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Abstract

Objectives: Among Gram-negative bacteria, Escherichia coli (E.coli) has a major role in BSI in hematological malignan-
cies recipients. So, this study aimed to survey Escherichia coli bloodstream infections (BSI) and associated antibiotic
resistance pattern in hematological malignancy populations via a global systematic review.

Methods: Articles were searched by different databases such as Scopus, PubMed, and Web of Science (ISI) to search
studies that reported E. coli bloodstream infections and associated antibiotic resistance patterns in hematological ma-
lignancies populations by two researchers independently. Then, the articles were selected based on the inclusion and
exclusion criteria, and finally, using scientific methods, the quality assessment of the studies was done, and finally, the
data was analyzed by comprehensive meta-analysis (CMA) software.

Results: Lastly, 36 studies were included in the current systematic review. Median age of patients was between 1-75
years. Most of the patients who underwent HSCT were men. The prevalence of bacterial BSI in various studies varied
between 8.8- 51.2%. The prevalence of E.coli was between 9-54%. E.coli MDR isolates were reported between 0-25 per-
cent. Also, the prevalence of ESBL E.coli strains in BSI of HSCT recipients was between 13-80%. The BSI related death by
E.coli was varied between 6-27%.

The highest antibiotic resistance was reported to ciprofloxacin, cefepime, Third- and Fourth-generation cephalospo-
rins, and amikacin with prevalence of 100%, while the lowest antibiotic resistance was reported against Tigecycline
with a prevalence of 0-8%.

Conclusion: Our review showed the high prevalence of E.coli, particularly MDR/ESBL strains, and antibiotic resistance,
consequently BSI-related mortality in HSCT recipients. Therefore, more serious infection control measures/regular con-
tinuous screening should be taken in the wards/centers where these patients who underwent HSCT to prevent the
spread of such isolates, and also, empirical therapy with effective antibiotics such as tigacycline and imipenem should
be done immediately.

Keywords: Escherichia coli, Bloodstream Infections, Antibiotic Resistance, Hematological Malignancy

Cite This Article: Jafarabadi M, Khaledi A. Escherichia Coli Bloodstream Infections and Associated Antibiotic Resistance Pat-
tern in Hematological Malignancy Populations, A Global Systematic Review. EJIMO 2024,;8(1):15-23.

Considering the importance of blood malignancies (HM), damage to the mucous membrane, neutropenia, depressed
the most important treatments include hematopoietic  immunity, and so on, which ultimately all contribute to the
stem cell transplantation (HSCT), chemotherapy, and radio-  development of bloodstream infections (BSI).%* However, de-
therapy."? Among complications and dilemmas following che-  spite the recent advances in the treatment of HM, especially in
motherapy and harsh treatment regimens, we can mention  stem cell transplantation, still BSI is a major concern.:
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Depending on the available studies and documentation,
blood infection affects between 20 and 60% of patients
in the pre-and post-transplant phase, and the death rate
is reported to be more than 6%." ¢ Bloodstream infection
(BSI) caused by bacteria is the main cause of death, as it
accounts for half of nosocomial infections.”? Bloodstream
infection is responsible for patients’ longer hospital stays,
imposing more costs on the patient and healthcare sys-
tems, and subsequently disrupting people's quality of life.
B Some studies have considered BSI as one of the indepen-
dent predictors of mortality after HSCT."!

The prevalence of multidrug-resistant (MDR) strains is in-
creasing today and has become a major concern, as this
is especially prominent in patients undergoing HSCT who
are treated with broad-spectrum antibiotics and antibi-
otic prophylaxis, and it seriously affects the patient's sur-
vival.l®

Both groups of Gram-positive and negative bacteria as
well as fungi have been identified as contributory agents
in BSI, where some studies have reported Gram-positive
as the predominant agents, while others have reported
Gram-negatives."" ' Among Gram-negative bacteria,
Escherichia coli (E.coli) has a major role in BSI due to the
presence of MDR and Extended-spectrum B-lactamase
(ESBL) strains.!'¥

Assessing the prevalence of common pathogens causing
BSI and their antibiotic resistance patterns in stem cell
transplant patients can be a guide in the course of pre-
vention, control and clinical treatment of BSLI' Therefore,
considering that there is no comprehensive study related
to E. coli, antibiotic resistance pattern, and its mortality
rate in patients undergoing HSCT, we decided to do this
globally.

Methods

Search Strategy

From January 2000 to the end of 2023, according to PRISM
guidelines, various databases such as Scopus, Medline,
and Web of Science, as well as the Cochrane Library, were
searched for the prevalence of Escherichia coli bloodstream
infections and associated antibiotic resistance pattern in
hematological malignancies populations.

Two researchers independently searched the databases
with keywords such as; Escherichia coli, Bloodstream infec-
tion, Antibiotic resistance, and put the found studies into
a database and compared them. If two people disagreed
about a study, they would try to conclude the discussion
and exchange opinions, and if this did not happen, they
would get help from the third author.

Inclusion and Exclusion Criteria

In this review, the studies that reported the prevalence
and antibiotic resistance in the blood infection of stem cell
transplant recipients were included. Systematic reviews,
meta-analyses, narrative reviews, seminars, mornings,
meetings and letters to editor, editorials, and abstracts
were also not enrolled.

Quality Assessment
As presented in Supplementary 1, Critical Appraisal Skills

Programme (CASP) checklist (www.casp-uk.net) was used
to assess the quality of the studies."

Data Extraction

Data such as first author, study type, Location, Year of Study,
Publication (year), Patients, BSI, allo/auto HSCT, Median
age, Sex (male/female), All bacteria, GNB, GPB, E.coli, E.coli
MDR, E. coli ESBL, Total BSI, poly-microbial BSI, BSI by E.coli,
BSl-related death, BSI related death by E.coli, and antibiotic
resistance pattern were extracted by two authors indepen-
dently and entered into the extraction form.

Results

Screening and Selection of Studies

Figure 1 contains PRISMA flow diagram that shows
the correct selection of articles included in this review
based on PRISMA protocols. Searching in different data-
bases led to the identification of 2017 studies, of which
765 were excluded from the review due to various rea-
sons before screening. In the next step, the screening

Detection of studies via databases

Studies removed before
screening:
Duplicate Studies removed (n
=702)
Records marked as ineligible
by automation tools (n =22)
Articles deleted for other
reasons (n=41)

Studies detected from
All databases (n =2017)

Identification

Studies excluded
@m=411)

Studies screenad

(m=1252)

Articles not retrieved
(m=102)

Reports sought for remieval
(n=356)

Screening

Records excluded: 805
Small sample size (n=101)
Failure to report the findings for
desired variables (n = 704)

Papers evaluated for eligibility
(n=2841)

Studies entered i systematic review
(n=36)

Include

Figure 1. PRISMA flow diagram for studies selection.



process was carried out for 1252 articles, of which 411
were removed. Among 356 were evaluated studies,
102 were excluded. Next, 841 Papers were evaluated
for eligibility, of these 805 were excluded due to some
reasons. Lastly, 36 Studies were included in the current
systematic review.

Features of Studies

The location of 36 studies included in this review was as
follows: Brazil (n=1), China (n=3), Lebanon (n=2), Bulgaria
(n=1), Belarus (n=1), Australia (n=1), Turkey (n=2), Italy
(n=4), USA (n=4), Egypt (n=1), South Korea(n=3), Spain
(n=3), Japan (n=2), Pakistan (n=1), Denmark (n=1), Thai-
land (n=1), Swiss (n=1), Colombia(n=1), Germany(n=1),and
multi countries (n=2). Both allo/auto-transplantation were
performed for patients. Study type enrolled in this review
was as follows: Retrospective (24), cohort (4), Retrospective
cohort (5), prospective longitudinal observational-cohort
(1), and prospective observational (1). Median age of pa-
tients was between 1-75 years. Most of the patients who
underwent HSCT were men (Table 1).

Prevalence of Bacterial Bloodstream Infection
(BSI)

Prevalence of bacterial BSI in various studies varied as
some studies reported a high prevalence and some others
reported a low BSI rate. This rate varied between 8.8-51.2%
(Table 1).

Prevalence of Gram Negative/Positive
Microorganisms in BSI

The prevalence of Gram negatives varied between 17.16-
88%, while this rate among Gram positive bacteria was be-
tween 7-83% (Table 2).

Prevalence of E.coli, E.coli MDR, and ESBL E.coli
strains in BSI of HSCT Recipients

Prevalence of E.coli was between 9-54%. E.coli MDR isolates
were reported between 0-25 percent. Also, the prevalence
of ESBL E.coli strains in BSI of HSCT recipients was between
13-80% (Table 2).

Prevalence of Polymicrobial BSI, BSI-Related Death
and BSI Related Death by E.coli

Prevalence of Polymicrobial BSI varied between 7-41% in
different studies. Total BSI-related deaths in various studies
were reported between 3-59%. BSI related death by E.coli
was varied between 6-27% (Table 2).
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Antibiotic Resistance Pattern in E.coli Isolated
from BSI

The highest antibiotic resistance was reported to ciproflox-
acin, cefepime, Third- and fourth-generation cephalospo-
rins, and amikacin with the prevalence of 100%, while the
lowest antibiotic resistance was reported against Tigecy-
cline with the prevalence of 0-8%. Resistance rate against
carbapenems in some studies was reported at 0% but oth-
ers reported it at about 80% (Table 3).

Discussion

In this present review, the prevalence rate of BSIin HSCT re-
cipients varied between 8.8- 51.2%, which is in agreement
with other studies reported the same.'® ' Mortality due
to BSI is generally higher in high risk patients compared
to uncontrolled patients undergoing HSCT, due to reasons
such as exposure to more antibiotics and consequently the
emergence of resistant strains, prolonged chemotherapy,
and subsequently more severe immunosuppression, the
presence of serious infections pre-transplantation, and
prolonged neutropenia pre-transplantation.l’> 8

The prevalence of Gram negative bacteria varied between
17.16-88%, while this rate among Gram positive bacteria
was between 7-83%, this showed no significant differ-
ence between the prevalence of Gram-positive (GP) and,
Gram-negative (GN) bacteria in BSl. Among GNB, Entero-
bacteriaceae predominate, particularly E. coli occur at a
frequency of 6-54%.""21 This wide variation depends on
the geographical difference of the place where the stud-
ies were conducted because these reports were from
different countries.® E.coli MDR isolates were reported
between 0-25 percent. Also, the prevalence of ESBL E.coli
strains in BSI of HSCT recipients was between 13-80%. BSI
resulting from MDR strains is of main concern owing to
limits in antimicrobial choice, ineffective treatment, and
subsequently, persistence and development of infections.
221 The interesting thing is that in various European stud-
ies that have been included in this review, despite the
high level of hygiene and infection control measures, the
prevalence of ESBL E.coli strains was high, which indicates
the circulation of these strains among medical/health
centers in European countries.'*23 Bloodstream infection
(BSI) with such ESBL strains causes the spread of drug re-
sistance and subsequently the high BSI-related death in
patients who undergo HSCT.['423]

The highest antibiotic resistance was reported to cipro-
floxacin, cefepime, third- and Fourth-generation cephalo-
sporins, and amikacin with prevalence of 100%, while the
lowest antibiotic resistance was reported against Tigecy-
cline with the prevalence of 0-8%. Resistance rate against
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Male
198/343 (58)
378(52)
119/215
23/46 (50)
107/184 (58.2)

Sex, n/%

Female
342 (48)
96/215 (44.7)
23/46 (50)
77/184 (41.8)

299/782 (38.2) 483/782(61.8)

145/343 (42)

Years
4(17-82)
56 (45 -63)

50(18-74)
9.75(2.7-14.8)

Median Age,
57 (20-89)
0.1-21.6(8.32)
53(42-61)
55(19-75)

Auto n/%
287

65/343 (19)
25/215(11.6)

Stem Cell
Transplantation

Hematopoietic

782

1688
238

Allo n/%
46/343 (13)

BSI
306
46/111 (41.4)

145/720 (20.1)
184 20/184(10.9)

(n)

215 33/215(15.34)
1364 451/1364 (33)
782 333/782(42.6)

343
720
111

Patients

(year)
2022
2014
2017
2022
2021
2014
2019
2017

1998 - 2003

2002 -2014
2009-2018
2003-2014
2007 - 2011
2012-2017
2012-2015

Year of Study Publication
2016-2019

Location
USA
Spain
Thailand
Swiss
Japan
USA
Retrospective cohort Colombia
Germany

Study
Cross- sectional
observational
Cohort
Retrospective
prospective
longitudinal
observational-
Cohort
cohort
Retrospective

Retrospective
Mortality related to bacterial BSI was defined as death within seven days of diagnosis with no other ascertainable cause. Allison M. Bock: 66/349 (19) auto graft with BSI.

Andrea J. Zimmer
José Luis Pinana
Sebastian Scheich

Worawut

(55.3)
Shinsuke Takagi

Table1. Cont.
First author
Choeyprasert
Maja Weisser
Michael J. Satlin
Paola Perez
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carbapenems in some studies reported low (0%), but oth-
ers reported about 80%. The resistance rate against piper-
acillin/tazobactam was reported between 0-83 percent.**
1 The great prevalence of ESBL-producing E. coli in our re-
view sheds light on the need to do empirical therapy with
carbapenems,®! or tigecycline!'® ' rather than cefepime
or piperacillin/tazobactam, as recommended in the proto-
cols. Notably, researchers showed that combination thera-
py with antibacterial agents such as cyclin and polymyxin
can decrease the mortality rate.l'* 2"

Total BSl-related death in various studies reported be-
tween 3-59%, also, BSI-related death by E.coli varied be-
tween 6-27%. The high prevalence of E. coli as well as the
death rate of 6-27% indicated the high quota of this micro-
organism among the bacteria causing BSI in patients who
underwent HSCT. Based on the opinion of some studies,
inadequate empirical antibacterial therapy is related to
augmented mortality. This discrepancy recommends that
we should focus on the prevention and treatment guide-
lines of BSIin HSCT recipients and the formulation of treat-
ment and prevention strategies should be based on the
distribution pattern of pathogens and antibiotic resistance
in order to reduce drug resistance and lead to survival of
more patients with BSI who have undergone HSCT.['4 2829

Most studies included in the present review presented a
high resistance against ciprofloxacine (resistance rate 80
100%),1'*2425 except a study conducted by M.Yemisen and
et.al that reported 30%." Also, Weijie Cao et al showed
antibiotic resistance of about 55% against Levofloxacin.!'
This high level of resistance against fluoroquinolones sug-
gests that the prophylaxis of fluoroquinolones in people
with febrile neutropenia should be reconsidered because
their widespread use has led to high-level resistance.’3% 3"
Similar to these reports, a cohort study conducted in Leba-
non believes that prophylaxis prevents bacteremia for 7
days and more than this time leads to disruption of the
ecological niches of normal intestinal flora and the emer-
gence of fluoroquinolone-resistant strains.’?"

In general, despite more care and drug prophylaxis, BSI in
HSCT recipients is still a major problem and gram nega-
tive microorganisms such as E.coli have a great role. Our
review showed the high prevalence of E.coli, particularly
MDR and ESBL strains and antibiotic resistance, and conse-
quently BSl-related mortality in HSCT recipients. Therefore,
more serious infection control measures/regular continu-
ous screening should be taken in the wards/centers where
these patients who underwent HSCT to prevent the spread
of such isolates, and also, empirical therapy with effective
antibiotics such as tigacycline and imipenem should be
done immediately.
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