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ABSTRACT

Background: Infections caused by antimicrobial-resistant bacteria are associated with increased mortal-
ity and health care costs. Enterococci have been recognized as a clinically important pathogen in hospital-
ized patients. Vancomycin-resistant enterococci (VRE) infections cause significant morbidity and mortal-
ity among patients undergoing transplantation. 

Objective: To identify epidemiology of VRE colonization and related risk factors among patients with 
hematological malignancies after hematopoietic stem cell transplantation (HSCT).

Methods: This cross-sectional study was performed on 42 patients who underwent bone-marrow trans-
plantation between July 2013 and March 2014. A stool sample was taken from each patient 3–5 days after 
transplantation and cultured on appropriate media. Suspected colonies of enterococci were detected to 
species level by their culture characteristics, biochemical reactions and molecular features. VRE were 
confirmed via phenotypic and genotypic methods. 

Results: VRE were detected in 14 (33%) of studied samples. 10 (71%) of the detected VRE isolates were 
identified as high level vancomycin-resistant E. faecium with minimum inhibitory concentration (MIC) of 
≥256 μg/mL of vancomycin; 3 isolates were E. galinarum and 1 was E. casseliflavus with an MIC of 8–16 
μg/mL. VanA was dominant phenotype and all VRE isolates with high-level of vancomycin resistance had 
vanA gene. VRE isolation was mostly observed in patients with acute lymphoblastic leukemia (ALL) than 
other diseases. Moreover, antibiotic prophylaxis and hospitalization were independent risk factors for 
acquisition of VRE after transplantation.

Conclusion: We found high level of vancomycin-resistance in E. faecium isolates obtained from HSCT pa-
tients. The vancomycin-resistant isolates of E. faecium had vanA and/or simultaneously vanB genes.
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INTRODUCTION

Emergence of antibiotics resistance and 
selection of the drug of choice for the 
treatment of nosocomial infections are 

among most important global health concerns 

[1]. Vancomycin-resistant enterococci (VRE) 
can be considered as one of the main challeng-
es in this issue. In addition, VRE commonly 
show resistance toward many antibiotics in 
addition to vancomycin [2]. 

Both microbial and host factors can contribute 
to enterococcal nosocomial infections; it seems 
that increased density of gastrointestinal tract 
colonization by enterococci is one of the most 
important factors that promote these infec-
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tions [3]. Nowadays, increasing rate of VRE 
colonization has been reported among patients 
who had prolonged hospitalization, especially 
in organ transplant wards [4, 5].

VRE infections in many countries have been 
associated with high morbidity and mortality 
rates, particularly among immuno-compro-
mised patients [6, 7]. Resistance to vancomy-
cin is mediated by van gene cluster, which are 
carried on transposable elements [4].

Bone marrow and stem cell transplant pa-
tients are at a higher risk of being colonized 
and infected with antimicrobial-resistant 
pathogens, particularly with VRE [3]. VRE 
infections are one the commonest bacterial 
threat among patients receiving hematopoi-
etic stem cell transplant. Studies over the last 
decade have documented remarkable increase 
in the rates of early VRE bacteremia and mor-
tality after hematopoietic stem cell transplant 
(HSCT) ranging from 3.6% to 22% and 0.04% 

to 85%, respectively [8]. VRE infections have 
been associated with very high mortality 
among HSCT recipients and identifying the 
risk factors of VRE colonization can be criti-
cal in management and reducing adverse con-
sequence of VRE infections [9, 10].

Therefore, in this study we aimed at screen-
ing HSCT recipients for VRE stool coloniza-
tion and identifying the related risk factors for 
patients who are at high risk of VRE blood-
stream infection in the early post-transplan-
tation period.

PATIENTS AND METHODS

Study Design and Bacterial Isolates
This cross-sectional study was conducted be-
tween July 2013 and March 2014 on 42 recipi-
ents of bone marrow transplant who referred 
to Nemazee hospital, one of the most impor-
tant transplant centers in Iran. The adult 

Table 1: PCR primers used in the present study

Primer Size of PCR 
product (bp) Primer pair sequences (left to right 5’–3’)

vanA Forward
734

AATACTGTTTGGGGGTTGCTC

vanA Reverse CTTTTTCCGGCTCGACTTCCT

VanB Forward
297

CATCGCCGTCCCCGAATTTCAAA

VanB Reverse GATGCGGAAGATACCGTGGCT

vanC1 Forward
531

TTGACCCGCTGAAATATGAAGTAA

vanC1 Reverse TAGAACCGTAAGCAAAAGCAGTCG

vanC2/3 Forward
673

GCATGGCAAATACGGGGAAGAT

vanC2/3 Reverse CATGGCAGGATAGCGGGAGTGA

E. faecalis Forward
941

ATCAAGTACAGTTAGTCTTTATTAG

E. faecalis Reverse ACGATTCAAAGCTAACTGAATCAGT

E. faecium Forward
658

TTGAGGCAGACCAGATTGACG

E. faecium Reverse TATGACAGCGACTCCGATTCC
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Bone Marrow and Stem Cell Transplant Unit 
in Shiraz is a 15-bed ward where patients are 
isolated from other hospitalized patients. One 
stool sample for VRE surveillance was col-
lected from each patient 3–5 days after receiv-
ing a HSCT. Bile esculin azide agar (Quelab, 
Canada) was used for primary detection of En-
terococcus isolates from specimens kept at 45 
°C. Gram-positive cocci arranged in pairs or 
chains with black colonies on bile esculin azide 
agar were taken for further identification to 
species level according to standard microbio-
logical tests (including PYRase, and arginine 
and carbohydrates fermentation). 

To assess the related risk factors in VRE colo-
nization including blood culture results, medi-
cal information for each patient stored in the 
database of Bone Marrow Transplant Center 
was analyzed. This study was in accordance 
with the declaration of Helsinki and approved 
by the Ethics Committee of Shiraz Univer-
sity of Medical Sciences (EC-92-6600). An 
informed written consent was taken from all 
participants.

Antimicrobial Susceptibility Testing 
Antimicrobial susceptibility pattern was de-
termined by disc diffusion method against 
penicillin (10 μg), synercid (15 μg), teicoplanin 
(30 μg), ampicillin (10 μg), gentamicin (120 
μg), rifampin (5 μg), levofloxacin (5 μg), eryth-
romycin (15 μg), tetracycline (30 μg), chlor-
amphenicol (30 μg), nitrofurantoin, (300 μg), 
fosfomycin (200 μg), and linezolide (30 μg) 
(MAST Diagnostics, UK) on Müeller-Hinton 
agar (Merck, Germany) according to recom-
mendations of the Clinical and Laboratory 
Standard Institute (CLSI) [11]. The vancomy-
cin minimal inhibitory concentration (MIC) 
was evaluated by the E-test method (Lio-
filchem MIC Test Strip, Italy) and VRE iso-
lates with MIC of ≥32 μg/mL was considered 
for further genotyping by polymerase chain 
reaction (PCR).

Molecular Analysis
PCR was performed to determine the gly-
copeptides resistance genotypes and species 
confirmation. Bacterial DNA was extracted 
by the boiling method at 100 °C for 10 min. 

The PCR analyses were performed in a DNA 
Thermal Cycler 5530 (Ependrof master, Ger-
many) for detecting the presence of vanA, B, 
C1 and C2/C3 genes among VRE isolates and 
internal genes for confirmation of isolates at 
species level. Previously designed primers 
(Cinna Gen Co, Iran) were used for amplifi-
cation of vanA (734-bp), vanB (297-bp) [12], 
vanC1 (531-bp), and vanC2/C3 (673-bp) [13], 
E. faecalis (941-bp), and E. faecium (658-bp) 
[14] (Table 1). Reference strains ATCC 51599 
(E. faecium), ATCC 51299 (E. faecalis), ATCC 
49573 (E. gallinarum), and ATCC 25788 (E. 
casseliflavus) were used as positive controls  for 
detection of the desired genes in PCR method. 
Moreover, E. faecalis ATCC 29212 was used as 
a negative control for vancomycin resistance 
genes. 

Statistical Analysis 
Data were analyzed with SPSS® for Windows® 
ver 21 (IBM Corp, USA). Qualitative variables 
were compared with χ2 test. Odds ratio and 
95% confidence intervals were calculated by 
logistic regression analysis.

RESULTS

Of 42 patients studied, 22 had received au-
tologous bone marrow transplants and 22 had 
received allogeneic transplants. Two patients 
had had both types of transplantations. Of 42 
patients, 27 (64%) were male. Fourteen (33%) 
patients were found colonized with VRE, 19 
(45%) were colonized with vancomycin-sen-
sitive enterococci (VSE), and 9 (21%) showed 
negative growth for enterococci. Of the 19 
VSE isolates, 11 were E. faecalis, 5 E. faecium, 
2 E. gallinarum, and one isolate was E. casseli-
flavus. The commonest isolates of VRE were 
E. faecium found in 10 (71%) with MIC of ≥256 
μg/mL, E. gallinarum in 3 (21%) patients with  
MIC of 12–16 μg/mL, and E. Casseliflavus iso-
lated from one (7%) with MIC of 8 μg/mL.

All E. faecium isolates had vanA genotype; 3 
of which also carried vanB gene. E. gallinarum 
isolates had vanC1 gene. The only E. casselifla-
vus isolate carried vanC2/3 gene (Fig 1).
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Results of antimicrobial susceptibility tests 
revealed that all VRE isolates were suscep-
tible to linezolid and fosfomycine with the 
least resistance to synercid. All vancomycin-
resistant E. faecium were also resistant to am-
picillin, erythromycin, penicillin, levofloxacin, 
and gentamicin. Complete results of antibiotic 
susceptibility tests and genotypes associated 

antibiotic resistance among VRE isolates are 
shown in Tables 2 and 3, respectively. 

Isolation of VREs was mostly in patients with 
acute lymphoblastic leukemia (ALL) compared 
to other groups (Table 4). History of antibi-
otic use during the last three months (OR 
6.60, 95% CI: 1.60–27.24) was found as an 

Table 2: Antibiotic susceptibility patterns of vancomycin-resistant enterococci isolates.

Susceptibility Antibiotics Resistant
n (%)

Intermediate
n (%)

Sensitive
n (%)

Ampicillin 12 (86) — 2 (14)

Penicillin 13 (93) — 1 (7)

Teicoplanin 7 (50) — 7 (50)

Nitrofurantoin 8 (57) — 6 (43)

Rifampin 12 (86) — 2 (14)

Erythromycin 14 (100) — —

Levofloxacin 14 (100) — —

Chloramphenicol 8 (57) — 6 (43)

Linezolid — — 14 (100)

Synercid 2 (14) 1 (7) 11 (79)

Tetracycline 10 (71) — 4 (29)

Gentamicin 14 (100) — —

Fosfomycin 1 (7) — 13 (93)

Figure 1: Representative image of agarose gel electrophoresis for studied genes by the PCR assay. M: 100-
bp DNA ladder; C: negative control; lanes 1 to 11 for each gene, a positive control and a positive sample is 
placed. Lane 1-2 vanC2/C3 (673-bp), lane 3-4 vanC1, lane 5-6 vanA (734-bp), lane 7-8 E. faecium conserved 
gene (658-bp), lane 9 E. faecalis (941-bp), lane 10-11 vanB (297-bp).
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independent risk factor for VRE colonization 
in transplanted patients. Previous history of 
hospitalization (OR 6.10, 95% CI: 0.69–54.64), 
and ICU stay (OR 3.67, 95% CI: 0.92–14.62), 
though not statistically significant, were also 
associated with risk of VRE acquisition (Table 
5). No Enterococcus spp. was isolated from the 
blood specimens taken from the studied trans-
plant recipients.

DISCUSSION

To best of our knowledge, there was no pub-
lished information on the frequency of VRE 
colonization and associated risk factors in 

bone-marrow transplant recipients from Iran 
and the present study is the first of its kind 
from our region.

In US hospitals, enterococci are the second 
most common organism recovered from skin, 
soft-tissue and catheter associated with blood-
stream infections [3]. Nosocomial infections 
caused by VRE are major concern at many 
hospitals around the world including Iran. 
VRE is now considered one of the most com-
mon causes of bacteremia in critically ill and 
neutropenic patients with cancer [6, 15, 16]. 
Because of multi-drug resistance nature of 
VRE infections, early treatment options are 
limited; additionally, VRE bacteremia is asso-

Table 3: Antibiotic resistance patterns of vancomycin-resistant enterococci isolates ac-
cording to genotype.

Antibiotic resistance pattern Number of isolates con-
tain, vanA or vanB

Number of isolates 
contain, vanC

Ampicillin 10 2

Penicillin 10 3

Teicoplanin 7 0

Nitrofurantoin 7 1

Rifampin 9 3

Erythromycin 10 4

Levofloxacin 10 4

Chloramphenicol 8 0

Linezolid 0 0

Synercid 3 0

Tetracycline 8 2

Gentamicin 10 4

Fosfomycin 1 0

Table 4: Frequency of underlying disease and rate of entrococci colonization

Underlying disease VRE
n (%)

VSE
n (%)

Not colonized
n (%)

ALL (acute lymphoblastic leukemia) 6 (43) 2 (11) 0

AML (acute myeloid leukemia) 0 6 (32) 1 (11)

HL (Hodgkin’s lymphoma) 1 (7) 2 (11) 2 (22)

NHL (Non-Hodgkin’s lymphoma) 3 (21) 2 (11) 0

Multiple myeloma 2 (14) 6 (32) 4 (44)

Immunodeficiency syndrome 1 (7) 1 (5) 0

SCID (Severe combined immunodeficiency) 1 (7) 0 1 (11)

Fanconi anemia 0 0 1 (11)

Total 14 (33) 19 (45) 9 (21)

VRE Colonization Rate among Transplanted Patients
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Table 5: Risk factors for colonization of vancomycin-resistant enterococci after transplantation for bone marrow 
transplant recipients

Variable VRE patients
(n =14)

NO VRE patients
(n =28)

Odd Ratio 
(95% CI)

Age (yrs)

0–25 4 (29) 8 (29) Reference

25–50 6(43) 13 (46) 0.92 (0.20–4.31)

>50 4 (29) 7 (25) 1.14 (0.21–6.37) 

Male sex 9 (64) 18 (64) 1.00 (0.26–3.82)

Surgery 3 (21) 9 (32) 0.58 (0.13–2.59)

Gastrointestinal bleed 1 (7) 2 (7) 1.00 (0.08–12.07)

Gastrointestinal disease 2 (14) 5 (18) 0.77 (0.13–4.56)

Albumin (g/L)

2–2.5 2 (14) 0

2.5–3 1 (7) 2 (7) 1.33 (0.09–20.71)

3–3.5 1 (7) 5 (18) 0.53 (0.043–6.66)

3.5–4 7 (50) 12 (43) 1.44 (0.29–7.21)

>4 3 (21) 9 (32) Reference

Antibacterial treatment

Carbapenem 6 (43) 12 (43) 1.00 (.27–3.66)

Vancomycin 7 (50) 7 (25) 3.00(0.776–11.60)

Third-generation cephalosporins 11 (79) 21 (75) 1.47 (0.32–6.69)

Metronidazole 1 (7) 1 (4) 1.47 (0.32–6.69)

Antifungal drugs 6 (43) 6 (21) 2.75 (0.68–11.05)

Previous antibiotic use (past 3 months) 9 (64) 6 (21) 6.60 (1.60–27.24)

Diabetes 5 (36) 7 (25) 1.67 (0.42–6.68)

Previous hospitalization (one year ago) 13 (93) 13 (68) 6.16 (0.69–54.64)

Immunosuppressive drugs before transplanta-
tion 10 (71) 14 (50) 2.50 (0.63–9.90)

Type of transplant

Allogeneic 9 (64) 13 (68) 1.33 (0.37–4.85)

Autologous 5(36) 17 (61) Reference

Hospitalized in BMT ward before transplantation (day)

0–5 1 (7) 1 (4) 0.25 (0.01–4.73)

5–10 5 (36) 20 (72) 1.14 (0.06–21.87)

>10 8 (57) 7 (25) Reference

Admission to the ICU 8 (57) 6 (21) 3.67 (0.92–14.62)

Duration of disease (yrs)

0–1 8 (57) 12 (43) 2.05 (0.43–9.78)

1–2 3 (21) 6 (21) 2.00 (0.29–13.74)

>2 3 (21) 10 (36) Reference
*Female gender and negative responses have been as the basis considered in the calculations
BMT: Bone marrow transplantation; ICU: Intensive care unit; VRE: vancomycin-resistant enterococci
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ciated with a high mortality rate [8]. In our 
results, the VRE colonization was observed in 
33% of HSCTs, which reflects the importance 
of enterococcal infections in these patients. 
Most of our studied patients were neutropenic 
(data not shown), immunosuppressed, and had 
history of hospitalization, which may explain 
higher VRE colonization rate in our study 
compared to reports from other parts of the 
world. A recent study by Jan Vydra, et al, on 
patients receiving allogeneic hematopoietic 
stem cells transplant in the USA indicated 
that 23% of patients were found colonized with 
VRE throughout the study period [17]. In an-
other study in pediatric stem cell transplant 
patients from the USA, 24.6% of patients had 
positive stool culture for VRE [7]. There is no 
similar study in Iran from patients receiving 
hematopoietic stem cells, but a study among 
children with ALL at two referral centers of 
Tehran, Iran reported a 25% rate of VRE colo-
nization [18].

Since the increasing use of broad-spectrum 
antibiotics in the 1990s that followed by an 
increase in VRE infections, E. faecalis has 
been known as a common cause of enterococ-
cal nosocomial infections [3]. However, recent 
reports indicated that the organism has been 
replaced by E. faecium [3,12]. This change has 
serious clinical implications, infections caused 
by E. faecium are far more difficult to treat be-
cause of its intrinsically resistance to most of 
the common antibiotics [3,12]. 

The dominant species in the present study was 
E. faecium with vanA gene. In many parts of 
the world such as the USA, France, Italy, Ar-
gentina, and South Korea, the results of mo-
lecular study and phenotypes of vancomycin 
resistance show an increase in the prevalence 
of E. faecium with vanA gene [7, 20-23]. In 
another study conducted in Turkey, E. faecium 
with vanB gene was the dominant species [24].

Colonization and infection with VRE are af-
fected by a variety of risk factors, e.g., hos-
pitalization time, the underlying disease, 
transplantation, and use of vancomycin or 
third-generation cephalosporins [25-28]. All 
patients in our study received ceftazidime im-

mediately after the transplantation. Moreover, 
some of the patients additionally received van-
comycin or carbapenem. Furthermore, 38 pa-
tients had hematologic malignancies and four 
suffered from a genetic defect. Previous use of 
antibiotics in the last three months prior to 
transplantation (p<0.009) was significantly 
associated with colonization of VRE and pa-
tients with hospitalization more than 10 days 
prior to transplantation showed higher ten-
dency for VRE acquisition. 

More than 85% of the tested VRE isolates 
were resistance to six antibiotics in common 
use—penicillin, ampicillin, rifampin, eryth-
romycin, levofloxacin, and gentamicin. These 
results were similar to those obtained by Tale-
bi, et al, from Iran and Bourdon, et al, from 
France [20, 29]. On the other hand, most of 
our VRE isolates were sensitive to linezolid, 
fosfomycin, and synercid. Our results, like 
many other studies where resistance of VRE 
isolates to linezolid was reported in low fre-
quencies, suggested linezolid as the first line 
of treatment for VRE infections [20, 30-32]. 
In some parts of the world, including Iran, 
due to difficulties in the preparation of some 
drugs, such as linezolid, there should be alter-
natives; we showed fosfomycin can be used ef-
fectively as a substitute for linezolid.

The present study had some limitations. The 
first was lack of a molecular typing method to 
determine the clinical relevance of the isolated 
enterococci. Second, our specimens were only 
obtained after transplantation, therefore, we 
could not comment on the time of coloniza-
tion.
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