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ABSTRACT

Restaurant customers consume food contaminated by germs, increasing the risk of foodborne
disease. In this investigation, food handlers” hands and utensils from many restaurants near
Sadarghat launch station in Dhaka, Bangladesh, were tested to determine bacterial
contamination incidence. Standard procedures were followed in isolation and identification of
bacterial isolates. Of the 60 analyzed swabs, 46.7% showed a positive culture for one or more
potential bacterial contaminants. The occurrence of Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa, and Vibrio cholerae in the hands of food handlers was 50%, 33.4%,
33.4%, and 23.4%, respectively, and those in utensils was 33.4%, 16.7%, 16.7%, and 10%,
respectively. The majority of tested isolates of P. aeruginosa (100%) showed the highest
resistance phenomenon to ampicillin and tetracycline, V. cholerae (100%) to ampicillin, E. coli
(80%) to ampicillin and streptomycin, and S. aureus (100%) to ciprofloxacin. All of the
examined isolates of P. aeruginosa were found to be most sensitive to piperacillin-tazobactam,
E. coli to imipenem and nitrofurantoin, S. aureus to gentamicin, amikacin, tetracycline and
chloramphenicol, and V. cholerae to piperacillin-tazobactam, imipenem and amikacin.
Remarkably, 100% of V. cholerae isolates were multidrug-resistant (MDR), with the highest
multiple antibiotic resistance index (MARI) score of 0.428. Among the examined isolates, 75%
of bacterial isolates showed MDR phenotype, while 90% of isolates recorded a MARI value
greater than 0.2. Due to the increased risk of food contamination or cross-contamination from
food handlers' hands and utensils, the findings of this study indicate that restaurant hygiene
standards are inadequate and might have detrimental effects on the general public's health.
Consequently, this highlighted the significance of further training to enhance food workers'
understanding of proper hand-washing techniques.

INTRODUCTION

Restaurant customers consume food contaminated by germs, increasing the risk of
foodborne disease [1]. Globally, foodborne illness is thought to be a serious public
health concern [2, 3]. According to World Health Organization (WHO) data as of April
30, 2020, 420,000 people annually die out because of foodborne illnesses, and about one
in ten individuals become sick as a result of eating food that was contaminated [4]. In
Bangladesh, foodborne diseases result in around 30 million illnesses annually [5]. Food
handlers are a major source of foodborne disease transmission and a health risk to the
general public [4]. According to WHO definitions, food handlers handle food or food-
related items throughout their regular workdays or may come into touch with
handling food and utensils that are not intended for personal use [3, 4, 6]. Food
handlers may introduce bacteria into the food through their skin, nasal secretions, and
bowel movements, as well as through contaminated food that they prepare or serve [3].
Food contamination can come from a variety of sources, but food workers' hands, the
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most common source of microorganisms to contaminate food, have been demonstrated
to act as vectors in the spread of foodborne illness due to poor personal hygiene, a lack
of knowledge and practice regarding food hygiene, or cross-contamination [3, 7, 8, 9].

People frequently come into contact with their surroundings through their hands. As a
result, different bacteria can enter the mucous membranes of the mouth, nose, eyes, and
genitalia through them, which can lead to an epidemic of foodborne sickness [10].
Unclean utensils, inadequate storage cleaning, food preparation spaces, and the hands
of food workers can all contaminate raw and cooked meals [11, 12]. Neglecting hygiene
and handling food improperly can lead to an increase in infections, which can
ultimately lead to consumer sickness. About 10% to 20% of foodborne illness outbreaks
are caused by food handler contamination [8, 13]. Further, 97% of food poisoning cases
were caused by workers in food service sectors handling food improperly [14, 15].
According to statistics, the catering business is responsible for 70% more food
poisoning cases than any other industry [14]. It has been reported that about 89% of
outbreaks were caused by contaminated foods, and pathogens were transferred to food
by workers’ hands [16]. According to previous reports, foodborne disease encompasses
a broad spectrum of illnesses caused by bacterial, viral, parasite, or chemical
contamination of food [4, 17]. The most frequent cause of foodborne diseases is
pathogenic bacteria [18]. One typical way that bacterial infections are spread and cause
foodborne illnesses is through fecal-oral transmission. Further, hands, nails, food, and
water can all serve as vectors for the spread of these illnesses [4].

Previous research has demonstrated that the hands of food workers are considerably
contaminated with a variety of dangerous bacteria, including Staphylococcus aureus,
Escherichia coli, Shigella, Salmonella, Campylobacter, Klebsiella, Pseudomonas areugenosa, and
Vibrio spp. [3, 4, 8, 14]. On the hand surface, S. aureus is a common colonizer. Unclean
hands sometimes cause episodes of diarrheal sickness because bacteria like E. coli and S.
aureus, which are frequently linked to foodborne illnesses, may persist on hand surfaces
for days [4]. These bacteria have been linked to foodborne infections, which have
increased patient mortality and morbidity, prolonged hospital stays, and increased
patient cost burden [4]. An estimated 600 million illnesses and 420,000 fatalities are
attributed to diarrheal diseases each year, resulting in the loss of 33 million healthy
daily life years [4].

Numerous food sellers run their businesses in railway stations, bus terminals, markets,
industrial zones, and streets [19]. One of Bangladesh's biggest and busiest river ports is
Sadarghat Launch Terminal, which is located in the southern portion of Dhaka the city.
Hundreds of boats and launches arrive at and depart from Sadarghat every day, mostly
enabling connectivity with the areas to the south. Numerous businesses, including
wholesale stores, street food vendors, restaurants, and fruit and vegetable markets, are
founded around this bustling port [20]. Thousands of travelers travel every day for
their doctrine of necessity. A vast number of travelers have food at various restaurants
around those places. Unwashed hands of food handlers and unclean utensils can
spread germs directly or indirectly to people, and consequently, a large proportion of
travelers may suffer by verities of foodborne diseases. To the best of our knowledge, no
previous study exclusively emphasizes this area and research point. The goal of this
study was to identify and isolate bacteria from the hands of food handlers and utensils,
as well as to determine the prevalence of bacterial contamination among them in
various restaurants near the Sadarghat launch station in Dhaka, Bangladesh.
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MATERIALS AND METHODS

Study area

The research locations were a number of street restaurants near Sadarghat launch
terminal in Dhaka, Bangladesh.

Sample collection

From 15 different street restaurants near the Sadarghat launch terminal in Dhaka,
Bangladesh, a total of 60 swab samples of food workers’ hands and utensils were
collected. Four samples were obtained from each restaurant by collecting samples of the
two person’s hands and utensils. Samples were taken by a sterile cotton wool swab
moistured in 5 ml of phosphate buffer solution (PBS) (HIMEDIA, M1452, Pune) from
different parts of the palm, between fingers, fingernails of each food handlers’ and
surface of dishes for bacteriological analysis. Following that, the swab was put back
into its sterile PBS (HIMEDIA, M1452, Pune) tube, which was then labeled and sealed
with adhesive tape.

This study was approved by the Institutional Ethical Review Committee (ERC) of
Jagannath University, Dhaka, Bangladesh (No. JnU/ERC/2023/010).

Transportation of collected samples

The collected samples were moved to the lab in an ice-packed cool box. The
temperature during storage was kept within 0-4°C, and the transportation time to the
laboratory was within 15 minutes to 1 hour. When the samples arrived at the lab, the
analyses were started right away.

Identification of P. aeruginosa and E. coli

The swab stick containing the sample was inoculated onto Cetrimide agar (CA;
Himedia, Mumbai, India) for isolating the P. aeruginosa and MacConkey agar (MAGC;
Himedia, Mumbai, India) of E. coli. Following that, the inoculation plates were
incubated for around two days at 37 °C. The morphological traits, color, and texture of
the colonies growing on this medium were examined after 24 and 48 h of incubation. E.
coli bacteria were considered as pink or brick red colonies on MAC (Himedia, Mumbai,
India) agar and green colonies on CA (Himedia, Mumbai, India) agar as P. areugenosa.
Pink or brick red color colonies picked from MAC agar (Himedia, Mumbai, India) were
then subsequently screened and subcultured once more on plates of MAC agar
(Himedia, Mumbai, India) and Eosin Methylene Blue (EMB; Oxoid, Basingstoke,
England) agar. For twenty-four hours, all plates were incubated at 37 °C. The distinct
bacterial isolates seen on the selective media plates following the incubation period
were pink on MAC agar (Himedia, Mumbai, India) and dark centered with a green
metallic sheen on EMB (Oxoid, Basingstoke, England) agar. For precise identification,
isolated strains of P. aeruginosa and E. coli were subjected to microscopic, physiological,
and biochemical examinations [21, 22]. The tryptic soy agar (TSA; Himedia, Mumbai,
India) plates were used to maintain the identified bacterial isolates, and Luria Bertani
(LB) broth (Himedia, Mumbai, India) supplemented with 30% glycerol (Nepa,
Tangerang, Indonesia) for preserving it.

www.bsmiab.org/jabet

Akter et al., ] Adv Biotechnol Exp Ther. 2025 Jan; 8(1): 18-31

20


http://www.bsmiab.org/jabet

Identification of S. aureus and V. cholerae

The sample containing the swab was inoculated onto Mannitol Salt Agar (MSA;
Himedia, Mumbai, India) to isolate the S. aureus. After incubating at 37 °C for about 48
h, yellow-color colonies considered as S. aureus were observed on MSA (Himedia,
Mumbai, India) plates. After that, the swab containing the sample was placed into
incubation for overnight at 37 °C after being dipped into 5 ml of alkaline peptone water
with a pH of 8.5. Finally, thiosulfate citrate bile sucrose agar plates (TCBS; Merck,
Darmstadt, Germany) were infected with a loopful of pre-enrichment and incubated for
24 h at 37 °C. Vibrios have been described as yellow, green, and/or blue-green colonies
that appeared on TCBS agar (Merck, Darmstadt, Germany). Single yellow-colored
colonies were picked up for patch inoculation on TCBS (Merck, Darmstadt, Germany)
and CHROMagar™ (CHROMagar, Paris, France) media, and they were incubated at
37°C for a full day period. Colonies that appeared yellow on TCBS (Merck, Darmstadt,
Germany) and green-blue to turquoise blue on CHROMagar™ (CHROMagar, Paris,
France) medium were considered as V. cholerae. Afterward, the chosen bacterial strains
were subsequently injected into Gelatin Agar (GA; Himedia, Mumbai, India) plates in
order to assess the gelatinase enzyme's activity for further confirmation. Luria Bertani
(LB) broth (Himedia, Mumbai, India) with 30% glycerol (Nepa, Tangerang, Indonesia)
was employed for preserving the pure culture of all bacterial isolates, whereas TSA
(Himedia, Mumbai, India) plates were utilized for maintenance. Following the
previously established methodology [21, 22], isolated bacterial strains of S. aureus and V.
cholerae were identified by a series of physiological and biochemical tests and
subsequently by PCR method.

For further molecular identification, isolated colonies of S. aureus on MSA (Himedia,
Mumbai, India) and V. cholerae on TCBS (Merck, Darmstadt, Germany) and
CHROMagar™ (CHROMagar, Paris, France) plates were chosen. One ml of a pure
culture of S. aureus and V. cholerae grown separately in LB broth (Himedia, Mumbai,
India) was centrifuged at 13,000 x g for 5 min and harvested the centrifuged bacterial
cells. Using the RED Extract-N-Amp Tissue PCR Kit (Sigma, St. Louis, MO, USA),
complete genomic DNA was extracted from centrifuged bacterial cells as per the
manufacturer's instructions. In order to confirm the presence of S. aureus molecularly,
the nuc gene, which is the gold standard, was detected in the genomic DNA extracted
from centrifuged bacterial cells. The species-specific nuc gene of S. aureus was identified
by the simplex PCR approach with the use of specific primers (Nuc-F: GCG ATT GAT
GGT GAT ACG GTT, NucR: AGC CAA GCC TTG ACG AAC TAA AGC) as previously
mentioned [23]. The primers were utilized in a 25 pl reaction containing 12.5 ul of
Dream Taq™ Green PCR Master mix (2x) (Thermo Scientific, Life Technologies Inc.,
Carlsbad, California, United States) 1 pl of each primer, 1 pl of DNA template and 9.5
ul of nuclease-free water. Amplification was performed by using a BIO-RAD T100
Thermal Cycler (Bio-Rad, California, United States) with the following thermal profile:
4 min at 94°C for initial denaturation of DNA, and 37 cycles, each consisting of 1 min at
94°C, 0.5 min at 55°C, and 1.5 min at 72°C, with a final extension for 3.5 min at 72°C.
The species-specific toxR gene and virulence ctxA gene for V. cholerae were detected
using the multiplex PCR technique with particular primers (toxR-F:
CCTTCGATCCCCTAAGCAATAC, toxR-R: AGGGTTAGCAACGATGCGTAAG; ctxA-
F: CGGGCAGATTCTAGACCTCCTG, ctxA-R: CGATGATCTTGGAGCATTCCCAC)
on the isolated genomic DNA from the bacterial cells [24, 25]. The strain of V. cholerae
(ATCC BAA-238) served as the positive control. PCR amplification of the target DNA
was carried out in a BIO-RAD T100 Thermal Cycler (Bio-Rad, California, United States)
with a 25-pl reaction mixture containing 12.5 ul of GoTaq®Green master mix (Promega,
Madison, WI, USA), 1 pl of each of the two primer pairs, 2 pl of DNA template, and 6.5
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ul of nuclease-free water. Amplification was conducted using the following conditions:
5 min at 94°C for initial denaturation of DNA and 30 cycles, each consisting of 1 min at
94°C, 1 min at 57°C, and 2 min at 72°C, with a final round of extension for 10 min at
72°C. The bands from the electrophoresis of all amplified PCR products were visible
under a UV lamp using a GelDoc Go imaging system (Bio-Rad, California, United
States). The bands were separated by 1.5% agarose gel.

Antibiotic susceptibility study

By employing the disk diffusion technique, the antibiotic susceptibility patterns of the
bacterial isolates were assessed [26]. For each isolation, bacterial suspension was
prepared from 24 h fresh culture and incubated for 2-3 h. Then, a bit of suspension was
used to make a loan with the help of a cotton swab over the Mueller Hinton Agar
(MHA; Merck, Darmstadt, Germany) medium, and this process was done for each
isolate individually in respective plates. Then antibiotic discs of different concentrations
were placed over the medium containing culture suspension. The antibiotic disc (Oxoid,
Thermo Scientific,c New York, USA) containing the following antibiotics was used:
ampicillin (10 ug), piperacillin-tazobactam (110 ug), cefotaxime (30 ug), cefuroxime (30
pg), imipenem (10 pg), gentamicin (30 pg), amikacin (30 pg), streptomycin (10 pg),
tetracycline (30 ug), ciprofloxacin (5 pg), nalidixic acid (30 pg), trimethoprim-
sulfamethoxazole (25 pg), and cholramphenicol (30 ug) and nitrofurantoin (F-300 ug) .
Then, for 24 h, the MHA (Merck, Darmstadt, Germany) plates were incubated at 37°C.
The Clinical Laboratory Standards Institute (CLSI) [27] guidelines were followed for
measuring and interpreting the inhibition zones following a 24-hour incubation period.

MDR phenotypes and multiple antibiotic resistance indices (MARI) in bacterial
isolates

The multidrug resistance capacity of the isolates was assessed according to Gurung et al.
[28]. Any isolate that showed resistance to >3 different classes of antibiotics was
considered a multidrug-resistant (MDR) strain [28]. A microorganism's MARI was
calculated by dividing its resistance to all antibiotics by the total number of antibiotics it
has been exposed [29].

Statistical analysis

Data collected from samples were entered into a spreadsheet (Microsoft Excel 2010) and
transferred into a statistical software program (STATA, version 18, Stata Corporation
2023, College Station, TX: StataCorp LLC.) for further analysis. Descriptive statistics
were used to compute the occurrence of isolated bacteria, the percentage of antibiotic
resistance, and the frequency of MDR and MARI.
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RESULTS
Occurrence of P. aeruginosa, E. coli, S. aureus, and V. cholerae in hands and utensils

In this study, 30 food worker hands and 30 utensils were examined. Of the 60 samples
examined, 46.7% (28/60) of hands and utensils samples were carriers of some
pathogenic bacteria. Among the pathogenic bacteria analyzed, E. coli (41.7%) was the
most commonly present in both types of samples, while V. cholerae (16.7%) was the least
frequently present. The incidence levels of P. aeruginosa and S. aureus in all samples
were 25% (Figure 1 and Table 1).

Figure 1. Bacteria colonies on selective media plates. A) Colonies of P. aeruginosa (Green) on Cetrimide agar
plate B) S. aureus (Yellow) on Mannitol Salt agar plate, C) E. coli (Pink) on MacConkey agar plate, D) E. coli
(Dark centered with a green metallic sheen) on Eosin methylene blue agar plate E) V. cholerae (Yellow) on
thiosulfate citrate bile sucrose agar plate F) V. cholerae (turquoise blue) on CHROMagar™ plate.
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Table 1. Showed the occurrence of bacteria isolated from the hands of food handlers and utensils.

Food handler's hands Utensils Total
Bacteria ;. Contamination | No of .ee Contamination .ee Contamination
. No of sample Positive . Positive . Positive .
isolated rate in (%) sample rate in (%) rate in (%)
P. aeruginosa 30 10 33.4 30 5 16.7 15 25
E. coli 30 15 50 30 10 334 25 41.7
S. aureus 30 10 33.4 30 16.7 15 25
V.cholerae 30 7 234 30 3 10 10 16.7

Molecular confirmation of pathogenic bacteria in hands and utensils

Using specific primers, simplex PCR was used to analyze the extracted DNA from the S.
aureus isolates for the presence of a species-specific nuc gene, confirming the molecular
identification of S. aureus (Figure 2). Using a multiplex PCR-based assay, it was possible
to identify the species-specific toxR gene and the virulence ctxA gene for V. cholerae. Of
the 13 isolates tested, 10 tested positive for the ftoxR gene and among those isolates 2
tested positive for the ctxA gene (Figure 3). Among ctxA-positive isolates, one (10%) in
food worker’s hands and one (10%) in utensils samples were exhibited from same street
restaurant shop (Figure 3).

500bp e
400bp
300bp
200bp

100bp

W uc (279bp)

Figure 2. Simplex PCR of S. aureus isolated from the swabs of food handlers” hands and utensils. Marker (M):
100 bp DNA ladder; + ve control: S. aureus ATCC 29213; Lane 1-12: nuc (279 bp) gene amplification visualize
band; Lane 1-10: nuc positive isolates recovered from food handlers” hands and Lane 11-12: nuc positive
isolates recovered from utensils.
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Figure 3. Multiplex PCR of V. cholerae isolated from swabs of food handlers” hands and utensils. Marker (M):
100 bp DNA ladder; + ve control: V. cholerae ATCC BAA-238; Lane 1-10: toxR (779 bp) gene amplification
visualize band; Lane 7, 8: ctxA (564 bp) gene amplification visualize band; Lane 1-7: toxR positive isolates
recovered from food handlers” hands and Lane 8-10: toxR positive isolates recovered from utensils.
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Antibiotic susceptibility profile of bacterial isolates in hands and utensils

A test for antibiotic sensitivity was performed on isolated strains of P. aeruginosa, E. coli,
S. aureus, and V. cholerae. Table 2 displays the antibiotic-resistant antibiogram profile of
the investigated isolates. With the exception of S. aureus to ciprofloxacin (100%), all
examined isolates of P. aeruginosa (100%), V. cholerae (100%), and E. coli (80%) showed
the highest resistance phenomena to ampicillin. Furthermore, it was discovered that ten
P. aeruginosa isolates under examination were resistant to tetracycline, eight E. coli
isolates to streptomycin, and nine V. cholerae isolates to nitrofurantoin and nalidixic acid.
The results of the antibiotic sensitivity test revealed that ten isolates of P. aeruginosa
(100%) were most sensitive to piperacillin-tazobactam, E. coli (100%) to imipenem and
nitrofurantoin, S. aureus (100%) to gentamicin, amikacin, tetracycline and
chloramphenicol, and V. cholerae (100%) to piperacillin-tazobactam, imipenem and
amikacin (Table 2).

MDR isolates and MARI in hands and utensils

The MARI of all tested and isolated bacterial species varied from 0.083 to 0.428. One
isolate of V. cholerae (UV3) exhibited the highest MAR index (0.428), showing resistance
to six different antibiotics among five classes. According to the current analysis, the
MARI for V. cholerae isolates varies from 0.214 to 0.428. 100% of the V. cholerae isolates
had MARI greater than 0.2, and 100% of them displayed MDR characteristics (Table 3).
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Table 2. Antibiotic resistance profiles of bacteria isolates.

P. aeruginosa, n=10 (%) E. coli, n=10 (%) S. aureus, n=10 (%) V. cholerae, n=10 (%)

Antibiotics Disc Code R I S R I S R I S R I S
Ampicillin (10 pg) AMP 3100 0) 0(0.0) 0(0.0)  8(80) 0(0.0) 2(20) 8 (80) 0(0.0) 2(20) (1100 0) 0(0.0) 0(0.0)
Piperacillin-tazobactam 10 10
(110 pg) TZP 0(0.0) 0(0.0) (100) 2 (20) 1(10) 7 (70) ND ND ND 0(0.0) 0(0.0) (100)
Cefotaxime (30 pg) CTX (22 0) 0(0.0) 8 (80) 1(10) 0(0.0)  9(90) 3 (30) 0(0.0) 7 (70) 2 (20) 0(0.0) 8(80)
Cefuroxime (30 pg) CXM 3(3 0) 0(0.0) 7 (70) 7 (70) 0(0.0) 3(30) 6 (60) 2 (20) 2 (20) 4 (40) 0(0.0) 6 (60)

. 2 10 10
Imipenem (10 ug) IPM 20) 0(0.0) 8 (80) 0(0.0) 0(0.0) (100) ND ND ND 0(0.0) 0(0.0) (100)
Gentamicin (10 pg) CN 55 0 0(0.0) 5(50) 3(30) 3(30) 4(40) 0(0.0) 0(0.0) (1100 0 1(10)  0(0.0)  9(90)

- 4 10 10
Amikacin (30 pg) AN 40) 0(0.0) 6 (60) 3(30) 0(0.0) 7 (70) 0(0.0) 0(0.0) (100) 0(0.0) 0(0.0) (100)
Streptomycin (10 ug) S ND ND ND 8(80) 2(20) 0(0.0) ND ND ND 2200 0(0.0) 8(80)
Tetracycline (30 ug) TE 2100 0 0(0.0) 0(.0) 1(10) 2@0) 7(70) 0(0.0) 0(0.0) 3100 0 2(20) 0(0.0) 8(80)
Ciprofloxacin (5 ug) CcIp 310) 4 (40) 5 (50) 2 (20) 3(30) 5 (50) (11000) 0(0.0) 0(0.0) 1 (10) 0(0.0)  9(90)
Nalidixic Acid (30 pg) NA 31 0) 1(10) 8 (80) 1(10) 1(10) 8 (80) ND ND ND 9 (90) 0(0.0) 1(10)
Trimethoprim- 1
sulfamethoxazole (25 ig) SXT (10) 0(0.0) 9 (90) 1(10) 2 (20) 7 (70) 2 (20) 0(0.0) 8(80) 4 (40) 0(0.0) 6 (60)
Cholramphenicol (30 ug) C ND ND ND 0(0.0)  4(40) 6 (60) 0(0.00 0(0.0) (1100 0) 0(0.0) 2(20) 8 (80)
Nitrofurantoin (300 ug) F 0(0.0) 2(20) 8 (80) 0(0.0) 0(0.0) (11000) 2 (20) 0(0.0) 8 (80) 9 (90) 0(0.0) 1(10)
R, Resistant; I, Intermediate; S, Sensitive
Table 3. Multidrug resistance and MARI of the isolated bacteria.
Tested bacterial Total
Tested bacteria Nufn?el: of Frequfncy of MARI range MARI of isolates showed antibiotic Antibiotic-resistant pattern
antibiotics tested MDR isolates (%) <0.2 (%) . .
highest MARI resistance

P. aeruginosa 12 4 (40) 0.083-0.416 6 (60) HP4 5 AMP-CTX-CXM-CIP-SXT
E. coli 14 8 (80) 0.214-0.357 10 (100) HE1 5 AMP-CTX-CXM-CIP-NA
S. aureus 10 8 (80) 0.2-0.4 10 (100) HS3, US3, US12 4 AMP-CTX-CXM-CIP
V.cholerae 14 10 (100) 0.214-0.428 10 (100) Uv3 6 AMP-CTX-CXM-NA-SXT-F

AMP, Ampicillin; CTX, Cefotaxime; CXM, Cefuroxime; CIP, Ciprofloxacin; SXT, Trimethoprim-sulfamethoxazole; NA, Nalidixic Acid; F, Nitrofurantoin; and MARI, multiple

antibiotic resistance index.

DISCUSSION

Food handlers are a major source of bacteria, and poor handling techniques can lead to
food contamination and foodborne illnesses, which can be dangerous for the general
public's health [4]. In order to test for the presence of bacterial contamination, swab
samples from food workers' hands and utensils were taken from different restaurants
in Sadarghat. Twenty-eight swab samples showed bacterial growths on different
culture plates exhibiting a high level of bacterial contamination (46.7%), which is
indicative of inadequate personal hygiene habits, unsanitary environments, a scarcity of
clean water, and a lack of knowledge about health promotion strategies [6]. According
to the findings of the current investigation, food handlers' hands and utensils were
contaminated with harmful germs, including P. aeruginosa, E. coli, S. aureus, and V.
cholerae. In earlier research, similar kinds of bacterial contaminants were found in
different countries [3, 4, 6, 8, 10, 14, 16]. In contrast to studies by Assefa et al. [16] and
Nasrolahei et al. [6], the study revealed the highest incidence of E. coli 41.7% in hands,
followed by S. aureus and P. aeruginosa 25%.
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Hand washing is a simple way to eliminate enteric pathogens among the transitory
hand flora. Given that it may spread by hand-to-mouth contact or passive transfer
through water and food items, the presence of these bacteria may be a sign of poor
sanitation procedures among food handlers. Bacteria such as E. coli can cause diarrhea,
gastroenteritis, cholera, dysentery, and other digestive system disorders when
consumed in food or water [30]. The isolation of E. coli exhibited a faeces-to-hand
transmission and indicated that the food handlers were not practicing good hygiene
[16]. The presence of E. coli is indicative of inadequate hand hygiene standards and
fecal contamination among food workers [16]. In the present study, E. coli was
identified from hands of 50% food handlers, which is higher than 41.7%, 41.4%, 29.2%,
29.2%, 20.3%, 10.9%, 7.8%, and 6.8% reported in Egypt [3], Indonesia [31], India [4], Iran
[6], Nigeria [8], Ethiopia [16], Turkey [16] and Brazil [16] respectively. The source
population, kind of food establishment, sampling strategies, and contaminants
detection methodologies may have contributed to the discrepancy between our
findings and those of the other investigations [3, 16]. Foodborne infections can result
from E. coli that spreads from the hands of food handlers and utensils to the food
consumed by consumers [8, 30, 31].

The current investigation revealed the second-highest incidence of S. aureus (33.4%),
which is understandable given that this organism is prevalent in the skin's resident
microflora and 40-50% of healthy individuals carry S. aureus in their anterior nostrils
[4]. The prevalence rate of S .aureus detected on the hands of food handlers in this
study is nearly comparable to 31% isolation rate reported in Egypt [16], 29.2% in Egypt
[3], 25% in India [4], 23.5% in Ethiopia [16], and higher than 17.5% in Saudi Arabia [32],
16.5% in Gondar [ 16], 14.7% in Nigeria [8], and lower than 42% in Mexico [16], 46% in
Iran [6], and 70% in Turkey [16]. Food handlers can easily introduce S. aureus into food
if they have open wounds or skin infections, sneeze or cough while preparing food, or
fail to properly wash their hands after touching their nose, sticking fingers in it, or
using the restroom [3, 6]. Contamination of food with S. aureus may also lead to
staphylococcus food intoxication [4,_6, 8, 9, 33, 34]. Foods such as raw milk, chicken
meat, ready-to-eat meals, fish, and eggs may be potential sources of pathogenic S.
aureus with important medical consequences, research done by Ballah et al. found S.
aureus in foods and food handlers [34]. Food workers who neglect to wash their hands
often can contaminate food, which increases the risk of foodborne disease in others who
consume that food [4, 9, 33, 34].

In the current study, P. aeruginosa was found in the hands of 33.4% of food handlers.
This is higher than the 6.6% and 0.6% isolation rates reported in Iran [6] and Turkey [7],
respectively. Pseudomonas bacteria were isolated from the hand by Larson et al. in 1986,
whereas Sheena and Stiles in 1983 were isolated as transient bacteria from the hand [35,
36]. In 2023, a study was conducted by Badawy et al. in Egypt on detecting P. aeruginosa
from the hands of dairy farm workers [37]. It has been reported previously that the
individuals' fingernails may have carried P. aeruginosa due to contact with
contaminated raw foodstuffs, such as raw meat, poultry, fish, and unwashed fruits and
vegetables [6]. Due to their widespread presence in nature, Pseudomonas species are
frequently found as food contaminants. It has been reported that P. aeruginosa causes
food poisoning [35]. Food handlers can easily contaminate their hands with P.
aeruginosa during the food preparation period with contaminated raw products.
Consequently, while they serve food to consumers, it also leads to contamination of the
consumer’s food and reasons for food poisoning.

Water contaminated with faeces is the main way that vulnerable individuals get cholera,
which is caused by the V. cholerae bacteria. A significant means of cholera transmission,
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in addition to water, has been identified as food. Foods are likely to be contaminated
with faecal materials particularly by infected food handlers in an unhygienic
environment during preparing and serving to consumers [38]. A present study revealed
that food handler’s hands were contaminated with pathogenic V. cholerae strains. Using
PCR to identify the toxR gene, a total of 10 V. cholerae strains were confirmed. During
the search for potentially pathogenic strains, two strains (19%) containing the ctxA gene
were also found. Previous studies also exhibited that food handler’s hands were
contaminated with V. cholerae [8, 38]. In the current investigation, V. cholerae was found
in the hands of 23.4% of food handlers, which is more than the 2.6% reported in Nigeria
[8]. These results may indicate that hands were contaminated by fecal matter and
probably by touching contaminated raw food materials like vegetables or contaminated
utensils. These bacteria attached to the hands moved into food and consuming of this
food by consumers may lead to gastroenteritis [8].

The results of this investigation also showed that 33.4% of E. coli, 16.7% of S. aureus, 16.7%
of P. aeruginosa, and 10% of V. cholerae were detected in 36.7% (11/30) of the utensil
samples. A study in Indonesia done by Djaja et al. reported that utensils were
contaminated with 35.7% E. coli which is consistent with current study results [31].
Previous studies exhibited unclean utensils that showed contamination by several
pathogenic microorganisms, which are considered a major source of contamination of
foods as well as the hands of food handlers [9, 12, 31, 33, 39]. Cross-contamination can
also occur significantly from unclean utensils [9, 39]. Bacterial transmission to hands
may take place through cross-contamination of food and utensils when food workers
process raw foods and serve foods to consumers [9, 12, 31, 33, 40]. A study carried out
in Japan also showed the possibility of Staphylococcus bacteria spreading from human
hands to utensils in food processing areas [41]. Utensils do not clean well, pathogens
will contaminate, and it could be a serious threat to food safety [9, 31, 33].

Pathogens with antimicrobial and MDR are becoming a major worldwide health and
economic problem [42, 43]. Worldwide, antibiotic-resistant bacteria have been
identified in common bacterial infections such as diarrhea [44]. Regretfully, the
majority of bacterial infections linked to diarrhea have been discovered in developing
nations [44]. Increased prevalence of MDR microorganisms in both human and
environmental samples has been revealed by recent investigations conducted in
Bangladesh [44]. A rising prevalence of microorganisms resistant to antibiotics suggests
that AMR and MDR are becoming a major and widespread issue in Bangladesh [44]. In
examined isolates, MDR of V. cholerae has the maximum proportion of 100%, while P.
aeruginosa has the lowest rate of 40%, according to the present research. Two researches
conducted in Nepal in 2015 and 2019, as well as a five-country study conducted in sub-
Saharan Africa in 2015, had found 100% MDR V. cholerae rates [43]. In 2017, a study
conducted in Bangladesh in which 93% of the V. cholerae strains tested proved to be
MDR [45]. In this study, the majority portion of tested E coli, S. aureus, P. aeruginosa, and
V. cholerae isolates showed MDR phenotypes, which is supported by previous studies in
Bangladesh, India, Nigeria, Pakistan, Iran, and Egypt [34, 37, 44]. Bacterial
characteristics, such as selective stress from antimicrobial agents, spontaneous mutation,
horizontal gene transfer within different bacterial pathogens, and overuse of antibiotics
during treatment, are some of the factors driving the increased spread of genes linked
to antibiotic resistance from their natural environments to pristine and clinical settings
[34, 37, 44, 46]. AMR is concerningly rising among pathogens, mostly as a result of
uncontrolled antibiotic abuse in people and animals [42]. Antimicrobial residues in the
environment are increasing as a result of the extensive use of antibiotics in modern
medicine, aquaculture, agriculture, dairy production, and poultry farming [47].
Antibiotic resistances amongst environmental bacterial species pose threats to both
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humans and the environment as there is a possibility of transferring or sharing MDR
genes amongst potential pathogens via horizontal gene transfer [48]. The duration of
diarrhea and the excretion of pathogenic bacteria may be reduced by the effective use
of antibiotics in controlling diarrheal disease through overdose or effective dosage, but
there is a chance this will also raise the risk of developing MDR strains [37, 46]. The
MARI greater than 0.2 was found in 90% of the studied strains, indicating that the
bacteria likely originated from a setting where several antibiotics were abused or used
excessively, perhaps resulting in faecal contamination. Since the development of
antibiotics, it has been shown that bacteria have developed resistance to them, which
presents a significant issue when selecting antibiotics for medicinal purposes [48]. The
CDC advises routinely monitoring bacterial isolates from any setting for antibiotic
resistance since performing so is crucial to interpreting and preventing the emergence
of resistance [49].

Molecular confirmation of virulent genes of MRSA such as sea, seb, sed, hla, hld, tst, eta,
etb, and LukS/F-PV genes are needed to determine the virulent capacity of all positive
MRSA isolates. Moreover, a biofilm-forming assay is required in future studies to
provide more precise and valuable information on the resistance and pathogenesis of S.
aureus isolates. In S. aureus, the ability to form biofilms is directly related to the
presence of virulence factors such as adhesins, and this structure contributes to the
dissemination of resistance genes in the cells therein [50].

CONCLUSIONS

In this investigation, bacterial contaminants were isolated from the food handler’s
hands and utensils. This study results revealed that food handlers” hands and utensils
in different restaurants in the Sadarghat area had a high prevalence of potentially
pathogenic bacterial infestation (46.7%), which is indicative of inadequate personal
hygiene habits of food handlers, infected utensils, unsanitary environments, a scarcity
of clean water, and a lack of knowledge about health promotion strategies. The
responsibility to stop illnesses and eradicate pathogens is for everyone involved in the
food-producing and serving process. To improve the quality of food and environment
at restaurants and prevent outbreaks of foodborne illnesses, some steps also should be
taken, such as proper attention of the relevant local and higher authorities on safe food
in restaurants around the launch terminal of Sadarghat and arranging regular training
and health education of these food handlers in all aspects of food hygiene and safety.
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