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Abstract

Background: Hospital refrigerators as essential food storage can be important source of food contamination.
We aimed to investigate the frequency and antibiotic susceptibility of the pathogenic bacteria in three hospital
refrigerators in Tehran.

Methods: This study was performed on 254 samples, collected from 60 refrigerators of the various wards of
three hospitals, A, B, and C, in Tehran, Iran from 2020 to 2021. Following isolation and identification of iso-
lates, the antibiotic susceptibility pattern was determined. PCR-based assays were used to screen the presence
of antibiotic resistance genes of resistant isolates.

Results: From 254 collected samples, 236 samples (92.9%) were contaminated. Most strains were isolated
from refrigerators with pootly cleaned, temperatures above 8 °C in non-critical wards. Most bacteria belonging
to Enterobactetiaceae (68.8%), followed by Staphylococens (11.9%), and Enterococcus (10.6%), while the frequency
of non-Enterobacteriaceae isolates was 8.9%. The highest antibiotic resistant bacteria were in extended spec-
trum beta-lactamase (ESBL) 9.7%, vancomycin-resistant enterococci (VRE) 5.3%, methicillin-resistant S. epi-
dermidis (IMRSE) 0.4%, and methicillin-resistant S. azrens (MRSA) 0.4%, respectively. The blaoxa-s, blacrx, and
belarem genes were found only in 10% of Enterobacteriaceae isolates. The blaoxa-s1 gene was found in all non-
Enterobacteriaceae isolates. The »anA and mecA genes were detected in antibiotic-resistant Enterococcus and
Staphylococcus.

Conclusion: Our findings suggests major concern about cross-contamination and the emergence of antibi-
otic-resistant isolates as a potential health threat with hospital refrigerators origin. More attention to hospital
refrigerators cleaning is necessaty to prevent foodborne diseases and nosocomial infections.
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Introduction
Improper cleanliness of surfaces, equipments, potentially accelerate the distribution of patho-
and places for food processing and storage may genic bacteria, cross-contamination, and the
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prevalence of food-borne diseases (1, 2). Cross-
contamination is the pollution of food from oth-
er sources. A good cleaning with appropriate dis-
infectants can help to prevent foodborne illness
from occurring through cross-contamination (1).
In addition, foods can be sources of the promi-
nent pathogens of nosocomial infections (3).
Therefore, this is a very important issue that
needs special attention in refrigerators of various
wards of hospitals, which can be a possible
source of the prevalence of foodborne nosocom-
ial infections in hospitalized high-risk patients (4).
Taking antibiotics in such patients increases the
chance of developing antibiotic resistance (5).
Currently, the worldwide prevalence of multi-
drug resistant (MDR) bacteria are well-recognized
to be one of the most common health issues (5,
6). The methicillin-resistant Szaphylococcus (IMRSA,
MRSE), vancomycin-resistant Enzerococcus (VRE),
carbapenem-resistant Klebsiella, and extended-
spectrum beta-lactamases (ESBLs)-producing
Enterobacteriaceae are the most important MDR
bacteria leading to increased morbidity and mor-
tality of hospitalized patients (7, 8). Mechanisms
of resistance to antibiotics may be related to the
combination of the enzymatic degradation,
changes in membrane permeability, and modifi-
cation of target proteins (9). The resistance genes
play a vital role in the virulence and antimicrobial
resistance (10). The presence of antimicrobial-
resistant microorganisms or antibiotic resistance
genes in foods, it is a potential major public
health challenge (11).

Although there are some reports on the bacterial
contaminations in the surfaces, equipment, and
environment of hospitals focusing on the antibi-
otic resistance (12, 13), less attention has been
paild to food contaminated by antimicrobial-
resistant bacteria in the hospital refrigerators.

The present study, for first time, aimed to inves-
tigate the presence, frequency, and distribution of
the foodborne antibiotic-resistant bacteria in the
hospital’s refrigerators in Tehran.
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Materials and Methods

Bacterial tsolates

Random sampling of 60 refrigerators in the
wards of three hospitals with more than 400 beds
(A, B, and C located in Tehran, Iran 2020 to
2021) was performed once a week for ten con-
secutive months. The sampling part of hospitals
was critical and non-critical wards (ICU, CCU,
and surgeries). Wet swabs were taken from the
walls, floors, and the inner surface of the refrig-
erator doors. Samples were enriched for 24 h at
37 °C in tryptic soy broth (TSB) medium and
then cultured in MacConkey, blood agar, and
xylose lysine deoxycholate (XLD) agar followed
by incubation for 24 h at 37 °C. After observing
growth, the strains were then purified by re-
culturing. The doubtful colonies were identified
according to the Gram staining, and standard bi-
ochemical tests such as catalase, oxidase, coagu-
lase, mannitol, glucose and lactose fermentation,
hemolysis, indole, motility, citrate, urease, amino
acid decarboxylase (lysine, ornithine, arginine),
and MR-VP test (14). For further analyses, iso-
lates were cultured in Luria-Bertani (LB) broth
medium and were incubated at 37 °C for 24 h
and their cultures were preserved at -70 °C sup-
plemented with 20% glycerol.

Antimicrobial susceptibility testing

Routine laboratory antibiotics (UK MAST com-
pany) including amikacin (AMK: 30 pg), ampicil-
lin (AMP: 30pg), aztreonam (ATM: 30 ug),
ciprofloxacin (CIP: 5 pg), ceftriaxone (CRO: 30
ng), ceftazidime (CAZ: 30 ug), cefoxitin (FOX:
30 pg), gentamicin (GEN: 10 pg), imipenem
(IMP: 10 pg), lioezolid (LNZ: 10 pg), mero-
penem (MEM: 10 pg), tetracycline (TE: 10 pg),
tobramycin (TN: 10 pg), and vancomycin (VAN:
30 pg) were used for antibiogram testing. Antibi-
otic susceptibility of antibiotics was determined
by disk agar diffusion method by using Muller-
Hinton-agar (MHA) medium according to Clini-
cal and Laboratory Standards Institute (CLSI)
guidelines and the results were reported as sensi-
tive (§), intermediate (I), and resistance (R) (15).
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For vancomycin, its susceptibility/resistance pat-
tern was firstly reported using VAN disc; =17
mm as sensitive, 15-16 mm intermediate and <
14 mm as resistant. Moreover, agar dilution
method using BHI agar was also done as per
CLSI (Supplement M100; 2021) guidelines. E.
faecalis ATCC 29212 (susceptible) and E. faecalis
ATCC 51299 (resistant) were used as control
strains. Presence of >1 colony indicated pre-
sumptive vancomycin resistance. Interpretive cri-
teria were defined as per CLSI: MIC = 4 sensi-
tive, 8-16 intermediate and = 32 as resistant.

DNA Extraction

DNA extraction from bacteria was performed by
the boiling method according to the described
method (16) and its quality was quantified with a
nanodrop.

Detection of antibiotic resistance genes by PCR
The antibiotic resistance genes including blarrw,
b/dc’rX,M, b/as}{v (ESBL) and b/ﬂ()XA,ztg (Cat—

bapenemases) in Enterobacteriaceae, blaoxas,
blaoxaos, and blaoxas (class D carbapenemases)
in non-Enterobacteriaceae (Acinetobacter), vanA
(VRE) in Enterococcus, and mecA (MRSA, MRSE)
in Staphylococcus were assayed by PCR using spe-
cific oligonucleotide primers (Table 1). Amplifi-
cation was performed using a BioRad M]J
MiniTM PCR system with pervious reported pro-
tocols and the specific annealing temperature for
each gene (Table 1) and the band pattern was
analyzed by a gel documentation system (7, 8,
17). Positive control and negative control were
included in each PCR run. Positive controls for
ESBL genes and van were respectively E. coli
ATCC 35218 and E. faecalis ATCC 51299. For
blaoxaas, class D carbapenemases, and mecA, a
carbapenemase-resistant  Klebsiella, ~Acinetobacter,
and an MRSA isolate, characterized previously in
our laboratory by sequencing served as positive
control.

Table 1: The list of primers, annealing temperatures, and expected amplicon sizes for molecular detection of antibi-
otic resistance genes of isolates.

Group of Type of bac-  Gene

Primers (J =3°)

Anneal- Prod-  Ref.

Re- teria ing uct
sistance size
(bp)
ESBL Enterobacte-  blarem F.TCCGCTCATGAGACAATAACC 57 °C 931 17)
riaceae RTTGGTCTGACAGTTACCAATGC
blacrxa F: CTTCCAGAATAAGGGAATCCC 909
R: CCGTTTCCGCTATTACAAAC
blasuv F: TGGTTATGCGTTATATTCGCC 64 °C 868
R:GGTTAGCGTTGCCAGTGCT
Car- Enterobacte-  blaoxa4s ~ F: GCGTGGTTAAGGATGAACAC 30°C 438 (18)
bapenem  riaceae R: CATCAAGTTCAACCCAACCG
ases (Klebsiella)
Non- Enter-  blaoxazs ~ F:GATCGGATTGGAGAACCAGA 52°C 501 (19)
obactetiaceae RAATTTCTGACCGCATTTCCAT
(Acinetobacter)  blaoxa24  F:GGTTAGTTGGCCCCCTTAAA 246
R:AGTTGAGCGAAAAGGGGATT
blaoxas1  FTAATGCTTTGATCGGCCTITG 353
RTGGATTGCACTTCATCTTGG
VRE Enterococcus vanA F:GGGAAAACGACAATTGC 50 °C 732 (20)
R:GTACAATGCGGCCGTTA
MRSA, Staphylococcus  mecA F:GTAGAAATGACTGAACGTCCGATAA 310 (21)
MRSE R:CCAATTCCACATTGTTTCGGTCTAA
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Statistical analysis

The results were expressed as absolute frequen-
cies and percentages. For the statistical analyses,
the statistical software SPSS version 21.0 for
Windows (IBM Corp., Armonk, NY, USA) was
used. Analyses were performed with using one-
way analysis of variance (ANOVA) and Tukey’s
test to compare the differences between the
means (P<0.05). Chi-Square test was used for the
significant relationship between the groups. The
curves were plotted using Excel software version
2016 (Microsoft Corporation, USA).

The experiments were carried out based on
guidelines of the Research Ethical Committee of
Islamic Azad University-Science and Research
Branch.

Results

The frequency of isolates

Among 254 samples collected from the refrigera-
tors of three hospitals, 236 (92.9%) samples
showed bacterial growth while no bacterial
growth were observed in 18 (7.1%) samples. Chi-
Square test showed a significant relationship be-
tween the apparent cleanliness of refrigerators
and the growth of bacteria (P<0.05). Most isolat-
ed bacteria were found at temperatures above
8°C (70/74; 94.6%) and the lowest bacteria were
obsteved at temperatures below 2 °C (11/13;
84.6%). The isolated bacteria from the floor of
refrigerators  (91/93; 97.8%) was significantly
higher than their door (84/88; 95.5%) and inner
walls (61/73; 83.6%) (P=0.001). In addition,
90.8% (119/131) of samples of critical wards
were positive, while this rate was 95.1%
(117/123) for non-critical wards. In addition,
91.9% (204/222) of samples collected from
weekly cleaned refrigerators were showed the
bacterial contamination.
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The isolates were divided into four bacterial
groups: Staphylococcus, Enterococens, Enterobacteri-
aceae and non-Enterobacteriaceae. The highest
isolates belonged to Enterobacteriaceae and the
non-Enterobacteriaceac was the lowest isolates
(Fig. 1a). The Chi-Square analysis showed a sig-
nificant association between the frequency of iso-
lated bacteria with the wards of the hospital
(P<0.05). Most isolates of Staphylococcus, Enterococ-
cus, and non-Enterobacteriaceae groups were ob-
tained from the critical wards, while most isolates
of Enterobacteriaceaec were isolated from the
non-critical wards (Fig. 1b). The most isolates in
each bacterial group were isolated from refrigera-
tors with temperatures 2-8 °C (Fig. 1c). In all
temperature ranges (<2, 2-8, and >8), the highest
frequency isolates belonged to the Enterobacteri-
aceae (162/2306; 68.6%). The highest frequency
of Staphylococcus and Enterococcus isolates were ob-
tained from the floors, door, and inner walls of
refrigerators, respectively. Most of the Entero-
bacteriaceae isolates were identified in the refrig-
erator’s door, while the frequency of the non-
Enterobacteriaceae isolates was equal in different
parts of the refrigerators (Fig. 1d). Among the
Enterobacteriaceae isolates, E. coli, K. pneunoniae,
and P. aeruginosa were the frequent isolates,
whereas the Salmonella spp were not found in any
of the refrigerators.

Determzination of antibiotic susceptibility

The antibiotic susceptibility test (Table 2) showed
that 18.2% (43/236) of isolates were antibiotic-
resistant and 81.8% (193/236) of the isolated
bacteria were sensitive to antibiotics. Among the
antibiotic-resistant isolates, the highest percent-
age of resistance belonged to ESBL group fol-
lowed by VRE. The lowest resistance was also
related to MRSE and MRSA groups (Table 3).
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Fig. 1: The total frequency of bacteria groups (Staphylococcus, Enterococens, Enterobacteriaceae. and non-
Enterobacteriaceae) isolated from hospitals refrigerators (a), the frequency of bacteria groups in hospitals refrigera-
tors based on ward type (b), temperature (c), and different parts (floor, wall, door) of refrigerators (d)

Table 2: Antimicrobial resistance profile of isolates

Antibiotic No. (%) of antibiotic resistance isolates
Enterobacteriaceae Non-Enterobactetiaceae Staphylococcus Enterococens
(n=162) (n=21) (n=28) (n=25)
S I R S I R S 1 R S I R

Amikacin 162 0 0 21 0 0 - - - - _ _
(100) (100)

Ampicillin 79 83 0 17 4 0 - - - - - -
(48.8) (51.2 (80.9)  (19.1)

Aztreonam 159  1(0.6) 2 16 0 5 - - - - - -
(98.2) (1.2)  (76.2) (23.9)

Ciprofloxacin 159 2(1.2 1 16 0 5 - - - _ _ _
(98.2) 0.6) (76.2) (23.9)

Ceftriaxone 161 0 1 20 0 1 - - - - - .
99.4) 0.6) (952 4.8)

Ceftazidime 156 0 6 15 0 6 - - - - - -
(96.3) 3.7 (71.4) (28.6)

Imipenem 157 0 5 15 0 6 - - - - - -
(96.9) 3.1 (7114 (28.6)

Meropenem 158 0 4 15 0 6 - - - - _ -
(97.5) (2.5 (714 (28.6)
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Table 2: Continued ...

Tetracycline 162 0 17 4 28 0 0 25 0 0
(100) (80.9) (19.1)  (100) (100)
Gentamycin 162 0 17 4 28 0 0 25 0 0
10 (100) (80.9) (19.1)  (100) (100)
Gentamycin 162 0 - - - - - 25 0 0
120 (100) (100)
Linezolid 162 0 - - - - - 24 0 1
(100) 96) @
Vancomycin - - - - - - - 13* 0 12*
(52) (48)
Cefoxitin - - - - 26 0 2 - - -
(92.8) (7.2)

S: sensitive, I: intermediate, R: resistance

The vancomycin date repored based on MIC results: * MIC < 4, sensitive; ** MIC = 32, resistant

Table 3: Antibiotic resistance profile of isolates

Amntibiotic- Total Bacterial group
vesistance group  fr eqll;enqy Enterobacteriaceae Non- Staphylococcus — Enterococcus
(%) Enterobacteriaceae
MRSA 1 (0.42) 0 0 1(3.57) 0
MRSE 1 (0.42) 0 0 1(3.57) 0
VRE 12 (5.10) 0 0 0 12 (48)
ESBL 10 (4.23) 10 (6.18) 0 0 0
Carbapenemases 13 (5.52) 13 (61.90) 0 0
Non-resistance 193 148 (91.30) 6 (28.58) 26 (92.85) 13 (52)
(81.77)
Other  antibi- 6 (2.54) 4 (2.40) 2(9.52) 0 0
otic-resistance
group
Total 236 (100 162 (100) 21 (100) 28 (100) 25 (100)
)

* MIC = 32, resistant

Antibiotic resistance genes analysis

The antibiotic-resistant bacteria were selected to
investigate the presence of resistant genes. The
PCR reaction confirmed the presence of re-
sistance genes of blarrn, blacrsa, and blaoxaas in
Enterobactetiaceae group, blaoxazsand blaoxas: in
non-Enterobactetiaceae, vanA in Enterococcus, and
mecA in Staphylococens in compared with positive
controls (Fig.2). The frequency of antibiotic re-
sistance genes revealed that the blarrn, blacrsa,
and blaoxaasgenes in 1 of 10 resistant Enterobac-
teriaceae, while the blasnv gene was not found in
them. The presence of blaoxass gene confirmed
the carbapenem-resistant Klebsiella. 'The blaoxasi

Available at:  http://ijph.tums.ac.ir

and blaoxa2; genes were respectively identified in
13 and 2 resistant non-Enterobacteriaceae iso-
lates, while the blaoxa24 gene was not found in
any of the isolates. The high frequency of blaoxa-
51 genes indicated that the prevalence of car-
bapenemase encoding Acnetobacter. The result
also showed that one of 2 isolates of the
MRSA/MRSE  Staphylococcus group cartied the
mecA gene and 4 isolates of the VRE Ewnterococcus
group (out of 12 cases) were encoded the vanA
gene. The presence of MRSA and VRE isolates
containing these genes in the hospital refrigera-
tors.
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Fig. 2: Gel electrophoresis for characterization of resistance genes of mecA (), vanA (b), blaoxa-as (c), blarem (d),
blasuv (e), and blactxm (f). C*: positive control; C: negative control

Discussion

The role of hospital refrigerators in the food con-
tamination and the prevalence of foodborne ill-
ness or nosocomial infections are important. This
investigation provided detailed evidence about
the presence, frequency, and distribution of the
foodborne antibiotic-resistant pathogenic bacte-
ria in the refrigerators of three hospitals in Teh-
ran. Among 254 samples, 236 (92.9%) samples
were shown bacterial contamination, and only in
18 (7.1%) samples, no bacterial growth was ob-
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served, which was close to the results of related
studies performed on the bacterial and fungal
contaminations in the home and restaurant re-
frigerators (22, 23). Most frequent isolates be-
longed to Enterobacteriaceae, Staphylococcus, En-
terococens, and non-Enterobacteriaceae, respective-
ly.

We primarily examined the relationship between
bacterial contamination and the appearance of
the refrigerators in different wards of the hospi-
tals. The lowest bactetial contamination was ob-
served in the cleaned refrigerators (16.4%), that
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demonstrate that the regular and weekly cleaning
of the refrigerators by means of appropriate de-
tergents and disinfectants, can effectively reduce
their bacterial contamination. The low tempera-
tures, similar to the refrigerators, is another vital
factor in the prevention of the growth of patho-
genic bacteria in foods. When the appliance is
full, the temperature may increase to a higher
range zia inhibition of air circulation, which can
potentially affect the microbial contamination of
the refrigerator (24, 25). The current findings
were consistent with this principle.

In the current study, the highest isolated bacteria
belonged to the floor and door. The preservation
of different materials on the floors, and not
cleaning the refrigerators at short intervals can be
the reasons for high contamination of the floors
(26). The higher bacterial contamination (90.8%)
in the critical wards (ICU and CCU) in this study
may reflected the improper cleaning of refrigera-
tors located in those parts. The high prevalence
of Enterobacteriaceae in non-critical wards may
be attributed to the human origin that can possi-
bly create foods cross-contamination by coliform
bacteria due to poor hygiene. In addition, the re-
sistance of these bacteria to detergents and anti-
biotics can be another factor. Here, among the
common foodborne bactetia, E. co/i, and S. aureus
were the frequent isolates, whereas Salmonella spp
were not found in any of the refrigerators, which
was similar to the previous studies (27-29).
Antibiotic-resistant bacteria are a major cause of
hospital-acquired infections and a serious public
health concern (6). A high percentage of MRSA
and ESBL resistant bacteria (~65%) were report-
ed by Taheri in Arak hospital (22). Ekrami et al
reported MRSA isolates in 60% of isolates (29).
In another study, the frequency of MDR-MRSA
was found at 91.6% in hospital’s kitchens sam-
ples and 18.7% in ICU (30). The results of these
studies were higher than the results of the current
study. In the current study due to our samples
only collected from hospital’s refrigerators, the
frequency of antibiotic-resistant bacteria were
low, whereas in the previous studies samples
have collected from different sources in the hos-
pital.

Available at:  http://ijph.tums.ac.ir

The antibiotic resistance genes are the basis of
the high prevalence of the antibiotic-resistant
bacterial. The frequency of blarrm, blacrsa, and
blaoxaas genes (10%) in isolated Enterobacteri-
aceac was similar to the Tamma et al results,
which observed blacrxa gene in 11% of gram-
negative bacteria (31). The both blaoxasi and blao.
xa-23 genes were observed in 2 isolates, suggesting
the carbapenemase-resistant isolates (32, 33). The
co-existence of multiple resistance genes was
probably due to the presence of multiple re-
sistance plasmids in the isolates, which can en-
hance antimicrobial resistance (34).

The co-resistance to vancomycin and methicillin
emphasizes that a concern regarding the emer-
gence of MDR isolates. Vancomycin and methi-
cillin resistance can be conferred by the vanA and
mecA genes (35). In a study conducted by Hus-
sein et al, out of 109 MRSA isolates, 55 (50.4%)
isolates carried the mecA gene (36). In other stud-
ies, the frequency of vanA gene was found 30%
(37) and 47.4% (38). The frequency of mecA and
vanA genes in these studies were higher than the
present study (mecA:0.4% and vanA:5.3%). Anti-
biotic resistance is often achieved by horizontal
transfer of resistance genes. Plasmid-mediated
transfer of antibiotic resistance play a crucial role
in the transfer of resistance genes between differ-
ent species (39). The simultaneous presence of
VRE and MRSA/MRSE isolates can possibly
transmit zanA and mecA genes to other Staphylo-
cocens or Enterococens and their resistance (8, 40).
This study was limited by its relatively small sam-
ple size. The study collection comprised only
strains isolated within one year, collected from
only the refrigerators of a few hospitals in Teh-
ran, the capital of Iran and may not necessarily be
representative of the epidemiology of foodborne
pathogenic bacteria in other areas of Iran. The
antibiotic-resistant isolates from the refrigerator
varies from one hospital to another, depending
on the local pattern of antibiotic resistance, infec-
tion control activities, and the level of public
health. For this reason, it is necessary to perform
further studies on antibiotic-resistant bacteria
isolated from refrigerators of hospitals in various
regions of Iran.
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Conclusion

Although the strains isolated in our study did not
have high resistance to the antibiotics tested in
this study, there were only a few resistant strains
with refrigerators origin with a potential to ac-
quire other resistance. The utilization of broad-
spectrum antibiotics by patients admitted to the
hospital can be one of the effective factors in in-
creasing the resistance of foodborne bacteria in
the hospital environment. Therefore, it is rec-
ommended that the proper and timely cleaning of
hospital refrigerators to prevent the prevalence of
foodborne antibiotic-resistant bacteria and noso-
comial infections.
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