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from bloodstream infections of leukemia
patients

Mahdaneh Roshani', Mohammad Taheri', Alireza Goodarzi, Rassoul Yosefimashouf' and Leili Shokoohizadeh®'

Abstract

Background One of the most common complications in patients with febrile neutropenia, lymphoma, leukemia,
and multiple myeloma is a bloodstream infection (BSI).

Objective This study aimed to evaluate the antibiotic resistance patterns, virulence factors, biofilm-forming strength,
and genetic linkage of Escherichia coli strains isolated from bloodstream infections (BSIs) of leukemia patients.

Methods The study conducted in Iran from June 2021 to December 2022, isolated 67 E. coli strains from leukemia
patients'bloodstream infections in hospitals in two different areas. Several techniques including disk diffusion and
broth microdilution were used to identify patterns of antibiotic resistance, microtiter plate assay to measure biofilm
formation, and PCR to evaluate the prevalence of different genes such as virulence factors, toxin-antitoxin systems,
resistance to 3-lactams and fluoroquinolone antibiotics of E. coli strains. Additionally, the genetic linkage of the
isolates was analyzed using the Enterobacterial Repeat Intergenic Consensus Polymerase Chain Reaction (ERIC-PCR)
method.

Results The results showed that higher frequency of BSI caused by E. coli in man than female patients, and patients
with acute leukemia had a higher frequency of BSI. Ampicillin and Amoxicillin-clavulanic acid showed the highest
resistance, while Imipenem was identified as a suitable antibiotic for treating BSIs by E. coli. Multidrug-resistant (MDR)
phenotypes were present in 22% of the isolates, while 53% of the isolates were ESBL-producing with the blaCTX-M
gene as the most frequent B-lactamase gene. The fluoroquinolone resistance genes gnrB and gnrS were present in
50% and 28% of the isolates, respectively. More than 80% of the isolates showed the ability to form biofilms. The traT
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gene was more frequent than other virulence genes. The toxin-antitoxin system genes (mazF, ccdAB, and relB) showed
a comparable frequency. The genetic diversity was detected in E. coliisolates.

Conclusion Our results demonstrate that highly diverse, resistant and pathogenic E. coli clones are circulating among
leukemia patients in Iranian hospitals. More attention should be paid to the treatment and management of £. coli

bloodstream infections in patients with leukemia.

Keywords Escherichia coli, Blood stream Infections (BSIs), Leukemia, Toxin-antitoxin systems, Virulence factor

Background

Bloodstream infections (BSIs) are more common in
patients with blood cancers such as leukemia and lym-
phoma and in stem cell transplant recipients [1-4]. The
most common risk factor for severe BSI is neutrope-
nia due to cytotoxic chemotherapy [5]. The incidence of
Gram-positive blood infections (BSIs) has increased over
the past two decades. However, Gram-negative BSI still
accounts for approximately 50% of cases and the most
common cause is Escherichia coli [6]. BSI is associated
with a mortality rate of 12-42% [7, 8]. E. coli is the most
common bacterial species in the human fecal flora due
to its ability to colonize the human gastrointestinal tract.
Therefore, it is not surprising that it is also the more
common cause of Gram-negative BSI in neutropenic
patients [9-12]. Extraenteropathogenic Escherichia coli
(ExPEC) are an isolates that can enter the bloodstream
and survive and invade the host [13]. ExPEC strains con-
tain numerous virulence factors (VFs) that allow bacterial
cells to colonize. Virulence factors are encoded on bac-
terial chromosomes, usually located within pathogenic-
ity islands (PAlIs), or on plasmids [14]. Several E. coli VFs
are associated with BSI. Examples of these VFs include
adhesions, the iron uptake system, Defense mechanisms
against the host, and toxins [15, 16]. However, predict-
ing severity or primary outcome based on bacterial VFs
alone is not entirely accurate, and consideration of host
determinants, including underlying disease, makes these
predictions more acceptable [17]. Treatment of infec-
tions caused by ExPEC strains faces serious challenges as
strains emerge that are resistant to initial and even final
treatments [18].

E. coli also has genetic factors known as the toxin-anti-
toxin (TA) system. E. coli contains TA systems, such as
MazEF, chpBIK, relBE, yefM-yoeB, dinJ-yafQ, and the
mazEF and relBE systems have been studied more than
other systems. Toxin-antitoxin (TA) systems are present
in bacteria and play an important role in the spread and
development of antibiotic resistance through the main-
tenance of multidrug-resistance plasmids and formation
the persister cells, antiphagy defense, and biofilm forma-
tion [19].

Antibiotic-resistant Gram-negative and Gram-posi-
tive bacteria are now suspected of causing infections in
immunocompromised individuals. Enterobacteriaceae

that produce extended-spectrum [-lactamases (ESBLs)
are elevated in neutropenic cancer patients. The percent-
age of Klebsiella pneumoniae strains producing ESBLs
was over 50% in some series, but has been reported to
be 11-69% in E. coli. E. coli can develop resistance to
B-lactam antibiotics primarily through the production
of ESBLs, although ESBL-encoding plasmids contain
resistance genes to other classes of antibiotics. Often
Early identification of patients at risk of infection with
ESBL-producing bacteria is necessary to guide empiri-
cal treatment [20]. Susceptible patients, such as leukemia
patients, may be at risk of recurrent infection with E. coli
strains persisting in the hospital setting. Based on current
trends, the risk of recurrent E. coli bacteremia, albeit low
risk, may be increasing due to the spread of antibiotic-
resistant E. coli [21].

Molecular typing is a valuable tool in epidemiological
research, as it helps trace the origin of infectious agents
and determine evolutionary relationships between iso-
lates from various sources. The use of molecular typing
methods is crucial for investigating correlations between
bacterial strains.

The aim of this study was to evaluate antibiotic resis-
tance patterns, antitoxin systems, virulence factors, bio-
film-forming strength, and genetic linkage of the E. coli
strains isolated from BSI of leukemia patients at two dif-
ferent cancer centers in Iran.

Methods

Bacterial isolates

In this cross-sectional study, blood cultures of leukemia
patients from June 2021 to December 2022 were obtained
from two Iranian medical centers: Hematology-oncology
research center in Tehran and 150 bed cancer hospital
with an outpatient clinic in Rasht (Northern Iran). Blood
samples were cultured in the microbiology laboratory
and E. coli isolates were identified and confirmed using
standard microbiological and biochemical tests [22].
Demographic information such as age, sex, and leukemia
type were collected from all leukemia patients.

Antimicrobial susceptibility

The susceptibility of E. coli strains to Imipenem (10 pg),
Ceftazidime (30 pg), Ceftriaxone (30 pg), cefotaxime
(30 ug), Cefepime (30 pg), Cefixime (30 pg), ciprofloxacin
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(5 pg), levofloxacin (30 ug), Amikacin (30 pg), Ampicil-
lin (10 pg), Gentamicin (10 pg), Amoxicillin / Clavulanic
acid (20 pg), Aztreonam (30 pg), Kanamycin A(30 pg),
Trimethoprim/sulfamethoxazole (75 pg), Tetracycline
(30 pg) and Nalidixic acid (30 pg) (Mast, UK) were evalu-
ated using the Kirby-Bauer disc diffusion method, based
on the Clinical Laboratory Standards Institute (CLSI
2021) guidelines [23]. The minimum inhibitory con-
centrations (MICs) of Imipenem, Ceftriaxone and Cip-
rofloxacin (Sigma Aldrich, St. Louis, MO, USA) were
determined by broth microdilution method according
to CLSI guidelines [23]. Quality control was performed
using E. coli strain ATCC 25922. Strains resistant to at
least one drug of 3 or more antibiotics were considered
multi-drug resistant (MDR) strains [24].

ESBL production testing

Phenotypic detection of ESBL was performed using
the double-disc synergy test (DDST) according to CLSI
guidelines. This test was performed on Muller Hinton
agar with a 30 ug disk of cefotaxime (CTX) along with
Cefotaxime —clavunic acid (CA) and 30 pg disc Ceftazi-
dime (CAZ) along with and a disc of Ceftazidime -clavu-
lanate (containing 10 pg of clavulanate) were positioned
at a distance of 30 mm (center to center). The test was
considered as positive when a decreased susceptibility
to Cefotaxime and Ceftazidime were accompanied by
significant increase in the inhibitory zone of Cefotaxime
and Ceftazidime in front of the disks containing clavu-
lanic acid [23].

Toxin-antitoxin and virulence factor genes detection

Genomic DNA of E. coli strains was extracted from
freshly cultured colonies, by boiling method. All strains
of E. coli were subjected to gene identification of the
toxin-antitoxin system, including mazF, relE, hipA, mqsR,
and ccdB by PCR using specific primers (Metabion, Ger-
many) described previously [25, 26], as detailed in Sup-
plementary file 1. PCR reactions were prepared with a
total volume of 25 pl. The reaction mixture contained
10 pl of the master mix (Ampliqon, Denmark), 0.5 ul of

Table 1 Coexistence of ESBL-encoding genes and plasmid-
mediated quinolone resistance genes among 67 E. coli strains
isolated from leukemia patients
Patterns

Frequency (%)
(16/19): 84.2%
(10/19): 52.6%
(7/19): 36.8%
(1/19):5.2%
(5/7):71.5%
(5/7):71.5%
(2/7): 28.5%
(1/7):14.2%

blacry_y and gnrB
blargy, and gnrB
blag,, and gnrB
blagya_sg and gnrB
blacry_ and gnrs
blag,, and gnrS
blagy and gnrS
blaoya_sg and gnrs
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each primer (10 pmol), 2 ul of the DNA template, and
12 pl of distilled water. The PCR reaction consisted of an
initial denaturation step at 95 °C for 5 min, followed by
35 cycles of 60 s at 94 °C, an annealing step as described
in Table 1, extension step at 72 °C for 30 s and a final
extension step at 72 °C for 10 min. Genes encoding E. coli
virulence factors, including //yA (hemolysin), iutA (aero-
bactin), afa (afimbrial adhesion), traT (serum resistance),
were also detected by PCR [27-30]. Primer sequences,
product sizes, and annealing temperatures of these genes
are presented in Supplementary file 1. PCR of virulence
genes was performed under conditions of initial denatur-
ation 2 min at 94°C and 30 cycles including denaturation
at 94 °C for 60 s, extension at 72°C for 90 s, and final
extension at 72°C for 5 min. PCR products were visible
after electrophoresis on a 1% agarose gel (Supplementary
files 2 and 3).

Detection of antimicrobial resistance genes

After identification of antibiotic resistance patterns of
E. coli strains, the P-lactamase-encoding genes of the
blacry_\p blargyy, blagyy, blagy 4 and blayr,, genes, as
well as genes encoding fluoroquinolone resistance includ-
ing gnrA, qnrB, gnrS were detected by PCR. The PCR
reactions were prepared in a total volume of 25 pl. Primer
sequences, product sizes, and annealing temperatures of
these genes are presented in Supplementary file 4. PCR
reaction was performed in a thermocycler (Eppendorf,
Germany) and 35 cycles were performed for each reac-
tion, The following reaction parameters were used for
B-lactamase and quinolone resistance genes respectively:
initial denaturation at 94 °C for 30s min followed by 35
cycles including denaturation at 94 °C for 30 s, and exten-
sion at 72 °C for 60 s, final extension at 72 °C for 10 min
(for B-lactamase genes) as well as initial denaturation at
94 °C for 5 min, followed by 30 cycles including dena-
turation at 94 °C for 60 s, and, 72 °C for 60 s, 72 °C for
10 min [30-37]. PCR products were detected after elec-
trophoresis on a 1% agarose gel (Supplementary files 5
and 6).

Quantitative biofilm assay

Biofilm formation of E. coli stains was assayed quanti-
tatively using a microtiter plate with crystal violet pro-
cedure as described previously [38]. After completing
various steps the optical density (OD) of the wells was
read at a wavelength of 595 nm using an ELISA reader.
Moreover a positive control using E. coli ATCC 2273,
and negative control wells consisting of 200 pl of unin-
oculated TSB, were included on each plate. All isolates
were classified into the following categories: The cut
offs were as follows: sample OD<cOD=non-bioiflm
producer; cOD<sample OD<2*(cOD)=weak biofilm
producer; 2*cOD)<sample OD<4*(cOD)=moderate
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biofilm producer; sample OD>4*(cOD)=strong biofilm
producers.

ERIC-PCR

Genetic relatedness of all E. coli isolates was analyzed
using ERIC-PCR technique. This procedure was per-
formed using the primers as described previously pro-
gram [39]. The ERIC-PCR patterns of bands on agarose
gel was compared by Gel Compar® II v.4.1 software
(Applied Maths BVBA, Sint—Martens—Latem, Belgium).

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics for Windows software, version 28. The Chi-square
test and Fisher’s exact test was used to evaluate correla-
tions among variables. P-values<0.05 were considered
statistically significant.

Results

Demographic information of patients

In this cross-sectional study, 67 E. coli-positive blood cul-
ture samples from leukemia patients were collected and
analyzed. Forty-two strains from Tehran and 25 strains
from blood cultures in Rasht were isolated, identified
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and confirmed. Of these 67 strains, 42 (63%) were iso-
lated from male patients and 25 (37%) were isolated from
female patients. Patient ages ranged from 6 months to 81
years, with 23% of patients aged 1 to 14 years. Of the 67
leukemia patients, 36 (54%) had acute myeloid leukemia,
16 (24%) had acute lymphoblastic leukemia, 13 (19%)
had chronic myeloid leukemia, and 2 (3%) was diagnosed
with chronic lymphocytic leukemia.

Antibiotic resistance patterns

Figure 1 shows the results of resistance testing against
17 antibiotics. Based on these results, the highest resis-
tance to ampicillin (92%) and Amoxicillin-clavulanic
acid (88%) was observed in E. coli strains. Resistance to
Imipenem was minimal, with 92% of isolates susceptible
to Imipenem. More than 50% of isolates were resistant
to cephalosporins and over 40% of strains were resis-
tant to fluoroquinolones (ciprofloxacin and levofloxa-
cin). According to the results of the antibiogram, it was
found that 15 (22.3%) strains were resistant to at least
three antibiotics from three different antibiotic families,
which were considered as multidrug resistant (MDR)
strains. A total of 36 (53.7%) strains were found to be
ESBL-producing strains. In this study, the MIC values of
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Fig. 1 Frequency (%) of antibiotic resistance of E. coli strains isolated from Blood cultures of patients with leukemia
AMC: Amoxicillin/clavulanic acid, AMP: Ampicillin, ATM: Aztreonam, C: Chloramphenicol, CAZ: Ceftazidime, CFM: Cefixime, FEP: Cefepime, CIP: Ciprofloxa-
cin, LEV: Levofloxacin, GEN: Gentamicin, IMI: Imipenem, SXT: Trimethoprim-sulfamethoxazole, K: Kanamycin, TE: Tetracycline, NA: Nalidixic acid
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Ciprofloxacin, Ceftriaxone and Imipenem ranged from
>4 pg/ml to 2256 pg/ml, 216 pug/ml to 2256 pg/ml, and
264 pg/ml, respectively.

Prevalence of ESBL and gnr genes

PCR results showed that among 36 ESBL producing
strains, the frequency of blacry_\ gene (n=23, 63.8%),
was higher than other genes, followed by bla;p,, (n=13,
36.1%), blagyy (n=15, 41.6%), blaypy., (n=3, 8.3%) and
blagya_sg (n=3, 8.3%). PCR detection of the gnr gene in
32 quinolone-resistant strains revealed that all quino-
lone-resistant strains were negative for gnrA, and (n=16,
50%) and (n=9, 28%) of the isolates were positive for
gqnrB and gnrS, respectively. The frequency of simultane-
ous presence of fluoroquinolone and beta-lactam resis-
tance genes was compared in Table 1. bla-rx_y, and gnrB
(84.2%) was the most frequent genotype and blagys_sg
and gnrS showed the lowest frequency.

Patient characteristics with antibiotic resistance

Table 2 shows the characteristics of leukemia patients
classified by ESBL production capacity and resistance to
Ciprofloxacin, Ceftriaxone, and Imipenem. The adminis-
tration of these three antibiotics is important in the treat-
ment of patients with blood infections in the hospitals. In
total, the level of resistance to the three mentioned anti-
biotics and the production of ESBL was higher in patients
with acute leukemia. The frequency of ESBL producing
strains, resistant to Ciprofloxacin and resistant to Ceftri-
axone was higher in patients with acute myeloid leuke-
mia. While in this study, two (50%) Imipenem resistant
strains were isolated from acute lymphoblastic leukemia
patients.

Biofilm phenotypes

As a result of examining the biofilm-forming ability of
67 E. coli strains isolated from blood-infected leukemia
patients by the microtiter plate method, it was found
that 56 strains (83.5%) were capable of forming bio-
films. Based on OD, the ability to form biofilms he was
classified into four groups: No biofilm formation, strong
biofilm, moderate biofilm, and weak biofilm. Of the 67
strains tested, 11 (16.4%) were negative biofilm formers,
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25 (37.3%) were weak biofilm formers, 20 (29.8%) were
moderate biofilm formers, and 11 were strong biofilm
formers.

Prevalence of virulence factor genes

PCR results of virulence genes of 67 strains of E. coli
showed a higher rate of traT (77.6%) than other virulence
genes, followed by iutA (59.7%), hlyA (55.2%) and afa
53.7%. The frequency of simultaneous presence of beta-
lactam resistance genes and virulence factor genes was
compared in a table in Supplementary file 7. As this table
shows, the blag/traT (93%) and blacrx_y / traT (91%)
genotypes were the most frequent, and the next domi-
nant genotype was the blarp,, / traT (76%). Genotypes
blagys | hlyA, blagy,/ iutA and blagy,/ afa showed the
lowest (33%) frequency.

Prevalence of toxin-anti toxin genes

The results showed that, of the 67 E. coli strains,
48(71.6%), 47(70%), 52(77.6%), 24(35.8%) and 21(31.3%)
were positive for mazE, ccdAB, relB, mgsR and hipA
genes, respectively. Therefore, among the genes of the
toxin-antitoxin system, the frequency of the relE gene
was the highest and the frequency of the hipA gene was
the lowest. The frequency of simultaneous presence of
fluoroquinolone and beta-lactam resistance genes and
toxin-antitoxin genes was compared in Fig. 2. As Fig. 2
shows blacpxy/relE, blarpy/ mazF and blarg,,/ relE were
the most frequent genotypes (=80%) and blacrxy-HipA
was the lowest frequent genotype among ESBL genes
positive strains and gnrS/relE, gnrS/mazF, qnrS/ccdB
were the most frequent (=70%) genotypes and gnrB/relE
was the lowest frequent genotype among gnr positive
gene strains.

Genetic linkages of E. coli strains

Analysis of ERIC-PCR results showed >80-100% similar-
ity among E. coli isolates (Fig. 3). Genetic diversity was
established among 67 isolates by detecting 47 different
ERIC profiles with a similarity cutoff of 295%. In total, 47
different ERIC profiles, including 8 common types and 39
single types (including one isolate) was detected among
67 isolates. Out of these eight common types, seven

Table 2 Characteristics of 67 E. coli strains in bloodstream infections among different types of leukemia based on ESBL production

and resistance to Ciprofloxacin, Ceftriaxone, and Imipenem

Hematological ESBL Non-ESBL Ciprofloxa- Ciprofloxa- Ceftriaxone Ceftriaxone Imipenem Imipe-
malignancy (n=36) (n=31) cin cin R S R nem

R S (n=41) (n=24) (n=4) S

(n=32) (n=35) (n=63)
Acute myeloid leukemia 21(58.3%) 15(48.3%) 15(46.8%) 21(60%) 18(43.9%) 16(66.6%) 1(25%) 35(55.5%)
Acute lymphatic leukemia 8(22.2%) 8(25.6%) 8(25%) 8(25%) 12(29.2%) 4(16.6%) 2(50%) 14(22.2%)
Chronic lymphatic leukemia 5(13.8%) 8(25.6%) 8(25%) 5(14.2%) 9(21.9%) 0 0 12(19%)
Chronic myeloid leukemia 1(2.7%) 1(3.2%) 1(3.1%) 1(2.8%) 2(4.8%) 4(16.6%) 1(25%) 2(3.1%)
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Fig. 2 Frequency (%) of coexistence of ESBL-encoding genes, quinolone resistance genes and toxin-antitoxin system genes among 67 E. coli strains

isolated from blood cultures of patients with leukemia

common types included two strains and one common
type included 14 different strains.

Statically analysis results

The results of the statistical analysis of the data showed
that there is no significant relationship between the dif-
ferent variables of this study (P value>0.05).

Discussion

There have been limited studies conducted in Iran
regarding blood infections in leukemia patients. This
cross-sectional study aims to provide an overview of the
epidemiology of bloodstream infections caused by E. coli
in patients with hematologic malignancies in two differ-
ent centers in Iran. The key findings of the study include:
(1) a higher occurrence of E. coli bloodstream infections
in male patients compared to female patients, (2) a higher
occurrence of E. coli bloodstream infections in patients
with acute leukemia, (3) significant resistance to ampi-
cillin and amoxicillin-clavulanic acid, (4) Imipenem was
an effective antibiotic for treating E. coli bloodstream

infections, (5) the presence of multidrug-resistant phe-
notypes in 22% of isolates, (6) 53% of isolates producing
ESBLs with the blac1x_y gene was the most common,
(7) the presence of flouroquinolone resistance genes gnrB
and gnrS in 50% and 28% of isolates, respectively, (8) over
80% of isolates having the ability to form biofilms, (9) a
higher frequency of the traT gene compared to other
virulence genes, with varying frequencies of different
virulence genes and the most common genotypes were
blagyy/traT and blacx_y/traT, (10) a high prevalence of
toxin-antitoxin system genes including mazE, ccdAB, and
relB, 11) genetic diversity among E. coli strains isolated
from bloodstream infections in leukemia patients.

This study offers valuable insights into the epidemiol-
ogy, resistance patterns, and virulence factors of E. coli
bloodstream infections in leukemia patients in Iran. Sev-
eral studies have investigated the prevalence of E. coli BSI
in leukemia patients. For example, Talcott et al. reported
that E. coli was the most common cause of BSI in patients
with acute myeloid leukemia (AML), accounting for 17%
of all BSIs [40]. Another study by Gudiol et al., found
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ESBL Antiblotic rosistance Viralenca genas

posAvo AMP CROATMCFMFER ST CAZ K RelE,mgsR, maT, ju.
posfva AMPCROATMLEV FEP,STX AMECIP, M MazF, relE, codd, hL
poshave  AMPCROAKATM, FEP,STXLAMECIP,CAZ HAK TE, hipa,laT
negatve  AME Mazf relE,codB,my.
negatva AMP, CRO\LEV,GFMF ERS TR, TE A0S CIP, CAZ NA MazF hiya, raT
poshava  AMP,CROATMLEV,.CFWVFEP STXTE,CHNAMNC, CIPCAZ RedEoceB,mosA AL
posfive AMPSTX,C,TEAME Maz® hiysguth traT.
negative  AMP,STXAME A RedE cocB, mosF .
posnvo  AMPCROATMEFM FER ST TE, AME GAZ A mgER,cods hph,lul.
posrve  AMPCROATMEFMFER ST AN GAT NA MAZFE hiyh

posave  AMP,CROATMLEY,.CFM FEP STX,TE,CRAME, T CAZ A MazF relf,ccdB, Leb,

negalve  AMP,STX,TEAME, Mo

negatve  AMP,TE AMG

posAvn  AMP, STX AMGK

posava LEV AMP.CROCFM FEPSTX TECN AMCCIP

poshve  AMPCROVATMCFM,FEP,STXTE, CMAME, TP CAT NS,

posave AMP,CROATMLEY,.CFWMFEP STXC,TE,CM AMCCIP CAZ MA K
negatva  AMP, LEV CFM,5TX,CTE AMC CIPNA,

negatve  AMP, CROATM LEV,.CFM,FEP, ST TE, CHNANMEC, CIP AT A

negatve  AMP, IMP,CROATM, FEFSTHE, T2 SN ARG K Mazf, reiE, masFLnl.

posave  AMPCROATM LEV,.CFWMFEP STXC TE G AMCCIP CAZ MA K RedE,mgss, hiys,ut.
posmave  AMP,CRO,IMEATM LEY CFM FEFR ST L, TE CNAMC CIP CAL MA K MazF, reiE, codB,hl
posmvo  AMPCROATMLEV CFMFER ST TE AMECIP,CAZNA K Mazf, roiE, masioh.
negatve  CIF I, hiya, traT

negale  AMP5TX ,TE, CIF Mgs=, redE, codB, L
negatve  AMPCROATMLEV FEP,STXE, AME,CIP,NA Mgs=,cod8 hipshl.

posAvD  AMP,CHO, ATMEEM,STX, TE AME,CAZ NAK MazF, rolE, codB,hi.
negate  AME MazF, rols, codl, tr.
posnve  AMP, CLTE AME Maz¥, hiph, hiybcc.

negatese  AMP,CROATM LEY, CFM,STX, G TE AMCCIP,CAZMNA K
posfive AMPERG, LEV,FEPSTE, G TEAME, S 00T Mo
posfava  AMP.CROATMCFM,STX TE CNLAMS CIP, CAZ NAK
negatve  AMP LEW STXAC.TE,CIPMA

negatve  AMP LEV STXTEENASIPEAZMNA

posave  AMPCROAK AT LEV,CFM,FEP, STX AN CIF, N
nogative  AME

nogatee  AMPSTX,G.TE,CN CIF,NA

posAun  AMP, ATMEEVCFMFER ST, TEGN AMG,CIF,MA
negalme  AMPCROATMLEV,CFM FER, TG, TE CIPCAZ MA RelE, mgsH, raT,iu.
negatva AMPLEV,CFM,STX, G, TE, O AME, TP SAZ M6, Maz¥ relf,codB, | tr.
negate  AMP AK ATM, STRLANME Ada

Hegaave  AMP,CROATMLEY,.CFMFEP,STXC, TE AME CIF, CAZ NAK HelE,mazF, CC0a,.

MazF, rolE, codB,ht
MazF, hua, traT

MazF, relf, codi,hl.
Mazf, , iy hindju
MazF, reig, cod, tr.
ToE, conl, hiyA Ltk
MazF, reig, codi,hl.
MazF, reig, a, tat
MazF, relZ, cods, tr.

posAve  AMP,CROATM, GFMFER,STOAME, GAZ, HA maz, lula, taT,ata
negatme  AMP ERGAK,GEM,FES GN AN Maz®, relE,codl, s
negatve  AMPATILFER STX,TE Mazf, masFhiy AL
posmve  AMP, TEGNAMEMA Maz®, el GEO8,N.
nogatie  AMPATM GFMLANG K Mazf, relE luth, T

posave  AMP,CROAK AT, CFM FEP, STXTE CHAMC CAZ K

negatve  AMP.CROATMCFMFEP,CAZ K

AMP CROAK AT, LEV,CFM,FER, ST TE, EMNAMG, CIP, 5AZ, MA K
negative  AMPCROATMLEV CEM FER, ST, TE G AME CIR,EAZ N K
negateee  AMP ST G TE AN,

R, mazf maskh.
Hed jocoll, uta, trat.
Rl oocB, by juth
Ecdi,mask,rat

Mazf, roig, codd, .

posnve  AMP.CROATM, CFMFEPSTATE AMCCIP.CAINAK LEV.CN ‘mgss, nelE, codBhL
posava AMP,CROATM LEY CPWMFEP,STX,TE,CNCIP.CAL NA Mazf, rols, CCOE,.
posive AMP.CROLEV.STXTETECIPNAK Mazf relf,codB,my.

negatve  TEAMC K HedE,cocB, hlyajuth,

poshave AMP.CROAKATM, CFMFEP,STXTE AMCCIP.CAZMA K MazF, reig, codB bl
posAavo AMPLCRO, CFMFEPAME, CAZ, TR
posavn  AMP,CROAK A ATMGFMFER BN AMS, CI5, 02 K MazF rels,masFLhL

negatve  AMP,5TK,TEAME,CAZ K maxz! RelE,ocol, lul.

posave  AMPGROAK AT, LEW, CFVLFER, STAG, TE, BN AME, B GAZ MAK. MazF, rois, cod, ir.
posAvn  AMPCEGATH, CEMEERSTTE AMSCIB LEY,EALNAK Mazf, roif, cods, fr.
posnve  AMPCROATM, CEMFER STXTE AMECIP CATNAK LEV.EN mq=s, relE, codB .

negalive  AMP, TEAME A

negatese  AMP,CROLEW CIPCAZ

AMP CFMFEPSTATE AN,

AMP RO AN, AT CFM, TE AT CAT MO

Mazf, codBhtys L.
Maz¥, relE, mask, h.
MazF, roi€, cod8, tr.
MazF, rol, codB,m.

Fig. 3 Dendrogram of ERIC-types of 67 E. coli strains isolated from blood cultures of patients with leukemia. Biofilm formation strength, presence of ESBL
strains, patterns antibiotic resistance, virulence factor gene and toxin-antitoxin genes in different ERIC types were compared. Phylogenetic groups of E.

coli in this figure was not discussed in this study

that E. coli was the second most common cause of BSI
in patients with acute lymphoblastic leukemia (ALL),
after coagulase-negative staphylococci in a 200-bed uni-
versity referral cancer center in Barcelona, Spain [41]. A
study conducted in Italy found that E. coli was the most
frequent causative agent of BSI in leukemia patients,
accounting for 23% of all cases [42]. A study from Saudi
Arabia in 2021 investigated the epidemiology and out-
comes of E. coli bloodstream infections in adult patients

with hematologic malignancies found that E. coli was the
most common pathogen causing bloodstream infections
in these patients, accounting for 32.4% of cases [43].

The occurrence of E. coli bloodstream infections in
individuals with leukemia can differ based on several
factors, including the kind of leukemia, the progres-
sion of the illness, the age of the patient, and the exis-
tence of other medical conditions. For example, a study
from Korea found that the prevalence of E. coli BSI was
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higher in patients with acute myeloid leukemia (AML)
than in those with acute lymphoblastic leukemia (ALL)
[44]. Another study from Italy reported that the pres-
ence of underlying diseases, such as diabetes and chronic
obstructive pulmonary disease (COPD), was associated
with a higher risk of E. coli BSI in leukemia patients [12].

Comparable to other studies, we found that E. coli was
a commonly isolated pathogen in blood infections among
patients with acute leukemia, with 54% of patients having
acute myeloid leukemia (AML). The fact that 22% of iso-
lates were from patients with chronic leukemia, and that
the male to female ratio of patients suffering from blood-
stream infections caused by E. coli was 1.68 to 1, suggests
that there is a need for further investigation into the risk
factors that contribute to bloodstream infections in these
patients. Although it has been proven that patients with
leukemia are at an increased risk of developing blood-
stream infections due to a weakened immune system
caused by the cancer itself and the treatment regimens
used to manage the disease. Common risk factors for
bloodstream infections in patients with acute leukemia
include neutropenia, chemotherapy, central venous cath-
eterization, hospitalization, prior antibiotic use, age, and
the presence of other medical conditions. Close monitor-
ing and appropriate infection prevention measures are
critical in reducing the risk of infections in this patient
population.

Antibiotic resistance is a significant concern in the
management of bloodstream infections caused by E. coli
in patients with leukemia or hematologic malignancies.
In our study, we found that 22% of isolates were MDR
defined as resistance to three or more classes of anti-
microbial agents and 53% were ESBL-producing. The
presence of the blaCTX-M gene was most commonly
associated with p-lactamase production, and over 40%
of strains were found to be resistant to fluoroquinolone
antibiotics.

Multiple studies have investigated the prevalence of
antibiotic resistance, multi-drug resistance (MDR), and
extended-spectrum  [-lactamase  (ESBL)-producing
strains of E. coli in these patient populations. One study
conducted in Italy found that 35.7% of E. coli blood-
stream isolates from patients with hematologic malignan-
cies were resistant to fluoroquinolones, and 20.4% were
MDR [12]. Another study from Turkey reported that
64.6% of E. coli bloodstream isolates from patients with
hematologic malignancies were ESBL producers [45]. In
a study from India, the prevalence of ESBL-producing E.
coli bloodstream infections in patients with hematologic
malignancies was found to be 60.2% [46]. A study in 2021
investigated the prevalence and characteristics of ESBL-
producing E. coli bloodstream infections in patients
with hematologic malignancies in China [47]. This study
found that ESBL-producing E. coli accounted for 24.2% of
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E. coli bloodstream infections in these patients, and like
our findings the most common ESBL gene was CTX-M.
58.6% of the strains were ESBL producers [47]. A study
from Italy showed that the most common ESBL gene
detected was CTX-M, which was found in 85.7% of the
ESBL-producing strains. Other ESBL genes detected
included TEM and SHV [48]. The high prevalence of
ESBL genes in E. coli isolates from leukemia patients
underscores the need for appropriate antibiotic steward-
ship and infection control measures to prevent the spread
of these multidrug-resistant pathogens. It also highlights
the importance of careful use of antibiotics, particularly
broad-spectrum antibiotics, in these patients.

In our study Imipenem recognized as a suitable anti-
biotic to treat BSI in leukemia patients, although resis-
tance to this antibiotic was observed in 5.9% of cases, and
caution should be taken in prescribing this antibiotic to
these patients so as not to cause more resistance. A study
in 2022 investigated the prevalence and risk factors for
carbapenem-resistant E. coli bloodstream infections in
patients with hematologic malignancies in Japan [49].
The study found that the prevalence of carbapenem-
resistant E. coli bloodstream infections was 2.3%, and
that prior exposure to carbapenems and recent hospi-
talization were significant risk factors. Napolitano et al.
found that 14.7% of E. coli isolated from patients with
hematological malignancies were resistant to imipenem
in Italy [48]. A study conducted in Brazil performed
genomic analysis of carbapenem-resistant E. coli isolates
causing bloodstream infections in patients with hemato-
logical malignancies. This study found that 9.1% of E. coli
isolates were resistant to Imipenem [50]. In a study con-
ducted in Iran, the molecular characteristics of carbape-
nem-resistant E. coli strains isolated from patients with
hematological malignancies were analyzed. The study
revealed a higher prevalence of resistance to Imipenem
(33.3%) in E. coli isolates compared to our findings [51].
This level of resistance to carbapenems is significant and
concerning.

The emergence of Imipenem-resistant E. coli strains in
patients with leukemia or hematologic malignancies is a
significant concern, as these patients are often immuno-
compromised and more susceptible to severe infections.
Regular surveillance of antimicrobial resistance patterns
and appropriate infection control measures are crucial in
managing these infections.

Overall, the problem of Imipenem resistance in E. coli
strains causing bloodstream infections in patients with
leukemia or hematologic malignancies requires a multi-
faceted approach that includes a combination of infec-
tion control measures, antimicrobial stewardship, and
the development of alternative therapies.

Some studies have investigated the prevalence of gnrA,
gnrB, and gnrS genes in E. coli isolates from leukemia
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patients. For example, a study in Italy in 2020 found that
gnr genes were present in 61.2% of the 116 E. coli isolates
obtained from bloodstream infections in patients with
hematological malignancies. The gnrS1 gene was the
most prevalent, with a prevalence rate of 45.7%. The gnrB
gene was present in 4.3% of the isolates, while the gnrA
gene was not detected. Their results were very similar to
the results of our study [48]. In a 2019 study conducted
in China, it was found that among 72 E. coli isolates
obtained from leukemia patients, 29.2% carried the gnrA
gene, 6.9% carried the gnrB gene, and 25% carried the
qnrS gene [52]. However, in the current study, the gnrA
gene was not detected, while the gnrB and gnrS genes
were present in 50% and 28% of the isolates, respectively.

The detection of gnr genes in E. coli isolates from leu-
kemia patients is concerning because it suggests that
these pathogens may be developing resistance to quino-
lone antibiotics, which are commonly used to treat infec-
tions in these patients. Further research is needed to
understand the prevalence and clinical significance of gnr
genes in leukemia patients.

Biofilm formation is a common virulence factor in
many bacterial infections, including bloodstream infec-
tions caused by E. coli. Biofilms are communities of bac-
teria that adhere to surfaces and produce a protective
extracellular matrix, which can make them more resis-
tant to antibiotics and host immune responses. In our
study more than 80% of the isolates showed the ability to
form biofilms and 46.2% of E. coli isolates were moderate
to strong biofilm producers. Several studies have inves-
tigated the ability of E. coli strains causing bloodstream.

For example a study in Yemen in 2018 found that E.
coli bloodstream isolates from patients with hemato-
logic malignancies had a high rate of biofilm formation
[53]. The study found that 37.3% of E. coli isolates were
strong biofilm producers, and 36.7% were moderate bio-
film producers and the strong biofilm producer’s isolates
were more resistant to antibiotics than the weak biofilm
producers [53]. Another study investigated the biofilm-
forming capacity of E. coli isolates from patients with
hematological malignancies. The study found that 59.7%
of E. coli isolates were moderate to strong biofilm pro-
ducers [54]. A study from Iran in 2019 investigated the
relationship between biofilm formation and antibiotic
resistance in E. coli bloodstream isolates from patients
with hematologic malignancies. The study found that
biofilm-producing E. coli isolates were more likely to be
resistant to multiple antibiotics, including beta-lactams,
fluoroquinolones, and aminoglycosides [55]. The abil-
ity of E. coli strains causing bloodstream infections in
patients with leukemia or hematologic malignancies
to form biofilms is a concern, as it can contribute to
treatment failure and disease persistence. Strategies to
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prevent or disrupt biofilm formation may be important in
managing these infections.

E. coli strains that cause bloodstream infections (BSIs)
in patients with leukemia or hematologic malignancies
often carry virulence genes that contribute to their abil-
ity to cause disease. In our study several virulence genes
were detected. Among these, the iutA gene was detected
in 59.7% of the strains, followed by hlyA in 55.2% and afa
in 53.7%. The traT gene was the most commonly detected
virulence gene, being present in 77% of the strains. Nota-
bly, the gene associated with iron acquisition was more
frequently detected than other virulence genes, which is
consistent with our findings and previous studies. Here
are some findings from studies that have investigated the
prevalence of virulence genes in E. coli strains causing
BSIs in these patient populations:

Consistent with our study a study, 66 E. coli blood-
stream isolates from patients with hematologic malig-
nancies in a tertiary care hospital in Romania were tested.
The study found that the most common virulence genes
detected were fimH (89.1%), traT (86.4%), and iss (83.6%).
These genes are known to be associated with adhesion,
iron acquisition, and serum resistance, respectively [56].
Another study investigated the prevalence of virulence
genes in E. coli isolates from patients with hematological
malignancies in Iran [57]. The study found that the most
commonly detected virulence genes were fimH (95.2%),
traT (89.9%), and iss (87.0%), which is consistent with the
our and Romanian studies.

The high prevalence of virulence genes in E. coli strains
causing BSIs in patients with leukemia or hematologic
malignancies underscores the importance of appropriate
antimicrobial therapy and infection control measures to
manage these infections.

Toxin-antitoxin (TA) systems are small genetic mod-
ules found in many bacteria that play a role in stress
response, persistence, and pathogenesis. Several studies
have investigated the prevalence and characteristics of
TA system genes in E. coli strains causing bloodstream
infections (BSIs) in patients with leukemia or hema-
tologic malignancies. In our study we investigated the
prevalence of five different TA system genes including
mazEF, ccdAB, relBE, mgsR and hipA which relBE (77%),
ccdA (71%) and mazEF (70%) were the most frequent TA
system gene. A study in 2019 investigated the prevalence
and genetic diversity of TA system genes in E. coli blood-
stream isolates from patients with hematologic malignan-
cies in Iran According to the study, the TA system genes
that were most frequently detected were higBA (48.6%),
relBE (37.8%), and mazEF (35.1%) [58]. However, the
prevalence of the TA gene system in our study was found
to be higher than these percentages. In a study the preva-
lence and genetic characteristics of TA system genes in
carbapenem-resistant E. coli bloodstream isolates from
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patients with hematologic malignancies was investigated
in a Chinese hospital [59]. The study found that the most
commonly detected TA system genes were re/BE (85.7%),
higBA (82.1%), and mazEF (75.0%) which is consistent to
our finding. Another study investigated the role of TA
system genes in the persistence of E. coli bloodstream
infections in patients with hematologic malignancies in
Spanish hospitals [60]. The study found that the presence
of certain TA system genes, including re/BE and higBA,
was associated with increased persistence of infection.
Considering that the frequency of re/BE gene was also
high in our study, this result will be important. These
studies suggest that TA system genes are prevalent in
E. coli strains causing BSIs in patients with leukemia or
hematologic malignancies, and may play a role in disease
persistence. Further research is needed to fully under-
stand the role of TA systems in the pathogenesis of these
infections.

Enterobacterial repetitive intergenic consensus (ERIC)-
PCR is a molecular typing method used to differentiate
bacterial strains based on variations in the length and
sequence of the intergenic regions between conserved
ERIC DNA sequences. Several studies have used ERIC-
PCR to investigate the genetic diversity and clonal relat-
edness of E. coli strains causing BSIs in patients with
leukemia or hematologic malignancies. Results our study
and other studies indicated to genetic diversity among
E. coli strains isolated from BSIs. A study in 2020 used
ERIC-PCR to investigate the genetic diversity and clonal
relatedness of carbapenem-resistant E. coli strains caus-
ing BSIs in patients with hematologic malignancies in a
Chinese hospital. The study found that the carbapenem-
resistant E. coli strains were genetically diverse, with
no predominant clone identified [59]. However, like
our study, these studies did identify several clusters of
closely related isolates, suggesting that clonal transmis-
sion may have contributed to BSIs. These studies suggest
that ERIC-PCR can be a useful tool for investigating the
genetic diversity and clonal relatedness of E. coli strains
causing BSIs in patients with leukemia or hematologic
malignancies. However, further research is needed to
fully understand the transmission dynamics and pathoge-
nicity of these strains.

Limitations

Our study had several limitations that affected the
scope and depth of our investigation. Firstly, due to the
COVID-19 pandemic conditions, we could only collect
blood cultures that were positive for E. coli and were
unable to investigate the frequency of E. coli compared to
other pathogens in bloodstream infections. Additionally,
the study design did not allow us to explore risk factors
for bloodstream infections beyond age, sex, and type of
leukemia, and our focus was primarily on microbiological
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aspects. The hospitals from which we obtained our data
did not provide additional patient information, further
limiting our analysis. Furthermore, we encountered diffi-
culties due to the high cost of materials and tools needed
for certain assays, which also restricted the scope of our
study. Finally, the overall cost of materials and tools, cou-
pled with the lack of proper cooperation from hospitals,
remained significant challenges that we had to overcome
in conducting this study.

Conclusion

Our study highlight the ongoing importance of moni-
toring the prevalence and characteristics of E. coli
bloodstream infections in patients with leukemia or
hematologic malignancies, in order to inform appropri-
ate antimicrobial therapy and infection control measures.
Overall, the patterns of antimicrobial resistance among
E. coli strains causing bloodstream infections in patients
with leukemia or hematologic malignancies can vary
depending on the geographic region, patient population,
and other factors. It’s important to regularly monitor
antimicrobial resistance patterns and adjust treatment
strategies accordingly to improve patient outcomes. Fur-
ther research is needed to fully understand the relation-
ship between E. coli biofilm formation ability, virulence
factors and toxin-antitoxin system genes and clinical out-
comes in these patient populations.
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