The ability to enter a
VBNC state occurs not only in EAEC, but also in V.
cholerae. Lack of ability to enter a VBNC state causes
damage to the cell membrane due to the formation of
ice crystals at frozen temperature, which can further
reduce the competition in the population [24,25].

V. cholerae also have the ability to form cold
shock proteins (Csp) in the VBNC state. These
proteins act as nucleic acid chaperones to repair
several enzymes folding that are damaged during low
temperature, thus enabling the enzymes to work
normally. These proteins can also stabilize RNA
secondary structures, induce negative supercoiled
DNA, and bind to nucleic acids to regulate the
replication, transcription, and translation [24,26].
CspV is the only true Csp that is induced in V.
cholerae at low temperatures. CspV is stable and
highly expressed at low temperatures [27].

In addition, the survival of bacteria in foods under
low temperature also depends on nutrition
composition. Food samples with abundant nutrition
composition, such as nuggets, fish meatballs, fresh
chicken meat, and peas allow almost all
microorganisms to grow, which actually causes tighter
competition [28]. High level of high molecular weight
(HMW) organic compounds, such as fibers, can inhibit
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bacterial enzyme activities by forming complexes with
the enzymes [29]. In this study, high levels of HMW
organic compounds were found in pudding and peas.

The presence of colloids and sugars also influences
the survival of EAEC and V. cholerae. The rate of
crystallization is also decreased in the presence of
solutes or colloid, such as milk. Colloids will absorb
some of the free water to keep the ice crystals small,
hence protecting the cells from lysis. Meanwhile, the
presence of sugars also helps to stabilize the osmotic
pressure on the cell during the freezing and thawing
process [25].

Conclusions

EAEC is one of the pathogenic strains of E. coli.
EAEC can survive in all foods for at least three
months  under  frozen  temperature  (-20°C),
refrigeration temperature (4°C), and room temperature
(27°C). Meanwhile, V. cholerae can survive in all
foods for at least three months under frozen
temperature (-20°C) and for two months under
refrigeration temperature (4°C), and for one month
under room temperature (27°C) in nearly all foods,
except in fresh chicken meat and pudding.

The ability to survive under low temperatures
indicates that even though foods and beverages are
preserved by freezing or are refrigerated, EAEC and V.
cholerae are still able to survive. Therefore, in order to
improve foods safety and hygiene, advanced
preservation and sterilization methods should be
developed to prevent the survival and the
contamination of EAEC, V. cholerae, and other
pathogenic bacteria in foods.
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