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Vancomycin-resistant enterococci (VRE) infections have become widespread and a
challenge in hospitalized patients. The threat of infection by intractable enterococci
and the possibility that vancomycin resistance could involve pneumococci or staph-
ylococci advocate for careful surveillance of resistant strains.

Objective

To determine the risk factors associated with VRE colonization in pediatric patients
admitted to the Pediatric Intensive Care Unit (PICU) in the period between January
2012 and June 2013.

Methods

We conducted a cross-sectional study analyzing the clinical histories of 140 patients
admitted to the PICU (children from 1 month to 18 years) who underwent rectal
swab cultures within 48 hours of admission. We calculated the odds ratios and con-
fidence intervals of the risk factors for VRE colonization in the PICU, and then we
used multiple logistic regression for the statistically significant variables.

Results

VRE colonization was present in 18.6% of patients. The following variables were
identified as risk factors associated with VRE colonization: prior hospitalization in
the past year (odds ratio: 10.8; 95% confidence interval: 2.43 to 47.8; p = 0.001);

prior use of one broad-spectrum antibiotic (odds ratio: 5.05; 95% confidence interval: 2.04 to 12.5; p = 0.000); use of two or more broad-spectrum
antibiotics in past year (odds ratio: 5.4; 95% confidence interval: 1.5 to 18.4; p = 0.009); prior hospitalization in a high-risk area (odds ratio: 4.91;
95% confidence interval: 1.83 to 13.2; p = 0.000); hospitalization for more than five days in a high-risk area (odds ratio: 5.64; 95% confidence
interval: 2.18 to 14.6; p = 0.000); and use of immunosuppressant drugs (odds ratio: 4.84; 95% confidence interval: 1.92 to 11.9; p = 0.001). In a
logistic multiple regression the use of two or more broad-spectrum antibiotics (odds ratio: 4.81; 95% confidence interval: 1.01 to 22.8; p = 0.047)
and prior hospitalization in past year (odds ratio: 7.84; 95% confidence interval: 1.24 to 49.32; p = 0.028) were identified as independent factors
statistically associated with VRE colonization.

Conclusion

Pediatric patients admitted for intensive care with a history of prior hospitalization in the past year and exposure to two or more broad-spectrum
antibiotics have a greater risk of colonization by vancomycin-resistant enterococci.
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Introduction

The evolution of antibiotic resistance evolution has become prob-
lematic worldwide'. First identified in the mid-1980s, vancomycin-
resistant enterococci (VRE) have intrinsic resistance to most com-
mon antibiotics, can develop resistance to most other current antibi-
otics, and can transfer vancomycin resistance genes to other gram-

positive organisms>*.

The largest reservoir of VRE is the gastrointestinal tract, and the hu-
man being can be a carrier. This contributes to the dissemination of
VRE in hospitals’. Several previous studies on VRE risk factors have
found that the following variables are associated with VRE coloniza-
tion: exposure to previous antibiotics; previous and prolonged hos-
pitalizations; use of antibiotics in the year prior to admission; surgical
conditions; proximity of carrier patients; and exposure to equipment
contaminated with VRE®'2, Children colonized with VRE in the
gastrointestinal tract can transmit it by fecal-oral dissemination as
well as by contaminated fomites".

The threat of infection by intractable enterococci and the possibility
that vancomycin resistance can spread from enterococci to pneumo-
cocci or staphylococci underscores the importance of improved con-
trol measures and prevention of hospital infections; careful analysis
of empirical antimicrobial schemes; reductions in the length of hos-
pital stays; and follow-up surveillance evaluating the effectiveness of

these types of steps and procedures!*1°.

At the time of the study, there were no data on the prevalence of
VRE infection in pediatric intensive care units (PICUs) in our set-
ting, nor regarding the factors associated with VRE colonization.
Therefore, the objective of this study is to determine the risk factors
associated with the colonization of VRE in pediatric patients admit-
ted to an intensive care unit.
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Methods
Study design and setting

This cross-sectional study was carried out in patients admitted to the
pediatric intensive care unit (PICU) of Clinicas Hospital at the Na-
tional University of Asuncién, Paraguay, between January 2012 and
June 2013. Clinicas Hospital PICU is a multipurpose referral unit
with eight beds that serves hospitals in the Greater Asuncidn area
(approximately 2.5 million inhabitants). The study protocol was ap-
proved by the Universidad Nacional de Asuncién (UNA) Institu-
tional Ethics Committee. Informed consent was not required be-
cause the study consisted of a review of medical records. Confiden-
tiality of personal data was guaranteed with the use of encrypted files
exclusively managed by researchers.

Convenience sampling was carried out using the medical records for
all consecutive patients admitted to the PICU between January 2012
and June 2013. A total of 173 patients were admitted during the
study period, of which 33 were excluded (15 for incomplete clinical
data, 5 due to readmission during the study period, and 13 for lack
of a rectal swab), resulting in a final sample of 140 patients (Figure

1).
Study sample

A total of 140 pediatric patients, ranging in age from 1 month to 18
years, were included in the study. Inclusion criteria were: 1) had a
rectal swab within 48 hours of admission to the PICU to detect £7-
terococcus sp., with results available in the medical record; had com-
plete medical records; and 3) admitted to the PICU during the scudy
period. Exclusion criteria were: incomplete clinical data and not un-
dergoing a rectal swab (which in most cases was due to lack of labor-
atory supplies). If a study subject was admitted to the PICU more
than once, only the first admission was considered in the study.

At the time of the study, according to protocol, a rectal swab was
supposed to be carried out for all PICU patients at or within 48
hours of admission. All patients were considered positive and subject
to isolation until the return of the culture. Cases in which a swab was
not taken had two main causes: administrative factors such as lack of
supplies, or death of the patient within the first few hours of admis-
sion.
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Figura 1. Elegibilidad de pacientes.

Total of 173 patients admitted to PICU between
January 2012 and June 2013

33 patients excluded from study:

- 15 for incomplete clinical data

- 5 due to readmission during the study period

- 13 for lack of rectal swab

Total of 140 patients met the study inclusion criteria

Source: Prepared by the authors based on PICU records.

Laboratory testing

Rectal samples were collected with a wooden swab at or within 48
hours of admission to the PICU. The samples were placed in Stuart
transport medium and sent to the PICU’s microbiology laboratory
for cultivation in bile esculin azide agar with vancomycin (6 pg / ml).

Data analysis

Demographic and clinical variables, including age, sex, and primary
or underlying diagnosis on the day of admission, were compiled from
the clinical history of each patient. For the data analysis, patients
were divided into two groups: positive rectal swab culture (VRE+)
and negative rectal swab culture (VRE-).

Variables studied in the two groups included patients’ baseline char-
acteristics; prior hospitalization(s) in the past year; and prior hospi-
talization in a high-risk area (hemato-oncology or intensive care) or
a low-risk area (any other reason for pediatric hospitalization). The
low- and high-risk area groups were divided into subgroups by length
of hospital stay (< 10 days versus 2 11 days for low-risk areas and <
5 days versus > 6 days for high-risk areas).

Other variables that were analyzed included use of antibiotics in the
past year and range of the antimicrobial spectrum (narrow versus
broad, with the latter category including anti-infective agents with
activity against both gram-positive and gram-negative bacteria). The
antibiotics studied were those used in hospital settings, such as van-
comycin and third generation cephalosporins (e.g., ceftriaxone or
ceftazidime, as well as clindamycin, imipenem, or meropenem).
Other variables that were studied included duration of exposure to
or use of antibiotics (< 7 days versus > 8 days); number of broad-
spectrum antibiotics used (one versus two or more); use of invasive
devices (defined as a central venous line, a bladder catheter, dialysis
catheters, or mechanical ventilation); and use of immunosuppres-
sants (defined as administration of antineoplastic therapy within 6
months prior to sampling, or prior bone marrow transplantation).
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Statistical analysis

Continuous variables were expressed as mean + standard deviation,
assuming that the variables had normal distribution. Categorical var-
iables were expressed as numbers and percentages. The 7 test was used
to compare continuous variables and the chi-square test was used to
compare categorical variables, with p < 0.05 considered significant.
In the data analysis, the odds ratio and 95% confidence interval were
determined for each variable. Multiple logistic regression analysis
was performed on variables that were statistically significant during
the bivariate relationship analysis. All statistical analysis was carried
out using the Epilnfo 3.4 statistical package.

Results

A total of 140 patients met the study inclusion criteria, including
admission to the PICU during the study period January 2012 to
June 2013. Of these, based on the rectal swab results, 26 patients
(18.6%) were positive for VRE and 114 (81.4%) were negative for
VRE. No patient with a culture positive for VRE developed any dis-

ease associated with the bacteria.

The average age for the patient sample was 6 + 5.7 years and distri-
bution by sex was 52.8% boys and 47.1% girls (p = 0.75) (Table 1).
Patients with VRE colonization were significantly older than those
without VRE colonization (8 + 5.3 years versus 5.5 + 5.6 years, p =
0.03) (Table 1). The frequency distribution by age group is shown
in Table 1.

According to the data on comorbidities, 48 patients (34.3%) pre-
sented hematological pathologies (leukemia or lymphomas) and 21
(20%) had some type of tumor. A total of 36 patients (25.7%) did
not present comorbidities. Hematological pathology (odds ratio: 5.4;
95% confidence interval: 2.2 to 13; p = 0.00) and lupus or immu-
nodeficiencies (odds ratio: 18; 95% confidence interval: 1.8 to 18.1;
p = 0.01) significantly increased the risk of VRE colonization (Table
2).

The main diagnoses for the patient sample upon admission to the
PICU were shock (44 or 31.4%), postoperative conditions (17 or

3/9



12.1%), dengue (16 or 11%), and sepsis (10 or 7%) (Table 3). The
frequency of the diagnoses was similar for both VRE+ and VRE- pa-

tients.

In the bivariate analysis, a statistically significant difference was ob-
served for the following variables: previous hospitalization in past
year (odds ratio: 10.8; 95% confidence interval: 2.43 to 47.8; p =
0.001); exposure to antibiotics for 8 or more days (odds ratio: 5.54;
95% confidence interval: 2.18 to 14.8; p = 0.05); exposure to two or
more broad-spectrum antibiotics in the past year (odds ratio: 5.4;
95% confidence interval: 1.5 to 18.4; p = 0.009); prior hospitaliza-
tion in a high-risk area (odds ratio: 4.9; 95% confidence interval:

Table 1. Profile of study sample by VRE carrier status.
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1.83 to 11.9; p = 0.00); use of immunosuppressants (odds ratio:
4.84; 95% confidence interval: 1.95 to 11.9; p = 0.000); and hospi-
talization in a high-risk area for 6 or more days (odds ratio: 5.64;
95% confidence interval: 2, 18 to 14.6; p = 0.00). There were no
significant differences for the following variables: antibiotic exposure
for less than 7 days; no exposure to broad-spectrum antibiotics; prior
hospitalization in a low-risk area in the past year; invasive procedures
in the past year; and hospitalization in a low-risk area for < 10 days

(Table 4).

Variable VRE- VRE+ Total

n=114 n=26 n =140

Age (years) 55+5.6 8+5.3 6+5.7

Sex (%)

Male 61 (53.5) 13(50) 74 (52.8)
Female 53 (46.5) 13 (50) 66 (47.1)

Age group (%)

Infants 58 (41.4)
Male 28 (48.3) 4(6.9) 32 (43.2)
Female 25 (43.1) 1(1.7) 26 (39.4)

Preescolares 19 (13.6)
Male 9 (47.4) 1(5.3) 10 (13.5)
Female 7 (36.8) 2 (10.5) 9 (13.6)

Preschool children 20 (14.3)
Male 8 (40) 2 (10) 10 (13.5)
Female 7 (35) 3 (15) 10 (13.5)

Adolescentss 43 (30.7)
Male 16 (37.2) 6 (14) 22 (29.7)
Female 14 (32.6) 7 (16.3) 21 (31.8)

VRE +: Positive carrier status.
VRE -: Negative carrier status.

Source: Prepared by the authors based on PICU records.
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Table 2. Comorbidities prior to admission.

Comorbidities VRE - (%) VRE + (%) OR (95% CI) P
n=114 n=26

Hematological pathologies 32 (67) 16 (33.3) 5.4 (2.2-13.0) 0.00
Tumors 18 (86) 3 (14.3) 0.8 (0.2-3.2) 0.5
Diabetes 2 (67) 1(33.3) 2.7 (0.2-3.1) 0.4
Asthma 2 (100) 0 - -
Congenital heart disease 7 (100) 0 - -
Diaphragmatic hernia 1 (50) 1(50) 5.5(0.3-91) 0.28
Bronchodysplasias 2 (100) 0 -

Epilepsy 2 (100) 0 - -
Lupus and immunodeficiencies 1(25) 3(75) 18.1 (1.8-18.1) 0.01
Various malformations 4 (100) 0 -
Down syndrome 2 (100) 0 - -
Others* 7 (100) 0 - -

VRE+: Positive carrier status.
VRE-: Negative carrier status.
OR: Odds ratio.

CI: Confidence interval.

*Including: miastenia gravis, perinatal asfixia, hypopituitarism, suspected liver disease, gastroesophageal reflux,
Wolft-Parkinson-White syndrome.
Source: Prepared by the authors based on PICU records.

Table 3. Causes of admission to intensive care.

Diagnosis at admission VRE - (%) VRE + (%) Toral (%)
n=114 n=26 n =140
Shock 30 (26.3) 14 (53.8) 44 (31.4)
Postoperative 15(13.1) 2 (7.6) 17 (12.1)
Dengue 15 (13.1) 1(3.8) 16 (11.4)
Sepsis 8(7) 2 (7.6) 10 (7.1)
Pneumonia 7 (6.1) 1(3.8) 8 (5.7)
Respiratory failure? 8 (7) 0 8(5.7)
Tumors 2(1.7) 2 (7.6) 4(2.9)
Convulsive status 4 (3.5) 0 4(2.9)
Meningitis and meningoencephalitis 3 (2.6) 0 3 (2.1)
Multi-organ failure 2 (1.7) 0 2(1.4)
Intracranial processes 5 (4.4) 1(3.8) 6 (4.3)
Diabetes 0 1(3.8) 1(0.7)
Severe neutropenia 0 2 (7.6) 2(1.4)
Hematological urgency 1(0.7) 0 1(0.8)
Other diagnoses © 14 (10) 0 14 (12.3)

VRE +: Positive carrier status.

VRE -: Negative carrier status.

* Including severe asthma and severe bronchiolitis

b Including intracranial hemorrhages, endocranial hypertension

¢Including mesenteric adenitis (1), post-chemotherapy aplasia (1), broncho aspiration (1), cellulitis (1),
foreign body aspiration (2), subdural empyema (1), hypoxic encephalopathy (1), secondary hydrocephalus (1),
heart failure (1), food or drug poisoning (2), pneumomediastinum (1), supraventricular tachycardia (1)
Source: Prepared by the authors based on PICU records.
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Table 4. Factors related to VRE colonization.

The multiple logistic regression analysis for the variables that showed
statistical significance is shown in Table 5. It showed that the factors
associated with VRE colonization were use of two or more broad-

Risk factors

VRE — VRE +

v a
o< 114 n=26 OR 95% CI p

Prior hospitalization
No
Yes

Previous exposure to any type of antibiotic

Yes

Days of exposure to an antibiotic

<7
>8

Number of broad-spectrum antibiotics used

1
22
Use of immunosuppressives
No
Yes
Invasive procedures
No
Yes
Prior hospitalization
Low-risk areas
High-risk areas
Length of stay by risk area
Low-risk areas
< 10 days
2 11 days
High-risk areas
< 5 days
2 6 dias

58(50.9) 5(19.2)
56 (49.1) 21 (80.8)

10.8 2.43t047.8 0.00

49 (42.9) 15(57.6) 1.8 0.7t04.28 0.12

18 (15.8) 5(19.2) 1.26 042t03.8 043
35(30.7) 14(56) 2.63 1.10t06.2 0.02

1(5.3) 8(23.1) 0.53 0.06t04.43 0.47
23(20.1) 16(61.5) 54 1.5t 184 0.00

82(71.9) 9 (34.6)
32 (28.1) 17 (65.4)

484 195t 11.9 0.00

90 (78.9) 20 (76.9)
112 040tw3.11 05
24 (21.1) 6 (23.1)

16 (14.1)  2(7.6) 055 0.11tw2.5 0.34

41(36.2) 19(73) 491 1.83w11.9 0.00

14(12.2) 3(11.5) 093 024t03.51 0.60

15 (13.1) 1(3.8) 026 0.03t02.09 0.15

4(3.5) 1(3.85) 1.10 0.11t0 10.2 0.64
37(324) 19(73) 5.64 2.18t014.6 0.00

VRE +: Positive carrier status.
VRE -: Negative carrier status.

OR: Odds ratio.
CI: Confidence interval.
Fisher’s exact test.

Source: Prepared by the authors based on PICU records.

spectrum antibiotics in the past year (odds ratio: 4.8; 95% confi-
dence interval: 1.016 to 22.83; p = 0.04) and previous hospitaliza-
tions in past year (odds ratio: 7.84; 95% confidence interval: 1.24 to
49.32; p = 0.02).
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Table 5. Results of logistic regression analysis.

Risk factors Odds ratio 95% CI Vi

Prior hospitalization 7.84 1.24 to 49.32 0.02
Hospitalization in high-risk area 0.27 0.02 to 3.05 0.29
Hospitalization of > days in high-risk area 4.10 0.50 to 33.46 0.18
Antibiotic use for > 8 days 0.30 0.06 to 1.44 0.13
Use of two or more broad-spectrum antibiotics 4.81 1.01 t0 22.83 0.04
Use of immunosuppressives 2.04 0.58 t0 7.20 0.26

OR: Odds ratio.
CI: Confidence interval.
Fisher’s exact test.

Source: Prepared by the authors based on PICU records.

Discussion

The main findings of this study were: 1) the prevalence of PICU
VRE colonization was 18.6%, 2) the factors significantly associated
with VRE colonization in PICU patients were prior hospitalization
in past year and exposure to two or more broad-spectrum antibiotics.

In this study, 18.6% of the patients studied had VRE colonization.
This frequency of colonization is similar to what was found in an-
other study conducted in a Chilean reference hospital, outside the
scope of Intensive care, in which 13% of the patients were VRE+".

In one study conducted in Brazil on VRE by Tresoldi et al.%, a colo-
nization rate of 8.0% was found. However, another study in Chile
by Loyola et al. reported a VRE colonization rate of 23.1%?®. In Ar-
gentina, Reale et al. reported a prevalence of VRE colonization of
17.9%’. In one study in Turkey by Sutcu et al., a 9.5% VRE colo-
nization rate was found'®. Another case-control study in Turkey by
Ulu-Kilic et al.”” retrospectively analyzed VRE surveillance data from
a pediatric hospital for the period 2010 to 2014, and found a 3.75%
rate of positive cultures among all patients examined.

In Pakistan, a study by Yameen et al. evaluating the local epidemiol-
ogy of nasal and rectal VRE colonization in children admitted to the
PICU found a rate of 2.7%".

Research results on VRE colonization in developed countries have
been highly variable. In New Zealand, Briggs et al. found a coloni-
zation rate of 0.3%?. In the United Kingdom, Gray et al. found that
gastrointestinal VRE colonization was 38.3% in hematology/oncol-
ogy patients, decreasing to 11% in patients admitted to hepatol-
ogy/gastroenterology units, and to only 2.3% in children in the
PICU?". In Korea, Yoon et al. found a VRE colonization rate of
30.3%>°.

The overall frequency of VRE colonization can be considered high
if the results obtained in a systematic meta-analysis review by Flokas
et al.?? are taken into account. The review included 19 studies cov-
ering a total of 20,234 children hospitalized in general ICUs and
PICUs where VRE colonization was 5% overall (3% to 8% in gen-
eral ICUs and 2% to 9% in PICUs).

Variations in prevalence could be attributed to several different fac-
tors, including type of hospital, patient characteristics, and sample
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collection techniques, as well as the effective use of recommended
measures to control bacteria transmission'2.

Based on the results of this study, one factor associated with VRE
colonization is prior hospitalization in the past year. According to
the results of the study by Reale et al. in Argentina, another factor
associated with VRE colonization is prolonged hospitalization (p =
0.0001)’.

In Korea, Kim et al. found that hospitalization and its duration (odds
ratio: 7.24; 95% confidence interval: 3.22 to 16.26; p = < 0.001)
were both risk factors for VRE colonization'®. The results from other
studies concur with the findings from this study. For example, in
Peru, Elizaga et al. found that patients with a prior hospitalization
had a 3.6 times greater risk of VRE colonization (odds ratio: 3.6;
95% confidence interval: 1.6 to 8.4; p = < 0.004)'°. Previous hospi-
talization can increase the risk of VRE colonization because there is
a greater possibility of receiving broad-spectrum antibiotics, espe-
cially when the admission is due to a high-risk condition. A previous
hospital stay could also lead to exposure to microorganisms intrinsi-
cally resistant to vancomycin and, therefore, the acquisition of the
enterococcus through contact with another carrier or through con-
taminated fomites>®.

Patients who had used two or more broad-spectrum antibiotics also
had a higher risk of VRE colonization. According to Reale et al.’, in
Argentina, the use of vancomycin increased the risk of colonization
with the bacteria (odds ratio: 5.15; 95% confidence interval: 1.22 to
21.76; p = 0.02). Other studies concur with the findings of this
study. For example, Singh et al.! found that the use of ceftazidime
combined with vancomycin increased the risk of VRE colonization
1.7 times (p = 0.004) and the use of vancomycin or ceftazidime alone
represented an even greater risk (odds ratio: 50.39; 95% confidence
interval: 3.77 to 672; p = 0.003; and odds ratio: 95.62; 95% confi-
dence interval: 7.41 to 999; p = 0.001, respectively). Llkewise, Hen-
ning et al. observed that vancomycin and ceftazidime were the anti-
biotics most associated with VRE colonization (p = 0.002 and p <
0.001, respectively)'®. In Chicago (USA), Elizaga et al. found that
the previous use of any antibiotic increased the risk of VRE coloni-
zation sevenfold (odds ratio: 7; 95% confidence interval: 2.7 to 18.4;
p = < 0.001), which increased to 13.5 when vancomycin was used
(odds ratio: 13.5; 95% confidence interval: 1.6 to 111; p = 0.005)"°.
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In Peru, Flores-Paredes found that use of antibiotics led to a sixfold
greater risk (odds ratio: 6; 95% confidence interval: 1.13 to 31.7; p
=0.03)12.

In Turkey, Sutcu et al. found an association between VRE coloniza-
tion and previous use of glucopeptides (odds ratio: 12.8; 95% con-
fidence interval: 1.9 to 26.6; p = 0.012)'%, and Ozkaya-Parlakay et
al. found that antibiotic exposure in the previous three months was
significantly related to VRE colonization time (p = 0.004)%.
Finally, a systematic meta-analysis review carried out by Flokas et al.
found that prior exposure to vancomycin and ceftazidime was a sig-
nificant risk factor for VRE colonization in hospitalized children
(odds ratio = 4.34; 95% confidence interval: 2.77 to 6.82; and odds
ratio = 4.15; 95% confidence interval: 2.69 to 6.40, respectively)®.

Use of two or more broad-spectrum antibiotics is related to VRE
colonization because these drugs generate high antibiotic pressure by
altering normal intestinal flora, leading to selective growth of VRE.

Colonization can persist for weeks to even years?.

This study had several limitations, including its retrospective nature
(as it was based on medical records) and small sample size as well as
the non-determination of the broad-spectrum antibiotic(s) that had
the greatest association with VRE colonization (since the analysis was
limited to two main groups of antibiotics categorized according to
their spectrum of action).

Studies with prospective and multicenter designs that could help val-
idate the findings reported here are required.

Conclusion

Patients admitted to the PICU with a history of prior hospitalization
within the past year and exposure to two or more broad-spectrum
antibiotics have a greater risk of VRE colonization.

Knowledge of the prevalence of VRE colonization and associated risk
factors allows for monitoring for the correct and timely use of infec-
tion prevention measures such as contact isolation and hand hygiene
by health personnel and members of the family that help with child
care, which should be applied in the care of all patients. Continuing
education, the adoption of policies for rational administration of an-
tibiotics, and adequate surveillance of cases could help decrease the
rates of VRE colonization so should also be emphasized.
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