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Colonization with carbapenem-resistant Enterobacteriaceae (CRE) precedes invasive infections. Neither the
actual risk for the latter nor the route between the 2 stages is completely clear. We studied a retrospective
cohort of patients hospitalized between 2013-2016 and colonized with CRE. The incidence of CRE health care
−associated infections was 13.2%, and predictors were the presence of a urinary catheter and the use of car-
bapenems. Infection prevention strategies in CRE-colonized patients should focus on invasive devices and
antimicrobial stewardship.
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Carbapenem-resistant Enterobacteriaceae (CRE) emerged in the
past decade and spread worldwide.1 They are presently one of the
most challenging threats to patient safety in many countries, includ-
ing Brazil.2 Infections caused by CRE have few therapeutic options
and attributable mortality rates reaching 44%.3

Patients colonized with CRE contribute to the spread of this agent
within health care settings.4 They are also at greater risk for develop-
ment of invasive infections.5 In hospitals that perform active search
through surveillance cultures, those colonized persons can be identi-
fied and placed under contact precautions. Importantly, those cul-
tures also identify cohorts of patients for whom special care should
be taken to prevent health care−associated infections (HCAIs). The
identification of predictors for CRE-HCAIs among colonized patients
may be helpful in directing preventive measures for this population.
METHODS

We studied a nonconcurrent (retrospective) cohort of CRE-colo-
nized patients in Bauru State Hospital (350 beds), a tertiary care facil-
ity in the city of Bauru, inner Brazil. In that hospital, CRE was first
reported in February 2013. Since then, surveillance cultures (rectal
swabs) were collected in the following situations: (1) on admission
and weekly for patients in intensive care units (ICUs) and burn wound
wards; (2) on admission for patients transferred from other hospitals;
(3) for all patients in units in which a case of colonization or infection
was detected.

The study enrolled patients admitted to the hospital in years 2013
through 2016. Inclusion criteria for the cohort were (1) a positive sur-
veillance culture in the absence of infection (either community or
health care−associated) and (2) an “autochthonous” colonization (ie,
the first positive surveillance culture was collected 48 hours after
admission). Any positivity in clinical cultures within 24 hours of the
surveillance culture was a criterion for exclusion of the cohort. The
outcome of interest was the acquisition of CRE-HCAI, defined as a
patient meeting National Healthcare Safety Network surveillance def-
initions6 for any HCAI plus clinical culture from specimens in the
infection site positive for CRE (the same species found in surveillance
cultures).

An extensive chart review was performed to record demographic
data, comorbidities (including the Charlson Comorbidity score7),
invasive procedures, devices, and use of antimicrobials. “Time of fol-
low-up” was defined as days counted from the date of first positive
surveillance culture up to the day of CRE-HCAI diagnosis or discharge
from the hospital. Statistical analysis was performed with SPSS 20
(IBM, Armonk, NY). Univariate and multivariable models of Cox
regression were used to identify predictors for the outcome of inter-
est, with censoring performed at discharge/death. In the multivari-
able step, a forward strategy of variable selection was applied, with P
values = .05 and .10 for inclusion and removal of variables in the mod-
els. Kaplan-Meier survival curves (with log-rank test) were used for
graphic expression of independent predictors.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajic.2018.08.007&domain=pdf
mailto:cmfortaleza@uol.com.br
https://doi.org/10.1016/j.ajic.2018.08.007
https://doi.org/10.1016/j.ajic.2018.08.007
http://www.ScienceDirect.com
http://www.ajicjournal.org


Table 1
Univariate and multivariable Cox regression analysis of predictors of progression of carbapenem-resistant Enterobacteriaceae colonization to health care−associated infections

Risk factors Cohort characteristics (384 subjects) Univariate analysis Multivariable analysis
HR (95% CI) P HR (95% CI) P

Demographic data
Female sex 145 (37.8) 1.41 (0.81-2.44) .23
Age, median (quartiles) 61 (45-73) 1.00 (0.99-1.02) .60

Comorbidities
Heart disease 117 (30.5) 1.52 (0.87-4.23) .08
Pulmonary disease 202 (52.6) 1.52 (0.87-2.66) .14
Renal disease 134 (34.9) 0.91 (0.51-1.64) .76
Liver disease 29 (7.6) 0.69 (0.21-2.23) .53
Diabetes mellitus 87 (22.7) 1.03 (0.52-2.07) .93
CNS disease 84 (21.9) 1.10 (0.59-2.05) .76
Solid malignancy 51 (13.3) 1.76 (0.89-3.47) .10
Lymphoma/leukemia 7 (1.8) 1.37 (0.19-9.96) .76
AIDS 8 (2.1) 0.64 (0.08-4.66) .66
Trauma 11 (2.9) 0.05 (0.00-178.58) .47
Charlson comorbidity score 3 (1-5) 1.08 (0.98-1.19) .11

Admission data
Transfer from other hospital 232 (60.2) 0.89 (0.51-1.70) .69
Previous time of admission* 11 (6-19) 0.99 (0.98-1.01) .65
Admission to ICU 269 (70.1) 1.99 (0.93-4.23) .08
Neutropeniay 38 (9.9) 1.15 (0.49-2.72) .75
Use of steroids 151 (39.3) 0.98 (0.56-1.17) .93

Invasive procedures/devices
Surgery 141 (36.7) 1.60 (0.90-2.84) .11
Surgical drains 20 (5.2) 1.37 (0.48-3.35) .56
Mechanical ventilation 203 (52.9) 2.95 (1.47-5.90) .002
Central venous catheter 252 (65.6) 3.72 (1.47-9.39) .005
Urinary catheter 276 (71.9) 7.57 (1.84-31.21) .005 5.56 (1.31-23.63) .02

Use of antimicrobials
Penicillins 6 (1.6) 0.90 (0.12-6.50) .91
Penicillins + B-lactamase inhibitors 102 (26.6) 0.68 (0.35-1.30) .24
Cephalosporins, 1st/2nd generations 12 (3.1) 0.61 (0.08-4.45) .63
Cephalosporins, 3rd/4th generations 80 (20.8) 1.66 (0.93-2.96) .09
Carbapenems 135 (35.1) 2.49 (1.38-4.50) .002 1.96 (1.06-3.62) .03
Glycopeptides 105 (27.3) 1.61 (0.92-2.82) .10
Quinolones 33 (8.6) 0.79 (0.28-2.19) .65
Aminoglycosides 34 (8.9) 1.95 (1.02-3.72) .04
Antianaerobe drugsz 37 (9.6) 1.66 (0.80-3.42) .17
Antifungals 60 (15.6) 1.81 (1.00-3.27) .05

NOTE. Cohort characteristics are presented in number(%), except when specified. Bold values are statistically significant (P < .05).
CI, confidence interval; CNS, central nervous system; HR, hazard ratio; ICU, intensive care unit.
*Time of hospital admission before the diagnosis of colonization.
yAny neutrophil count <500/mm3 during follow-up.
zClindamycin and metronidazole.
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RESULTS

We enrolled 384 CRE-colonized patients into the cohort. Microor-
ganisms isolated were Klebsiella pneumoniae (85.7%), Enterobacter
spp (13.3%), and Escherichia coli (1.0%). Among those patients, 51
(13.2%) progressed to CRE-HCAIs (incidence density, 7.3 per 1,000
colonized hospitalization days). The incidence of infection was 16.0%
(8.4 per 1,000 colonized hospitalization days) in ICUs and 7.0% (4.3
per 1,000 colonized hospitalization days) in other wards (P = .02). The
median time from colonization to infection was 11 days (range, 2 to
174 days). Infection sites were distributed as follows: urinary tract
infections (n = 20 patients), pneumonia (n =14), bloodstream infec-
tions (n = 13), surgical site infections (n = 2), and skin and soft tissue
infections (n = 2).

Table 1 presents univariate and multivariable analysis of predic-
tors of CRE-HCAIs in the cohort. Briefly, the presence of a urinary
catheter and the use of carbapenems were independently associated
with the outcome of interest. Survival curves for those predictors are
presented in Figure 1.

DISCUSSION

Colonization has long been recognized as a stage preceding infec-
tion.8 However, neither the actual risk for the latter nor the route
between the 2 stages is completely clear. Actually, those aspects may
vary between outbreaks and endemic settings.5,9

Our study was conducted in a setting of recent emergence and
rapid progression to hyperendemicity—a picture that is frequent
among hospitals in Brazil and other countries.2 Our findings may be
applicable to similar settings.

The incidence of CRE-HCAIs in the cohort was 13.2%. A recent sys-
tematic review reported an aggregate risk of 16.5%.5 That review is
limited by relevant heterogeneity among studies—regarding popula-
tion characteristics and admission settings. Not surprisingly, the inci-
dence of HCAIs in those studies ranged from 0%-89%. It is worth
noting that our result may be underestimated by our outcome defini-
tions. In requiring a clinical culture positive for CRE, we valued speci-
ficity over sensitivity.

Predictors in the cohort are coherent with the infection sites. The
association of urinary catheter and CRE-HCAIs was expected, because
nearly 40% of detected infections were urinary tract infections. The
finding regarding use of carbapenems is less straightforward. One
should notice that this association was detected for the use of carba-
penem after the diagnosis of colonization, and therefore it is not due
to the fact that carbapenems are usual risk factors for CRE acquisi-
tion.1,4 Instead, it points to a role of antimicrobials in the progression
of colonization to infection. A possible explanation is the elimination
of competing pathogens, leading to an increase in bacterial load and



Fig 1. Survival curves (Kaplan-Meier) for significant predictors of carbapenem-resistant Enterobacteriaceae colonization to health care−associated infections: (A) Insertion of uri-
nary catheter; (B) use of carbapenems. Note that in log-rank test, P = .001 for both predictors.
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CRE invasiveness.10 But we cannot rule out the possibility that carba-
penem use was a proxy of severity of illness or other risk factor not
addressed in the study.

One limitation of our study was the lack of strain typing, which
could associate more conclusively clones causing colonization and
infection. Also, the rules for collecting rectal swabs in our institution
may have influenced results, especially by overinclusion of ICU
patients. We did not perform surveillance for postdischarge infec-
tions, so our incidence may have been underestimated. Finally, we
did not perform competing-events analysis and did not adjust results
for usual severity-of-illness scores, such as the Acute Physiology and
Chronic Health Evaluation II, the Simplified Acute Physiology Score II,
or others. However, we did adjust results for the Charlson Comorbid-
ity Index, which has been regarded as a proxy indicator of the sever-
ity of illness and the risk of death. There are also strengths in our
study. Our cohort was larger than those reported in most studies
included in the systematic review cited above,5 and we performed
extensive analysis of potential risk factors.

In conclusion, a relevant proportion of CRE-colonized patients will
progress to infection. Predictors for that outcome were the presence
of a urinary catheter and the use of carbapenems. Infection preven-
tion strategies in CRE-colonized patients should include special atten-
tion to invasive devices. Antimicrobial stewardship, preventing
overuse of carbapenems, may also contribute to prevent CRE-HCAIs
in that population.
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