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ABSTRACT

Introduction: Limited evidence has been
reported for surgical site infections (SSIs) in
patients undergoing surgery who are carriers of
extended-spectrum cephalosporin-resistant
Enterobacterales (ESCR-E). A systematic review
and meta-analysis were conducted to evaluate
the risk of postoperative infections in adult
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inpatients colonised with ESCR-E before
surgery.

Methods: The Medline, Embase and Cochrane
databases were searched between January 2011
and April 2022, following PRISMA indications.
Random effects meta-analysis was used to
quantify the association between ESCR-E
colonisation and infection.

Results: Among the 467 articles reviewed, 9
observational studies encompassing 7219 adult
patients undergoing surgery were included. The
ESCR-E colonisation rate was 13.7% (95% CI
7.7-19.7). The most commonly reported surg-
eries included abdominal surgery (44%) and
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liver transplantation (LT; 33%). The SSI rate was
23.2% (95% CI 13.2-33.1). Pooled incidence
risk was 0.36 (95% CI 0.22-0.50) vs 0.13 (95%
CI 0.02-0.24) for any postoperative infection
and 0.28 (95% CI 0.18-0.38) vs 0.17 (95% CI
0.07-0.26) for SSIs in ESCR-E carriers vs non-
carriers, respectively. In ESCR-E carriers, the
ESCR-E infection ratio was 7 times higher than
noncarriers. Postoperative infection risk was
higher in carriers versus noncarriers following
LT. Sources of detected heterogeneity between
studies included ESCR-E colonisation and the
geographic region of origin.

Conclusions: Patients colonised with ESCR-E
before surgery had increased incidence rates of
post-surgical infections and SSIs compared to
noncarriers. Our results suggest considering the
implementation of pre-surgical screening for
detecting ESCR-E colonisation status according
to the type of surgery and the local
epidemiology.

Keywords: Extended-spectrum cephalosporin-
resistant Enterobacterales (ESCR-E); Rectal
colonisation; Postoperative infections; Surgical
site infections; Meta-analysis

There is limited evidence to recommend
rectal screening in patients colonised with
ESCR-E before surgery.

We observed an increased postoperative
risk of infections in ESCR-E carriers vs
noncarriers, including surgical site
infections.

Infections caused by ESCR-E after surgery
were more common in ESCR-E carriers vs
noncarriers.

Postoperative infection risk following liver
transplant surgery was higher in carriers
Versus noncarriers.

High heterogeneity was noted among the
studies in terms of type of surgery and
prophylaxis.

INTRODUCTION

Extended-spectrum cephalosporin-resistant
Enterobacterales (ESCR-E) have been classified
as a global urgent threat by scientific commu-
nities [1-3]. Over the last decades, these
pathogens have been recognised as a main
multidrug-resistant (MDR) causative agent in
numerous infections, including surgical site
infections (SSIs) [4]. SSIs are the most frequent
postoperative complications, representing up to
31% of all hospital-acquired infections (HAIs)
and showing high morbidity, leading to asso-
ciated healthcare costs [5]. Recent studies report
an increased burden of SSIs caused by MDR
organisms, such as ESCR-E, and these infections
are often associated with worse outcomes due to
the limited therapeutic options available [6-8].
There is also emerging evidence that colonisa-
tion with ESCR-E is associated with a higher
incidence of SSIs compared with a noncolonised
status [9, 10]. The efficacy of perioperative
antibiotic prophylaxis (PAP) in reducing SSIs
has been clearly established, making it the
standard of care in most surgical procedures
[11]. Standard PAP in colorectal surgery, how-
ever, usually includes a cephalosporin com-
bined with metronidazole (to provide coverage
of the aerobic and anaerobic flora) and does not
specifically target ESCR-E [11]. On the other
hand, the use of culture-based PAP (e.g. based
on the result of rectal cultures and susceptibility
tests) to target MDR according to the results of
rectal colonisation has raised concerns about
the risk of increased carbapenem use following
the detection of ESCR-E colonisation [12].

We conducted a systematic review and meta-
analysis to evaluate the risk of postoperative
infections, including SSIs, among adult hospi-
talised surgical patients who were ESCR-E car-
riers before surgery.

METHODS

This systematic review and meta-analysis were
conducted according to the PRISMA (Preferred
Reporting Items for Systematic reviews and
Meta-Analyses) guidelines. This article is based
on previously conducted studies and does not
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contain any new studies with human partici-
pants or animals performed by any of the
authors [13].

Search Strategy and Selection Criteria

The study protocol is reported in the PROSPERO
register of systematic reviews
(CRD42021170244, http://www.crd.york.ac.uk/
PROSPEROY/) and is part of a wider review aimed
at gathering the evidence for the European
Society of Clinical Microbiology and Infectious
Diseases (ESCMID) recommendations for PAP in
patients colonised with MDR-GNB bacteria
before surgery. We searched the Medline,
Embase and Cochrane databases for publica-
tions in any language between 1 January 2011
and 30 April 2022, documenting the occurrence
of any type of infection caused by any pathogen
following surgery in ESCR-E carriers vs noncar-
riers. Studies including adult (18 years of age
and older) patients who were ESCR-E rectal
carriers before surgery were retrieved. Bibli-
ographies of reviews and original publications
were also hand searched for further studies. All

search strings were discussed with a qualified
librarian. Details of the bibliographic search
strategy are reported in Fig. 1.

Data Extraction

All types of studies, except case reports and
reviews, were considered for inclusion if they
reported the rates of postoperative infections in
hospitalised adult patients undergoing any type
of surgery who were ESCR-E carriers and non-
carriers before surgery. Two investigators inde-
pendently assessed each potentially relevant
study for eligibility. Disagreements were
resolved by consultation with a third party. If
eligibility could not be determined, the full
article was retrieved. Bacterial isolates were
considered ESCR-E if they complied with the
local interpretive criteria. A standardised data
extraction method was used to record the rele-
vant characteristics of each study in an elec-
tronic database including country/WHO area,
year of publication, study design, percentage of
rectal colonisation [reported as (number of
patients with a rectal swab that grew an ESCR-

Data from single studies (18%, 36%, 6%, 7%, 11%) or pooled (11%, 3 studies in France; 14% multicentric study including Israel, Serbia, and

Switzerland)

Fig. 1 Rectal colonisation rates by extended-spectrum cephalosporin-resistant Enterobacterales (ESCR-E) in different

geographic regions
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E)/(total number of patients screened for ESCR-
E) x 100] before surgery, type and site of sur-
gery, method of antimicrobial susceptibility
testing, type of PAP used, outcome, and follow-
up time. Patients were considered ESCR-E car-
riers if the bacteria were isolated from rectal or
faecal samples without evidence of gastroin-
testinal infection. The outcomes assessed were
the all-type postoperative infection incidence
risk [measured as (number of patients develop-
ing any postoperative infection after surgery)/
(total number of patients undergoing surgery)]
as well as that of SSIs [measured as (number of
patients developing an SSI)/(total number of
patients undergoing surgery)] caused by any
type of bacteria. Postoperative infections caused
by ESCR-E were specifically searched for and
analysed separately. Only articles reporting the
outcomes in both ESCR-E carriers and noncar-
riers were included. Studies that did not allow
data retrieval on ESCR-E colonisation, paedi-
atric studies, nonhuman studies, or those
including outpatient procedures were excluded.
Duplicates were removed prior to study selec-
tion. Abstracts from conference proceedings
were not included in the analysis.

Quality Assessment

The Newcastle-Ottawa Scale was used to evalu-
ate the quality of each included study. Scores of
0-3, 4-6 and 7-8 were considered as indicative
of low, moderate and high quality, respectively
[14]. The criteria for the Newcastle-Ottawa scale
regarding star allocation to assess the quality of
studies (out of a total of eight stars) are reported
in the Supplementary Material.

Data Analysis

Studies analysing the infection risk in ESCR-E
carriers versus noncarriers were included in the
meta-analysis. Infections were categorised as (1)
postoperative infections, defined as any type of
infection, including SSIs and other hospital-ac-
quired infections (HAIs) such as urinary tract
infections, abdominal infections, pneumonia,
bacteremia, etc.; (2) SSIs; and (3) ESCR-E related
infections after surgery. Because of the

differences that were expected between studies,
the results were combined using a random
effects model [15]. Pooled incidence risk was
measured using random-effects meta-analysis
and was reported as the unadjusted risk ratio
(RR) estimates and the 95% confidence intervals
(95% ClIs) for the noncolonised (nonexposed)
and colonised (exposed) groups. Exposed to
nonexposed ratio was reported for comparing
group incidence. The odds ratio (OR) was also
calculated to directly compare postoperative
infections and SSIs in colonised and non-
colonised patients, and is reported in the Sup-
plementary Material. We prefer, however, to
display the results separately for the exposed
and nonexposed groups since the studies were
all observational, and the formal meta-analysis
of observational studies should not be a
prominent component of these systematic
reviews [16, 17].

If a study directly compared two different
PAPs, each regimen was considered an inde-
pendent study for the meta-analysis. A forest
plot was generated to show the rates of ESCR-E
colonisation according to the geographic area.
Heterogeneity between studies was assessed
using I? tests (0-40% no heterogeneity, 30-60%
moderate, 50-90% substantial, and 75-100%
considerable heterogeneity) [18].

Four subgroup analyses were performed,
excluding (1) non-liver-transplant (LT) patients,
(2) transrectal ultrasound-guided prostate
biopsy (TRUSPB) patients, (3) SSIs, and (4)
patients not receiving PAP with potential ESCR-
E activity.

Meta-regression analysis was implemented
to account for potential sources of heterogene-
ity and confounding factors, including year of
publication, geographic area, ESCR-E rectal
colonisation, and study quality. Stata Statistical
Software release 16 (StataCorp LLC, College
Station, TX, USA) was used for analysis. Funnel
plots are reported as supplementary material.

RESULTS

A total of 467 studies were retrieved by literature
search. After removing 126 duplicates, 341
studies were assessed by title and abstract. Of
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these, 283 were excluded and 58 were eligible
for full-text reading. Among these, 25 did not
address appropriate surgical populations, 21 did
not include an outcome of interest, and 1 had
only in vitro data. Eleven articles, including
three retrieved by a bibliographic search of
published papers, were included
[6, 9, 10, 19-26]; of these, two were excluded
(since a relevant number of carriers were colo-
nised not only before but also after surgery)
[22, 24] and nine were included, as reported in
the PRISMA flowchart (Supplementary Fig. 1).
All studies were observational and published
between 2012 and 2021, providing data on 7219

Table 1 Characteristics of the included studies

adult surgical patients (Table 1). All studies
except one were prospective [25] and conducted
at a single centre: four in Europe (three in
France [6, 19, 25], one in Italy [20]), one in
Mexico [5] and one in Thailand [10]. Two
studies were performed in the South Pacific area
(one in Australia [26] and one in New Zealand
[23]). Only one study was multicentric and
included patients from Israel, Switzerland and
Serbia [21]. Perioperative screening was per-
formed through rectal swabs in all studies from
3weeks to 1 hour before surgery. ESCR-E
detection included the use of VITEK2, single
disk diffusion (SDD), double disk diffusion

Author Study Study design Country Type of  Number of Outcome
(publication period surgery patients
year)
Bert (2012) 2001-2010 Prospective France LT 710 Postoperative
infections
Bert (2014) 2009-2011 Prospective France LT 317 Postoperative
infections
Bloomfield 2014-2016 Prospective New Zealand TRUSPB 281 Postoperative
(2017) infections
Apisarnthanarak  2017-2019 Prospective Thailand Abdominal 360 SSIs
(2019)
Dubinsky- 2012-2017 Prospective Isracl, Serbia,  Colorectal 3600 SSIs
Pertzov (2019) Switzerland
Golzarri (2019)  2014-2015 Prospective Mexico GI and 171 Postoperative
GYN infections;
SSIs
Sewell (2019) 2012-2016 Prospective Australia TRUSPB 352 Postoperative
infections
De Pastena 2015-2018 Prospective, Italy Pancreatic 679 Postoperative
(2021) interventional, infections;
nonrandomised SSIs
Logre (2021) 2010-2016 Retrospective France LT 749 Postoperative
infections;
SSIs

SSIs surgical site infections, GI gastrointestinal, GYN gynaecological, LT liver transplant, TRUSPB trans-rectal ultrasound-

guided prostate biopsy
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(DDD), and chromogenic agar medium. The
overall ESCR-E colonisation rate was 13.7%
(95% CI 7.7-19.7). Figure 1 shows the preva-
lence (pooled or single-study reported preva-
lence) of ESCR-E colonisation per region,
highlighting a considerable geographical vari-
ability. The type of surgery was highly hetero-
geneous and included LT recipients in three
studies [6, 19, 25], abdominal or colorectal sur-
gery in three cases [10, 19, 20], TRUSPB in two
cases [2, 23], and gynaecologic/gastrointestinal
surgery in one case [9]. The assessment of out-
comes based on the type of PAP was reported by
two authors. Bloomfield et al. [23] analysed

patients undergoing TRUSPB and receiving
perioperative ertapenem, while De Pastena et al.
[20] compared the rate of infections between
baseline and intervention periods in which
ampicillin/sulbactam and piperacillin/tazobac-
tam were used for prophylaxis in pancreatic
surgery, respectively. In this study, postopera-
tive infections during the baseline period were
higher compared with the intervention period
(43% versus 33%; p =0.004). No differences
were found in the occurrence of total SSIs (32%
versus 28%; p = 0.14), while the superficial SSI
rate significantly differed in the two periods
(11% versus 2%; p < 0.001).

Table 2 Infections in colonised and noncolonised surgical patients

Author ESCR-E Prophylaxis type Postoperative infections in Follow-up
(publication carriers ESCR-E carriers vs noncarriers time (days)
year) (%)
Bert (2012) 4 Cefoxitin 45% vs 4% (p < 0.0001) 120
Bert (2014) 16 Cefoxitin 48% vs 7% (p < 0.001) 120
Bloomfield 6 Ertapenem 11% vs 0.4% 30
(2017)
Dubinsky- 14 Cephalosporin + metronidazole SSIs 25% vs 11% (p < 0.001) 30
Pertzov (2019) ESCR-E SSIs 7% vs 2%
Sewell (2019) 7 Ciprofloxacin 4% vs 1% 30
Golzarri (2019)  18° Cefuroxime (23%), metronidazole SSIs 27% vs 11% ( p = 0.016) 30
b
(12%), others ESCR-E SSIs 11% vs 4%
Apisarnthanarak 36 2G Ceph (48%), 3G Ceph (25%), SSIs 31% vs 5% 28
(2019)° BLBLI (14%), carbapenems (12%) ESCR-E SSIs 6% vs 0%
De Pastena 11 Ampicillin/sulbactam (56%), 54% vs 37% NA
(2021)¢ piperacillin/tazobactam (44%) SSIs 42% vs 28%
Logre (2021)° 13 ESCR-E inactive (16%) and active ESCR-E infections 45% vs 4% 30 and 90

(84%)

Ceph cephalosporin, BLBLI beta-lactam beta-lactamase inhibitor, SSIs surgical site infections, ESCR-E extended-spectrum

cephalosporin-resistant Enterobacterales

*SSI results also included 7 post-surgical carriers
bCeftriaxone (10%), ciprofloxacin (5%), clindamycin (4%), cephalothin (1%)
“Apisarnthanarak et al.: outcome data for carbapenems vs other PAP were not reported
De Pastena et al.: two study periods with two different PAPs were reported
“Logre et al.: among ESCR-E infections, 39% were caused by the same ESCR-E strains; only a subgroup of 57 patients
received active PAP (cefoxitin 40%, a carbapenem 31%, piperacillin/tazobactam 29%)
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Postoperative infections Weight

Study incidence risk [ 95% CI] (%)
Not Colonised
Bert2012 [ 0.04[ 0.02, 0.05] 6.65
Bert2014 [ ] 0.07[ 0.04, 0.10] 6.62
Logre [ | 0.04[ 0.02, 0.05] 6.65
De Pastena 1 . » 0.40[ 0.34, 0.45] 6.55
De Pastena 2 -.— 0.33[ 0.27, 0.39] 6.53
Bloomfield [ | 0.00[-0.00, 0.01] 6.66
Sewell [ | 0.01[-0.00, 0.02] 6.66
Golzarri B 0.18[ 0.11, 0.24] 6.48
Heterogeneity: 12 = 0.02, I2 = 99.71%, H? = 344.71 R 0.13[ 0.02, 0.24]
Test of 8, = 8;: Q(7) = 379.09, p = 0.00
Colonised
Bert2012 —l— 0.45[ 0.27, 0.63] 5.50
Bert2014 —— 0.48[ 0.34, 0.62] 5.93
Logre —— 0.35[ 0.26, 0.44] 6.31
De Pastena 1 —l— 064[ 050, 0.78] 5.94
De Pastena 2 —— 0.38[ 0.20, 0.56] 5.54
Bloomfield —— 0.11[-0.03, 0.26] 5.86
Sewell —- 0.04[-0.04, 0.12] 6.42
Golzarri —u— 0.46[ 0.30, 0.62] 5.71
Heterogeneity: 12 = 0.04, I> = 89.85%, H? = 9.85 ~i— 0.36 [ 0.22, 0.50]
Test of 6, = 6;: Q(7) = 88.22, p = 0.00
Overall - 0.24[ 0.14, 0.34]
Heterogeneity: 12 = 0.04, |2 = 99.66%, H? = 290.51
Test of 6, = 6;: Q(15) = 610.50, p = 0.00
Test of group differences: Q,(1) = 6.40, p = 0.01

o 2 4 6 B8

De Pastena: 1 and 2 indicate different prophylaxes used and considered as separate studies

Fig. 2 Forest plot of the included studies according to postoperative infection risk in extended-spectrum cephalosporin-

resistant Enterobacterales (ESCR-E)-colonised and -noncolonised surgical patients. CI confidence interval

In three studies [9, 20, 25], both SSIs and
postoperative non-SSIs were reported, while
four studies showed the overall rate of postop-
erative infections (Table 1). The average rate of
SSIs was 23.2% (95% CI 13.2-33.1) and was
reduced, as expected, in prostate surgery
(Table 2). Only four studies specifically reported
the rates of ESCR-E infection in ESCR-E carriers
vs noncarriers [10, 20, 21, 25]. Follow-up times
to assess postoperative infections varied across
studies (Table 2). Most studies were of moderate
or low quality. A detailed quality assessment is
presented in the Supplementary Material.

Meta-analysis

The distribution of postoperative infections
according to the geographic area is reported in
Supplementary Fig. 2. It could not be clearly
estimated since most studies were performed in
Europe and there is a known lower rate of
infections following TRUSPB (as reported by
two studies from the Western Pacific region)
compared to other surgeries. Substantial or
considerable heterogeneity is mainly shown.
Figure 2 shows the forest plot for the studies
reporting all postoperative infections, and Fig. 3
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SSis incidence Weight

Study risk [ 95% Cl] (%)
Not Colonised

Apisarnthanarak . 0.05[0.02, 0.08] 10.20
Golzarri - 0.11[0.06, 0.17] 9.81
De Pastena 1 - 0.29[0.24, 0.34] 9.90
De Pastena 2 B 0.28[0.22, 0.33] 9.80
Dubinsky-Pertzov B 0.11[0.08, 0.14] 10.18
Heterogeneity: T2 = 0.01, I = 96.62%, H? = 29.63 - 0.17[0.07, 0.26]

Test of 6, = 6: Q(4) = 106.25, p = 0.00

Colonised

Apisarnthanarak —— 0.31[0.23, 0.39] 9.21
Golzarri —— 0.27[0.13, 0.41] 7.42
Logre —- 0.11[0.05, 0.17] 9.65

De Pastena 1

De Pastena 2

Dubinsky-Pertzov

Heterogeneity: 12 = 0.01, I = 85.56%, H? = 6.92
Test of 8, = 8;: Q(5) = 32.79, p = 0.00

Overall
Heterogeneity: T2 = 0.01, 1> = 94.96%, H? = 19.84
Test of 6, = 8: Q(10) = 171.42, p = 0.00

Test of group differences: Q,(1) =2.63, p =0.10

—M—0.49[0.35, 0.63] 7.42

—— 0.31[0.14, 0.48] 6.69
—- 0.25[0.19, 0.31] 9.73
e 0.28[0.18, 0.38]

P 0.22[0.15, 0.30]

: 2 4 6

0

De Pastena: 1 and 2 indicate different prophylaxes used and considered as separate studies; SSls=

surgical site infections

Fig. 3 Forest plot of the included studies according to surgical site infection (SSI) infection risk in extended-spectrum

cephalosporin-resistant Enterobacterales (ESCR-E)-colonised and -noncolonised surgical patients. CI confidence interval

reports SSIs in ESCR-E-colonised and -non-
colonised patients. ESCR-E carriers vs noncarri-
ers had 2.8-fold and 1.6-fold higher rates of
postoperative infections (0.36, 95% CI
0.22-0.50 vs 0.13, 95% CI 0.02-0.24) and SSIs
(0.28, 95% CI 0.18-0.38 vs 0.17, 95% CI
0.07-0.26), respectively. The pooled OR con-
firmed an increase in postoperative infections
and SSIs in colonised vs noncolonised patients
(6.63, 95% CI 3.02-14.54 and 2.90, 95% CI
1.56-5.38, respectively), as reported in Supple-
mentary Fig. 3. Figure 4 includes only the stud-
ies reporting the infections specifically caused
by ESCR-E after surgery in colonised and non-
colonised patients. ESCR-E infections were 7
times more common in ESCR-E carriers (0.14,

95% CI 0.01-0.27) vs noncarriers (0.02, 95% CI
0.02-0.04).

Subgroup Analyses

To identify differences according to the type of
surgery, we excluded from the meta-analysis the
two studies on TRUSBP, confirming 2.7 higher
rates in ESCR-E carriers vs noncarriers (0.46,
95% CI 0.37-0.55 vs 0.17, 95% CI 0.05-0.30,
Fig. 5A). To understand the impact of colonisa-
tion before LT, a subgroup analysis was per-
formed excluding the studies in non-
transplanted patients (Fig. 5B). Postoperative
infections could only be analysed in three
studies including LT recipients. In this group,
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incidence Weight

Study with 95% CI (%)
Not Colonised
Apisarnthanarak ] 0.00 [-0.00, 0.01] 13.38
Golzarri - 0.04[ 0.01, 0.08] 12.95
Logre [ 0.04[ 0.02, 0.05] 13.31
Dubinsky-Pertzov [l 0.02[ 0.00, 0.03] 13.34
Heterogeneity: 12 = 0.00, I? = 87.25%, H? = 7.85 L 2 0.02[ 0.00, 0.04]
Test of 6, = 6: Q(3) = 23.58, p = 0.00
Testof 6 =0:z=2.28, p =0.02
Colonised
Apisarnthanarak - 0.06 [ 0.02, 0.10] 12.78
Golzarri —— 0.11[ 0.01, 0.21] 10.48
Logre —M——0.35[ 0.26, 0.44] 10.78
Dubinsky-Pertzov . = 0.07[ 0.03, 0.10] 12.99
Heterogeneity: T2 = 0.02, I2 = 95.48%, H2 = 22.13 -~ E— 0.14[ 0.01, 0.27]
Test of 6, = 6: Q(3) = 33.18, p = 0.00
Testof 6 =0:z=2.14, p =0.03
Overall e 0.08[ 0.01, 0.15]
Heterogeneity: 12 =0.01, 12 =99.15%, H? = 117.11
Test of 6, = 6: Q(7) = 94.75, p = 0.00
Testof 6 =0:z=2.22, p=0.03
Test of group differences: Q,(1) =3.27, p = 0.07

o 1 2 3 a4

Fig. 4 Forest plot of the included studies according to the postoperative risk of infections due to ESCR-E among ESCR-E

carriers and noncarriers

the pooled incidence risk for postoperative
infections was 0.41 (95% CI 0.32-0.50) vs 0.04
(95% CI 0.03-0.05) in ESCR-E carriers and
noncarriers, respectively. SSIs were also sub-
tracted, when possible, from the overall rate of
postoperative infections, and a sensitivity anal-
ysis including only non-SSIs was performed
(Fig. 5C). In this analysis, the difference
between noncolonised and colonised patients
was similar to the one reported in Fig. 1,
although the overall incidence risk was reduced.

A subgroup analysis was also performed that
excluded patients receiving PAP regimens with
potential ESCR-E activity. When only patients
receiving routine PAP were included, we
observed higher rates of postoperative infections
in ESCR-E carriers (0.40, 95% CI 0.14-0.65) vs
noncarriers (0.10, 95% CI —0.04-0.24) (Supple-
mentary Fig. 4) rates. For SSIs, only two studies

reported the data, so the results were not con-
sidered informative.

The meta-regression analysis showed that
ESCR-E colonisation was associated with an
increased incidence risk of postoperative infec-
tions (0.23, 95% CI 0.09-0.37, p = 0.001), while
studies deriving from the Western Pacific area
were associated with a decreased risk (— 0.26,
95% CI —0.42 to — 0.10, p = 0.001). No other
sources of heterogeneity were identified (e.g.
year of publication, study quality); the same was
confirmed for SSIs and ESCR-E postoperative
infections.

Funnel plots for all postoperative infections
and for SSIs are reported in Supplementary
Fig. 5 and reflect the high heterogeneity of the
studies included.
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Fig. 5 A Subgroup analysis including abdominal and liver
transplant surgery. CI confidence interval. B Subgroup
analysis including only studies performed in patients

DISCUSSION

Infections are a common complication follow-
ing surgery. Among these, SSIs represent a
threat, especially in patients undergoing col-
orectal surgery [11]. A meta-analysis assessing
the efficacy of surgical prophylaxis in

B = 0.11[ 0.07, 0.14] 11.19

- 0.05[ 0.03, 0.08] 11.45

0.00[-0.00, 0.01] 11.94
0.01[-0.00, 0.02] 11.90

—— 0.07[ 0.02, 0.11] 10.74
- 0.05[ 0.01, 0.08]

—l——0.24[ 0.16, 0.32] 824

—a— 0.15[ 0.05, 0.25] 7.17
—— 0.07[-0.02, 0.16] 7.73
— 0.11[-0.03, 0.26] 5.07
—a— 0.04[-0.04, 0.12] 8.67
—8@—— 0.19[ 006, 0.32] 590
i 0.13[ 0.06, 0.20]
- 0.08[ 0.04, 0.13]
A 2 3

receiving liver transplant surgery. CI confidence interval.

C Subgroup analysis that only included non-SSIs

preventing postoperative infections showed
that SSIs in colorectal surgery steadily increased
between 1980 and 2005, irrespective of the type
of antibiotic prophylaxis used and the type of
surgical technique [27]. Due to an increase in
the global circulation of ESCR-E in the past
decades, it can be assumed that the current PAP
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may be suboptimal, especially in areas with a
high burden of ESCR-E [27, 28]. Although the
relationship between ESCR-E colonisation and
increased risk of infection has been shown in
patients with malignancies [29], very few stud-
ies have been conducted among surgical
patients, and no meta-analyses were performed
comparing infections between ESCR carriers
and noncarriers. The evidence that ESCR-E
colonisation precedes ESCR-E SSIs, however,
remains limited due to the scarce number of
studies specifically addressing this question.

Our review showed an increased proportion
of SSIs and—in general—of postoperative
infections in ESCR-E carriers compared to non-
carriers. The fact that not only SSIs, but any
HAIs may increase in patients with rectal
colonisation by resistant bacteria has been pre-
viously reported in other patient populations
[30]. These data support ESCR-E screening in
surgical patients, especially in areas with high
ESCR-E prevalence, and suggest that culture-
based PAP may have an impact in reducing
postoperative infections in ESCR-E carriers. The
subgroup analysis excluding PAP with a poten-
tial ESCR-E effect showed an increased differ-
ence in the infection rate between carriers and
noncarriers, suggesting a potential mitigating
effect of personalised PAP on postoperative
infections; nevertheless, there were not enough
studies to quantitatively assess SSIs or postop-
erative infections according to the different
types of PAP.

The local epidemiology (e.g. colonisation
prevalence) should be always taken into con-
sideration if screening policies are implemented
or PAP changes are planned. As shown, certain
areas may have low rates of ESCR-E colonisation
and a reduced impact on subsequent infections.
Data for analysing ESCR-E infection risk
according to different geographic areas were
limited, however, since most studies were per-
formed in Europe, while those from the Wes-
tern Pacific area included only TRUSBP, which
is known to have lower rates of postoperative
infections (around 1%) compared to other
surgeries. In contexts such as LT, ESCR-E
screening and, in general, a knowledge of MDR-
GNB carrier status may be useful in enhancing
infection control measures and/or directing

empiric therapy in cases of severe infections
[31]. In our study, when patients undergoing LT
were analysed, the difference between ESCR-E
carriers and noncarriers appeared remarkable
(e.g. 10 times higher rates of infections in car-
riers vs noncarriers). These results, however,
should be interpreted with caution, as only
three reports (two from the same author) were
included.

The rationale for targeted PAP appears more
obvious in abdominal surgery, and specifically
in colorectal surgery, due to the extensive pro-
cedures involving the opening of the intestinal
lumen, which contains faecal flora. One
prospective, non-randomised interventional
study compared routine with ESCR-targeted
prophylaxis using ertapenem in 478 patients
undergoing elective colorectal surgery. The
rates of SSIs caused by any pathogen were 22.7%
vs 15.8% and the rates of those caused by ESCR-
E were 6.5% vs 0.9% in patients receiving
standard compared to ertapenem PAP, respec-
tively, with an adjusted risk difference of
—7.7% (95% CI — 14.6% to — 0.8%) and — 5.6%
(95% CI — 8.9% to — 2.3%), respectively. Dur-
ing the intervention phase, however, the
adherence to the study protocol was subopti-
mal, as 21% of the ESCR-E carriers did not
receive ertapenem [32].

Our study has several limitations. Firstly,
only observational studies were available for
inclusion. Moreover, there was high variability
between studies according to the type of surgery
(e.g. postoperative infections are more com-
monly reported in pancreatic surgery and
reduced in TRUSBP), which makes pooled esti-
mates difficult to generalise to all surgical adult
populations. When only abdominal surgery and
LT were analysed, the results were in line with
the previous ones showing increased postoper-
ative infections in ESCR-E carriers vs noncarri-
ers. Secondly, the studies included varied by
timing of ESCR-E screening, type of infections
assessed, and follow-up duration. We could not
clearly compare SSIs vs other HAIs due to the
limited number of studies specifically dissecting
the type of postoperative infections. Finally,
only inpatient surgery was considered, poten-
tially limiting the generalisability of the results,
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particularly to TRUSBP, which can be also per-
formed as an ambulatory procedure.

Nevertheless, our findings are relevant in
showing that a substantial burden of infection
is associated with ESCR-E colonisation in surgi-
cal patients. This patient population is more
likely to develop infections when rectal coloni-
sation by ESCR-E is detected before surgery
compared to its noncolonised counterpart, and
these figures may further increase according to
the type of surgery (e.g. LT) and if ESCR-E
infections are considered.

CONCLUSIONS

In conclusion, we conducted a systematic
review and meta-analysis to evaluate the effect
of ESCR-E colonisation on the development of
subsequent infections in surgical patients. This
study adds to the evidence base since, to our
knowledge, no meta-analyses have been previ-
ously performed in this group. The increased
burden of infection in colonised vs non-
colonised patients may support the need for
ESCR-E colonisation detection among patients
undergoing surgery, especially in areas with
high ESCR-E prevalence and in LT recipients.
Further research and well-designed studies,
including randomised clinical trials, are needed
to understand the benefits and impact of tar-
geted antimicrobial prophylaxis in ESCR-E-
colonised patients undergoing surgery to reduce
the burden of postoperative MDR infections.
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