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Over the past several years, infections
with extended-spectrum beta-lactamase
(ESBL)–producing Enterobacteriaceae
(ESBL-PE) have become an increasing
concern in US healthcare settings, with
an estimated 140 000 hospital-acquired
ESBL-PE infections occurring each year
[1]. Infections with these highly resistant
bacteria are associated with higher ob-
served mortality rates as well as hospital
costs compared with infections with less-
resistant organisms [1, 2]. Given the ris-
ing prevalence of these dangerous and
costly ESBL-PE infections, a better un-
derstanding of the risk factors for their
development is necessary to determine
appropriate reduction and prevention strat-
egies in hospital settings.

One suggested risk factor for the de-
velopment of ESBL-PE infection is gut
colonization with these organisms. In
this issue of Clinical Infectious Diseases,
Karanika, Karantanos, and colleagues
[3] describe a retrospective metaanalysis
of 66 studies that they performed in order
to estimate the prevalence of ESBL-PE
colonization in healthy individuals, with
a focus on identifying risk factors for col-
onization. The authors report a global
prevalence of ESBL-PE fecal coloniza-
tion of 14%, with significantly higher

rates in parts of Africa, East Asia, and
India [3]. Additional important risk fac-
tors identified for colonization included
international travel and recent antibiotic
use [3]. To date, this manuscript repre-
sents the largest analysis of the preva-
lence of ESBL-PE colonization and its
associated risk factors. The authors’ con-
clusions provide important insights into
the phenomenon of rising gram-negative
resistance and raise further questions
about the potential role of infection con-
trol and antimicrobial stewardship to
thwart the spread of multidrug-resistant
bacteria.
This study underscores several issues

pertaining to ESBL-PE colonization and
its potential sequelae. First, is ESBL-PE
colonization a real risk factor for subse-
quent infection? Prior studies do indeed
suggest a true association between colo-
nization with resistant organisms and
the development of infection [4–6]. For
example, nasal colonization with methi-
cillin-resistant Staphylococcus aureus
(MRSA) is associated with an increased
risk of MRSA infection [5]. Few studies
have linked the role of ESBL-PE fecal
colonization with the development of in-
fection. A recent cohort study performed
by Cornejo-Juarez and colleagues [7] in
patients with hematologic malignancies
revealed that patients with fecal ESBL-
PE colonization were 3.5 times more like-
ly to develop ESBL-PE bacteremia com-
pared with those not colonized. Although
mortality was similar among ESBL-PE
colonized and noncolonized individuals,
the presence of fecal ESBL-PE was asso-
ciated with longer hospitalizations, a

reduced time to death, and higher hos-
pital costs [7]. These findings contrast a
similar study performed by Arnan and
colleagues [8] in which no correlation
was identified between ESBL-PE fecal col-
onization and infection in a neutropenic
population. To our knowledge, no study
has been performed to investigate an as-
sociation between ESBL-PE fecal coloni-
zation and infection in nonhematologic
patient populations. As the implementa-
tion of infection control practices can be
costly and time consuming, a better un-
derstanding of the predictive value of
ESBL-PE colonization to infection with
these organisms is needed before standard-
ized screening protocols can be considered.

Second, we need to ascertain the utility
of screening procedures in the preven-
tion of transmission. Most hospitals use
active surveillance programs to identify
multidrug-resistant organisms (MDROs)
such as MRSA and vancomycin-resistant
Enterococcus (VRE) in certain high-risk
patient populations. However, outcomes
that evaluate the utility of these programs
remain mixed, with some studies show-
ing a clear reduction in MDRO transmis-
sion and others showing no benefit from
these initiatives [9, 10]. Less is known re-
garding the utility of active surveillance
screening for ESBL-PE colonization,
although a few studies have started to
address this question. Troche and col-
leagues [11] reported a significant re-
duction in ESBL-PE transmission in a
surgical intensive care unit through the
use of active surveillance cultures and se-
lective gut decolonization, while Gardam
and colleagues [12] found no benefit to
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routine screening. Given these conflicting
results, larger studies are required before
active ESBL-PE surveillance can be rec-
ommended. Given the costs and logistics
of active surveillance screening and isola-
tion precautions, a more targeted research
focus using these initiatives in the highest
risk populations such as the critically ill,
immunosuppressed, and those with sig-
nificant antibiotic exposure may increase
the potential value of these protocols.
Most important is emphasis of appro-
priate hand hygiene as the most effective
intervention to reduce MDRO transmis-
sion [13].

Karanika, Karantanos, and colleagues
provide further evidence of the link be-
tween international travel and the devel-
opment of ESBL-PE colonization in
healthy individuals [3]. As active surveil-
lance screening is often performed for
other MDRO organisms in high-risk
groups, these results raise the question
of whether fecal screening for ESBL-PE
colonization should be performed in pa-
tients with a history of travel, specifically
to areas with high ESBL prevalence. The
global sites that constitute a high preva-
lence rate would need to be identified as
well as how other potential risk factors
including duration of travel and travel-re-
lated antibiotic use inform the decision to
screen [14]. The timing of screening from
date of high-risk travel would also need to
be considered as ESBL-PE colonization
can persist for up to 1 year [15].

Finally, treatment options for ESBL-PE–
colonized patients are unknown. Given
the high prevalence of fecal ESBL-PE re-
ported by Karanika, Karantanos, and col-
leagues, the role of decolonization as a
way to reduce transmission and infection
is an intriguing concept. Multiple decolo-
nization strategies have been studied with
regard to MRSA and VRE colonization.
Overall, the results have been disappoint-
ing, prompting the Centers for Disease
Control and Prevention to discourage
the use of decolonization protocols as
part of routine care [16]. Several studies
that evaluated the specific role of gut
decolonization with poorly absorbable

antibiotics such as colistin, rifaximin,
polymixin, neomycin, and erythromycin
for asymptomatic ESBL-PE carriage failed
to show successful rate reductions follow-
ing treatment [11, 17, 18]. These stud-
ies were limited by small sample sizes
as well as variable decolonization regi-
mens, making it difficult to draw signif-
icant conclusions regarding the utility of
antibiotic decolonization for ESBL-PE
carriage. More recently, fecal microbiota
transplantation (FMT) has become an
increasingly popular and effective treat-
ment method for Clostridium difficile
infection [19]. This concept of “resetting”
the gut microbiome as a way to eradi-
cate pathogenic gut bacteria provides a
potential mechanism by which asymp-
tomatic fecal colonization with MDRO
organisms could be curtailed. A recent
case report from Crum-Cianflone and
colleagues [20] describes this phenomenon,
with a significant reduction in MDRO
colonization seen in a critically ill pa-
tient after FMT for recurrent C. difficile
colitis. Other case reports reveal similar
findings, demonstrating the potential
role of FMT as a decolonization strategy;
however, formal studies are needed to
accurately measure the impact on ESBL-
PE carriage [21].
In summary, the current findings of

Karanika, Karantanos, and colleagues
firmly establish the growing worldwide
burden of ESBL-PE fecal colonization.
Future questions to be addressed include
the true impact of colonization on infec-
tion as well as the need for active surveil-
lance screening given the controversial
nature of this practice with other MDRO
bacteria. Finally, the role of gut decolo-
nization strategies or possibly FMT to
limit transmission and infection repre-
sent intriguing potential therapeutic
interventions. Most importantly, strict
adherence to hand hygiene protocols
should be emphasized in an attempt to
reduce transmission.

Notes
Financial support. M. K. M. is supported in

part by the National Institute of Allergy and In-
fectious Diseases (NIH K08 AI110665).

Potential conflict of interest. Both authors:
No reported conflicts. Both authors have submit-
ted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors
consider relevant to the content of the manu-
script have been disclosed.

References
1. Centers for Disease Control and Prevention. Antibi-

otic Resistance Threats in the United States, 2013.
Available at: http://www.cdc.gov/drugresistance/
pdf/ar-threats-2013-508.pdf. Accessed 9 May 2016.

2. Melzer M, Petersen I. Mortality following bacterae-
mic infection caused by extended spectrum beta-
lactamase (ESBL) producing E. coli compared to
non-ESBL producing E. coli. J Infect 2007 ; 55:254–9.

3. Karanika S, Karantanos T, Arvanitis M, Grigoras C,
Mylonakis T. Fecal colonization with extended-
spectrum beta-lactamase–producing Enterobacter-
iaceae and risk factors among healthy individuals:
a systematic review and metaanalysis. Clin Infect
Dis 2016; 63:310–8.

4. Karanika S, Kinamon T, Grigoras C, Milonakis E.
Colonization with methicillin-resistant Staphylococ-
cus aureus and risk for infection among asymptom-
atic athletes: a systematic review and meta-analysis.
Clin Infect Dis 2016; 63:195–204.

5. Davis K, Stewart JJ, Crouch HK, Florez CE, Hospen-
thal DR. Methicillin-resistant Staphylococcus aureus
(MRSA) nares colonization at hospital admission
and its effect on subsequent MRSA infection. Clin
Infect Dis 2004 ; 39:776–82.

6. Tischendorf J, de Avila RA, Safdar N. Risk of in-
fection following colonization with carbapenem-
resistant Enterobacteriaceae: a systematic review.
Am J Infect Control 2016; 44:539–43.

7. Cornejo-Juarez P, Suarez-Cuenca JA, Volkow-
Fernandez P, et al. Fecal ESBL Escherichia coli car-
riage as a risk factor for bacteremia in patients with
hematological malignancies. Support Care Cancer
2016; 24:253–9.

8. Arnan M, Gudiol C, Calatayud L, et al. Risk factors
for, and clinical relevance of, faecal extended-
spectrum beta-lactamase producing Escherichia
coli (ESBL-EC) carriage in neutropenic patients
with haematological malignancies. Eur J Clin Mi-
crobiol Infect Dis 2011; 30:355–60.

9. Huskins WC, Huckabee CM, O’Grady NP, et al.
Intervention to reduce transmission of resistant
bacteria in intensive care. N Engl J Med 2011;
364:1407–18.

10. Ostrowsky BE, Trick WE, Sohn AH, et al. Control
of vancomycin-resistant Enterococcus in health
care facilities in a region. N Engl J Med 2001; 344:
1427–33.

11. Troche G, Toly LM, Guibert M, Zazzo J-F. Detection
and treatment of antibiotic-resistant bacterial car-
riage in a surgical intensive care unit: a 6-year pro-
spective study. Infect Control Hosp Epidemiol 2005 ;
26:161–5.

12. GardamMA, Burrows LL, Kus JV, et al. Is surveillance
formultidrug-resistant Enterobacteriaceae an effective
infection control strategy in the absence of an out-
break. J Infect Dis 2002; 186:1754–60.

13. Pittet D, Hugonnet S, Harbarth S, et al. Effectiveness
of a hospital-wide programme to improve compli-
ance with hand hygiene. Lancet 2000; 356:1307–12.

14. Kuenzli E, Jaeger VK, Frei R, et al. High colonization
rates of extended-spectrum β-lactamase (ESBL)-
producing Escherichia coli in Swiss travellers to
South Asia–a prospective observational multicentre
cohort study looking at epidemiology, microbiology
and risk factors. BMC Infect Dis 2014 ; 14:1–10.

320 • CID 2016:63 (1 August) • EDITORIAL COMMENTARY

Downloaded from https://academic.oup.com/cid/article-abstract/63/3/319/2595048
by Imperial College London Library user
on 05 December 2017

http://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf/
http://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf/
John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




15. Titelman E, Hasan CM, Iversen A, et al. Faecal
carriage of extended-spectrum beta-lactamase-
producing Enterobacteriaceae is common 12 months
after infection and is related to strain factors. Clin
Microbiol Infect 2014 ; 20:O508–15.

16. Siegal JD, Rhinehart E, Jackson M, Chiarello L;
the Healthcare Infection Control Practices Ad-
visory Committee. Management of multidrug-
resistant organisms in healthcare settings, 2006.
Available at: http://www.cdc.gov/hicpac/pdf/
guidelines/MDROGuideline2006.pdf. Accessed 9
May 2016.

17. Huttner B, Haustein T, Uckay I, et al. Decoloniza-
tion of intestinal carriage of extended-spectrum
beta-lactamase-producing Enterobacteriaceae with
oral colistin and neomycin: a randomized, double-
blind, placebo-controlled trial. J Antimicrob Che-
mother 2013; 68:2375–82.

18. Rieg S, Kupper MF, de With K, Serr A, Bohnert JA,
Kern WV. Intestinal decolonization of Enterobacter-
iaceae producing extended-spectrum beta-lactamases
(ESBL): a retrospective observational study in patients
at risk for infection and a brief review of the literature.
BMC Infect Dis 2015 ; 15:475.

19. Bagdasarian N, Rao K, Malani PN. Diagnosis and
treatment of Clostridium difficile in adults: a system-
atic review. JAMA 2015 ; 313:398–408.

20. Crum-Cianflone NF, Sullivan E, Ballon-Landa G.
Fecal microbiota transplantation and successful
resolution of multidrug-resistant-organism colo-
nization. J Clin Microbiol 2015 ; 53:1986–9.

21. Singh R, van Nood E, Nieuwdorp M, et al. Donor
feces infusion for eradication of extended spectrum
beta-lactamase producing Escherichia coli in a pa-
tient with end stage renal disease. Clin Microbiol In-
fect 2014 ; 20:O977–8.

EDITORIAL COMMENTARY • CID 2016:63 (1 August) • 321

Downloaded from https://academic.oup.com/cid/article-abstract/63/3/319/2595048
by Imperial College London Library user
on 05 December 2017

http://www.cdc.gov/hicpac/pdf/guidelines/MDROGuideline2006.pdf
http://www.cdc.gov/hicpac/pdf/guidelines/MDROGuideline2006.pdf


Article Navigation

Fecal Colonization With Extended-spectrum Beta-lactamase–Producing Enterobacteriaceae and Risk
Factors Among Healthy Individuals: A Systematic Review and Metaanalysis !

Clinical Infectious Diseases, Volume 63, Issue 3, 1 August 2016, Pages 310–318, https://doi.org/10.1093/cid/ciw283
Published: 03 May 2016 Article history "

Styliani Karanika, Theodoros Karantanos, Marios Arvanitis, Christos Grigoras, Ele!herios Mylonakis

Views# " Cite$ Permissions% Share& "

Abstract

Keywords: ESBL fecal colonization, community, healthy population, risk factors, metaanalysis

Topic: antibiotics, meta-analysis, enterobacteriaceae, feces, travel, infection, enzymes, extended-spectrum beta lactamases, microbial colonization

(See the Editorial Commentary by Turbett and Mansour on pages 319–21.)

Extended-spectrum beta-lactamases (ESBLs) are enzymes that mediate resistance to most beta-lactams. ESBL-producing Enterobacteriaceae (ESBL-PE) have

recently emerged as a major public health threat [ 1–3 ]. They have been traditionally linked to hospitals, but community-acquired infections are becoming more

common [ 4 ]. ESBL infections are associated with high mortality, prolonged length of hospital stay, and high cost [ 5–7 ]. Treatment options are limited, and

patients often require treatment with carbapenems [ 8 ]. In countries including China and India, the consumption of last-resort antibiotics has almost doubled over

the last decade [ 9 ].

Among the numerous enzymes associated with ESBL activity, ESBL class A (mainly represented by cefotaximase [CTX-M], temoneira [TEM], and sulfhydryl

variable [SHV]) is most often detected [ 10–12 ]. CTX-Ms can di!use easily due to their mobile genetic elements that mediate rapid dissemination [ 13–15 ]. These

genes are also linked with transfer of other genes that confer resistance to beta-lactams, as well as other antibacterial agents such as quinolones [ 16 , 17 ].

Although they represent a community-derived ESBL type, bacterial isolates that produce CTX-M enzymes have replaced those that produce TEM and SHV in

hospitals [ 8 , 18 ].

ESBL infections are associated with colonization [ 19–22 ] and, independent of the infection site, the digestive tract seems to be the main reservoir from which

ESBLs are derived [ 19 , 23 , 24 ]. In this systematic review and metaanalysis, we estimate the prevalence of ESBL class A colonization among healthy patients and

assess the factors that are associated with the colonization status.

METHODS

This systematic review and metaanalysis was conducted based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist (

Supplementary Table 1 ).

Data Sources and Searches

We used the terms “ESBL” OR “(extended-spectrum beta-lactamase)” to search the PubMed and EMBASE databases for studies published from 31 October 1978 to

10 July 2015 and to identify studies that reported the prevalence of colonization with ESBL class A among healthy individuals. Two authors (S. K., T. K.)

independently screened titles and abstracts to identify relevant studies. The search was supplemented by searching the reference lists of all eligible studies. Our

analysis included published literature and abstracts from conference proceedings published in EMBASE.

Study Selection

Studies were considered eligible if they reported extractable data on the prevalence of ESBL fecal colonization among healthy individuals. Individuals were deemed

healthy if they were characterized explicitly as such or reported as asymptomatic and were recruited from the community voluntarily for a research purpose

without seeking medical advice for any health problem. Studies were included if the number of isolates per individual, sample, and/or collection time was clearly

reported to avoid duplicate samples. Eligible studies clarified that the data were based on fecal samples or rectal swabs and reported the total number of positive

ESBLs before proceeding to study a particular enzyme subpopulation (to avoid ESBL carriage underestimation). Studies of the same population performed at

di!erent time points were included only once, and we included the first-time data. In travel-related prospective studies, we used the pretravel sampling data as

prevalence. A restriction for English and French literature was imposed.

Data Extraction and Quality Assessment

The primary outcomes were the prevalence of ESBL fecal colonization among healthy individuals and the dominant type of ESBL class A enzyme among them. The

prevalence was calculated by dividing the number of healthy individuals with positive initial and confirmed screening results for ESBL by the total number of

individuals who were screened. The dominant type of ESBL enzyme was calculated from the data provided by 28 studies, which provided extractable data among

CTX-M, SHV, and TEM enzymes [ 25–52 ]. All enzymes were detected by polymerase chain reaction. As secondary outcomes, we estimated the impact of exposure

to antibiotics, traveling abroad, previous hospitalization, and animal contacts. Two reviewers (S. K., T. K.) independently extracted data from eligible studies, and

discrepancies were resolved by consensus.

The methodological quality of included studies was assessed by 2 reviewers (S. K., T. K.) who used the Newcastle–Ottawa scale checklist independently [ 53 ]. Each

study could get up to 5 stars, and studies that were awarded ≥4 stars were considered to be of high quality ( Supplementary Table 2 ).

Data Synthesis and Analysis

A random e!ects metaanalysis was carried out to calculate the combined prevalence and the 95% confidence intervals (CIs) using the approach of DerSimonian and

Laird [ 54 ]. The variance of the raw proportions was stabilized using the Freeman–Tukey arcsine methodology [ 55 ], and no studies with 0% or 100% proportions

were excluded from the metaanalysis [ 56, 57 ]. Studies were grouped according to World Health Organization (WHO) regions [ 58 ]. The τ-squared statistic was

calculated as a measure of heterogeneity [ 59 ], and meta-regression analyses were implemented to perform subgrouping analysis and to account for potential

sources of heterogeneity and confounding [ 60 ].

The e!ect of predefined covariates on ESBL prevalence was explored through univariate and multivariate random e!ects meta-regression using Knapp and

Hartung modification. The covariates included in the meta-regression model are presented in Supplementary Table 3 . Evidence for publication bias was sought

using the Egger's regression test (ET) [ 61 ]. To model the time trends for ESBL colonization, an index year of each eligible study was determined and then the

model coe"cients were transformed to rates and plotted against this year along with the observed prevalence rates [ 62 ]. The e!ect of di!erent factors on the risk

of colonization was evaluated using random e!ects metaanalysis and reported as unadjusted risk ratio (RR) estimates and CIs (95% CI), with heterogeneity

measured using the Cochran Q test. Statistical analysis was performed using Stata v13. Statistical significance was set at 0.05. For heterogeneity testing, PQ < .10

was considered significant due to the low power of the Q test.

RESULTS

The database search yielded 17 479 studies (7118 from PubMed and 10 361 from EMBASE). The review process is shown in the PRISMA flowchart (Figure 1 ) All

included studies were deemed of high quality; individual characteristics are presented in Supplementary Table 4 [ 25 , 27–40 , 41–51 , 63–101 ].

Based on 28 909 individuals included in 66 studies, the pooled prevalence of fecal colonization with ESBL-PE was 14% (95% CI, 9, 20; τ  = 0.37; ET = 1.93, PET =

.079). Stratifying the studies per WHO-defined region, the pooled prevalence in the West Pacific was 46% (95% CI, 29,63; τ  = 0.37), 22% in Southeast Asia (95%

CI, 7,44; τ  = 0.67), 22% in Africa (95% CI, 5,47; τ  = 0.27), 15% in the eastern Mediterranean (95% CI, 4,31; τ  = 0.28), 4% in Europe (95% CI, 2,5; τ  = 0.02;

ranging from 3% in central Europe [95% CI, 1,5] to 4% in northern Europe [95% CI, 2,6%] and 6% in southern Europe [95% CI, 1,12%]), and, finally, 2% in the

Americas (95% CI, 0,5; τ  = 0.05; Figures 2 and 3 , Supplementary Table 5 ). In Supplementary Table 6 , we present the distribution of study sample per antibiotic

combination for initial or confirmatory ESBL screening, type of sample, age group, and the microbiological guidelines followed in each study. A time trend plot

revealed a statistically significant worldwide increase in ESBL colonization prevalence among healthy individuals, with an annual increase rate of 5.38% ( P = .003;

R  = 12.24; Figure 4 ). Stratification per age group is shown in Supplementary Figures 1, 2 and Table 4 .

Background.  Gut colonization is a risk factor for infections with extended-spectrum beta-lactamase (ESBL)–producing organisms. We aimed to determine the ESBL

class A reservoir among healthy individuals.

Methods.  We searched PubMed and EMBASE (through 10 July 2015) looking for studies that contained data for fecal colonization with ESBL class A bacteria among

healthy individuals for each World Health Organization–defined region. Distribution of isolates among cefotaximase (CTX-M), sulfhydryl variable, and temoneira

enzymes and data on previous antibiotic use, international travel, previous hospitalization, and animal contacts were extracted.

Results.  Sixty-six of 17 479 studies on 28 909 healthy individuals were included. The pooled prevalence of ESBL class A colonization was 14% (95% confidence interval

[CI], 9, 20), with an increasing trend of 5.38% annually ( P = .003). The pooled prevalence was higher in Asia and Africa (ranging from 46%, 95% CI, 29, 63 to 15%, 95%

CI, 4, 31) and lower but still significant in central (3%, 95% CI, 1, 5), northern (4%, 95% CI, 2, 6), and southern Europe (6%, 95% CI, 1, 12) and the Americas (2%, 95% CI,

0, 5). CTX-Ms were the prevalent ESBL enzyme (69%). Antibiotic use for the prior 4 or 12 months was associated with a high colonization risk (risk ratio [RR] = 1.63; 95%

CI, 1.19, 2.24 and RR = 1.58; 95% CI, 1.16, 2.16, respectively). International travel was also correlated with ESBL colonization [(RR = 4.06, (95% CI, 1.33, 12.41)].

Conclusions.  The ESBL colonization rate among healthy individuals is significant worldwide. This should be taken into consideration in infection control and antibiotic

management decisions.

Figure 1.

View large Download slide

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of metaanalysis. Abbreviations: CTX-M, cefotaximase; ESBL, extended-spectrum beta-lactamase; LTC, long-term care.
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