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Backgrounds: Bacterial infections are the most common complication in cancer patients.
Infection with multi-drug resistant bacteria has recently become a worrying phenomenon
in cancer patients. This study focused on Gram-negative bacteria isolated from clinical
samples of cancer patients. The purpose of this study was to evaluate the presence and
prevalence of drug resistance genes, including metallobetalactamase (blaIMP and blaVIM)
and carbapenemase (blaKPC and blaGES) genes, in the main bacteria agents of nosocomial
infections in cancer patients, such as Acinetobacter baumannii, Pseudomonas aeruginosa,
Klebsiella pneumoniae, and Escherichia coli.

Materials & Methods: Common biochemical methods were used to identify bacterial isolates.
Antimicrobial susceptibility testing was performed according to the standard method
recommended by the Clinical and Laboratory Standards Institute (2019). Polymerase chain
reaction (PCR) method was also used to check the presence and prevalence of resistance genes.
Findings: During six months, from May to November 2020, 250 clinical samples were
collected from cancer patients in Ayatollah Khansari hospital in Arak city, Iran. From which
80 Gram-negative bacilli were isolated, including 33 (41.2%) E. coli, 15 (18.7%) A. baumannii
complex, 12 (15%) P. aeruginosa, eight (10%) K. pneumoniae, seven (8.7%) Citrobacter
freundii, and five (6.2%) Enterobacter aerogenes isolates. The frequency of blaKPC, blaGES,
blaIMP, and blaVIM genes was 39.95, 21.25, 16.25, and 17.45%, respectively.

Conclusion: The present study emphasizes the importance of identifying Gram negative
rods and their resistance genes (metallobetalactamase and carbapenemase genes) in cancer
patients, carrying out preventive instructions to prevent the transmission of resistance
genes, and reducing mortality in these patients.
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Introduction

In recent years, several studies on cancer
patients have shown a changing trend in the
epidemiology and prevalence of bacterial in-
fections in these patients from Gram-positive
cocci to Gram-negative rods and the wide-
spread emergence of antibiotic-resistant
strains among Gram-negative organisms 2,
Nosocomial or hospital-acquired infec-
tions (HAI) are one of the most prevalent
life-threatening complications among pa-
tients admitted to hospitals. Bacterial infec-
tions in cancer patients are considered as
serious complications in cancer treatment.
Bacterial infections in these patients origi-
nate from normal flora or during therapeu-
tic procedures such as surgical operation
through direct contact with hospital staff,
contaminated inanimate environment and
medical equipment, etc 1. As a result of
drug-induced immunosuppression, oppor-
tunistic infections including nosocomial in-
fections often occur in cancer patients ).

In general, these patients experience neutro-
penia after therapeutic procedures, chemo-
therapy, and radiotherapy. People with can-
cer generally experience neutropenia during
chemotherapy. Infection is an unavoidable
complication of neutropenia and immune
system dysfunction after chemotherapy in
cancer patients. Most of these infections
are hospital-acquired because patients have
long and frequent contact with the hospi-
tal environment and are exposed to many
sources of infection *°. The pathogens re-
sponsible for primary infections during fe-
ver and neutropenia are mainly bacteria, fol-
lowed by fungi and viruses !¢,

The increase in drug resistance is mostly
due to antimicrobial prophylaxis regimens
and ineffective empirical therapies that are
performed in oncology treatment centers
71, In recent decades, chemotherapy in can-
cer patients has made significant progress,
but bacterial infections are still one of the

Infection Epidemiology and Microbiology

44

leading causes of mortality among these
patients with or without neutropenia. One
of the main concerns in healthcare centers
for cancer patients is the increase in the
prevalence of highly resistant bacteria. Re-
cently, the prevalence of infections caused
by Gram-negative rods has significantly
increased. Studies in recent decades have
shown that the frequency of carbapenem-re-
sistant Enterobacteriaceae as well as bacte-
ria with metallobetalactamase (MBL)- and
carbapenemase-mediated resistance has in-
creased 2.

According to numerous studies performed
on cancer patients, Escherichia coli, Pseudo-
monas aeruginosa, Acinetobacter baumannii,
Klebsiella pneumoniae, and Stenotrophomon-
as maltophilia are the most frequently iso-
lated Gram-negative bacteria from these
patients. Among which, A. baumannii is the
most important because of its high resis-
tance to different groups of antibiotics, in-
cluding carbapenems [ 812,

Gram-negative rods encode several resis-
tance genes belonging to the metallobetalac-
tamase and carbapenemase families, such as
blaIMP, blaVIM, blaNDM, blaOXA48, blaGIM,
blaGES, and blaKPC 3 141,

Also, nosocomial infections have been shown
to significantly increase treatment costs for
cancer patients [!>1¢, By identifying the caus-
ative agents of these infections, treatment
costs could be significantly reduced. In addi-
tion, controlling the spread of these strains
by the hospital infection control team (adher-
ence to and implementation of instructions),
eliminating biofilms, using preventive meth-
ods to prevent transmission of strains, and
predicting resistance could be helpful.
Studies have shown that the mean preva-
lence of metallobetalactamase- and carbap-
enemase-producing strains in Iran is about
17% [17-21] .

Objectives: Since very few studies have
been conducted on the resistance of these
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Table 1) PCR primers used to detect KPC, GES, IMP, and VIM genes based on PCR method in the present study

Genes Sequence 3 -'5 Product Size(bp) References
blakPC g GGTCGTGTTTCCCTTTAGCE 646 27
blaGES g:: %gggﬁgﬁé?&%ﬁ%?g%%%ﬁ 311 Current study
blalMP  p TGTAAGTTTCAAGAGTGATGCGTC 586 24,25
blaVIM F: GATGGTGTTTGGTCGCATA 389 26,27

R: CGAATGCGCAGCACCAG

strains in cancer patients, this research was
conducted to evaluate the frequency of an-
tibiotic resistance genes among Gram-nega-
tive bacilli recovered from cancer patients in
Arak city to help control their spread among
these patients.

Materials and Methods

Bacterial isolates: In the present cross-sec-
tional research, 80 Gram-negative bacil-
li were isolated from 250 clinical samples
of cancer inpatients admitted to Ayatollah
Khansari hospital in Arak from May to No-
vember 2020. The isolated bacteria were
identified by conventional biochemical tests,
such as oxidase, triple sugar iron agar (TSI
agar), OF basal medium (OF glucose), methyl
red, Voges-Proskauer broth (MR-VP), citrate,
urea, lysine decarboxylase broth (LDC), and
phenylalanine deaminase (PAD).
Antimicrobial susceptibility testing was
performed for all isolated strains using disk
diffusion technique according to Clinical
and Laboratory Standards Institute (CLSI)
guidelines (edition 29, 2019).
Carbapenem susceptibility testing: The
MIC (minimum inhibitory concentration)
value of meropenem was determined using
E test based on the guidelines recommended

Infection Epidemiology and Microbiology

by CLSI (2019).

Carbapenem inactivation method (CIM):
CIM test was conducted according to the
method previously described by Van der
Zwaluw et al. (2015) 2. For this purpose,
a disk containing 10 pg of meropenem was
submerged in a bacterial suspension con-
taining a loop (10 pL) of the desired bacte-
rium dissolved in 400 pL of physiological
saline and incubated in an incubator at 37
°C for 2 hour. After incubation, the disc was
taken out from the bacterial suspension and
placed on Mueller-Hinton agar medium con-
taining E. coli (ATCC 25922) suspension. The
desired bacterium was again incubated at
37 °C overnight, and the results were read
overnight. The suspension of carbapene-
mase-producing bacteria leads to the inacti-
vation of antibiotics (meropenem). The zone
of inhibition is <19 and <14 in the presence
of carbapenemase-producing Enterobac-
teriaceae and A. baumannii bacteria, while
the zone of inhibition is 223 and 218 in the
presence of bacteria lacking carbapenemase
enzymes.

Molecular method: DNA extraction was per-
formed using YTA genomic DNA extraction
kit for blood/cultured cells (YT9040, Yekta
Tajhiz Company, Tehran, Iran) according to
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the kit protocol, and polymerase chain re-
action (PCR) amplification of the studied
genes was performed using the prepared
DNA template.

PCR conditions for blaKPC and blaGES genes
were as follows: an initial denaturation step
at 95 °C for 5 min, followed by 35 cycles of
denaturation at 95 °C for 1 min, annealing at
53.8 °C for 1 min, and extension at 72 °C for
min and a final extension step at 72 °C for
9 min. Also, PCR conditions for blaIMP and
blaVIM were as follows: an initial denatur-
ation step at 94 °C for 4 min, followed by 28
cycles of denaturation at 94 °C for 30 s, an-
nealing at 52 °C for 30 s, and extension at 72
°C for 30 s and a final extension step at 72 °C
for 8 min.

Statistical analysis: Data were analyzed us-
ing Excel and SPSS (Version 21.0) software
by employing Chi-square test, and data anal-
ysis results were presented descriptively in
terms of percentage frequency.

Findings

During six months, 250 clinical samples
were collected from cancer patients admit-
ted to different wards of Ayatollah Khasnsari
hospital in Arak, from which 80 Gram-neg-
ative bacilli were isolated. The clinical sam-
ples sent to the laboratory included urine,
lung secretion, blood, wound, pus, and spu-
tum specimens.

Among cancer patients included in this re-
search, 67.5% were male, and 32.5% were
female with a mean age of 54 years.

Most of the samples were related to patients
with leukemia (n=19, 23.7%), gastric can-
cer (n=12, 15%), and breast cancer (n=12,
15%), and most of which were from ICU (in-
tensive care unit) (n=37, 46.2%) and hema-
tology (n=31, 38.7%) wards.

The frequency distribution of Gram-nega-
tive rods isolated was as follows: 33 (41.2%)
E. coli, 15 (18.7%) A. baumannii complex, 12
(15%) P. aeruginosa, eight (10%) K. pneumo-
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niae, seven (8.7%) Citrobacter freundii, and
five (6.2%) Enterobacter aerogenes isolates.
The frequency of samples sent to the labora-
tory from different wards was as follows: 27
(33.7%) urine culture samples, 19 (23.7%)
lung secretion culture samples, 18 (22.5%)
blood culture samples, ten (12.5%) wound
culture samples, five (6.2%) sputum culture
samples, and one (1.25%) pus culture sample.
According to the results presented in Table
2, most of the lung secretion samples (15,
78.9%) were collected from ICU, most of the
urine samples (11, 40.7%) were equally col-
lected from the ICU and hematology wards,
and most of the blood samples (9, 50%)
were collected from the hematology depart-
ment and sent to the laboratory. Also, most
of the bacteria isolated from culture samples
of lung secretions were A, baumannii com-
plex (12, 63.1%), while most of the bacteria
isolated from urine (20, 74.07%) and blood
(7, 38.8%) culture samples were E. coli.
Most of the bacteria isolated from patients
with cancers mentioned in Table 3 were E.
coli (16, 48.4%) isolated from urine culture
samples, A. baumannii complex (4, 26.6%)
isolated from lung secretion culture samples,
and P, aeruginosa (2, 16.6%) isolated equally
from lung secretion, blood, and wound cul-
ture samples.

In addition, the frequency of the studied
genes among the most prevalent bacteria in
this study was examined.

As shown in Table 4, the frequency of blaK-
PC and blaGES genes was 39.95 and 21.25%,
respectively. Also, 16.25 and 17.45% of
the studied bacteria harbored blaIMP and
blaVIM genes, respectively. The frequency of
each gene among the studied bacteria is also
listed separately in Table 4.

Discussion

Cancer patients develop opportunistic in-
fections such as nosocomial infections due
to immunodeficiency. These patients are
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Table 2) Frequency of culture samples sent to the laboratory from different departments of Ayatollah Khansari
hospital, Arak, Iran

1:8
1:0 @ 1:1 . .
. 1:0 26 (296%)  (1005) 1:0 L0 1:9
Escherichia 20 333 2:8 2.2 2:2 2:0 2:18
ol : (333%) (2960 ' w%) 31 :
3:0 3:1 0 (20%) . 36
: o 3:4 o 30 (100%) '
' (148%) '
1:10
. 1:1 1:1 1:1
Acinetobacter  (526%) ] 1:0 ] 10 113
baumannii 2:2 %) 2:0 ey 29 g0 %7
0, " n o . a -
LU complex (lg.:SOA)) 2.0 3:0 30 20 3:0 3:0
2: Hematology 1:3 1:1 1:0 1:0
(157%) (55%) : : 1:0 1:0 1:4
3: Other wards mﬁgs’;"s 2:2 2:3 - (226;2) 2:0 2:0 27
ofhospital (105%)  (166%) ' : 3:0 3:0 31
o o0 (37%) 3:0
1:2
) 1:1 7 1:1 1:1 ) .
Klebsiella 10 (55%) (74%) % o L0 L5
pneumoniae g: g 2:0 [é 13; %) 2:0 2:0 g: g g: (3)
: 3:0 . 0" 3:0 3:0 : '
j[E) 1:0 1:0
1:0 1:6
(104%) 2.0 1:1 1:3 21 , :
it 20 35 (37%) G @ 2D 2l
3:0 277%) 3:0 : :
Total 997% 996% 999% 100%  100%  100%  998%

*others: Citrobacter freundii, Enterobacter aerogenes

Table 3) Frequency of bacteria isolated from clinical specimens of patients with various cancers in Ayatollah
Khansari hospital, Arak, Iran

Leukemia 63.1 10.5 15.7 0
Gastric cancer 33.3 33.3 16.6 0
Breast cancer 66.6 8.3 8.3 8.3
Infection Epidemiology and Microbiology Winter 2023, Volume 9, Issue 1
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Table 4) Frequency of metallobetalactamase and carbapenemase resistance genes among bacterial isolates
from cancer patients in Ayatollah Khansari hospital, Arak, Iran

Type of Bacteria blaKPC blaGES blaIMP blaVIM
Klebsiella pneumoniae 2 (25%) 1(12.5%) 1(12.5%) 1(12.5%)
Acinetobacter baumannii 11 (13.7%) 6 (7.5%) 1 (1.25%) 3 (3.7%)
Pseudomonas aeruginosa 1 (1.25%) 1 (1.25%) 2(2.5%) 1(1.25%)
Escherichia coli 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Total 39.95% 21.25% 16.25% 17.45%

exposed to many of these infections due to
immune system dysfunction after chemo-
therapy or radiotherapy as well as long-
term hospitalization I*°\. Bacteria are mainly
pathogens that cause infections °, the prev-
alence of these infections is associated with
antibiotic resistance, which is considered as
one of the most important causes of death
among these patients [ 2],

This study was conducted on Gram-negative
bacterial strains isolated from cancer pa-
tients in Arak city to investigate the preva-
lence of antibiotic resistance genes in these
isolates.

E. coli (n=33, 41.2%), A. baumannii (n=15,
18.7%), P. aeruginosa (n=12, 15%), and
K. pneumoniae (n=8, 10%) were the most
prevalent bacterial isolates among cancer
patients, respectively.

A. baumannii is a very successful pathogen
111 in causing infection because of its high
resistance to many therapeutic measures.
Most isolates of this bacterium are exten-
sively drug resistant (XDR). Therefore, the
problem of resistance of these isolates re-
covered from both patients and equipment
to antimicrobial agents has become a seri-
ous challenge.

In some studies, the most commonly isolat-
ed bacteria have been reported to be E. coli, P
aeruginosa, Klebsiella spp., Acinetobacter spp.,

Infection Epidemiology and Microbiology

and Proteus mirabilis strains, which are consis-
tent with the present study results [ 16 28,

In this research, most cancer patients with
nosocomial infections were middle-aged
(41-60 years), and more precisely, the mean
age of the study participants was 54 years.
The average age of men and women was 55
and 54 years, respectively. This study find-
ings show that the prevalence of nosocomial
infections is higher among middle-aged peo-
ple. In a study by Zhao et al. (2016), age, sur-
gery, and prolonged hospital stay were con-
sidered as risk factors for hospital-acquired
infections (HAI). Their study results showed
a clear age-related trend in the prevalence
of nosocomial infections ®, which is consis-
tent with the present study findings.

In terms of the type of clinical specimens,
most of the clinical specimens sent to the
laboratory were urine, pulmonary, and
blood samples, which is in line with other
studies in which most of the collected sam-
ples were respiratory aspiration, blood, and
urine specimens [2% 2],

Nearly half of the patients were hospital-
ized in the ICU (47.5%), while the ICU itself
is one of the most important hospital wards
for multidrug-resistant (MDR) strains. In
another study, more than half of the pa-
tients were hospitalized in the ICU (63.2%)
9281 As the findings of various studies show,
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about half of the strains isolated are related
to ICU patients, which could be due to the
long-term hospitalization of patients in this
department, the excessive use of antibiotics
for these patients, and the presence of anti-
biotic-resistant strains in this department
Bl Therefore, considering the special condi-
tions of patients hospitalized in this depart-
ment and the weakness of the immune sys-
tem of cancer patients and, as a result, more
deaths among these patients, special impor-
tance should be given to infection control,
identification of antibiotic-resistant strains,
and evaluation of antibiotic resistance pat-
terns of pathogens in this department.
Phenotypic detection of carbapenemases
is often difficult. In this study, CIM test was
used to confirm the activity of carbapene-
mases. Resistance to imipenem and mero-
penem was detected in the antibiogram, but
blaKPC and blaGES carbapenemase genes
were not completely detectable.

The first study conducted on blaKPC pro-
duction in A. baumannii isolates showed that
4.3% of A. baumannii isolates carried blaKPC
genes, which was further confirmed by se-
quencing of blaKPC2, blaKPC3, blaKP(C4, and
blaKPC10 B°31],

Various studies have shown that the preva-
lence of A. baumannii strains carrying blaK-
PC and blaGES genes could vary from zero to
9.23% [2831-34 and 7.2 to 34.5% 135%7], respec-
tively.

Some studies on Enterobacteriaceae (such
as Klebsiella species especially K. pneumo-
niae) and Pseudomonas species have shown
that the prevalence of blaKPC genes in these
species varies from 1.48 to 19% ©3%3%; in an-
other study conducted on Pseudomonas, the
prevalence of this gene was reported to be
25.8% in Pseudomonas strains 1283839, In ad-
dition, the prevalence of blaGES gene is es-
timated to be 55.2% in these species, while
the prevalence of blaVIM and blaIMP genes
has been shown to vary from zero to 18.4%
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in these species 13940,

In a study conducted by Zare and Faze-
li (2019) in Iran, 27.7% of E. coli, 28.6% of
K. pneumoniae, and 66.7% of Proteus spe-
cies were MBL positive '®l. Amini and Nam-
var (2019) showed that from a total of 42 P
aeruginosa isolates recovered from ICU pa-
tients within 10 months, 23.8% harbored the
blaVIM-2 gene, 4.7% harbored the blaIMP
gene, and 4.7% contained blaIMP-1, but none
of them harbored the blaKPC gene .. In a
study by Ghasemian et al. (2018), 55% of P
aeruginosa isolates were resistant to imipen-
em and meropenem, and 37.7% of them were
MBL producers. Among MBL-producing iso-
lates, blaVIM (12.91%+*11.01%) and blaIMP
(12.50%%23.56%) genes were dominant 2%,
In another study in Tehran, the frequency of
blaIMP and blaVIM genes in P. aeruginosa iso-
lates was 9 and 33%, respectively [

In the present study, 21.2% of A. baumannii.
2.5% of P. aeruginosa, and 37.5% of K. pneu-
moniae strains were carbapenemase positive.
Among A. baumannii isolates, 13.7% had the
blaKPC gene, and 7.5% had the blaGES gene,
and among P. aeruginosa isolates, 1.25% had
the blaKPC gene, and 1.25% had the blaGES
gene: also, 25 and 12.5% of K. pneumoniae
isolates harbored blaKPC and blaGES genes,
respectively. Overall, 39.95% of the strains
isolated from cancer patients in this study
harbored the blaKPC gene, and 21.25% har-
bored the blaGES gene.

In the present study, 4.9% of A. baumannii,
3.7% of P. aeruginosa, and 25% of K. pneu-
moniae isolates were MBL positive. Among
A. baumannii isolates, 1.25% had the blaIMP
gene, and 2.5% had the blaVIM gene. Also,
2.5% of P aeruginosa isolates had the blaIMP
gene, and 1.25% had the blaVIM gene. In ad-
dition, the frequency of blaIMP and blaVIM
genes in K. pneumoniae isolates was 12.5%
each. In general, 16.25% of the strains iso-
lated from cancer patients in this study
harbored the blaIMP gene, and 17.45% har-
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bored the blaVIM gene.

The results show that the prevalence of nos-
ocomial pathogens among cancer patients is
increasing, and Gram-negative bacteria are
one of the main causes of hospital-acquired
infections in cancer patients.

In recent years, the prevalence rate of bac-
terial resistance genes among nosocomial
pathogens has increased. The increase in
antibiotic resistance is mostly due to antimi-
crobial prophylaxis regimens and ineffective
empirical treatments that are performed in
oncology treatment centers ",

Today, by recording the results of drug sen-
sitivity tests in the WHONET software in
medical diagnostic laboratories, it is possible
to predict the drug resistance tendency of a
bacterium; in addition, this information could
help the hospital’s stewardship committee in
choosing appropriate antibiotics, rationaliz-
ing the use of these drugs, and reducing the
prevalence of resistant bacterial strains.
The hospital environment and personnel
and patients’ companions are a potential
reservoir for pathogenic bacteria; thus, their
transmission to patients should be prevent-
ed by following the instructions of the hospi-
tal infection control team.

Also, choosing suitable disinfectants for
hand hygiene, contaminated surfaces, equip-
ment, and operating room floors and using
appropriate methods for sterilizing equip-
ment could reduce the abundance of these
bacteria and, as a result, the incidence of in-
fectious diseases caused by them.

Studies have shown that hospital-acquired
infections could significantly increase treat-
ment costs and mortality in cancer patients
[15.16] By examining antibiotic resistance pat-
terns of pathogenic strains, identifying anti-
biotic resistance genes, and preventing arbi-
trary antibiotic prescription !, treatment
costs and mortality in these patients could
be significantly reduced.

This study results showed that some target

Infection Epidemiology and Microbiology

50

bacterial strains (such as P. aeruginosa) were
phenotypically antibiotic sensitive, but car-
bapenemase resistance genes were shown in
genotypic studies; thus, the spread of these
strains should be controlled by the hospital
infection control team by implementing and
following instructions. It is necessary to re-
duce growth and proliferation and prevent
exposure to strains that are the source of re-
sistance gene transfer. [dentification of bacte-
rial clones and subclones should be done to
establish a balance between drug sensitivity
and resistance. The first principle is to reduce
microorganisms and the growth of antibiot-
ic-resistant strains by using appropriate dis-
infectants and implementing infection con-
trol protocols, and the second principle is to
identify microorganisms and their resistance
genes for the rational administration of anti-
biotics. When an antibiotic is used repeatedly,
sensitive colonies are removed, and antibiot-
ic-resistant colonies remain, which should be
replaced again by sensitive strains through
changing antibiotics to restore balance. In
hospital environments, by implementing
preventive measures such as the optimal use
of disinfectants, the number and prevalence
of bacteria causing hospital infections is re-
duced. Appropriate treatment is possible by
predicting antibiotic resistance pattern and
dealing with it. For this purpose, the steward-
ship based on data stewardship guidelines
and WHONET application could be used.
This information helps doctors prevent the
transmission of resistant strains, reduce
costs and mortality, prescribe antibiotics
correctly, and reduce the length of hospital
stays for patients.

This research, like other studies, had special
limitations, such as short study time, small
sample size, and lack of examination of other
antibiotic resistance genes.

Conclusion
It is necessary to have proper and sufficient
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knowledge of the distribution of pathogens
in each region, determine their susceptibili-
ty pattern, and rapidly initiate effective anti-
microbial therapies for severe complications
arouse by Gram-negative organisms in can-
cer patients.

Since the resistance pattern of strains is con-
stantly changing due to the transfer of resis-
tance genes; therefore, taking appropriate
measures on a daily basis to manage and pre-
vent infections could be helpful, such as ob-
serving hand hygiene, disinfecting objects in
the hospital environment, using personal pro-
tective equipment, using appropriate antisep-
tics, reducing the use of invasive methods for
treating patients, not using broad-spectrum
antibiotics, reducing the duration of hospital-
ization, and providing proper training to pa-
tients at the beginning of hospitalization and
after discharge from the hospital.
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