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Objectives: Enterobacterales producing ESBL (ESBL-E) have been notable for their rapid expansion in community
settings. This systematic review and meta-analysis aimed to summarize evidence investigating the association
between ESBL-E infection and adverse clinical outcomes, defined as bacteraemia, sepsis or septic shock, and
all-cause mortality in adult patients.

Methods: Database search was conducted in PubMed, Scopus and EMBASE. In general, studies were screened
for effect estimates of ESBL-E colonization or infection on clinical outcomes with non-ESBL-producing
Enterobacterales as comparator, adult populations and molecular ascertainment of ESBL gene. Meta-analysis
was performed using the inverse variance heterogeneity model.

Results: Eighteen studies were identified, including 1399 ESBL-E and 3200 non-ESBL-E infected patients. Sixteen
of these studies included only bacteraemic patients. Mortality was studied in 17 studies and ESBL-E infection
was significantly associated with higher odds of mortality compared with non-ESBL-producing Enterobacterales
infection (OR"1.70, 95% CI: 1.15–2.49, I2"58.3%). However, statistical significance did not persist when
adjusted estimates were pooled (aOR"1.67, 95% CI: 0.52–5.39, I2"78.1%). Septic shock was studied in seven
studies and all included only bacteraemic patients. No association between ESBL-E infection and shock was
found (OR"1.23, 95% CI: 0.75–2.02, I2"14.8%). Only one study investigated the association between ESBL-E
infection and bacteraemia.

Conclusions: Infections by ESBL-E appear to be significantly associated with mortality but not septic shock.
Available studies investigating bacteraemia and shock as an intermediate outcome of ESBL-E infections are
lacking. Future studies investigating the relationship between clinical outcomes and molecular characteristics
of resistant strains are further warranted, along with studies investigating this in non-bacteraemic patients.

Introduction

The widespread emergence of MDR Gram-negative bacteria
(MDRGNB) has profound effects on the clinical management of
infected individuals. Of interest, Enterobacterales producing ESBLs
(ESBL-E) have been increasingly detected in both community-
onset and community-acquired extra-intestinal infections.1–4

ESBL-E have a reportedly alarming spread in the community, espe-
cially with the rapid global dissemination of Escherichia coli ST131
harbouring blaCTX-M in the last decade.5–7 This ST has been investi-
gated for its enhanced capability to transmit from human to
human.5–7 A recent review of 62 studies on ESBL-producing E. coli
alone reported an 8-fold increase in global carriage rate of

healthy individuals in the last two decades.8 With regard to the
antimicrobial susceptibility profile, the ESBL-E pathogens are often
associated with resistance to fluoroquinolones and expanded-
spectrum cephalosporins,6 along with their inherent resistance to
b-lactams. With carbapenems commonly prescribed for ESBL-E
infections, recent reports have observed co-carriage of carbapene-
mases in ESBL-E strains.9,10 Infections by ESBL-E have been
associated with increased rates of morbidity and mortality, with
the pathogen being listed as serious threat in the 2019 Antibiotic
Resistance Threats Report.11–13 Several studies have also observed
increased virulence potential in ESBL-E strains.14–16

At the time of manuscript preparation, there were three
systematic reviews and meta-analyses that quantified the
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association between ESBL-E infection and mortality.17–19 The ma-
jority of included studies only performed phenotypic screening
with or without confirmatory test for the detection of ESBL produc-
tion. The sensitivity and specificity of phenotypic screening and
confirmatory tests are dependent on certain conditions, such as
the number and type of agents used for screening and the influ-
ence of AmpC and other b-lactamase gene co-carriage in ESBL-
producing bacteria.2,20,21 Few studies have employed molecular
techniques such as PCR to ascertain the presence of ESBL-related
genes (blaCTX-M, blaSHV and blaTEM variants), understandably due to
availability of resources for routine laboratory testing.
Misclassification of exposure arising from differences in sensitivity
and specificity of ESBL phenotypic tests may have biased the
reported association between ESBL production and clinical out-
comes. In addition, the variability of phenotypic tests for ESBL de-
tection employed in existing studies was unexpectedly high and
difficult to quantify. Studies are consequently less exchangeable,
rendering comparison of results unreliable. To avoid this, an
updated and more stringent systematic review and meta-analysis
investigating the association between ESBL-E infection and clinical
outcomes was warranted by restricting the inclusion to studies
that additionally performed molecular testing for ESBL genes.

Moreover, there has been no assessment of summary effect
sizes for the associations between ESBL-E and other severe clinical
outcomes, such as sepsis, septic shock or bacteraemia. These con-
ditions are well-established predictors of mortality, and therefore,
the risk of developing these conditions from ESBL-E infection
should be investigated. This systematic review and meta-analysis
aimed to summarize the association between ESBL-E infection
and adverse clinical outcomes (i.e. bacteraemia, sepsis or septic
shock and all-cause mortality) in adult patients, as compared with
those with non-ESBL-producing Enterobacterales (non-ESBL-E)
infection.

Methods
The protocol was prospectively registered in PROSPERO (CRD42020184483)
and the findings of this systematic review and meta-analysis are presented
following the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines (Table S1, available as Supplementary data
at JAC-AMR Online).22 This review was initially designed to examine the
association between MDRGNB (i.e. ESBL-E, carbapenem-resistant
Enterobacterales and carbapenem-resistant Acinetobacter) and adverse
clinical outcomes. The search strategy was designed according to this ob-
jective. During the database search, four systematic reviews focusing on
carbapenem-resistant Enterobacterales and mortality were found,23–26

with the most recent searches conducted up to December 2015 and up to
August 2016 for carbapenem-resistant Klebsiella pneumoniae specifically.
Therefore, a decision was made by the authors to restrict the systematic
review to only ESBL-E and carbapenem-resistant Acinetobacter as the
MDRGNB of interest, and to perform separate meta-analyses for these
distinctly different pathogens. This systematic review and meta-analysis
focused on ESBL-E.

Search strategy
A database search was conducted on 6 August 2020 in PubMed, Scopus
and EMBASE. The search strategy was constructed by a librarian and
included a combination of three search categories. The first category was
on antibiotic resistance pattern and included terms relevant to extended-
spectrum b-lactamase, ESBL, carbapenem or imipenem resistance. The

second category specified the bacteria of interest and included terms such
as Enterobacterales, Enterobacteriaceae, Acinetobacter, Escherichia coli,
Klebsiella pneumoniae or Proteus mirabilis. The third category specified the
outcome of interest and included relevant terms for mortality, sepsis or
shock and bacteraemia. The three categories were combined with the
appropriate Boolean function and MeSH terms were used for comprehen-
sive scope of search. All search results were included with no restriction on
publication year and language of article. The complete search strategies
are provided in the Supplementary data.

All references from the previous systematic reviews that were not iden-
tified in the database search were manually added into the screening list.
To ensure that the literature search was comprehensive, the authors also
conducted a backward and forward citation search of the articles that were
included in this systematic review and meta-analysis. All citations were
downloaded and imported into EndNote X9. Duplicates were identified and
removed before the citations were exported to Rayyan for the screening
process.27

Study selection and screening
The study population was defined as adult patients aged at least 16 years
old who presented to healthcare facilities, exposure as ESBL-E colonization
or infection, comparison group as patients with non-ESBL-E infections, and
the outcomes of interest were bacteraemia, sepsis or septic shock and all-
cause mortality. Definitions for these outcomes of interest were accepted
as described in each study. Studies were restricted to adults due to underly-
ing differences in types of comorbidities, immune response and available
antibiotics between adult and paediatric populations. The inclusion criteria
were as follow: (i) studies enrolling patients from healthcare settings; (ii)
studies where molecular techniques were employed to detect the presence
of ESBL genes (blaCTX-M, blaSHV and blaTEM); and (iii) studies where the effect
size for the association between ESBL-E infection and the outcomes of
interest was available for extraction or could be estimated from the data
provided in the study. The following exclusion criteria were applied: (i) study
where there was no comparator group (i.e. only ESBL-E infected patients
included in sample), or comparator was not non-ESBL-E; (ii) study where
children younger than 16 years old were included; (iii) descriptive epidemio-
logical studies (i.e. case reports and case series); (iv) publication without
primary data (e.g. reviews, commentaries, editorials); (v) grey literature and
conference abstracts/proceedings; (vi) non-human studies; and (vii) study
that ascertained ESBL production with phenotypic tests only. Based on
these inclusion and exclusion criteria, abstract and full-text screenings
were performed by two reviewers (W.L., Y.E.) independently and any dis-
crepancy was resolved at the end of each screening session. In cases of
overlap where multiple studies reported the same group of participants,
the study with a larger sample size was selected.

Data extraction
Data extracted from the included full-text articles include authors, year of
publication, country, total sample size, study enrolment period, study set-
ting, type of specimen collected, site of infection and characteristics of
patients, such as mean or median age, Charlson comorbidity index,
APACHE score, gender distribution, proportion of appropriate antibiotic ther-
apy and associated study definition. Additionally, outcomes of interest that
were measured, period of follow-up for mortality, bacteria species, adjusted
effect sizes, the standard error and adjusted confounders were collected. If
the adjusted estimates were not available, unadjusted estimates were
extracted or estimated as odds ratio from the reported data in the
study. All data were recorded in a pre-designed database from
Microsoft Excel. To assess the risk of bias, a modified Newcastle-Ottawa
quality assessment scale (NOS)28 for cohort studies similar to that
developed by Rottier et al.18 was adapted (Table S2). In general, a study
could score 0 to 4 stars for selection, 0 to 2 stars for comparability and 0
to 3 stars for outcome level.
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Data analysis
Pooled estimates were calculated using the inverse variance heterogeneity
(IVhet) model.29 Estimates for the main outcomes derived from the ran-
dom effects model were also reported for comparison purposes in the
Supplementary data. The heterogeneity of studies was assessed using the
I2 index.30 I2 value less than 25% was considered low, between 25% and
50% as moderate and above 50% as high heterogeneity. Subgroup analy-
ses were conducted based on (i) bacteria species to determine differences
in pathogenicity among species; (ii) by median year of enrolment (i.e. before
2010 versus after 2010) since prevalence of circulating strains differed in
the last two decades; (iii) geographical region where patients were enrolled
to examine if adverse outcomes were more likely in regions of high endem-
icity; and (iv) day of mortality ascertainment (i.e. 14–21 days versus 28–
30 days) to determine differences in mortality over days from onset of in-
fection. The analysis for each association of interest was performed only if
there were at least three studies available for synthesis.

Sensitivity analyses were performed by restricting the analysis to only
bacteraemic patients, cancer patients or studies reporting adjusted risk
estimates. Publication bias was visually inspected using the Doi plots and
quantitatively assessed using the LFK index.31

All data analysis was performed using the admetan32 and lfk33 modules
in Stata/SE 16.1 (College Station, TX, USA).

Results

The database search and manual screening of existing systematic
reviews identified 2246 unique references. After abstract screening
was completed, 241 articles were assessed for eligibility by full
text. The predominant reason for study rejection was because the
presence of ESBL genes was not ascertained using molecular iden-
tification techniques. After full-text screening was completed, 18
studies met the inclusion criteria. The backward-forward citation

search of included articles did not yield additional references. The
screening process and detailed reasons for exclusion were
reported in Figure 1.22 These 18 studies amounted to 1399 ESBL-E
and 3200 non-ESBL-E infected patients.34–51

A summary of study characteristics can be found in Table 1. A
total of 17 studies reported on all causes of mortality, 7 studies
septic shock and only one study bacteraemia. The year of study
enrolment ranged from 1997 to 2017. In general, 10 studies were
conducted in Asia and 8 were in Europe. Sixteen studies included
only bacteraemic patients while the other two studies were inclu-
sive of non-bacteraemic patients or individuals with ESBL-E faecal
colonization. The most frequent bacterial species isolated was
E. coli, followed by three studies on P. mirabilis and two studies
each on K. pneumoniae and Enterobacter cloacae. Appropriate ini-
tial antibiotic therapy, as defined by individual study, was con-
sistently less frequent in the ESBL-producing group (ranging
from 35% to 63%) as compared with the non-ESBL producing
group (ranging from 81% to 98%). Conversely, APACHE score
was consistently higher in ESBL-E infected patients (ranging
from 10 to 19) than the non-ESBL-E infected patients (ranging
from 8 to 18). CTX-M was the most commonly detected ESBL
type in all but three studies.

Using the modified NOS, the risk of bias in 17 studies were
assessed with mortality as the outcome and 1 study was assessed
with bacteraemia as the outcome. The quality score for selection
ranged from 2 to 4. Fifteen of the studies scored the full three stars
for outcome ascertainment. However, all but two studies scored
zero stars for the comparability component, suggesting very poor
comparability among the studies (Table S3). Risk of bias was there-
fore present in these reported estimates.
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Figure 1. PRISMA flow diagram for study selection.
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All-cause mortality

Seventeen studies were pooled to estimate the association be-
tween all-cause mortality and ESBL-E infection. The odds of mor-
tality were 70% higher (OR"1.70, 95% CI: 1.15–2.49) in the group
with ESBL producers compared with the non-ESBL-producing
counterparts (Figure 2). The heterogeneity of the studies was high
(I2"58.3%, 95% CI: 29%–76%). Visualization of the Doi plot
(LFK"3.00) suggests presence of publication bias towards
studies that reported ESBL-E infection as a risk factor of mortality
(Figure S1).

Septic shock

There were seven studies available with data on septic shock, and
all included only bacteraemic patients. No significant association
was observed between septic shock and ESBL-E infection
(OR"1.23, 95% CI: 0.75–2.02) (Figure 3). The heterogeneity of
these studies was low (I2"14.8%, 95% CI: 0%–58%). LFK index
was 3.22 and visualization of Doi plot suggests substantial pres-
ence of publication bias towards studies that reported ESBL-E in-
fection as a risk factor for septic shock (Figure S2).

Bacteraemia

There was only one study with data available for bacteraemia. The
author reported no significant difference in frequency of bacter-
aemia in ESBL-E and non-ESBL-E colonized patients (OR"1.88,
95% CI: 0.85–4.13).51

Subgroup analyses

A summary of subgroup analyses can be found in Table 2. Since
only two studies each of K. pneumoniae and P. mirabilis were
found, these studies were combined with the three studies on
E. cloacae for comparison with E. coli infections. There was no
statistically significant difference in frequency of septic shock and
mortality when comparing between the two bacterial groups.
There was also no statistically significant difference in outcomes
when comparing between Asia and Europe. Although subgroup
analysis for septic shock was not possible by median year of enrol-
ment, there was also no difference in mortality between studies
conducted from 2010 to 2017, and studies from 1999 to 2009.
Lastly, there was higher mortality in the 14 to 21 days group
(OR"3.60, 95% CI: 2.06–6.30) than in the 28 to 30 days from in-
fection onset group (OR"1.62, 95% CI: 1.10–2.38); however, the
difference was not significantly different.

Sensitivity analyses

When restricting study selection to samples of bacteraemic or can-
cer patients, 16 and 4 studies were synthesized for mortality out-
come, respectively. The odds of mortality remain significantly
higher in bacteraemic (OR"1.65, 95% CI: 1.14–2.41, I2"56.7%)
and cancer patients (OR"1.76, 95% CI: 1.20–2.59, I2"12.3%)
with ESBL-E as compared with those with non-ESBL-E infections.
On the other hand, sensitivity analyses in bacteraemic and cancer
patients for septic shock as outcome was not possible because all
seven studies with data on septic shock were conducted in bacter-
aemic patients and there were insufficient studies (n"2) for sensi-
tivity analysis in cancer patients.4
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Legend
Effect es�mate of study
95% CI
Size of weight assigned to each study
Pooled effect size and the range of 95% CI

Figure 2. Forest plot of 17 studies estimating the association between ESBL-E infection and all-cause mortality. Weights are from Doi’s IVhet model.

Legend
Effect es�mate of study
95% CI
Size of weight assigned to each study
Pooled effect size and the range of 95% CI

Figure 3. Forest plot of seven studies estimating the association between ESBL-E infection and septic shock. Weights are from Doi’s IVhet model.
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Five studies with adjusted effect size of ESBL-E infection on
mortality were available for synthesis.36,42,48–50 Of interest, only
one study controlled for antibiotic therapy and two studies
adjusted for underlying comorbidity as confounders.42,48,49

Significantly higher odds of mortality were not observed in patients
with ESBL-E infection (aOR"1.67, 95% CI: 0.52–5.39, I2"78.1%).
Sensitivity analyses using adjusted effect estimates for outcomes
other than mortality could not be performed, as there was no
adjusted estimate available for septic shock and bacteraemia.

When repeating the analyses using the random effects model,
the associations between mortality and ESBL-E were consistent,
but overestimated the pooled estimates derived from the IVhet
model (OR"1.97, 95% CI: 1.42–2.74, I2"58.3%) (Figure S3).
Associations between septic shock and ESBL-E were similarly over-
estimated but of no significance when using the random effects
model (OR"1.34, 95% CI: 0.83–2.16 I2"14.8%) (Figure S4).

Discussion

In this systematic review and meta-analysis, we observed higher
odds of mortality in patients with ESBL-E infection as compared
with patients with non-ESBL-E infection. However, when pooling
study-adjusted risk estimates only, we observed no significant as-
sociation between ESBL-E infection and mortality. No significant
association between septic shock and ESBL-E infection was found.
There was only one study with data on bacteraemia and meta-
analysis could not be performed. There appeared to be no signifi-
cant difference in frequency of mortality and septic shock from
ESBL-E infections based on geographical regions of healthcare
facilities (Asia versus Europe), bacterial species (E. coli versus
K. pneumoniae, P. mirabilis and E. cloacae), year of enrolment
(1999–2009 versus 2010–17) or day of mortality ascertainment
from infection onset (14 to 21 days versus 28 to 31 days).

This systematic review and meta-analysis could not establish
an association between septic shock or bacteraemia and ESBL-E

infection due to the lack of existing literature. The seven studies
meta-analysed for septic shock were not designed to investigate
shock as an outcome or a mediator between ESBL-E infection and
mortality. These studies were conducted retrospectively and most
had no clear indication if septic shock was documented at presen-
tation or after isolation of ESBL-E. Nonetheless, there appears to be
no positive association between septic shock and ESBL-E infection,
although this remains to be elucidated by future well-designed
longitudinal studies. On the other hand, there was only one study
in this review that studied the progression of ESBL-E faecal colon-
ization to development of bacteraemia and no significant associ-
ation was observed.51 There was 40% concordance rate between
the colonizing and infecting ESBL-producing strain,51 comparable
to another study that reported 30% concordance rate for MDR or-
ganism in general.52 Similarly, no significant difference in bacter-
aemia occurrences was observed when comparing between those
with MDR organism and those with susceptible organism
colonisation.52

The results observed in this systematic review and meta-ana-
lysis were largely consistent with the other systematic reviews
estimating the association between ESBL-E infection and all-cause
mortality. The review by Shamsrizi et al.19 reported an increased
mortality risk of 70% in bacteraemic patients with ESBL-E infection
(RR" 1.70, 95% CI: 1.52–1.90), comparable to an excess of 70% in
odds of mortality in this review of bacteraemic patients. However,
this review found no significant association between mortality and
ESBL-E infection when pooling study-adjusted risk estimates only,
in contrast to the previous reviews where significant association
was reported after pooling estimates adjusted for inadequate or
delayed antibiotic therapy.17–19 This may be because this meta-
analysis only included five studies reporting adjusted estimates,
one of which adjusted for sepsis as confounder rather than medi-
ator. As sepsis can be regarded as lying on the causal pathway in-
stead, the adjustment for sepsis without any mediation analysis
might have underestimated the true association between ESBL-E

Table 2. Subgroup analyses of summary effect sizes by type of bacteria, median year of enrolment, geographical region of study and day of mortality
ascertainment

Sepsis/shock Mortality

n studies
(n patients) OR (95% CI) I2 (%)

n studies
(n patients) OR (95% CI) I2 (%)

Overall 7 (915) 1.23 (0.75–2.02) 14.8 17 (4473) 1.70 (1.15–2.49) 58.3

By bacterial species

E. coli 3 (619) 0.99 (0.45–2.22) 32.7 10 (3621) 1.65 (1.03–2.66) 62.1

K. pneumoniae, P. mirabilis or E. cloacae 4 (296) 1.83 (0.92–3.67) 0 7 (852) 1.83 (0.92–3.61) 58.4

By median year of enrolment

year 1999–2009 6 (565) 1.87 (1.05–3.32) 0 10 (1297) 1.66 (0.90-3.05) 64.9

year 2010–17 1 (350) 0.79 (0.44–1.43) — 7 (3176) 1.72 (1.09–2.74) 52.8

By geographical region

Asia 3 (547) 0.93 (0.57–1.51) 0 10 (3055) 1.80 (1.11–2.92) 57.6

Europe 4 (439) 2.51 (1.16–5.43) 0 7 (1418) 1.50 (0.78–2.86) 68.5

By mortality day

14 to 21 day — — — 3 (396) 3.60 (2.06–6.30) 0

28 to 30 day 11 (3610) 1.62 (1.10–2.38) 48.2

Bold indicates statistical significance.
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infection and mortality. This was similarly reported as a limitation
of studies in the review by Rottier et al.18

In addition, there could be a potentially bigger role of inappro-
priate antibiotic therapy and underlying comorbidity in poor prog-
nosis of the infection, rather than pathogenicity associated with
ESBL production. A large cohort study of patients with drug-resist-
ant Gram-negative infections observed 20% increase in risk of
mortality in those with delayed appropriate antibiotic therapy.53

This was similarly reported in another cohort of patients with sep-
sis caused by Gram-negative pathogens, where the odds of mor-
tality were four times higher in those without appropriate initial
antibiotic therapy.54 More broadly, a systematic review of 122
studies on patients with bacterial infections also reported 56% re-
duction in odds of mortality for those with appropriate antibiotic
therapy.55 This evidence highlights the potential role of inappropri-
ate antibiotic therapy for ESBL infection in poor clinical outcomes.
This systematic review and meta-analysis had included only one
study that controlled for type of antibiotic therapy and reported no
significant association between ESBL-E infection and mortality.
Besides, it was observed that all 18 studies reported a lower
proportion of appropriate antibiotic therapy in patients with ESBL-E
infection as compared with those with non-ESBL-E.

The effect sizes reported in this review should be of higher preci-
sion as compared with previous systematic reviews. Firstly, this
review employed the IVhet model instead of the random effects
model performed in previous reviews. The IVhet model allows as-
signment of higher adjusted weight to studies with lower variance
or larger sample sizes, and this is maintained even when hetero-
geneity of included studies is high, as was the case of our studies in
this review. The superiority of IVhet model over the use of random
effects model has been discussed in detail elsewhere.29,56

Therefore, the estimates reported here were more conservative
and likely influenced by larger studies reporting more conservative
estimates, as compared with results derived from the random
effects model.

Secondly, the inclusion criterion of molecular technique for
ascertainment of ESBL gene increased the precision of exposure
classification. Sensitivity and specificity of phenotypic tests for
ESBL are highly dependent on the type of test and the antibiotic
agents used for screening. A study evaluating the use of Vitek 2
with extended cards only reported its highest sensitivity at 79%
and sensitivity at 56%.57 Other phenotypic tests, such as double
disc diffusion and Etest strip, generally had higher sensitivity only
when more than one agent were used in combination.21,57 Of rele-
vance to this systematic review and meta-analysis, one included
study by Zhang et al.39 had observed only 92% of their phenotypic-
ally screened and confirmed ESBL-producing isolates to harbour
an ESBL-related gene. This would have resulted in differential
misclassification of 12 patients (out of 324) into the exposed group
in their study and biased the study results accordingly. As observa-
tional studies are common when investigating the association
between ESBL-E and mortality,19 such measurement error is of
concern since it introduces bias in these studies that are already
prone to confounding, and is especially significant when sample
size is small. This emphasizes the potential significance of mis-
classification in studies that may have employed phenotypic tests
with poor sensitivity and specificity for detection of ESBL produc-
tion. This systematic review and meta-analysis attempted to

eliminate this potential misclassification error by restricting inclu-
sion to studies that performed molecular techniques for ESBL gene
detection. Despite this, only six studies included here reported
ESBL gene detection in the entirety of their exposed group. The rea-
son for lack of molecular ascertainment of ESBL gene in some of
the exposed groups was either due to unavailability of isolates for
testing, negative PCR results or was unaccounted for (data not
shown). This attributable risk of misclassification bias was accord-
ingly reflected in the selection component of our quality
assessment.

Lastly, this is the first systematic review and meta-analysis to
investigate bacteraemia and sepsis or septic shock as an outcome
of ESBL-E infection. These conditions are good predictors for
increased risk of mortality. This review has shown gaps in current
literature understanding the effect of ESBL-E infection on risk of
sepsis, shock or bacteraemia. Research investigating the associ-
ation between ESBL-E non-bloodstream infections and adverse
clinical outcomes is especially lacking as well.

Despite this, this review has several limitations. As compared
with the systematic review by Shamsrizi et al.,19 this review
included a smaller number of studies largely due to the study cri-
terion requiring molecular detection of ESBL genes in the
Enterobacteriaceae strain. The smaller sample size returned a
larger degree of uncertainty in the reported pooled effect size.
However, the more stringent ascertainment of ESBL production
with molecular techniques reduced misclassification error and
hence, raised the overall validity of the results. There was also high
variability in the type of confounders that were adjusted for in the
five studies reporting adjusted risk estimates. Moreover, one study
adjusted for septic shock as a potential confounder of the associ-
ation between ESBL-E infection and mortality. As sepsis or septic
shock can be regarded as a mediator, this adjustment would have
underestimated the true association between ESBL-E and mortal-
ity. As reflected in the poor comparability score from the risk of bias
assessment and high heterogeneity among the studies, the
pooled estimates here may be highly confounded and should be
interpreted with caution. In addition, some degree of publication
bias towards studies reporting ESBL-E infection as risk factor for
mortality was noted. On the other hand, some studies did not in-
clude ESBL infection in the multivariable model since statistical sig-
nificance was not reached in the univariate model, suggesting also
potential publication bias in favour of studies reporting statistically
significant results. This review also did not collect effect sizes based
on appropriateness of antibiotic therapy and as such, subgroup
analysis for this factor was not performed. Lastly, since the major-
ity of studies included only bacteraemic patients, the results from
this review have limited generalizability to non-bacteraemic
patients. As such, future studies elucidating the prognosis of non-
bloodstream ESBL-E infections are warranted to more accurately
ascertain the effects of ESBL production on clinical outcomes.
This is of clinical significance since there is growing evidence indi-
cating the pathogenic burden of ESBL-E in community-onset and
community-acquired urinary tract infections.3,5

Conclusions

In conclusion, this systematic review and meta-analysis reported
significantly higher odds of all-cause mortality in patients with
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ESBL-E infection as compared with those with non-ESBL-E infec-
tion. However, this was not observed when pooling study-adjusted
risk estimates. No association between ESBL-E infection and septic
shock was reported, although most studies were not robustly
designed to investigate shock as an outcome or mediator between
ESBL-E infection and mortality. There were insufficient data to in-
vestigate the association between ESBL-E infection or colonization
and bacteraemia. The increase in mortality observed in patients
with ESBL-E infection may be attributable to inappropriate
antimicrobial therapy or underlying comorbidities, rather than viru-
lence potential that may be associated with ESBL production. This
remains to be elucidated by future studies investigating the rela-
tionship of drug-resistant and virulent molecular characteristics in
ESBL-E strains with clinical outcomes. Appropriate adjustment of
confounders will also allow better effect estimation of clinical out-
comes attributable to ESBL-E. With ESBL-E being increasingly
detected as the infecting pathogen in community-associated
urinary tract infections, studies investigating clinical outcomes in
non-bacteraemic patients are also lacking and should be highly
considered.
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