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Vancomycin resistant enterococcal (VRE) colonization among patients
treated in intensive care units at the National Hospital of Sri Lanka, and
determination of genotype/s responsible for resistance
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Abstract

Introduction

Background The aim of this study was to assess the
epidemiology of VRE colonization among patients in the
intensive care units (ICU) of the National Hospital of Sri
Lanka (NHSL).

Enterococci are part of the normal intestinal flora of
humans and animals. Although usually sensitive to
penicillin and ampicillin, they are intrinsically resistant to
most other groups of antibiotics, including widely used
drugs such as cephalosporins and aminoglycosides. They
also can acquire resistance to the penicillin group of antibiotics, and glycopeptides. This has serious implications
for treatment of patients infected with these organisms
and for infection control. Vancomycin-resistant enterococci (VRE) were first reported in the United Kingdom,
Europe and the United States in 1986, and then became
widespread [1].

Methods A cross sectional study was carried out on 218
patients admitted to 12 ICUs of the NHSL from January
to March 2012. Rectal swabs were collected on day 0, 4,
8 and every 4th day thereafter till discharge. Enterococci
were isolated on selective media and identified up to
species level using standard bacteriological procedures.
Standardized disc diffusion antibiotic susceptibility testing
to ampicillin, teicoplanin and vancomycin was performed
using the Clinical and Laboratory Standards Institute
(CLSI) method. Minimum inhibitory concentrations to
vancomycin were determined, using the E-test in strains
showing intermediate or frank resistance to vancomycin
by disc diffusion. Genotype determination (van A / van B)
was carried out on isolates identified as VRE using the
polymerase chain reaction. Patients positive for VRE
colonization were followed up to discharge or death.
Results VRE prevalence in the study sample was 5%.
Univariate analysis showed that the use of metronidazole
(odds ratio [OR]: 15.73; 95% 95% confidence interval
[CI]: 3.94-62.67, P<0.05) or teicoplanin (OR: 12.56; 95%
CI: 2.65 - 59.52, p<0.05) and diabetes (OR: 05.13; 95%
CI: 1.36 - 18.7, p<0.05) or hemodialysis during ICU stay
(OR: 7.38; 95% CI: 1.69-32.16, P<0.05) were associated
with an increased risk of VRE colonization.
Conclusion The 5% prevalence of VRE colonization
detected signals the emergence of VRE in the intensive
care setting in Sri Lanka.

Three glycopeptide resistant phenotypes can be
distinguished based on the level and inducibility of
resistance to vancomycin and teicoplanin [2]. The VanA
type is characterized by acquired inducible resistance to
both vancomycin and teicoplanin [3]. Strains of the VanB
type have acquired inducible resistance to various levels
of vancomycin but not to teicoplanin [4]. Constitutive
low-level resistance to vancomycin (VanC type) is an
intrinsic property of motile enterococci, E. gallinarum [5],
E. casseliflavus [6] and E. flavescens [7].
Seven different glycopeptide resistant genotypes
have been described. Five of them (vanA, vanB, vanD,
vanE and vanG) are acquired while two of them (vanC1
and van C2/C3) are intrinsic. The most common resistant
genotypes are vanA and vanB [8]. Resistant genes are
located on conjugative plasmids or transposons [9].
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Colonization of the gastrointestinal tract is a
prerequisite to infection. Rectal colonization with VRE is a
more important predictor of infection than colonization of
the rest of the gastrointestinal tract [10,11].
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Due to the presence of multiple risk factors, the
prevalence of VRE in the ICU setting is expected to be
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much higher than in other hospital settings. Between 1989
and 1993, the incidence of VRE colonization among
patients admitted to intensive care units (ICUs) in the
USA increased from 0.4% to 13.6%, representing a 34-fold
increase [13]. Early identification of VRE colonization in
high-risk patients is important for the prevention and
control of hospital acquired VRE infections [14]. If
surveillance cultures are not performed, asymptomatic
carriage can be easily missed. Standard culture methods
and molecular techniques like PCR are used for surveillance
of VRE colonization.
The major reasons for performing surveillance are to
determine the size of the problem, and to determine whether
any particular type of resistance is spreading or is
associated with an outbreak. Such an evaluation has not
been performed in Sri Lanka since 2007 [15].

Objectives
In this study, we investigated the prevalence of VRE
rectal colonization and the genetic mechanism of
glycopeptide resistance in VRE isolates in patients in ICUs
of the National Hospital of Sri Lanka (NHSL). The
association between several risk factors and rectal colonization with VRE was investigated, and the relationship
between VRE colonization, VRE bactaeraemia and patient
survival was assessed.

Methodology
This was a descriptive study conducted on 218
patients admitted to 12 selected ICUs and high dependency
units (HDU) of the NHSL from January to March, 2012.

Sample collection and processing
Two rectal swabs were taken within 24 hours of
admission to ICU. Thereafter, two rectal swabs were
obtained on day 4, day 8 and every 4th day till discharge.
The swabs were inoculated on Enterococcosal agar plates
containing 6µg/ml vancomycin and 6µg/ml ampicillin,
respectively. After 24 hours and 48 hours of incubation,
aesculin positive (magenta) colonies were sub-cultured
on blood agar plates.
Identification of Enterococcus species
Isolates were identified as Enterococcus spp. by Gram
stain, catalase test and the PYRase test. They were tested
for the presence of motility and pigment production to
exclude E. gallinarum and E. casseliflavus. Detection
of acid production from pyruvate and arabinose to
distinguish E. faecalis (pyruvate positive) and E. faecium
(arabinose positive) was carried out only on the non-motile,
non-pigmented isolates.
Antibiotic sensitivity testing
Antibiotic sensitivity testing (ABST) of all E. faecalis
and E. faecium isolates to ampicillin, vancomycin and
teicoplanin was done according to the Clinical Laboratory
Standard Institute (CLSI) disc diffusion method. In strains
showing intermediate or frank resistance, minimum
inhibitory concentrations (MIC) of vancomycin were
determined by E-testing. MIC values >32 µg/ml were
considered a resistant according to CLSI guideline
2011 [18].

Sample size was calculated using the formula n=Zp
(1-p)/d [16]. In a previous study done in Sri Lanka in 2007,
the prevalence of VRE was 0.013 [17]. We calculated the
sample size with an absolute error of 1.5% and 5%  error.
Therefore, the required sample size was 218.

Detection of vanA and vanB genes

Patients already identified as VRE colonized on a
previous admission and patients on whom a rectal swab
was contraindicated (e.g. those with a bleeding tendency)
were excluded from the study.

Statistical methods

Data collection and variables
Data on demographic characteristics and associating
factors were collected using an interviewer-filled questionnaire and by reviewing patients’medical records. Data
collected included the following; demographics,
comorbidities including medical and surgical conditions
(hypertension, malignancy, type of surgeries, diabetes,
ischaemic heart disease, chronic kidney disease, obstructive airway disease, acute renal failure, use of immunosuppressants, and chronic liver cell disease), duration of
hospital stay in hours prior to admission, exposure to
antibiotics during last 60 days, and ICU admissions within
last 6 months and interventions performed during ICU
stay.
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Genotype determination of vanA and vanB was
carried out on isolates identified as VRE using
conventional PCR.

Pearson Chi square test, (or Fisher exact test) was
performed for data analysis. Odds ratios and 95%
confidence intervals (CIs) were used to assess risk. P
values below 0.05 were considered significant.
Ethics approval
Ethics approval was obtained from the Ethics Review
Committee, NHSL. Informed written consent was obtained
from the patient or, in the case of patients less than 18
years and in patients who could not give consent, from
the guardian.

Results
A total of 288 duplicate (i.e. 576) rectal swabs were
collected from the 218 patients over their period of stay in
ICU. Out of the two swabs taken, one was inoculated on
155
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ampicillin containing media while the other was inoculated
on vancomycin containing media. There were 104
enterococcal growths in ampicillin-containing media and
74 enterococcal growths in vancomycin-containing media,
giving a total of 178 enteroccocal growths belonging to
101 patients.
Species identification
Of the 178 isolates, 118 isolates (from 80 patients)
were motile E. gallinarum. No pigment producing E.
casseliflavus were isolated. Of the remaining isolates, 57
were non-motile and 3 were classified as having sluggish
motility. These 60 isolates, from 21 patients, were further
tested with pyruvate and arabinose fermentation tests. 50
isolates were identified as E. faecium (from 13 patients)
and 7 isolates were identified as E. faecalis (from 6
patients). The three isolates with uncertain motility did
not show pyruvate or arabinose fermentation (Figure 1).

Antibiotic sensitivity testing
The 57 E. faecalis and E. faecium isolates were
assessed for vancomycin, ampicillin, and teicoplanin
sensitivity using the CLSI disk diffusion method. Of the
57 enterococcal isolates, 35 isolates showed resistance or
intermediate resistance to vancomycin in the disk diffusion
method. These 35 isolates were further tested with E-strips
to determine vancomycin MICs (Table 1). Twenty-two (22)
isolates from 11 patients showed MICs >32µg/ml.
Table 1. MIC of the 35 isolates that showed
resistance or intermediate resistance to
vancomycin by the CLSI disk diffusion method
MIC value (µg/ml)
>32
8 -1 6
<4
Tota l

Total isolates

Number of
patient’s (%)

22
9

11 (69%)
4 (25%)

4

1 (6%)

35

16

VRE colonisation
Prevalence of VRE rectal colonization in the study
sample was 5% (11/218). Four patients were colonized with
VRE on admission to ICU. Therefore, the prevalence of
VRE colonization on admission to ICU was 2% (4/218).
Two of these were direct admissions to ICU from
community. Seven patients acquired VRE rectal
colonization during ICU stay. Prevalence of VRE
acquisition during ICU stay was 3% (7/214).

Figure 1. Identification of E.faecium and
E. faecalis.

Among the 11 VRE isolates characterized in this
study, all isolates were E. faecium with high-level resistance
to vancomycin (MICs 32-512 mg/L) and resistance to
teicoplanin which is characteristic of the vanA phenotype.
On PCR testing, all of them carried the vanA gene.

Table 2. Factors associated with VRE colonisation (Total 218 patients)
Characteristics
Mean age
Sex (Male)
Prior hospital stay>48h
Antibiotic use within last 60 days
Diabetes
Immunosuppressed states
Chronic kidney disease
Prior ICU admissions*
Nasogastric tube
Lower GI Procedure
HD during ICU Stay
Surgery this admission**
Invasive ventilation
Shock needing inotropes
Use of antibiotics:
Metronidazole
Teicoplanin

Patients with
VRE (n=11)
55.45 years
6
4.3
9
4
0
01
0
2
0
03
07
08
08
08
03

Patients without
VRE (n=207)
46.8 years
13 9
5.6
14 6
21
08
10
0
95
05
10
97
11 2
14 9
30
06

P value

OR (95% CI)

0.067
0.392
0.862
0.428
0.015
0.989
0.536

0.58
0.89
1.88
5.06
1.02
1.97

(0.17-1.99)
(0.25-3.15)
(0.39 to 8.95)
(1.63-18.73)
(0.05-18.79)
(0.22-16.93)

0.091
0.755
0.007
0.292
0.243
0.977

0.26
1.60
7.35
1.98
2.26
1.03

(0.05-1.24)
(0.08-30.75)
(1.69-32.16)
(0.56-6.98)
(0.58-8.76)
(0.26-3.98)

0.0001
0.001

15.64 (3.94-62.67)
12.56 (2.65-59.23)

(OR: odds ratio; CI: confidence interval; VRE: vancomycin resistant enterococci; * Prior ICU admissions within last 6 months,
** gastro intestinal or abdominal surgery in current admission)
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The presence of diabetes was found to be significantly associated with VRE colonisation (OR: 05.06; 95%
CI: 1.36-18.73, p = 0.015). Twenty-seven percent of VRE
positive patients had hemodialysis during ICU stay
compared with 10 (4.8%) in the non VRE group (OR: 7.35;
95% CI: 1.69-32.16, p = 0.007). Use of teicoplanin (OR:
12.56; 95% CI: 2.65 - 59.52, p = 0.001) and metronidazole
(OR: 15.64; 95% CI: 3.94-62.67, P = 0.0001) were found to
be associated with VRE rectal colonization. Use of
vancomycin was not associated with VRE colonization in
this study.

carriage of VRE. This is of great concern as VRE may give
rise to difficult to treat community acquired infections in
healthy persons.

Colonisation with other resistant strains

The high rate of ampicillin (30%) and teicoplanin (5%)
resistance found in this study is worrying as infections
with these strains will require increased use of vancomycin
which may drive the emergence of further strains of VRE.

The prevalence of ampicillin resistant enterococcal
rectal colonization and teicoplanin resistant enterococcal
rectal colonization in the study sample was 8.2% (18/218)
and 5% (11/218) respectively.

All 22 VRE isolates (from 11 patients) identified in
this study, were E. faecium with high-level resistance to
vancomycin (MICs 32-512 mg/L) and teicoplanin which is
characteristic of the vanA phenotype. All of them (100%)
carried the vanA gene. A similar predominance of
E. faecium has been observed in studies on nosocomial
VRE infections in India [14]. This finding is of clinical
importance since E. faecium is more resistant to antibiotics
than E. faecalis, thus limiting the therapeutic options.

Conclusions
Outcome of colonisation
None of the VRE rectal colonized patients developed
VRE bacteraemia or infection with VRE. Mortality was 17%
(n = 37) in the total sample. There was no significant
difference between the mortality rates of VRE colonized
group and non-colonized group.

Discussion
We like to highlight the fact that this study was
conducted in 2012 and the data may not represent the
current situation in the country. The VRE rectal colonization
prevalence of 5% among patients in ICUs at NHSL found
in this study is comparable to the prevalence values seen
in other studies in Asia (5%) (19). However, it contrasts
with the absence of VRE colonisation in a similar study
done in NHSL in burns unit and orthopaedic units in 2004
[16]. This difference could be due to a true increase in the
prevalence of VRE over the preceding 8 years or could be
due to differences in the study settings.
In the current study the presence of diabetes,
haemodialysis and use of metronidazole and teicoplanin
showed a significant association with VRE colonization
while age, gender, duration of hospitalization, and prior
ICU admission were not significant risk factors for VRE
colonization. Although previous vancomycin use has been
considered to be a risk factor for VRE colonization, the
current study did not clearly show such an association.
This is somewhat surprising. Other underlying conditions
such as septicemia, immunosuppression, neutropenia,
malignancy, cardiac disease, and major surgery did not
show an association with VRE colonization. However, it is
possible that the study population was not large enough
to determine risk factors for colonization with VRE.
In this study, 4 VRE positive patients were VRE
positive on admission to ICU of whom two were direct
admissions from the community. This indicates community
Vol. 63, No. 4, December 2018

VRE colonization has emerged in Sri Lanka but is still
uncommon (5%), even in the ICU setting in 2012. However,
both community and nosocomial acquisition of VRE
was found. The predominant strain was vanA positive
E. faecium with high level vancomycin resistance. Risk
factors that showed a significant association for
colonization with VRE include diabetes, hemodialysis
during ICU stay and use of metronidazole and teicoplanin.
Ampicillin resistance in enterococci was also common
(30%) in this setting.

Recommendations
As VRE carriage is low and infection due to VRE is
uncommon, routine screening for VRE is probably not
cost effective. The role of community acquired VRE should
be studied. Larger case control studies to further elucidate
the risk factors for VRE colonization and infection should
be conducted. As modifiable risk factors have not been
identified an increased emphasis on adherence to standard
infection control precautions may prevent spread. Further
studies are necessary to assess the current VRE
colonization and infection prevalence in the country.
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