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Abstract

Carbapenem-resistant Enterobacteriacea (CRE) has become a growing food safety issue and
an ongoing public-health problem of global dimensions. This research study determined the
presence of CRE in fresh vegetables. Vegetables were purchased from the retailers and
analyzed for Enterobacteriaceae in line with Standard guidelines. The antibiotic profile of the
isolated Enterobacteriaceae was determined using Antibiotic Susceptibility Test (AST). The
Modified Hodges test (MHT), Carbapenem inactivation method (CIM), Modified carbapenem
inactivation (mCIM), and Ethylenediamine tetraacetic acid (EDTA) carbapenem inactivation
(eCIM) were used screening for carbapenem resistance among Multidrug-resistant (MDR)
Enterobacteriaceae. Forty-six Enterobacteriaceae were isolated in all. Among organisms
isolated were Citrobacter freundi, Enterobacter cloacae, Salmonella typhi, Klebsiella sp, and
Escherichia coli. AST of the isolates showed that two out of three third-generation antibiotics
used had the highest resistance of 100%. Thirty-six (78.26%) were multidrug-resistant,
eighteen were CRE using MHT but using CIM, and sixteen were CRE. Eighteen were CRE
using the mCIM method, while 17 were using eCIM. Conclusion: This study shows that
vegetables can be a source of carbapenem-resistant Enterobacteriaceae, and mCIM
combined with eCIM is more sensitive in detecting CRE. Significance and Impact of Study:
Ready-to-eat fresh Vegetables contain CRE.
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Introduction

Vegetables and Fruits are rich sources of
vitamins (B, C, K), minerals (calcium, potassium,
and magnesium), and fiber for humans (Yahia et

al.., 2019). Apart from the nutritional benefits,
fruits and vegetables help to prevent different
types of chronic illnesses such as heart diseases,
cancer, and diabetes (Goodburn and Wallace,
2013; Septembre-Malaterre et al.., 2018).
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However, besides their nutritional benefits, fresh
vegetables and fruits can also be potential
sources of various foodborne infections and
disease outbreaks due to bacterial
contamination as they are mainly eaten raw or
slightly cooked (Callejon et al., 2015; Mir et al.,
2018).

According to Nair and Vaz (2013), any
Enterobacteriaceae that has resistance to one or
more of the mentioned carbapenems:
ertapenem, meropenem, imipenem, or
doripenem and resistant to the

following third-generation cephalosporins:
Ceftriaxone, cefotaxime, and ceftazidime are
known as Carbapenem-resistant
Enterobacteriaceae (CRE). CRE has a high
mortality and morbidity rate. A 40%–50% death
rate from CRE has been documented (Nair and
Vaz, 2013).

CRE is primarily reported in samples of human
origin (Singh-Moodley and Perovic, (2016);
Lodise et al. (2017); Zhang et al. (2017),
animals (Liu et al. (2017), health-center
wastewater (Lamba et al. (2017), seafood
product (Morrison and Rubin, (2015) and retail
meat (Wang et al., 2017). However, studies
focusing on CRE in fresh vegetables still need to
be completed. Studies on CRE in Nigeria, though
few, are concentrated in hospital settings
(Olowo-okere et al., 2020; Aminu et al., 2021).
Hence, there is a crucial need to study the
prevalence of CRE in fresh vegetables, especially
fresh-to-eat vegetables in Nigeria.

Materials And Method

Fresh vegetables (Cabbage, Cucumber, Carrot,
and Spring onions) were purchased from
retailers between May to July 2021 and analyzed
for Enterobacteriaceae using conventional
biochemical methods (Cheesebrough, 2002).
Antibiotic sensitivity test (AST) was carried out
with the following antibiotics: Ceftazidime (CEF),
Cefuroxime (CRX), Gentamicin (GEN), Cefixime
(CXM), Ofloxacin (OFL), Augmentin (AUG),
Nitrofurantin (NIT) and Ciprofloxacin (CPR) and
the result was read using Clinical and Laboratory
Standards Institute (CLSI) guideline, 2019.
Modified Hodges Test (MHT), Carbapenem
inactivation method (CIM), and modified

carbapenem inactivation method (mCIM) were
carried out on all isolates that were resistant to
over one class of antibiotics.
Little adjustment was made to Aminu et al.
(2021) descriptions of the modified Hodges test
(MHT). Escherichia coli ATCC 259922 was used
as a 0.5 McFarland dilution in 5ml of sterile
water and streaked as a lawn on a Mueller
Hinton agar (MHA) plate. The Petri dish's middle
was filled with a meropenem susceptibility disk.
The test organism was used to make a straight
line from one edge of the disc to the edge of the
plate. The dish was incubated for 18 - 24 hours
at 37°C at night. MHT positive test shows a
clover leaf-like indentation of the Escherichia coli
25922 growing along the test organism streak
within the disc diffusion zone. A negative result
shows no growth of known organisms along the
test organism growth streak within the disc
diffusion.
The carbapenem Inactivation Method (CIM) was
carried out according to van de Zwaluw et al.,
2015. Streaked in 1 ml of Mueller Hinton broth
was the test organism (MHB). Meropenem disc
was submerged in the solution and heated to
37°C for two hours.The incubated meropenem
disc was likewise placed on MHA and incubated
for 18 hours at 37°C with a known CIM-positive
bacterium. A negative result is indicated by a
clear zone of inhibition by the test organism,
while a positive result is denoted by neither.
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Modified Carbapenem Inactivation Method and
eCIM were performed according to Tsai et al.,
2020 with little modification. A 1-μL loopful of
test isolate was suspended in the 2-mL tube of
nutrient broth and another 2-mL tube of nutrient
broth supplemented with EDTA (Thermo Fisher
Scientific, Carlsbad, CA, USA) at a final
concentration of 5 mM (20 μL of 0.5 M EDTA in
2 mL of nutrient broth). Meropenem disk was
placed in each tube and incubated at 35°C for
four h ± 15 min. The disks were removed and
placed on MHA plates on which 0.5 McFarland
suspension of a carbapenem-susceptible E. coli
ATCC 25922 strain has been streaked. Plates
were incubated at 35 °C for 16 to 20 h. The
isolate is mCIM positive if the zone size is 6 to
15 mm, intermediate for a zone size of 16-18
mm, and negative if the zone size is ≥19 mm.
The isolate is eCIM positive if the zone size
increases by ≥5 mm compared to the zone size
observed for the mCIM and negative if the
increase in zone size is < 4 mm (Sfeir et al.,
2019).

Results
Antimicrobial Susceptibility Test Of The
Enterobacteriaceae Isolates

Forty-Six Enterobacteriaceae belonging to seven
genera was isolated from the samples. They are
Citrobacter freundi, Enterobacter cloacae,
Salmonella typhi, Klebsiella sp, Escherichia coli,
Proteus mirabilis, Salmonella typhii, and
Salmonella typhii.

Table 1 shows the multidrug resistance activity
of the isolated organisms. Thirty-six out of the
forty-six organisms were resistant to more than
two classes of antibiotics.

Table 1: Antibiotics Activity of the Isolated Organisms.
CAZ CTR GEN CXM OFL AUG NIT CPR MULTIDRUG

(≥2 CLASSES OF
ANTIBIOTICS)

Klebsiella spp R R S R S R R S YES

Citrobacter freundii R R S R S R S S YES

Klebsiella spp R R R R R R R R YES

Klebsiella spp R R R R R R R S YES

Klebsiella spp R R S R S R R S YES

Enterobacter cloacae R R S R S R R S YES

Escherichia coli R R S R S R S S NO

Proteus mirabilis R R S R S R R S YES

Klebsiella spp R R S R R R R S YES

Citrobacter freundii R R R R R R R R YES
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Enterobacter cloacae R R S R S R S S NO

Klebsiella spp R R S R S R R S YES

Klebsiella pneumonia R R R R R R R R YES

Enterobacter cloacae R R R R R R R R YES

Salmonella typhii R R R R R R R R YES

Klebsiella R R R R S R R S YES

Enterobacter cloacae R R R R R R R R YES

Enterobacter cloacae R R R R R R R R YES

Enterobacter cloacae R R R R R R R R YES

Klebsiella spp R R S R S R R S YES

Klebsiella spp R R R R R R R R YES

Citrobacter freundii R R R R R R R R YES

Enterobacter cloacae R R S R S R R S YES

Salmonella typhii R R S R S R R S YES

Enterobacter cloacae R R S R S R R S YES

Citrobacter freundii R R S R S R S S NO

Salmonella typhii R R R R R R R R YES

Citrobacter spp R S S R S R S S NO

Salmonella typhii R R S R S R S S NO

Citrobacter freundii R R R R R R R R YES

Citrobacter freundii R R S R R R S S YES

Klebsiella spp R R S R R R R S YES

Klebsiella spp R S S R R R S S YES

Citrobacter freundii R S S R R S S S NO

Citrobacter freundii R S S R R S S S NO

Citrobacter spp R S S R S S S S NO

Shigelia boydi R R R R S R R S YES

Klebsiella spp R R S R S R R S YES

Enterobacter cloacae R R S R R R R S YES

Escherichia coli R R R R R R R R YES

Enterobacter cloacae R R R R R R S S YES
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Citrobacter freundii R R R R R R R R YES

Citrobacter freundii R R S R R R R S YES

Klebsiella spp R R S R R S S S NO

Klebsiella spp R S S R S R S S NO

Escherichia coli R R R R R R S R YES

R = Resistant

S = Sensitive

Figure 1: Antimicrobial susceptibility test of the Enterobacteriaceae isolates.

Figure 1 shows the percentage resistance of
each antibiotic. Two (Ceftazidime and Cefixime)
out of the three third-generation Cephalosporins
had the highest resistance of 100%, followed by
Augmentin at 91.3%, Ceftriaxone at 86.96%,
Nitrofurantoin at 67.39%, Ofloxacin 56.52%,
Gentamicin 43.48%, and Ciprofloxacin with the
lowest resistance of 32.61%.

Phenotypic Characterization Of
Multidrug-Resistant Strains
Table 2 shows the summary of the Modified
Hodges test, Carbapenem inactivation test,
Modified Carbapenem inactivation, and EDTA
Carbapenem inactivation test for the thirty-six
multidrug-resistant isolates.

TABLE 2: MHT, CIM, eCIM& mCIM OF MULTIDRUG RESISTANT ENTEROBACTERIACEAE ISOLATED
FROM FOUR FRESH VEGETABLES (Cabbage, Cucumber, Carrot and Spring onions)

Isolate NO Organisms MHT CIM mCIM Ecim
1 Enterobacter cloacae + + + +
2 Klebsiella spp + + + +
3 Klebsiella spp + + + +
4 Citrobacter freundi - - - -
5 Klebsiella spp - - - -
6 Klebsiella spp + + + +
7 Escherichia coli - - - -
8 Proteus mirabilis - - - -
9 Klebsiella spp + - + +
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10 Citrobacter freundii + + + -
11 Enterobacter cloacae - - - -
12 Klebsiella spp - - - -
13 Klebsiella pneumonia + + + +
14 Enterobacter cloacae + + + +
15 Salmonella typhi + + + +
16 Klebsiella spp + + + +
17 Klebsiella spp + + + +
18 Enterobacter cloacae - - - -
19 Salmonella typhi + - + +
20 Enterobacter cloacae - - - -
21 Klebsiella spp + + + +
22 Citrobacter freundii - - - -
23 Enterobacter cloacae + + + +
24 Salmonella typhi - - - -
25 Enterobacter cloacae + + + +
26 Citrobacter freundii - - - -
27 Salmonella typhi - - - -
28 Citrobacter freundii - - - -
29 Klebsiella spp + + + +
30 Citrobacter freundii - - - -
31 Citrobacter sp - - - -
32 Citrobacter sp - - - -
33 Shigalis boydii - - - -
34 Klebsiella sp + + + +
35 Enterobacter cloacae + + + +
36 Escherichia coli - - - -

(+) means POSITIVE for carbapenemase production.

(-) means NEGATIVE for carbapenemase production

Discussion

Forty-six Enterobacteriaceae were isolated in all.
Although Klebsiella was not identified at the
specie level in this study, it was the most
isolated bacterial specie (33%), which agrees
with the report of Wang et al. (2018) and
Adesanya and Igwe (2020), who both reported
K. pneumoniae as the most prevalent organism
isolated but contrary to the report of Al-kharousi
et al. (2016) and Aminu et al. (2021) in which E.
coli was the most dominant organism isolated
from their work. The variation of this research
with Al-kharousi et al. (2016) may be a result of
seasonal variation at the time of purchase and
difference in location since both studies were on
fresh vegetables and fruits. Some other
Gram-negative bacteria isolated include
Citrobacter (26%), Enterobacter (21%), Proteus
(2%), Salmonella (8%), and Shigella (2%),

which suggests that various genera of bacteria
should be monitored in the future.

Two (Ceftazidime and Cefixime) out of the three
third-generation cephalosporins had the highest
resistance of 100%, followed by Augmentin at
91.3%, Ceftriaxone at 86.96%, Nitrofurantoin
67.39%, Ofloxacin 56.52%, Gentamicin 43.48%,
and Ciprofloxacin with the lowest resistance of
32.61%.

Thirty-six (78.3%) out of 46 isolated
Enterobacteriaceae obtained in this study had
resistance to two or more conventional classes
of antibiotics and were regarded as
multidrug-resistant (MDR) organisms. It was on
the thirty-six MDRs that MHT was carried out.
The prevalence of CRE was 50% (n = 18/36). Of
these, 50% (n = 9) were Klebsiella pneumonia,
27.78% (n=5) were Enterobacter cloacae,
11.11% (n = 2) were Citrobacter freundi, and
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11.11% (n = 2) were Salmonella typhi. Fifty
percent CRE obtained in this study is higher than
6.5% by Olowo-okere et al. (2020), 7.9% by
Aminu et al. (2021), 22% reported by Adesanya
and Igwe (2020), 27.4% by Olalekan et al.
(2020) and 36.8% by Ogbolu et al. (2014). The
differences might be due to the source and
handling of the samples.

All the CRE isolates were resistant to all the
three third-generation cephalosporins used in
this study which is a 100% resistance rate and
higher than the 44.2% resistant to
third-generation cephalosporin reported by
Olowo-okere et al. (2020). All eighteen CRE
were positive for mCIM, seventeen were positive
for eCIM, and sixteen were positive for CIM,
implying 94.4% Metallo beta-lactamase and
5.5% non-Metallo beta-lactamase. This result
agrees with the study of Tsai et al. (2020), who
concluded that mCIM combined with eCIM is
more sensitive in detecting CRE when compared
with MHT.

Conclusion: This study shows that vegetables
can be a source of carbapenem-resistant
Enterobacteriaceae, and mCIM combined with
eCIM is more sensitive in detecting CRE when
compared with MHT alone.

Recommendation
The presence of CRE-producing organisms in the
ready-to-eat vegetables analyzed is alarming
and constitutes a food safety issue; therefore,
measures need to be taken to ensure consumer
health is monitored. Based on
Enterobacteriaceae‘s multi-resistance to
antibiotics, people should be enlightened on how
best to consume vegetables in order to avoid
foodborne illnesses. Also, research should not
only be on the isolation of enteric bacteria like E.
coli on vegetables from the markets, farms, and
our environment, but more research on CRE
needs to be carried out on ready-to-eat
vegetables and fruits in Nigeria. Vegetables and
fruits should be washed either with salt, warm
water, or white vinegar to reduce microbial load
before consumption.
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