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Abstract

Background This study aimed to investigate the intestinal carrier status of Enterococcus spp. among children in a
pediatric intensive care unit (PICU) and reveal the role of hospitalization in the alteration of resistance phenotypes and
clonal diversity of the isolates during admission and discharge periods.

Methods Two separate stool samples were collected from hospitalized patients in the pediatric intensive care unit
at admission and discharge times. The culture was done, and Enterococcus species were tested for antimicrobial
susceptibility and carriage of vanA-D gene subtypes. Random Amplified Polymorphic DNA (RAPD)-PCR was used for a
phylogenetic study to check the homology of pairs of isolates.

Results The results showed carriage of Enterococci at admission, discharge, and at both time points in 31%, 28.7%,
and 40.1% of the cases, respectively. High frequencies of the fecal Enterococcus isolates with vancomycin-resistance
(VR, 32.6% and 41.9%), high-level of gentamicin-resistance (HLGR, 25.6% and 27.9%), and multi-drug resistance
phenotypes (MDR, 48.8% and 65.1%) were detected at admission and discharge times, respectively. Resistance to
vancomycin, ampicillin, and rifampicin was higher among E. faecium, but resistance to ciprofloxacin was higher

in E. faecalis isolates. The increased length of hospital stay was correlated with the carriage of resistant strains to
vancomycin, ampicillin, and ciprofloxacin. While the homology of the isolates was low among different patients
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from each patient.

during hospitalization, identical (9%) and similar (219%) RAPD-PCR patterns were detected between pairs of isolates

Conclusions The high rate of intestinal carriage of VR, HLGR-, and MDR-Enterococci at admission and during
hospitalization in the PICU, and the impact of increased length of hospital stay on the fecal carriage of the resistant
strains show the importance of antibiotic stewardship programs to control their transmission and spread in children.

Keywords Enterococcus, Pediatric Intensive Care Unit, Carriers, MDR, VRE, HLGR, Antimicrobial Resistance

Introduction

Enterococcus faecalis (E. faecalis) and Enterococcus fae-
cium (E. faecium) are among numerous bacterial species
that can be found in the gastrointestinal tract of animals
and humans [1]. These species comprise 1% of the intes-
tinal microbiota in healthy adults [2, 3]. They can serve as
opportunistic pathogens and are known as the common
cause of urinary tract infections, bacteremia, endocar-
ditis, burn and surgical site wound infections, abdomen,
and biliary infections [4].

With the emergence of multi-drug resistant (MDR)-
Enterococci, these species become a therapeutic chal-
lenge both in the hospital and community-acquired
infections [5]. Resistance to ampicillin, vancomycin, and
high-level aminoglycosides, which are traditionally pre-
scribed for Enterococcus infections, is the main cause of
treatment failure in clinical settings [6, 7]. People who
treated with these antibiotics for long periods, those
with a history of hospitalization or surgical procedures,
patients with indwelling medical devices, immunocom-
promised patients, and those with underlying diseases
are at higher risk of infections with MDR-Enterococci.

The intestine of children is colonized with Enterococcus
spp. early after birth [8, 9]. The colonizing strains could
originate from the mother and the environment [1-3, 5].
The risk of intestinal colonization with MDR- and van-
comycin-resistant Enterococci (VRE) seems to be higher
in children in lower age groups and those with prolonged
hospitalization, immunosuppression, low birth weight,
and antibiotic intake [8, 10]. Although these risk factors
showed an association with the colonization of the gas-
trointestinal tract by MDR- and VR Enterococci among
the ICU admitted children, there is a lack of data about
their primary colonization status in the intestine of out-
patient children and changes that could occur after their
admission during hospital stays. To investigate this cor-
relation, we aimed to detect the colonization of Entero-
coccus species in stool samples of children in the PICU
at admission and discharge times. Moreover, the asso-
ciations of patients’ demographics, antibiotic consump-
tion, underlying diseases, and length of PICU stays with
changes in the patterns of antibiotic resistance, carriage
of vanA-D genes, and their phylogenetic types were
investigated.

Materials and methods

Patients and samples

A cross-sectional study was conducted in the PICU of
Mofid Children’s Hospital, a referral hospital for infec-
tious and non-infectious diseases in children, from July
2018 to February 2020. The PICU has nineteen active
beds that admit approximately 1,440 children annually.
In this study, 712 PICU admitted patients were screened
for carriage of Enterococci. Stool samples were collected
from the patients after obtaining an informed consent
form from their parents. Two samples were collected
from all the patients at the time of admission and before
discharge. Patients with lower than 48 h hospitalization,
neutropenic patients, and those who didn’t provide the
two samples at defined time points were excluded from
the study. After transfer to the laboratory, a swab from
the homogenized samples was used for inoculation of
Blood agar medium containing 6.5% salt and BD BBL™
Enterococcosel™ Agar (BBL, USA). Grown colonies were
examined biochemically. Demographic and clinical data
of the patients were recorded using a questionnaire.

Characterization of Enterococcus species

Polymerase chain reaction was used to character-
ize E. faecalis and E. faecium strains. Genomic DNA
was extracted from the freshly grown colonies using an
extraction kit (GeNet Bio Company, Daejeon, Korea;
Cat. No, K-3000) according to the instructions of the kit
manufacturer. The primers that were used to perform the
polymerase chain reaction (PCR) are listed in Table 1.

Antimicrobial susceptibility testing

Fresh colonies of the Enterococcus isolates were used for
antibiogram using the disc diffusion method, according
to the Clinical and Laboratory Standard Institute guide-
line [11]. The antibiotics were selected from 9 different
families, including ampicillin (Amp, 10 pg), vancomy-
cin (Van, 30 pg), erythromycin (E, 15 pg), tetracycline
(Tet, 30 pg), ciprofloxacin (Cip, 5 pg), rifampin (Rif,
5 pg), chloramphenicol (Chl, 30 pg), nitrofurantoin (Nit,
300 pg) and high-level gentamicin (HLG, 120 pg). E. fae-
calis reference strain ATCC 29,212 was used as quality
control in this method.
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Table 1 Nucleotide sequences of the primers that were used for
amplification of target genes and typing in this study

Nameof Target Sequence (5'—3’) Size of Source
primer gene prod-
uct
(bp)

EAT (F) vanA GGGAAAACGACAATTGC 732 [31]
EA2 (R) vanA GTACAATGCGGCCGTTA
EB3 (F) vanB ACGGAATGGGAAGCCGA 647 [32]
EB4 (R) vanB TGCACCCGATTTCGTTC 647
EC5 (F) vanC1/2  ATGGATTGGTAYTKGTAT 815/827 [32]
EC8 (R) vanC1/2  TAGCGGGAGTGMCYMGTAA  815/827
ED1(F) vanD TGTGGGATGCGATATTCAA 500 [32]
ED2 (R) vanD TGCAGCCAAGTATCCGGTAA 500
DD13(F)  ddl (E CACCTGAAGAAACAGGC 475 [32]

faecalis)
DD3-2 (R) ddl (E ATGGCTACTTCAATTTCACG 475

faecalis)
FAC1-1 (F) ddl (E. GAGTAAATCACTGAACGA 1091 [32]

faecium)
FAC2-1 (R) ddl (E. CGCTGATGGTATCGATTCAT 1091

faecalis)
RAPD RAPD se- AAGAGCCCGT [33]
1247 quence
RAPD RAPD se- GCGATCCCCA [34]
1283 quence

K=GorT,M=AorC;Y=CorT

Molecular detection of vanA, vanB, vanC, vanD genes

To detect the frequency of vanA, vanB, vanC, vanD
genes, multiplex-PCR using specific primers was used
(Table 1). Extracted DNA was done as described above.
The PCR mixture included 3.5 pl of double distilled
water, 12.5 pl of Taq 2X master mix (Ampliqon, Cat No.
A190303, Denmark), 0.5 pl of each primer (10 pmol/
ml, Table 1), and 5 pl of DNA. Cycling conditions were
done as follows: 1 cycle of initial denaturation at 94 °C for
3 min, 35 cycles of initial denaturation at 94 °C for 1 min,
annealing at 54 °C for 1 min, extension at 72 °C for 1 min,
and 1 cycle of final extension at 72 °C for 7 min.

RAPD typing and homology analysis

The randomly amplified polymorphic DNA (RAPD) typ-
ing method was used for the differentiation of pairs of
the Enterococcus species isolated from each patient at
the time of admission and before their discharge. Primer
sequence AAGAGCCCGT was used to screen the strains
following initial results obtained compared to primer
GCGATCCCCA. PCR was done in the following condi-
tions: 1 cycle of initial denaturation at 94 °C for 4 min,
1 cycle of primary annealing at 36 °C for 4 min, 1 cycle
of primary extension at 72 °C for 4 min, 40 cycles of ini-
tial denaturation at 94 °C for 30 s, annealing at 36 °C for
1 min, extension at 72 °C for 2 min and 1 cycle of final
extension at 72 °C for 10 min. The phylogenetic rela-
tionship of Enterococcus strains based on antimicrobial
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susceptibility patterns, carriage of vanA-D genes, and
RAPD-PCR patterns was determined using NTSYS
software, version 2.20. The strains with 100% homology
were considered identical, while others with >95% were
defined as related and similar strains.

Data analysis

Statistical analysis was done by SPSS software version 23.
To determine the relationship between antimicrobial sus-
ceptibility and underlying diseases, gender, age, history of
previous hospitalization, and length of PICU stay, a stu-
dent t-test was used. A p-value<0.05 was considered sta-
tistically significant.

Results

Patients’ demographics

Out of the patients admitted to PICU during the study
period, colonization of Enterococcus spp. was screened in
132 pairs of samples from the patients at the admission
and discharge times. Patients that did not provide either
the primary or the secondary samples were excluded
from the study. Results showed colonization in 71.2%
(94/132) of the patients at the admission time and in
68.9% of them (91/132) at the discharge time. Consider-
ing the admission and discharge times for each patient,
Enterococcus colonization was shown in 31% (41/132) of
the cases just at the admission time, in 28.7% (38/132)
just at the discharge time, and in 40.1% (53/132) of them
at both time points. The patients belonged to ages rang-
ing from <1y (58.1%), 1-3 y (16.3%), >3-6y (7%), >6-10
y (14%), and >10 y (4.7%). Hospitalization days in PICU
varied from <3 days (39.5%), 4-7 days (34.9%), and =8
days (25.6%). No significant difference in the carriage
of Enterococci was detected on admission between the
patients with a history of hospitalization or underlying
diseases in comparison to those without a history of hos-
pitalization or underlying diseases (70.8% vs. 70.7% and
69.2% vs. 64.7%, respectively). Data about the adminis-
tration of antibiotics, including cefazolin, carbapenems,
glycopeptides, aminoglycosides, fluoroquinolones, imid-
azoles, macrolides, lincomycin, penicillins, ansamycins,
and other beta-lactams, in the patients who concurrently
carried Enterococcus spp. at the time of admission and
discharge were recorded for these patients during the
PICU stay (Table 2).

Species diversity of Enterococci in the stool of children at
the admission and discharge times

Our results showed the dominance of E. faecalis in the
fecal samples of the patients at both the admission and
discharge times (67.4% and 62.8%, respectively). E. fae-
cium, as the second prevalent species, was detected in
18.6% and 32.6% of the entry and discharge samples,
while the other Emnterococcus species constituted 14%
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Table 2 Demographic data of the patients who carried
Enterococcus spp. at admission and discharge times in a pediatric
intensive care unit in Tehran

Variables Frequency
Gender
Female 34.9% (15/43)
Male 65.1% (28/43)
Age
<1 year 58.19% (25/43)
1-3 years 16.3% (7/43)
4-6 years 7% (3/43)
7-10years 14% (6/43)
>10 years 4.7% (2/43)
LOS
<3 days 39.5% (17/43)
4-7 days 34.9% (15/43)
>8 days 25.6% (11/43)

Underlying diseases
60.5% (26/43)
39.5% (17/43)

Underlying disease
Non-underlying disease
History of hospitalization

Yes 55.8% (24/43)
No 39.5% (17/43)
Antibiotic therapy
Cephalosporin 72.1% (31/43)
Carbapenem 30.2% (13/43)
Glycopeptide 41.9% (18/43)
Aminoglycoside 9.3% (4/43)
Fluoroguinolone 4.7% (2/43)
Nitroimidazole 27.9% (12/43)
Macrolide 11.6% (5/43)
Lincosamide 7% (3/43)
Penicillin 2.3% (1/43)
Ansamycin 2.3% (1/43)
-lactam combination agents 2.3% (1/43)

LOS; Length of stay

and 4.7% of them at the same periods. Changes in the
colonized species during the hospitalization period were
detected in 30.2% of the children. These changes included
E. faecium to E. faecalis (2.3%), E. faecium to non-Entero-
coccus colonizer (2.3%), and non-E. faecalis/non-E. fae-
cium species to E. faecalis and E. faecium (9.3% and 4.7%,
respectively), E. faecalis to E. faecium (9.3%), and E. fae-
calis to other Enterococcus species (2.3%) (Table 3).

Frequency of fecal enterococci with VR and HLGR
phenotypes among the children

The carriage of VRE among the children varied between
32.6% (14/43) and 41.9% (18/43) at the admission and
discharge times, respectively. The patients also carried
HLGR Enterococci in a frequency of 25.6% (11/43) and
27.9% (12/43) at the admission and discharge times,
respectively. Details about the diversity in the resistance
phenotypes to the antibiotics are shown in Tables 3 and

Page 4 of 9

4. Our results showed no significant changes in the fre-
quency of resistance to different classes of the antibiot-
ics among the fecal Enterococci isolates in the children
before and after PICU admission. Carriage of vanA was
detected in 57.1% (8/14) and 94.4% (17/18) of the char-
acterized VRE at the time of admission and discharge,
respectively. vanB-D genes were not detected in any of
the VRE strains.

Alteration of the antibiotic resistance phenotypes during
the hospitalization
The most common drug resistance phenotypes were
Tet/E (8/43, 18/6%) and Van/Amp/Tet/Cip/Rif/E (6/43,
14%) at the admission and discharge times, respectively.
The most common multi-drug resistance patterns were
Van/Amp/Tet/Cip/Rif/E/G (4/43, 9.3%) and Van/Amp/
Tet/Cip/Rif/E (6/43, 14%) at the admission and discharge
times, respectively. While Van/Amp/Tet/Cip/Rif/E MDR
pattern was detected in two isolates of E. faecalis at the
admission time (2/29, 6/9%), no common MDR pheno-
types among E. faecium isolates were detected at the time
of admission. The patients showed an increase in com-
mon MDR patterns at the discharge time, mainly among
E. faecium isolates with Van/Amp/Cip/Nit/Rif/E (3/14,
21.4%), Van/Amp/Tet/Cip/Rif/E (4/14, 28.6%), and Van/
Amp/Tet/Cip/Rif/E/G (2/14, 7.4%) phenotypes (Table 3).
The prevalence of VRE strains showed a relationship
with the prescription of cephalosporins (p value=0.01,
12.9%, 4/31), glycopeptides (p value=0.01, 27.8%, 5/18),
aminoglycosides (p value=0.02, 75%, 3/4) and nitroimid-
azoles (p value=0.04, 16.7%, 2/12). Prescription of mac-
rolides (p value=0.02, 40%, 2/5) and aminoglycosides (p
value=0.07, 75%, 3/4) also showed a relationship with the
colonization of HLGR Enterococci in the admitted chil-
dren (Table 3).

Phylogenetic relationship between the Enterococcus
isolates among the patients

In this study, a comparison of RAPD types and pheno-
typic characteristics of the Enterococcus isolates was
made between pairs of the samples from each patient and
among different patients in a PICU. Accordingly, the pri-
mary and secondary isolates from each patient showed
identical, similar, or different origins in 7% (6/86), 21%
(18/86), and 72% (62/86) of them, respectively (Fig. 1).
Similarly, comparison of the isolates among different
patients showed the identical, similar, or different clones
of Enterococcus spp. in 4.6% (4/86), 15.1% (13/86) and
80.3% (69/86) of them, respectively. None of the patients
with identical Enterococci clones were hospitalized
during a similar time period, while 33.3% (6/18) of the
Enterococci clones with similar patterns at each cluster
were isolated from hospitalized patients during similar
periods. History of hospitalization in the same hospital
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Table 3 Alteration of antibiotic resistance phenotypes among the carriers of Enterococcus species in the pediatric intensive care unit

Antibiotic Admission®.  Discharge®. p-value  Days of hospitalization p-value  Antibiotic p-

Resistance % (n=43) % (n=43) (Mean =SD) prescription in val-

Among the fecal <3 4-7 >8 hospital ue

Enterococci

Vancomycin 30 ug)  32.6% (14/43)  41.9% (18/43) 0.50 222% (4) 333%(6) 444%(8) 0.04 Cephalosporin 0.01
Glycopeptide 0.01
Aminoglycoside 0.02
Nitroimidazole 0.04

E. faecalis 20.7% (6) 22.2% (6) 1 333%(2) 333%(2) 333%(2) 037 b -

E. faecium 50% (4) 786% (11) 0.3 182% (2) 364%(4) 455%(5) 1 - -
Gentamicin (120 ug)  25.6% (11/43)  27.9% (12/43) 1 41.7% (5)  167%(2) 41.7%(5) 020 Aminoglycoside 0.07

Macrolide 0.02

E. faecalis 24.1% (7) 29.6% (8) 0.75 50% (4) 25% (2) 25% (2) 0.72 - -

E. faecium 12.5% (1) 214% (3) 1 333% (1) 0% (0) 66.7% (2) 0.38 - -
Ampicillin (10 pg) 41.9% (18/43)  48.8% (21/43) 0.66 238%(5) 333%(7) 429% (9 0.02 Cephalosporin 0.04

Glycopeptide 0.06
Aminoglycoside 0.04

E. faecalis 27.6% (8) 25.9% (7) 1 286% (2) 429%(3) 286%(2) 031 - -

E. faecium 75% (6) 85.7% (12) 0.60 16.7% (2) 333% (4) 50% (6) 047 - -
Chloramphenicol 4.7% (2/43) 9.3% (4/43) 0.67 25% (1) 50% (2) 25% (1) 0.81 - -
(30 pg)

E. faecalis 6.9% (2) 11.1% (3) 0.66 333% (1) 333%(1) 333%(1) 053 - -

E. faecium 0% (0) 7.1% (1) 1 0% (0) 100% (1) 0% (0) 0.58 - -
Tetracycline 30 ug)  744% (32/43)  67.4% (29/43) 0.60 48.3% (14) 27.6% (8) 24.1%(7) 0.26 - -

E. faecalis 75.9% (22) 66.7% (18) 1 66.7% (12) 222% @) 11.1%(@2) 0 - -

E. faecium 75% (6) 64.3% (9) 061 11.1% (1) 444% (4) 444% (4 017 - -
Nitrofurantoin 4.7% (2/43) 0% (0/43) 049 0% (0) 0% (0) 0% (0) 1 - -
(300 pg)

E. faecalis 34% (1) 0 (0%) 1 0% (0) 0% (0) 0% (0) 1 - -

E. faecium 12.5% (1) 0 (0%) 038 0% (0) 0% (0) 0% (0) 1 - -
Erythromycin (15 ug) 72.1% (31/43)  74.4% (32/43) 0.76 313% (10) 375%(12) 31.3% (10) 0.74 - -

E. faecalis 65.5% (19) 63% (17) 1 412% (7)) 412%(7) 176%@3) 1 - -

E. faecium 87.5% (7) 92.9% (13) 1 154% (2)  385% (5) 46.2% (6) 1 - -
Ciprofloxacin (5 ug)  41.9% (18/43)  58.1% (25/43) 0.25 28% (7) 32% (8) 40% (10)  0.05 - -

E. faecalis 27.6% (8) 40.7% (11) 038 364% (4) 364%(4) 273%((3) 048 - -

E. faecium 75% (6) 85.7% (12) 1 16.7% (2)  333%(4) 50% (6) 047 - -
Rifampicin (5 pg) 46.5% (20/43)  58.1% (25/43) 035 32% (8) 32% (8) 36% (9) 037 - -

E. faecalis 31% (9) 37% (10) 0.76 40% (4) 40% (4) 20% (2) 0.86 - -

E. faecium 87.5% (7) 92.9% (13) 1 231%(3) 308%(4) 462%(6) 0.57 - -
MDR 48.8% (21/43)  65.1% (28/43) 0.19 321%(9) 357%(10) 32.1%(9) 0.31 - -

E. faecalis 37.9% (11) 51.9% (14) 042 429% (6) 357%(5) 214%(3) 0.76 - -

E. faecium 87.5% (7) 85.7% (12) 1 16.7% (2) 41.7%(5) 41.7%(5) 067 - -
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Table 3 (continued)
Antibiotic Admission®. Discharge®. p-value  Days of hospitalization p-value  Antibiotic p-
Resistance % (n=43) % (n=43) (Mean*SD) prescription in val-
Among the fecal <3 4-7 >8 hospital ue
Enterococci
Common Resistance Van/Amp/Tet/  Van/Amp/Tet/Cip/ - - - - -
phenotypes Cip/Rif/E/G Rif/E 14% (6)
9.3% (4)
Van/Amp/ Van/Amp/Tet/Cip/
Tet/Cip/Rif/E Rif/E/G 9.3% (4)
7% (3)
Amp/Tet/Cip/  Van/Amp/Cip/
Rif/E  4.7% (2)  Rif/E/G 7% (3)
Van/Amp/Cip/Rif/E
7% (3)
Amp/Tet/Cip/Rif/E
7% (3)
Tet/E/G  4.7%(2)
Tet/Cip/Chl/E
4.7% (2)

# In this table, results of resistance phenotypes for species of Enterococcus other than E. faecalis and E. faecium are not presented in detail. The total frequency of
antimicrobial resistance, regardless of the species name, is shown in front of the antibiotic name

b, (), Not significant

Table 4 Diversity and frequency of clinically important
resistance phenotypes of Enterococcus spp. in the stool samples
of children at the admission and discharge times

Bacterial species Primary Secondary
stool stool
N= (n, %) N= (n, %)
E. feacalis 67.4% (29/43)  62.8%
(27/43)
E. faecium 18.6% (8/43) 32.6%
(14/43)
Other- Enterococcus spp. 14% (6/43) 4.7% (2/43)
E. faecalis-VRE 42.9% (6/14) 33.3% (6/18)
E. faecium VRE 28.6% (4/14) 61.1%
(11/18)
E. faecalis HLGR 63.6% (7/11) 66.7% (8/12)

E. facium HLGR
E. faecalis MDR
E. faecium MDR

9.1% (1/11)
524% (11/21)
33.3% (7/21)

25% (3/12)
50% (14/28)
42.9%
(12/28)
?Primary stool sample; the stool samples were collected during the admission

bSecondary stool sample; the stool samples were collected>48 h after
admission to PICU

‘VRE, vancomycin resistance Enterococci; HLGR, high-level gentamicin
resistance; MDR, Multi-drug resistant phenotype

was not reported for any of the patients who carried
identical or similar Enterococci clones.

Discussion

In the current study, the fecal carriage of VR, HLGR,
and MDR-Enterococci was shown in children both at
the time of admission and on discharge. Moreover, their
changes in antimicrobial resistance and phylogenetic pat-
terns were confirmed during the PICU stay.

Enterococci usually become a problem in hospital-
ized patients who receive multiple courses of antibiot-
ics [12]. VR and HLGR Enterococci can cause infection
upon prolonged hospitalization and medical interven-
tions [13, 14]. Prior history of antibiotics therapy and
immunocompromised status are associated with Entero-
coccal infection in hospital settings. Compared with
vancomycin-susceptible Enterococci, bacteremia due
to VRE is considered an independent predictor of mor-
tality and is correlated with a prolonged hospital stay in
adults (4.5 days vs.<1 day) [14]. Similarly, bacteremia by
HLGR Enterococcal is associated with higher mortality
compared with non-HLGR Enterococcal bacteremia [13].
There are few studies in children to present the impact
of hospitalization on the alteration of Enterococci colo-
nization. In the study by Endtz et al. in the Netherlands,
the level of fecal transmission of Enterococcus was com-
pared in the community and hospital, including PICU.
They similarly reported a higher frequency of Enterococ-
cus in stool samples of non-hospitalized people (80%) in
compare to hospitalized patients (49%) [15]. In this study,
VRE was detected in 2% and 2% of the non-hospitalized
and hospitalized people, respectively. In a study by Han-
naoui et al. in Morocco, Enterococcus colonization was
determined in 70.3% of children’s stool samples (E. fae-
cium, 55% and E. faecalis, 45%), and VRE was detected
in 15.8% of them. All VRE strains in these children pre-
sented vanA resistance genotype [16]. A study in Tur-
key reported a positive culture rate of 30% in children at
the admission time, which was lower than hospitalized
cases (60%) [17]. E. faecium (70.4%), followed by E. fae-
calis (18.2%), E. avium, and E. durans were the dominant



Shirvani et al. BMC Pediatrics (2023) 23:434

Page 7 of 9

0.71 0.73

Coefficient

Fig. 1 The relationship of Enterococcus strains based on the antimicrobial susceptibility- and RAPD-PCR patterns was determined using NTSyS software,
version 2.20. Enterococcus strains with 100% homology were considered identical, while others with > 95% similarity defined as related strains. A and D
letters refer to the strains isolated from the stool samples before and after admission to the PICU

species. No VRE was detected in the samples upon
admission and after hospitalization, and no phylogenetic
relationship was reported among the hospitalized and
outpatients children, although homology among the hos-
pitalized children confirmed the spread of the identical
strains in the hospital [17]. In a study in Tehran, which
was conducted on stool samples from people in the com-
munity, Enterococcus was detected in all the samples [18].
While VRE and HLGR were not present among the iso-
lates, molecular typing results confirmed the homology
of the isolates in 61% of them. In the study in Ethiopia,
the presence of Enterococcus was reported in 23% of the
stool samples in hospitalized children (0-15 years old),
which was much lower than that detected in the present
study. VRE strains were found in 16.7% of the E. faecium
isolates in this study [19].

A higher rate of VRE colonization in the gastrointesti-
nal tract of people at the community level was reported
by Adesida et al. in Nigeria (13.8%) [20]. In this study,
E. faecium showed a similar frequency in compare to E.
faecalis, but resistance to vancomycin was higher in E.
faecium strains. Novais et al. reported VRE in 5% of their
isolates, which is lower in comparison to our results [21].
Similarly, in the study of Barreto et al. on children aged
1-14 years in Portugal, 85.6% of children were colonized
with Enterococcus; however, VRE was not detected in
any of the investigated samples [22]. In Iran, in a study

conducted by Farhadi and his colleagues in the NICU,
the presence of VRE was confirmed in 42.2% of infants at
the time of admission. All of these isolates were carriers
of the vanA gene [23]. High colonization in these infants
was significantly associated with antibiotic prescriptions
for 7 days or more, referral from other hospitals, preterm
birth, and low birth weight.

In the current study, there was a significant relation-
ship between the duration of hospitalization and VRE
colonization, implying that the amount of VRE coloniza-
tion increased with the increase in the duration of hospi-
talization; however, no significant relationship was seen
between the duration of hospitalization and HLGR and
MDR colonization. The observed change in the coloniza-
tion rate of patients hospitalized in ICU and its associa-
tion with increased length of stay was previously shown
in the study by Qiao and Xie et al. in China. In this study,
while the rate of colonization of the gastrointestinal tract
with VRE strains was 7.1% at the time of admission, this
rate increased to 9% within 48 h of hospitalization and
16.5% and 18.9% after one week and thereafter at the
time of discharge, respectively [24]. Similarly, in the study
conducted by Jabbari-Shiade et al. and Karki et al., a sig-
nificant relationship was observed between the length of
hospitalization and VRE colonization (p-value<0.001)
[25, 26]. Contrary to these findings, such a relationship
has not been confirmed in other studies [10, 27, 28].
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While Viagappan and his colleagues did not find a signifi-
cant relationship between the length of hospitalization
and HLGR colonization, Mulin et al. reported a signifi-
cant relationship between the length of hospitalization
and HLGR colonization [29, 30].

In the case of the carriage of HLGR Enterococci in out-
patients in compare to inpatients, the study of Kuzucu
et al. showed 3% vs. 41% fecal carriage with the HLGR
strains, respectively [17]. Similarly, Hannaoui et al.
reported 2% HLGR and 88% MDR strains of Enterococci
in human fecal samples at the community setting [16].
In the study of Gebrish et al., the frequency of MDR was
62.5%, which is similar to the result of our study [19].

Based on the data obtained from the patients’ files,
the prescription of cephalosporins, glycopeptides, ami-
noglycosides, and nitroimidazole antibiotic families
had a significant relationship with VRE colonization
and administration of cephalosporins, macrolides, and
aminoglycosides showed a significant relationship with
HLGR colonization. However, administration of antibi-
otics didn’t show a significant relationship with intesti-
nal colonization of MDR Enterococci. A study by Karki
et al. showed that the administration of carbapenems and
fluoroquinolones was significantly associated with VRE
colonization [26]. The association of glycopeptides and
cephalosporins administration with VRE-colonization
was confirmed in a study in Iran [27] and India [10]; how-
ever, this link was not confirmed by the study of Kaveh et
al. [28]. In the case of HLGR phenotype, Viagappan and
colleagues found a significant association between cepha-
losporin administration and HLGR colonization, which is
similar to our study [29].

This study has several limitations. Detection of Entero-
coccus species using the conventional culture method in
the stool samples could not reflect its actual load within
the intestinal microbiota. Follow-up studies at different
time points during the hospital stay along with the micro-
biome analysis are needed to understand the impact
of PICU admission and medications on the alteration
of the microbial population in the intestine of children.
Moreover, we were not able to compare the frequency of
hospital-acquired infections caused by Enterococcus spp.,
mainly VR, HLGR, and MDR-Entrococci, between the
carriers and non-carriers in the PICU. Indicating such a
correlation is important to consider a preventive antimi-
crobial regimen for patients in the PICU.

Conclusion

In the present study, carriage of MDR, VR, and HLGR
Enterococcus species was shown in the stool samples of
children either on admission or after hospitalization. Our
results showed associations between the fecal carriage
of VR and HLGR Enterococcus species and prolonged
hospitalization and administration of broad-spectrum
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antibiotics in PICU admitted children. Although the hos-
pital environment is considered the main source of trans-
mission and intestinal colonization with MDR, VR, and
HLGR Enterococci in children, non-hospital environ-
ments were detected as more likely sources of these clini-
cally important bacteria in the studied population due
to the detected diversity in phylogenetic patterns of the
primary Enterococcus isolates on admission, mainly in
children with no history of hospitalization. The detection
of resistant strains in the intestinal tract of hospitalized
children in the PICU following antibiotic therapy, which
is considered a risk factor for hospital-acquired infec-
tion, emphasizes the importance of the implementation
of infection control and antibiotic stewardship programs
both at the hospital and community levels.
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