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ABSTRACT

Introduction: Contamination of food contact surfaces by Escherichia coli increases the risk of food-
borne diseases through cross-contamination which becomes more complicated with the development of
multidrug resistance by the pathogen. This study was aimed at investigating multidrug resistance and
carriage of carbapenemase genes among Escherichia coli isolates from food contact surfaces in Nasarawa
State, Nigeria.

Materials and Methods: A total of 924 swab samples (522 from Lafia and 402 from Nasarawa Eggon)
were collected from various food contact surfaces in food vending outlets and screened for multidrug
resistance and carbapenemase genes in E. coli isolates using standard culture, modified Kirby-Bauer disk
diffusion, PCR amplification and agarose gel electrophoresis techniques. Data obtained were statistically
analyzed and p-value set at 0.05 confidence level.

Results: Highest overall Escherichia coli contamination prevalence of 43.33 % was obtained from
hawkers’ outlets while table top surfaces had 35.43% with highest risk (odd ratio) of 1.94. Eateries and
Hotels had no E. coli contamination. The prevalence values were significantly different (p<0.05) among
the food contact surfaces, vending outlets and the two communities. Isolates from street vendors obtained
highest resistance to OFX/, REF/, STR%, CEP, NAL/, SEP*, AMPP antibiotics group with MDRI of
0.7. The bla_o x A-48, bla_y 7ps and bla_g pc carbapenemase genes were harbored by representative
isolates.

Conclusion: The presence of multidrug resistant E. coli with carbapenemase genes from food contact
surfaces in vending outlets serves as a public health challenge and the need for personal hygiene and strict
adherence to antibiotics protocols by food vendors is highly encouraged.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

The availability and comparatively low prices of prepared
foods from vendors relative to the processed and household
preparations have increased their reliability to customers.
This has also contributed to the increase in their

*Corresponding author.

popularity and preference by low- and medium-income
earners in developing countries.!> The rapid increase
in human population especially in developing countries
has augmented the activities of food vending services
among youths, students and itinerary workers which has
resulted in many patronizing foods vending outlets. The
rapid development of the food industry has led to the
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towards increasing the consumers’ preferences to dine
outside rather than cooking their meals at home.? The
responsibilities of good hygienic practices at home have
therefore been shifted to food vendors even though some
hardly observe such practices.*> In most developing
countries where unemployment rates are high, food
vending outlets serve as a reliable source of food security
to low-income earners and also act as a major form
of generating income and employment.®’ Despite the
numerous advantages associated with the sales of cooked
food, contaminated food has been reported to present
serious safety and health concerns to consumers and food
handlers basically due to their diversity, inadequate food
safety knowledge and practices, insufficient basic hygiene,
and lack of public awareness. -

Escherichia coli has been reported as one of the most
common commensals in the gastrointestinal tract of humans
and has therefore been used as an indicator of faecal
contamination. However, it has also been implicated as
a major cause of death especially among children in
developing countries. Extra-intestinal E. coli has also been
implicated in infections such as urinary tract infections,
pneumonia, septicemia and nosocomial infections.® It has
been established that the presence of bacterial contaminants
on food contact surfaces increases the danger of foodborne
illnesses through cross-contamination as a result of poor
handling by food vendors.*3

The consumption of street food increases the potential
risk of foodborne illnesses such as diarrhea or traveler’s
diarrhea as is the case with E. coli. '3 The severity of these
diseases depends specifically on the preparation process and
exposure during sales, storage processes and or mode of
handling of the foods. Moreover, illness resulting from the
consumption of contaminated foods has become one of the
most widespread public health challenges in contemporary
society. 16:17

There are indications that foods could be contaminated to
unsafe levels at the points of consumption with air flora and
other microorganisms from handlers, equipment, utensils
and raw food materials, though epidemiological evidences
on outbreak of foodborne diseases are scarce. '3

E. coli has been shown to survive for extended periods
on wooden, stainless steel and plastic surfaces.!>**Food
contaminated with antibiotic-resistant pathogenic bacteria is
an important threat to public health.?! Aside from infecting
humans, they act as potential reservoirs of antimicrobial
resistance and the pathogens easily convey antibiotic-
resistant elements to unrelated and related bacterial
species.?” Globally, there is an increase in the occurrence
of antimicrobial resistance among foodborne bacterial
pathogens in recent years.?>>* The emergence and spread
of carbapenemase-producing bacteria further serves as a
serious threat to public health.? It has been discovered that
carbapenemase-producing E. coli are not only present in

clinical settings such as hospitals and clinics, but also can
be transmitted by food vendors, meat vendors, and domestic
animals. 20

In Nigeria, the sales of ready-to-eat food in markets
and streets as well as laterally within the road for
travelers is a norm. Unfortunately, none of these food
vendors is monitored or licensed by appropriate agencies
or organizations to certify the safety of foods. As a result
of the conditions and manner these food vendors display
their items, there are possibilities of contamination with
bacteria pathogens. The role of food contact surfaces in
food vending outlets as major routes for the transmission
of foodborne pathogens such as E. coli can therefore not
be underestimated.?’3? The safety of served meals can
therefore be evaluated through the assessment of the level
of contamination of food contact surfaces by notorious
food pathogens such as Escherichia coli in food vending
establishments.”-3

2. Materials and Methods
2.1. Sample collection

A total of 924 swab samples (402 from Nasarawa Eggon
Community and 522 from Lafia Metropolis) were collected
aseptically from food contact surfaces (table tops, spoons,
plates and cups) in various food vending outlets using
swab sticks and immersed into sterile packs containing
normal saline. Samples were immediately transported to the
Microbiology Laboratory, Federal University of Lafia, for
further analyses within 6 hours.

2.2. Isolation and identification of Escherichia coli

Each diluted sample was spread on MacConkey agar (Difco)
using a sterile bent glass rod and incubated for 24 hours
at 45 °C. Suspected E. coli colonies with pink coloration
were subcultured on Eosin Methylene Blue (EMB) agar
plates and incubated for 24 hours at 37 °C under aerobic
conditions. Colonies with greenish metallic sheens were
isolated and placed on nutrient agar slants and refrigerated
at 4°C for biochemical analysis.

Identification of the E. coli isolates was carried out
using cultural and morphological (colonial) appearance on
nutrient agar plates. Characteristics such as shapes, size,
consistency, color, and elevation of colonies. Gram staining
was also performed and characteristic biochemical tests for
E. coli such as urease, motility, indole, Methyl Red/Voges-
Proskauer (MR-VP), citrate, and sugar fermentation on
triple sugar iron agar (TSI) were carried out to confirm its
identification.3*
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2.3. Antibacterial susceptibility testing

2.3.1. Inoculum preparation

The inoculum was prepared using a 24-hours old
resuscitated culture of the test organism suspended in sterile
peptone water (Difco) and incubated for 2 hours to obtain
the log phase of growth. The culture suspension was then
diluted to match the turbidity standard (McFarland 0.5)
containing approximately 1.5 x 108 CFU/mL.

2.3.2. Antibiotics susceptibility analysis

Each of the isolates (E. coli) was subjected to antibiotic
susceptibility testing using the Kirby—Bauer disc diffusion
method as standardized and evaluated by the methods of the
National Committee for Clinical Laboratory Standards.3
Isolates resuscitated overnight on Nutrient Agar were
suspended in sterile normal saline (0.9% w/v NaCl).The
following antibiotics discs were in the panel: Tarivid (10
u1g), Reflacine (10 ug), Ciprofloxacin (10 ug), Augmentin
(30 wug), Gentamycin (10 wug), Streptomycin (30 ug),
Ceporex (10 ug), Nalidixic acid (30 ug), Cotrimoxazole
(30 ug), and Ampicilin (30 ug). A sterile swab was dipped
into the standardized bacterial cell suspension and used
to evenly inoculate the entire surface of sterile Mueller-
Hinton agar plate and allowed for about 5 minutes for
the agar surface to dry. The appropriate antibiotic discs
were aseptically placed using sterile forceps, and all plates
were incubated (Gallenkamp England, model IH-150) at
37°C for 24 hours. The diameters of the zones of inhibition
were measured to the nearest millimeters as described by
Cheesbrough. 3

2.4. PCR screening for carbapenemase genes

2.4.1. DNA extraction (Boiling method)

The DNAs of Escherichia coli were identified by molecular
methods with minor modifications.3® Six (6) E. coli
colonies (one each from the six food vending outlets that
produced positive colonies) were randomly collected and
plated on Luria Bertani Agar. The culture was mixed with
200 pl of double-distilled water in 1.5-ml micro-centrifuge
tubes and boiled for 10 min in a water bath followed by
snap chilling in ice for 5 min. The heat-treated bacterial
suspensions were centrifuged at 10000 rpm for 5 min to
pellet down the cell debris, and the supernatants were used
as DNA templates in the PCR. The DNA was purified and
quantified using Nano drop 1000 Spectrophotometer (Scale
Tech., South Africa).

2.4.2. Amplification for Carbapenemase Genes

Primers (Table 1) for the carbapenemase genes were
amplified by PCR method. Reaction mixtures in final
volume of 25 ul was prepared with 10 umol of each
primer, 200 mM of dANTP, 1 unit of Taq polymerase,
2.5 pl of 10X reaction buffer, 1.5 mM MgCl, in final

concentration (Inqaba Biotec, South Africa) and 100 ng
DNA template. Amplification reactions was carried out in
a thermocycler (Eppendorf master cycler, MA) under the
following conditions: 94 °C for Smin, followed by 30 cycles
of $94°C for 25 sec, 52°C for 40 sec, 72 ¢ C for 50 sec, and
72 °C for 6 min for the final elongation step.

2.5. Agarose gel Electrophoresis

The amplified products were electrophoresed on agarose
gels as described by Abimiku et al.3® An aliquot of 8ul of
PCR products stained with ethidium bromide was loaded
into 1.0% (wt/vol) agarose gel (Inqaba Biotec, South Africa)
wells with a molecular marker and run concurrently at
120 V for 30 min. The DNA bands were visualized and
photographed under UV light 595nm.

2.6. Data analysis

SPSS version 20 (Statistical Package for Social Sciences)
was used for statistical analysis of the data. One way
and a two-way ANOVA (analysis of variance) were used
to determine differences in the group means. Statistical
importance was set at 0.05 confidence level. Odd ratio was
also used to determine the risk factors evaluation for the
isolation of E. coli from vending outlets.

3. Results

3.1. Occurrence of E coli isolates from various food
vending outlets in various locations

Table 1 showed a total of 924 swap samples collected
from Nasarawa Eggon and Lafia Local Government
Areas of Nasarawa State. Among the samples collected
from Nasarawa Eggon, 52/90 (57.78%), 46/120 (38.33%)
and 24/120 (20.00%) from Hawkers, Street vendors
and Restaurants respectively were positive for E. coli
while samples from Hotels and Eateries had no E. coli
contamination. For samples collected in Lafia, a total of
26/90 (28.89%), 29/120 (24.17%) and 23/120 (19.17%)
from Hawkers, Street vendors, and Restaurants respectively
were positive for E. coli while those obtained from Hotels
and Eateries had no E. coli contamination. The overall E.
coli positive samples were 200/924 (21.65 %) out of which
122/402 (30.35 %) were from Nasarawa Eggon Community
and 78/522 (14.94 %) from Lafia Metropolis. Chi square test
indicates that the distributions of E. coli were significantly
different among the two locations and the vending outlets
(x?=15.21, p <0.001).

3.2. Occurrence of E coli isolates from various contact
surfaces

Results of the frequency of isolation of E. coli from the
various contact surfaces are shown in Table 2. In Nasarawa
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Table 1: Primers for carbapenem resistance genes used in this study
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S/N Target genes Gene sequence Amplicon size Reference
(bp)
1 bla-OXA-48 F 5- GCTTGATCGCCCTCGATT -3~ 238 36
R5-GATTTGCTCCGTGGCCGAAA-3”
2 bla-VIM F 5°- GATGGTGTTTGGTCGCATA-3" 398 36
R 5"-CGAATGCGCAGCACCAG-3’
3 bla-KPC F5°-CATTCAAGGGCTTTCTTGCTGC-3" 498 36

R 5-ACGACGGCATAGTCATTTGC-3"

F = forward primer; R = reverse primer

Eggon, highest frequency value of 38/78(48.72%) was
obtained from table top swabs while the least value of
20/108(18.52%) was obtained from spoon swabs. Similar
results pattern of 28/108(25.93%) and 6/138(4.35%) were
obtained from table top and spoon swabs from Lafia
Metropolis respectively. Highest overall frequency value of
66/186 (35.46%) was obtained from table top swabs while
those from cups, plates and spoons had 57/246(23.17%),
51/246(20.73%) and 26/246(10.57%) respectively. The
difference in the frequency values of the individual contact
surface and those of the overall values in both locations were
significant (x2= 39.26; p < 0.01).

3.3. Potentials of vending outlets as risk factors for the
isolation of E. coli from contact surfaces.

Table 3 showed the risk (odd ratios) associated with the
isolation of E. coli from food vending outlets as reported
in this study. In both Nasarawa Eggon and Lafia, Hawkers
swabs had the highest odd ratio of 4.73 and 4.11 respectively
with an overall value of 1.94 while overall values for Street
vendors and Restaurants were 1.44 and 0.59 respectively.

3.4. Antibiotic resistivity test of E. coli isolates in
contact surface swabs from various food outlets.

Table 4 showed the results of antibiotics resistivity test of
E. coli isolates obtained from restaurants with the tested
antibiotics. In a total of 47 E. coli isolates tested, 37 (78.72
%) isolates exhibited highest resistance to cotrimoxazole
while 8 (17.02%) had intermediate resistance and 2
(4.26 %) were susceptible. All isolates were not resistant
to ciprofloxacin, augmentin and gentamycin. Resistant
potentials of the isolates to the various antibiotic was
significantly different (x> = 395.88; p< 0.001).

Table 4 shows the results of antibiotics resistivity test
of E. coli isolates obtained from street vendors with tested
antibiotics. Among a total of 75 E. coli isolates tested, more
than half of the isolates were resistant to cotrimoxazole
(77.33%), ampicillin (73.33%) and streptomycin (53.33%)
while none was resistant to ciprofloxacin, augmentin and
gentamycin. Resistant potentials of the isolates with the
various antibiotic was significantly different (x> = 598.77;
p< 0.001).

The resistivity potentials of the E. coli isolates in
contact surface swabs from food hawkers against the various
antibiotics is shown in Table 5. In a total of 78 E. coli
isolates tested, 55/78 (70.50%) were resistant to Ampicillin
with intermediate value of 23/78 (29.49%) while none
was resistant to Ciprofloxacin, Augmentin and Gentamycin.
Resistance frequencies of isolates from various locations
and contact surfaces to the tested antibiotics had statistically
significant difference (x> = 670.49; p< 0.001).

3.5. Antibiotic resistance index of E coli isolates from
various vending outlets

Table 6 shows the results of antibiotics resistivity test of
E. coli isolates obtained from various vending outlets and
their corresponding MDRI. For contact surfaces from street
vendor, 29.19% of E. coli isolates were resistant to OFX/,
REF/, STR4, CEP¢, NAL/, COT*, AMP? antibiotics group
having the highest multidrug resistance index (MDRI)
of 0.7. However, 40(34.78%) and 27 (25.23%) isolates
from food hawkers and restaurants had highest resistance
to OFX/, REF/, STR%, AMP? CEP¢ and STR¢, CEP,
NAL/, SEP*, AMP? antibiotics group respectively with
MDRI values of 0.5 each.

3.6. Molecular characterization of
carbapenemase-producing E coli isolates

Figures 1, 2 and 3 showed the agarose gel electrophoresis
results for the characterization of selected E. coli isolates
based on the presence of the various carbapenemase genes.
Among the 6 isolates randomly selected and screened, 4
were shown to harbor the bla-OXA-48 gene with 238bp
(Figure 1) while all the isolates harboured Bla-VIM with
390bp (Figure 2) and bla-KPC with 498bp (Figure 3).

4. Discussion

Food vending outlets are highly patronized in Nasarawa
State especially in Nasarawa Eggon and Lafia Metropolis
which are proximal to Abuja, Nigeria’s Capital City.
However, these vending outlets has been implicated to be
a source of microbial food contamination as found in this
study. This study revealed a significantly higher level of E.
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Table 2: Occurrence of E. coli isolates from various food vending outlets in various locations.
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Vending outlets
Restaurants
Street vendors
Hawkers
Hotels

Eateries

Total

Location
Nasarawa Eggon
N n (%)
120 24 (20.00)
120 46 (38.33)
90 52 (57.78)
72 -
402 122 (30.35)

¥2=73.11, P <0.001

N
120
120
90
120
72
522

Lafia

n (%)
23 (19.17)
29 (24.17)
26 (28.89)

78 (14.94)

¥2=57.22, P <0.001

N
240
240
180
192

72
924

Total
n (%)
47 (19.58)
75 (31.25)
78 (43.33)

200 (21.65)

x2=136.51, P <0.001

N = Total number of samples collected n = Number of positive samples

Table 3: Occurrence of E. coli isolates from various contact surfaces in both locations

Contact surfaces
Plates

Cups

Spoons

Table tops

Total

Location
Nasarawa Eggon
N n (%) N
108 36 (33.33) 138
108 28 (25.93) 138
108 20 (18.52) 138
78 38 (48.72) 108
402 122 (30.35) 522

x2 =21.06, P <0.001

Lafia

n (%)
15 (10.87)
29 (21.01)
6 (4.35)
28 (25.93)
78 (14.94)

X2 =28.24, P <0.001

N
246
246
246
186
924

Total
n (%)
51 (20.73)
57 (23.17)
26 (10.57)
66 (35.48)
200 (21.65)

x? =39.26, P <0.001

N = Total number of samples collected; n = Number of positive samples

Table 4: Potentials of vending outlets as risk factors for the isolation of E. coli

Location Outlets or O’'N ON o’p OR
Restaurants 24 184 96 98 4416/9408 (0.47)

Nasarawa Street vendors 46 206 74 76 9476/5624 (1.64)

Eggon Hawkers 52 242 38 70 12584/2660 (4.73)
Hotels 0 330 72 0 0
Eateries 0 0 0 0 0
Restaurants 23 347 97 55 7981/5335 (1.50)

Lafia Street vendors 29 353 91 49 10237/4459 (2.30)
Hawkers 36 380 64 52 13680/3328 (4.11)
Hotels 0 402 120 0 0
Eateries 0 450 72 0 0
Restaurants 47 369 193 153 17343/29529(0.59)

Total Street vendors 75 397 165 125 29775/20625(1.44)
Hawkers 78 310 102 122 24180/12444(1.94)
Hotels 0 522 192 0 0
Eateries 0 522 72 0 0

OP = Examined outlet positive; O’N = Other outlets negative, ON = Examined outlet negative;
Table 5: Antibiotic resistivity test of E. coli isolates from restaurants
Intermediate Resistant Susceptibility

Antibiotics N n (%) n (%) n (%) ,\/2 P-value

Tarvid 47 36 (76.60) 8 (17.02) 3(6.38) 395.88 <0.001

Reflacine 47 38 (80.85) 6 (12.77) 3(6.38)

Ciproflox 47 5(10.64) - 42 (89.36)

Augmentin 47 2 (4.26) - 45 (95.74)

Gentamycin 47 4 (8.51) - 43 (91.49)

Streptomycin 47 16 (34.04) 17 (36.17) 14 (29.79)

Ceporex 47 32 (68.89) 6 (12.77) 9 (19.15)

Nalidixic acid 47 29 (61.70) 7 (14.89) 11 (23.40)

Cotrimoxazole 47 8 (17.02) 37 (78.72) 2 (4.26)

Ampicillin 47 19 (40.43) 26 (55.32) 2 (4.26)
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Table 6: Antibiotic resistivity test of E. coli isolates from street vendors
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Intermediate Resistant Susceptibility
Antibiotics N n (%) n (%) n (%) Xz p-value
Tarvid 75 40 (53.33) 22 (29.33) 13 (17.33) 598.77 <0.001
Reflacine 75 46 (61.33) 6(8.11) 23 (30.67)
Ciproflox 75 - - 75 (100.00)
Augmentin 75 1(1.33) - 74 (98.67)
Gentamycin 75 1(1.33) - 74 (98.67)
Streptomycin 75 9 (12.00) 40 (53.33) 26 (34.67)
Ceporex 75 32 (42.67) 12 (16.00) 31 (41.33)
Nalidixic acid 75 35 (46.67) 31(41.33) 9 (12.00)
Cotromoxazole 75 17 (22.67) 58 (77.33) -
Ampicillin 75 20 (267) 55 (73.33) -
Table 7: Antibiotic resistivity test of E. coli isolates from hawkers
Intermediate Resistant Susceptibility
Antibiotics N n (%) n (%) n (%) 2 P-value
Tarvid 78 48 (61.54) 13 (16.67) 17 (21.79) 670.49 <0.001
Reflacine 78 55 (70.51) 3 (3.85) 20 (25.64)
Ciproflox 78 2 (2.56) - 76 (97.44)
Augmentin 78 - - 78 (100.00)
Gentamycin 78 3(3.85) - 75 (96.15)
Streptomycin 78 50 (64.10) 2 (2.56) 26 (33.33)
Ceporex 78 64 (82.05) 1(1.28) 13 (16.67)
Nalidixic acid 78 39 (50.00) 13 (16.67) 26 (33.33)
Cotrimoxazole 78 50 (64.10) 28 (35.90) -
Ampicillin 78 23 (29.49) 55 (70.51) -
Table 8: Antibiotic resistance index of E. coli isolates from various vending outlets
Antibiotics No. of isolates (%) MDRI
Street vendors
OFX/, REFf, STR¢, CEP¢, NAL/, COT*, AMP” 67 (29.91) 0.7
OFX/, STR%, NAL/, COT®, AMPP 60 (26.79) 0.5
AMPP, STR4, COT® 57(25.44) 0.3
SEPS, AMPP 40(17.85) 0.2
Hawkers
OFX/, REF/, STR%, AMPP CEP¢ 40 (34.78) 0.5
OFX/, STR¢, NAL/, COT?, 25 (21.74) 0.4
AMP?, STR4, NAL/ 31 (26.96) 0.3
COT*, OFXS/ 19 (16.52) 0.2
Restaurants
STR?, CEP¢, NALS, COT*, AMPP 27 (25.23) 0.5
AMP? | STRA, COTS 26 (24.30) 0.3
COT®, AMP?, CEP® 37 (34.58) 0.3
OFX/, STR, 17 (15.89) 0.2

MDRI= Multidrug resistance index, OFX=Tarivid, REF=Reflacine, CPX=Ciprolox, AUG=Augmentin, GEN=Gentamycin, STR=Streptomycin, CEP=
Ceporex, NAL= Nalidixic Acid, COT= Cotrimoxazole, AMP=Amplicin, f = Flouroquinolones, c= Cephalosporin, p= Penicillin, s= Sulfonamides, a=

Aminoglycosides
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bla-oxs.45 (238bp)

1,500bp

Fig. 1: Agarose gel electrophoresis ofcarbapenemase genes from
E. coli isolates from Lafia and Nasarawa Eggon indicating positive
bands in line 3, 4, 5, and 6 for bla_px 448 gene. M represents a
1,500bp DNA molecular ladder. N represents negative control; P
represents positive control.

_ Bla.ms(390bp)

Fig. 2: Agarose gessl electrophoresis of carbapenemase genes
from E. coli isolates from Lafia and Nasarawa Eggon indicating
positive bands in lane 1 - 6 for bla_yy; gene. M represents a
1,500bp DNA molecular ladder. N represents negative control; P
represents positive control.

bla-kec (498bp)

Fig. 3: Agarose gel electrophoresis ofcarbapenemase genes from
E. coli isolates from Lafia and Nasarawa Eggon indicating positive
bands in lane 1 - 6 for bla_g pc gene. M represents a 1,500bp
DNA molecular ladder.

coli contamination in Nasarawa Eggon (48.72%) compared
to Lafia (25.93%). This could be attributed to the existence
of limited water availability in Nasarawa Eggon Community
as seen during the study. Workers of most food vending
outlets bought water from cart pushing water vendors and
using the limited water to wash all utensils throughout the
day compared to those in Lafia, the State Capital, where
most vending outlets had potable water supply. A similar
E. coli prevalence of 26 % was also observed in a study
carried out from various vending outlets in Kaduna State,
Nigeria.3” In another finding, a slightly lower prevalence of
20.3% was also reported for Escherichia coli from different
vending outlets in Kano Metropolis.*® The lower prevalence
seen in major towns may be related to the higher educational
status and hygienic awareness of the vendors.

Results from Table 2 showed that table top swabs in both
locations had highest occurrence of E. coli with 48.72%
and 35.48% for Nasarawa Eggon and Lafia Metropolis
respectively. This may be due to the large surface area of
the tables often used in most food vending outlets which
exposes them to soil, air, water and human contamination.
Also, majority of the table tops in Nasarawa Eggon
community had wooden surfaces which might have favored
growth and biofilm formation as reported by Dantas et
al.' Many studies have also reported significant levels of
E. coli contaminations of food processing surfaces.®’ A
similar study carried out in Makkah city, obtained 17.7%
for E. coli contamination of food contact surfaces with
21% of washed serving dishes being contaminated with this
pathogen. They also reported the isolation of the pathogen in
at least one sample from each of the sixteen different contact
surfaces.’

This study reported no occurrence of E. coli in food
contact surfaces from the Hotels and Eateries surveyed
while the pathogen was isolated from the other outlets
with values of 43.33%. 31.25% and 19.58% for hawkers,
street vendors and restaurants respectively. This could be
attributed to a general lack of tap water, inefficient sewage
disposal system, inappropriate storage conditions and the
preparation and presentation of these food in the open or
in crude structures as was the case with some restaurants
and most street vendors and food hawkers. The mesophilic
temperature and corresponding high relative humidity
prevailing in both locations must have also contributed
significantly to the unacceptable level of contamination. 3’
This unfavorable environmental conditions are drastically
reduced in hotels and eateries with the provision of air
conditioned environments. This study agrees with a similar
study carried out in Owerri, Nigeria that reported high
prevalence of E. coli at various vending outlets.*? A study in
Kano State, Nigeria, had relatively lower values for vending
outlets with the highest contamination level of 9.8% and
least value of 2.8% though not acceptable. 333
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In both Nasarawa Eggon and Lafia, food hawkers’ swabs
had highest contamination risk (odd ratio) of 4.73 and 4.11
respectively with an overall value of 1.94 while overall
values for Street vendors and Restaurants were 1.44 and
0.59 respectively. These values clearly suggest that the risk
of cross-contamination from hawkers was higher relative to
street vendors and restaurant outlets. More so, the hygienic
status of the food hawkers was generally poor couple
with the fact that they were always mobile without any
specific sales point thereby exposing their utensils to air
and human contamination. Oranusi et al.*’ and Nawawee
et al.*! reported that the nature of food vending sites may
greatly affect the safety of food products

Resistance exhibited by E. coli to a number of
antimicrobials including Aminoglycosides, Carbapenems,
Penicillin, Cephalosporins, Fluoroquinolones,
Sulfonamides, Tetracycline, and Trimethoprim have
all been described in previous studies.*>** This study
however obtained the resistivity profile for E. coli isolates
from restaurants to be 78.72 % with highest resistance to
cotrimoxazole while 8 (17.02%) had intermediate resistance
and 2 (4.26 %) were susceptible. All isolates were not
resistant to ciprofloxacin, augmentin and gentamycin.
Resistant potentials of the isolates to the various antibiotic
was significantly different (x> = 395.88; p< 0.001). Similar
results were obtained from street vendors and hawkers
isolates.The high level of resistance shown in this study
can be attributed to the uncontrolled use of broad-spectrum
antimicrobials for therapeutic purposes by clinicians in
treating infections and over-the-counter prescriptions.*
The sale of these drugs by drug hawkers (non-professionals)
in the Nigerian community has encouraged the practice
of self-medication, leading to misuse or abuse of drugs,
which has also contributed to these observed resistance
patterns.** This study agrees with other findings carried
by Eyitayo et al.*® in Lagos, Nigeria where E. coli
isolates showed resistance to different antibiotics such as
sulfamethoxazole (61.1%), Gentamicin (7.7%), Ampicillin
(59.1%), Tetracycline (73.7%), Aztreonam (7.7%),
Ciprofloxacin (13.0%). Other findings conducted by
Ogbolu et al.*? from different food vending outlets in
Kaduna, Nigeria showed high E. coli resistance profile
to different antibiotics such as Cotrimoxazole (46.2%),
Amoxicillin (53.8%) and Sparfloxacin (27.2%) which is in
agreement with the findings of this study.

This study showed most of the E. coli isolates to be
multi-resistant to the commonly used antimicrobials
agents such as Tarivid, Reflacine, Nalidixic acid,
Amplicin, Cotrimoxazole, Streptomycin and Ceporex.
These resistance profiles were common and could be
accounted for by a number of known acquired resistance
genes. The high MDRI values obtained from all the food
outlets may suggest that the materials used in cleaning
the contact surfaces such as water may have been highly

contaminated with antibiotics due to their indiscriminate
usage. Similar studies on multidrug resistant E. coli from
drinking water sources in Ghana reported 63% of the
isolates having MDRI values > 0.2.4* Transfer of drug
resistant genes among the isolates through horizontal gene
transfer may be another possible reason for the high MDRI
values.

Resistance of E. coli isolates against carbapenem
antibiotics has been widely reported.*’ In the present study,
it was found that bla-p x 448 (238bp) carbapenemase genes
was harbored by 4 out of the 6 screened E. coli isolates while
bla-y7as (390bp) and bla-x pc (498bp) genes were present
in all the isolates. This is in agreement with Mahmoud et
al.*® who reported the presence of carbapenemase genes
in 28% of E. coli isolates from domestic drinking water
in Khartoum, Sudan. They detected the presence of bla-
OXA-48 (155%), bla-spM(S.S%) and bla-KpC (444%)
The similarities in two carbapenemase genes may suggest
the fact that most of the E. coli isolates in this study must
have been introduced to contact surfaces through domestic
water. However, contrary to their findings, this study did not
find the bla-gpys gene among the isolates while their study
did not also identify bla-px_43 as was done in this study.
The variations of the results may be due to the differences
in the geographical location, duration of sampling and large
difference in the sample sizes. Fewer isolates were used in
this study which may not be representative and hence serve
as a limitation.

The observed multidrug resistance and carriage of
carbapenemase genes by E. coli isolates from food surface
contacts as reported in this study is significantly of public
health importance as there is a poor drug regulatory frame
work in Nigeria and the administration of carbapenem is
usually reserved as a last resort against life-threatening
illnesses.

5. Conclusion

Food contact surfaces from various vending outlets in
Nasarawa Eggon and Lafia Metropolis have been shown
to be potential vehicles for the transmission of E. coli to
human population. Highest overall frequency of isolation
was obtained from table tops swab samples from hawkers,
street vendors and restaurants while the eateries and hotels
had no isolate. Multidrug resistance among the isolates
was high with majority having a multidrug resistance index
(MDRI) of > 0.4. Some isolates were shown to harbor
bla-px 48, bla-ya, and bla-xpc carbapenemase genes
which may account for the high MDRI values.

Further analysis is required to ascertain the
carbapenemase genes frequencies using larger population
of E. coli isolates and to develop an epidemiological
framework geared towards limiting its transmission.
Prevention of possible community spread of multidrug
resistant E. coli through food contact surfaces is imperative
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and will require a multi-disciplinary approach involving all
stakeholders.

6. Authors’ Contributions

This research was carried out with the total collaboration of
all the authors. Author JFN conceived, designed and wrote

the

protocols and first draft of this study. Authors NTD

and HUK compiled the necessary literature and statistical
analyses while authors NSH and PA contributed to the
laboratory analyses. All authors reviewed and approved the
first manuscript.

7. Conflict of Interest

All

items used in this research were obtained locally and

mainly used in our area of research. There is therefore no
conflict of interest between the authors and producers of
such items.

8. Source of Funding

This research was completely funded by the authors without
assistance from any institution or organization.

References

1.

10.

Asiegbu CV, Lebelo SL, Tabit FT. The food safety knowledge

and microbial hazards awareness of consumers of ready-
to-eat street-vended food. Food Control. 2016;60:422-9.
oL T.T00dCOnt.

. Mafune TS, Takalani TK, Anya51 TA Ramashia SE. Microbial safety

of street vended foods sold in Thohoyandou , South Africa. J Human
Ecology. 2017;53(3):205-12. HEorTTORO/OYN97 727016 11906973

. Alimi BA. Risk factors in street food practices in developing
countries. Food Sci Human Wellness. 2016;5(3):141-8.
101 10.1016 UT6.05.001].

. Monday IE, Francis JI, Mohammad SU. Microbiological quality

of ready-to-eat foods (Rice and Moimoi) sold by food vendors in
Federal Polytechnic Bali. IOSR J Environ Sci Toxicol Food Technol.
2014;8(2):145-9.

. Oje OJ, David OM, Adeosun OM, Adebayo AA, Famurewa O.

Multiple Antibiotic-resistant Escherichia coli in Ready-to-eat Foods
from Food Outlets in Ekiti State University and Its Environ.
2016;13(1):1-11. o9 73TRMRIIIOTAI3A T,

. Petruzelli A, Osimani A, Tavoletti S, Clementi F, Vetrano V, Lullo

SD, et al. Microbiological quality assessment of meals and work
surfaces in a school-deferred catering system. Int J Hospitality Manag.

2018;68:105-14. EOrTU.TOTO/INM.2Z0T7.TU.003.

. Bukhari MA, El-Bali M, Bulkhi RA, Qamash RA, Khayyat M, Kurdi

MA, et al. Assessment of microbiological quality of food preparation
process in some restaurants of Makkah city. Saudi J Biol Sci.
2021;28(10):5993-7.

. Russo TA, Johnson JR. Proposal for a new inclusive designation for

extraintestinal pathogenic isolates of Escherlchla coli: EPEC. J Infect
Dis. 2000;181(5):17534.

. Scott E. Bloomfield SFAn in-use study of the relatlonshlp between

bacterial contamination of food preparation surfaces and cleaning
cloths. Lett Appl Microbiol. 1993;16(3):173-7.

Food Standard Agency. Regulatory Guidance and Best Practice
Advice for Food Business Operators. 2009. Available from:
http://multimedia.food.gov.uk/multimedia/pdfs/publication/
fitnesstoworkguideO9v3.pd.

. Little C, Sagoo S. Evaluation of the hygiene of ready-to-eat food

preparation areas and practices in mobile food vendors in the UK. Int

12.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

J Environ Health Res. 2009;19(6):431-43.

Ravishankar S, Zhu L, Jaroni D. Jaroni DAssessing the cross
contamination and transfer rates of Salmonella enterica from chicken
to lettuce under different food handling scenarios. Food Microbiol.

2010;27(6):791-4. Hor-10-T0T6/[.Tm.2010.04.01].

. Choi J, Almanza B, Nelson DA. Strategic cleaning assessment

program: Cleanliness of the menu in restaurants 2011. [Accessed on
12 April 2017]. Available from: http://scholarworks.umass.edu/cgi/
viewcontent.cgi?article=1219&context=gradconf_hospitality.

Arcilla MS, Van Hattem JM, Haverkate MR, Bootsma MC,
Van Genderen PJ, Goorhuis A, et al. Import and spread

of extended-spectrum beta-lactamase-producing Enterobacteriaceae
by international travellers
multicentre cohort study.

(COMBAT
Lancet Infect Dis.
o1 10. 1016/514/5-3099(10)30319-X].

Nfongeh JF, Owoseni MC, Upla PU, Odonye DD, Akharenegbe P,
Fadoyomi VK, et al. Comparative isolation of Escherichia coli
0157:H7 from Diarrhoeic and Non-Diarrhoeic children in selected
communities in Cross River State. Adv Biosci Bioeng. 2018;6(2):23-9.
World Health Organization. Food borne diseases: A focus for health
education. 53rd World Health Assembly, Geneva. Geneva; 2000.
Omemu AM, Omeike SO. Microbiological hazard and critical control
point’s identification during household preparation of cooked ogi used
as weaning food. Intern. Food Res J. 2010;17(2):257-66.

Edema MO, Osho AT, Diala CI. Evaluation of microbial hazards
associated with the processing of Suya (a grilled meat product). Sci
Res Essay. 2008;3(12):621-6.

Dantas S, Rossi B, Bonsaglia E, Castilho I, Hernandes R, Fernandes
A, et al. Cross-Contamination and Biofilm Formation by Salmonella
enterica Serovar Enteritidis on Various Cutting Boards. Foodborne
Pathog Dis. 2018;15(2):81-5. For:10-1089/Tpd-2017-2341].

Wilks SA, Michels H, Keevil CW. The survival of Escherichia
coli O157 on a range of metal surfaces. Int J Food Microbiol.
2005;105(3):445-54.

Gajraj R, Pooransingh S, Hawker J, Olowokure B.

study): A prospective,
2017;17(1):78-85.

Multiple

outbreaks of Salmonella Braenderup associated with consumption
of iceberg lettuce.

Int J Environ Health Res. 2012;22(2):150-5.

do1- 1O TOXO/OYQ0S 173 JOTT 613114

Odu NN, Akano UM. The microbiological assessment of ready-
to-eat food (shawarma) in Port Harcourt City, Nigeria. Nat Sci.
2012;10(8):1-8.

David OM, Oluyege AO. Antibiotic resistance and plasmid carriage
among Salmonella typhi isolated from food and hands of food handlers
in a Nigeria University. Int J Curr Microbiol Appl Sci. 2015;4(3):906—
14.

Beshiru A, Okareh OT, Okoh Al, Igbinosa EO. Detection of antibiotic
resistance and virulence genes of Vibrio strains isolated from ready-
to-eat shrimps in Delta and Edo States, Nigeria. J Appl Microbiol.
2020;129(1):17-36. Hor: 10T TTT77am.14597.

Prah I, Ayibieke A, Mahazu S, Sassa CT, Hayashi T, Yamaoka
S, et al. Emergence of oxacillinase-181 carbapenemase-producing
diarrheagenic Escherichia coli in Ghana. Emerg Microbes Infect.
2021;10(1):865-73. HorTITOR/ZZZ7 TS T 707 T TU0347)

Woodford N, Warecham DW, Guerra B, Teale C. Carbapenemase-
producing Enterobacteriaceae and non-Enterobacteriaceae from
animals and the environment: An emerging public health risk of
our own making. J Antimicrob Chemother. 2014;69(2):287-91.
go1: 10. 109 5/1ac/dkt594.

Igbinosa IH, Beshiru A, Egharevba NE, Igbinosa EO. Distribution
of Enterobacteria in Ready-to-Eat Food in Cafeterias and Retail Food
Outlets in Benin City: Public Health Implications. J Community Med
Primary Health Care. 2020;32(2):80-94.

Ire FS, Imuh VT. Bacteriological quality evaluation and safety
of randomly selected ready-to-eat foods sold in Port Harcourt City
Nigeria. J Appl Life Sci Int. 2016;7(1):1-10.

Cosby CM, Costello CA, Morris WC, Haughton B, Devereaux MJ,
Harte F, et al. Microbiological Analysis of Food Contact Surfaces in
Child Care Centers. Appl Environ Microbiol. 2008;74(22):6918-22.



http://dx.doi.org/10.1016/j.foodcont.2015.08.021
http://dx.doi.org/0.1080/09709274.2016.11906973
http://dx.doi.org/10.1016/j.fshw.2016.05.001
http://dx.doi.org/10.9734/BMRJ/2016/23477
http://dx.doi.org/10.1016/j.ijhm.2017.10.003
http://dx.doi.org/10.1086/315418
http://multimedia.food.gov.uk/multimedia/pdfs/publication/fitnesstoworkguide09v3.pd
http://multimedia.food.gov.uk/multimedia/pdfs/publication/fitnesstoworkguide09v3.pd
http://dx.doi.org/10.1016/j.fm.2010.04.011
http://scholarworks.umass.edu/cgi/viewcontent.cgi?article=1219&context=gradconf_hospitality
http://scholarworks.umass.edu/cgi/viewcontent.cgi?article=1219&context=gradconf_hospitality
http://dx.doi.org/10.1016/S1473-3099(16)30319-X
http://dx.doi.org/10.1089/fpd.2017.2341
http://dx.doi.org/10.1080/09603123.2011.613114
http://dx.doi.org/10.1111/jam.14590
http://dx.doi.org/10.1080/22221751.2021.1920342
http://dx.doi.org/10.1093/jac/dkt392

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Nfongeh et al. / IP International Journal of Medical Microbiology and Tropical Diseases 2022;8(3):222-231

dor TO L1 X/ABEN Q04 /-0,
World Health Organization WHO estimates of the global burden of
foodborne diseases: foodborne disease burden epidemiology reference
group 2007-2015. Geneva: World Health Organization; 2015.
Hertanto BS, Nurmalasari CDA, Nuhriawangsa AMP, Cahyadi M,
Kartikasari LR. The physical and microbiological quality of chicken
meat in the different type of enterprise poultry slaughterhouse: a case
study in Karanganyar District. IOP Conference Series: Earth Environ
Sci. 2018;102(1):12-51. HorTOTORKZT7SS-T3TS/TO/ 7005,
Makinde OM, Adetunji MC, Ezeokoli OT, Odumosu BT, Ngoma
L, Mwanza M, et al Bacterial contaminants and their

antibiotic susceptibility patterns in ready-to-eat foods vended in
Ogun state.

Nigeria Lett Appl Microbiol. 2021;72(2):187-95.
doi- [0 T1T1/1am [ 3404,

Birgen BJ, Njue LG, Kaindi DM, Ogutu FO, Owade JO.
Determinants of Microbial Contamination of Street-Vended Chicken
Products Sold in Nairobi County, Kenya. Int J Food Sci.
2020 o0 TP Or7 726497,

Cheesbrough M. Microbiological Tests. In: District Laboratory
Practice in Tropical Countries, Part II, Low Priced Edition.
Cambridge: Cambridge University Press; 2006. p. 105-30.

NCCLS Methods for Dilution Antimicrobial Susceptibility Tests for
Bacteria That Grow Aerobically. Approved Standard M7-A6. 2002
NCCLS,. Wayne, PA, USA; 2002.

Abimiku RH, Ngwai YB, Nkene IH, Bassey BE, Tsaku PA, Ibrahim
T, et al. Molecular Diversity and Extended Spectrum Beta-lactamase
Resistance of Diarrheagenic Escherichia coli from Patients Attending
Selected Health Care Facilities in Nasarawa State Nigeria. Int J Pathog
Res. 2019;3(1):1-18.

Mohammed Y, Zailani SB, Onipede AO. Characterization of
KPC, NDM and VIM type carbapenem resistance Enterobacteriaceae
from north eastern Nigeria. J Biosci Med. 2015;3(11):100-7.
For:TU-4236/1bm. 2015311013

Jibrin YD, Firdausi AA, Hamza I, Saratu AA. Bacterial
Contamination of Food Handlers at Various Restaurants in Kano State
Metropolis. Int J Curr Microbiol Appl Sci. 2016;5(5):2319-77.

Ossai OS. Bacteriological Quality and safety of Street Vended Foodsin
Delta State, Nigeria. J Biol, Agriculture Healthcare. 2012;2(5):114-8.
Oranusi SU, Braide W. A study of microbial safety of ready-to-eat
foods vended on highways: Onitsha-Owerri, south east Nigeria. Intern
Res J Microbiol. 2012;3(2):66-71.

Nawawee NSM, Bakar NFA, Zulfakar SS. Microbiological Safety of
Street-Vended Beverages in Chow Kit, Kuala Lumpur. Int J Environ
Res Public Health. 2019;16(22):4463. for:10-33907/11erph16224463.
Ogbolu DO, Daini OA, Ogunledun A, Alli AO, Webber MA. High
levels of multidrug resistance in clinical isolates of Gram-negative
pathogens from Nigeria. Int J Antimicrob Agents. 2011;37(1):62-6.
[I01: 10,1016 g.7010.03.019.

43.

44.

45.

46.

47.

48.

231

Odonkor ST, Addo KK. Prevalence of Multidrug-Resistant
Escherichia coli Isolated from Drinking Water Sources in Ghana. Int
J Microbiol. 2018;18:7204013. HarTOTTSSJOTR/770A0T3
Hashimu DA, Nfongeh JF, Orole OO. Antibiogram of microbial
pathogens isolated from drugs sold within Lafia Metropolis,
Nasarawa State, Nigeria. GSC Biol Pharm Sci. 2020;12(2):167-73.
OL:10. SChps. 127 .
Olowe OA, Grobbel M, Buchter B, Lubke-Becker A, Fruth A,
Wieler LH, et al. Detection of bla (CTX-M-15) extended-
spectrum beta-lactamase genes in Escherichia coli from hospital
patients in Nigeria. Int J Antimicrobial Agents. 2010;35(2):206-7.
go1: 10.1016/].1jantimicag. 2003. 10.004.
Eyitayo O, Adenipekun CR, Jackson HR, Bamidele Al, Kolawole SO,
Jonathan GF, et al. Prevalence and multidrug resistance of Escherichia
coli from community-acquired infections in. J Infect Dev Ctries.
2016;10(9):920-31.
Jamal WY, Albert MJ, Vo R. High Prevalence of New Delhi Metallo-
B-Lactamase-1 (NDM-1) Producers among Carbapenem-Resistant
Enterobacteriaceae in Kuwait. PloS ONE. 2016;11(3):e0152638.
10, . 033.
Mahmoud NE, Altayb HN, Gurashi RM. Detection of Carbapenem-
Resistant Genes in Escherichia coli Isolated from Drinking Water
in Khartoum Sudan. J Environ Public Health. 2020;p. 2571293.

o TO TI332070/2571793

Author biography

Joseph Fuh Nfongeh, Associate Professor

https://orcid.org/0000-0002-

2339-4810

Nafisat Tijjani Dalhat, Post Graduate Student

Hulera Usman Kabido, Post Graduate Student

Naja’atu Shehu Hadi, Graduate Assistant

Pedro Akharenegbe, Post Graduate Student

Cite this article: Nfongeh JF, Dalhat NT, Kabido HU, Hadi NS,
Akharenegbe P. Carriage of carbapenemase genes among multidrug

resistant Escherichia coli isolates from contact surfaces in food vending
outlets within Nasarawa State, Nigeria. IP Int J Med Microbiol Trop Dis
2022;8(3):222-231.



http://dx.doi.org/10.1128/AEM.00547-08
http://dx.doi.org/10.1088/1755-1315/102/1/012051
http://dx.doi.org/10.1111/lam.13407
http://dx.doi.org/10.1155/2020/2746492
http://dx.doi.org/10.4236/jbm.2015.311013
http://dx.doi.org/10.3390/ijerph16224463
http://dx.doi.org/10.1016/j.ijantimicag.2010.08.019
http://dx.doi.org/10.1155/2018/7204013
http://dx.doi.org/10.30574/gscbps.2020.12.2.0249
http://dx.doi.org/10.1016/j.ijantimicag.2009.10.004
http://dx.doi.org/10.1371/journal.pone.0152638
http://dx.doi.org/10.1155/2020/2571293
https://orcid.org/0000-0002-2339-4810
https://orcid.org/0000-0002-2339-4810
https://orcid.org/0000-0002-2339-4810

	Introduction
	Materials and Methods
	Sample collection
	Isolation and identification of Escherichia coli
	Antibacterial susceptibility testing
	Inoculum preparation
	Antibiotics susceptibility analysis

	PCR screening for carbapenemase genes
	 DNA extraction (Boiling method)
	Amplification for Carbapenemase Genes

	Agarose gel Electrophoresis
	Data analysis

	Results
	Occurrence of E coli isolates from various food vending outlets in various locations
	Occurrence of E coli isolates from various contact surfaces
	Potentials of vending outlets as risk factors for the isolation of E. coli from contact surfaces.
	Antibiotic resistivity test of E. coli isolates in contact surface swabs from various food outlets.
	Antibiotic resistance index of E coli isolates from various vending outlets
	Molecular characterization of carbapenemase-producing E coli isolates

	Discussion
	Conclusion
	Authors' Contributions
	Conflict of Interest
	Source of Funding

