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Abstract
Introduction: Antibiotics resistance is an emerging problem in isolates of Enterococcus faecium (E. faecium)
which may develop resistance to vancomycin. The aims of this work were to establish the bacteriological pro-
file of vancomycin resistant E faecium (VRE) infections, to describe the clinical characteristics of the corre-
sponding patients and the evolution of the consumption of antibiotics that can select VRE.
Methods: It’s a retrospective study conducted in the Microbiology laboratory of the Sahloul Hospital in
Sousse, Tunisia. It concerned all non-redundant isolates of VRE isolated from positive cultures of all types of
clinical samples taken from patients hospitalized from 2016 to 2018. The epidemiological and clinical char-
acteristics of patients with at least one culture-positive VRE specimen were collected. Data regarding antibi-
otic consumption and the occupancy from 2015 to 2018 were collected from the Pharmacy department and
statistics office of the hospital, respectively. A chi-squared test was used to compare the number of VRE cases
during the years of study.
Results: There was a significant increase of VRE cases in 2017 (n=34) in comparison with 2016 (n=6) and
2018 (n=17). Most of VRE isolates had been isolated from urine samples and deep suppurations. They were
multi-resistant to antibiotics. On the patient level, the main classes of antibiotics consumed during the same
period were third generation cephalosporins and carbapenems in 20% of cases, teicoplanin and fluoro-
quinolones in 13% of cases. At the hospital level, excessive consumption of fluoroquinolones, of Amoxicillin–
clavulanic acid and carbapenems was recorded during the study period.
Conclusion: VRE infections occur mainly in patients with underlying diseases, a history of antibiotic con-
sumption and long term hospitalization. The abusive consumption of antibiotics seems to be incriminated in
the selection and the increase of number of VRE.
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Résumé
Introduction: La résistance aux antibiotiques est un problème émergent chez les souches d’Enterococcus fae-
cium (E. faecium) qui peuvent acquérir une résistance à la vancomycine. Les objectifs de ce travail étaient
d’établir le profil bactériologique des infections à E. faecium résistant à la vancomycine (ERV), de décrire les
caractéristiques cliniques des patients correspondants et l’évolution de la consommation d’antibiotiques pou-
vant sélectionner les ERV.
Méthodes: Il s’agit d’une étude rétrospective menée au laboratoire de microbiologie de l’hôpital Sahloul de
Sousse en Tunisie. Elle a concerné toutes les souches non redondantes d’ERV isolées à partir de cultures posi-
tives de prélèvements à visée diagnostique réalisés chez des patients hospitalisés de 2016 à 2018. Les carac-
téristiques épidémiologiques et cliniques des patients ayant au moins un échantillon d’ERV positif en culture
ont été recueillies. Les données relatives à la consommation d’antibiotiques et au nombre de journées d’hos-
pitalisation de 2015 à 2018 ont été fournies respectivement par le service de Pharmacie et par la direction du
système d’information et d’appui à la performance de l’hôpital. Un test du chi-deux a été utilisé pour comparer
le nombre de cas d’ERV au cours des années d’étude.
Résultats: Il y avait une augmentation significative des cas d’ERV en 2017 (n=34) par rapport à 2016 (n=6)
et 2018 (n=17). La majorité des isolats d’ERV avaient été isolés à partir d’échantillons d’urine et de suppura-
tions profondes. Ils étaient multirésistants aux antibiotiques. A l’échelle des patients, les principales classes
d’antibiotiques consommées au cours de la même période étaient les céphalosporines de troisième génération
et les carbapénèmes dans 20% des cas, la teicoplanine et les fluoroquinolones dans 13% des cas. A l’échelle
de l’hôpital, une consommation excessive de fluoroquinolones, d’amoxicilline-acide clavulanique et de car-
bapénèmes a été enregistrée pendant la période d’étude.
Conclusion: Les infections à ERV surviennent principalement chez les patients présentant des maladies sous-
jacentes, des antécédents de consommation d’antibiotiques et une hospitalisation de longue durée. La consom-
mation abusive d’antibiotiques semble être incriminée dans la sélection et l’augmentation du nombre de cas
d’infections à ERV. 
Mots-clés : Enterococcus faecium, vancomycine, résistance, antibiotiques, glycopeptides
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INTRoDUCTIoN
Antibiotic resistance is considered as an important
emerging problem among clinical isolates of E. faecium
which may develop resistance to vancomycin; a drug
used to treat serious infections due to Gram positive bac-
teria (1).In the past two decades, E. faecium has rapidly
evolved as a worldwide nosocomial pathogen. Its inher-
ent tenacity to build resistance to antibiotics and envi-
ronment stressors, allows the species to thrive in hospi-
tal environment (2). Furthermore, the selection pressure
exerted by unreasonable prescriptions of broad-spec-
trum antibiotics is the main cause of the emergence and
spread of VRE (2). Tunisian national studies on VRE
infections remain extremely scarce: To date, few studies
have reported the presence of VRE in hospital settings in
our country (3–5). In this context, the aims of this work
were to establish the bacteriological profile of VRE
infections during the period of 2016-2018, to describe
the demographic and clinical characteristics of the cor-
responding patients and to study the evolution of the
consumption of antibiotics that can select VRE at
Sahloul University Hospital for 4 years (2015-2018).

MATERIALS AND METHoDS
Settings, study design and sample collection
This is a cross-sectional retrospective study carried out
in the laboratory of Microbiology of Sahloul hospital, a
629-bed teaching hospital, in Sousse city. It concerned
all non-redundant strains of VRE isolated from positive
cultures of all types of clinical samples taken from
patients hospitalized during the period of 2016 to 2018.
VRE isolates detected in screening rectal swabs were
excluded. An isolate was considered redundant if it was
isolated from the same patient after a period of one
month or less. 

Microbiological methods
The VRE strains were isolated from positive cultures
carried out on standard or enriched media according to
the laboratory’s current procedures. A biochemical iden-
tification using Vitekâ2 identification cards (bioMerieux
Inc., Marcy l’Etoile, Lyon, France) for Gram-positive
cocci was conducted. The susceptibility testing was per-
formed using the disc diffusion method and interpreted
according to the standards issued by the European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines for the year 2020 (6). All bacteria
were tested against the following antimicrobial agents;
Penicillin G, Ampicillin, Cefotaxim, Imipenem,
Vancomycin, Teicoplanin, Tigecyclin, Gentamycin-
hyper charged, Linezolid, Levofloxacin,
Chloramphenicol, Erythromycin, Lincomycin and
Pristinamycin. According to EUCAST recommenda-
tions, an E. faecium isolate is suspected of being resis-
tant to vancomycin if the diameter of the vancomycin

inhibition zone is less than 12 mm, or if the diameter
was greater than 12 mm but the outline of the inhibition
zone is blurred, or if colonies were present within the
inhibition zone. In these cases, a determination of the
minimum inhibitory concentration (MIC) of glycopep-
tides was carried out using the E-test® method.

Study population 
The demographic and clinical characteristics of patients
with at least one culture-positive VRE specimen were
collected by consulting the request form for bacteriolog-
ical analysis received by the laboratory of microbiology
and properly completed by the clinicians, over the peri-
od lasting from 2016 to 2018. The studied variables
were: age, hospitalization service (date, duration), date
and nature of VRE positive sample, hospitalization his-
tory (institution, department, length of stay), personal
history and underlying diseases, antibiotics used during
hospitalization before isolation of a VRE strain
(molecule and duration of use). Patients for whom
demographic and clinical data were not available were
excluded from the study.

Antibiotics consumption
Data regarding antibiotics consumption and the occu-
pancy from 2015 to 2018 were collected from the
Pharmacy department and statistics office of the hospi-
tal, respectively. We focused on antibiotics that could
support the emergence and spread of VRE. The extract-
ed data were converted to defined daily dose (DDD) per
1,000 in hospitalization days (HD) used according to the
Anatomic Therapeutic Chemical classification system
defined by WHO Collaborating Centre for Drug
Statistics Methodology according to the ATC/DDD
Index regularly revised (7).

Statistical Analysis 
The statistical study was carried out using the IBM®
SPSS® Statistics (version 21.0) software. Descriptive
statistics was used for all the studied variables. A Chi-
squared test was used to compare the number of VRE
cases during the years of study. A P-value (P) below 0.05
was deemed statistically significant.

RESULTS
Bacteriological characteristics of Vancomycin
Resistant Enterococcus Faecium isolates

In the microbiology laboratory, 57 non-redundant strains
of VRE were isolated from clinical samples during the
study period. The proportion of VRE isolates was calcu-
lated in relation to the total number of E. faecium isolat-
ed per year and were shown in Table 1.
Among all identified isolates of E. faecium, the propor-
tion of VRE had increased in our university hospital; it
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was 13.95% in 2016 and it increased to 43.04% in 2017.
It had relatively decreased in 2018 to 19.32%. There was
therefore a significant increase of VRE cases in 2017 in
comparison with 2016 (P=0.001) and 2018 (P=0.0008).
The isolation of VRE strains was mainly obtained from
urine samples (56%), deep suppurations (25%), blood
cultures (14%), biomaterials (3%) and superficial sup-
purations (2%). VRE strains were isolated from

monomicrobial cultures in 75% of cases. The antibiotics
resistance profile of the isolated strains was illustrated in
figure 1. We noted that the resistance rates to ampicillin,
imipenem, erythromycin, levofloxacin and aminoglyco-
sides were 100%. In contrast, all isolates were suscepti-
ble to chloramphenicol, linezolid and tigecycline. All E.
faecium isolates had MICs to vancomycin and
teicoplanin ≥ 256 mg/L.

Table 1: Proportions of vancomycin-resistant isolates of Entercoccus faecium

                                                                                                                                                                           
                                                                                                  Number and percentage of vancomycin 
year                      Number of Enterococcus faecium                resistant Enterococcus faecium isolates

                                           trains isolated
                                                                                                 N                                 %                              P-value

2016                                                43                                      6                              13,95                                  

2017                                                79                                     34                             43,04                          P=0.001*

2018                                                88                                     17                             19,32                        P=0.0008**

Total                                               210                                    57                             27,14                                  

*Value of p of chi2 between 2016 and 2017 
**Value of p of chi2 between 2017 and 2018

Demographic and clinical characteristics of patients
with a clinical sample positive to Vancomycin
Resistant Enterococcus Faecium
From 2016 to 2018, 48 patients with exploitable medical
records were included in the study of the clinical and

demographic characteristics. Among them, 44 patients
had a single VRE infection episode whereas 4 had two
separate clinical episodes of VRE. The distinction
between VRE infection and colonization was made
based on the clinical information provided. The number

Figure 1: Antibiotics Susceptibility profile of vancomycin-Resistant isolates of Entercoccus faecium.
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The average age of patients was 54 years with extremes
ranging from 7 to 90 years. A history of hospitalization
was noted in 73.3% (n=35) of the patients. The average

of cases of VRE infections ranged from 6 to 34 cases per
year with an average of 19. The demographic and clini-
cal characteristics of patients are presented in Table 2.

                        Table 2: Epidemiological and clinical characteristics of vancomycin 
resistant Enterococcus faecium positive patients 

Epidemiological and clinical characteristics of patients (n=48)                                            Percentage (%)
Intensive Care Unit Transfer                                                                                                     33.3
Surgical Unit Transfer                                                                                                               62.5
Patient History :
Endocrine Disorders                                                                                                                     23
Diabetes                                                                                                                                        30.3
Cardiovascular Diseases                                                                                                               17
Renal Diseases                                                                                                                              15
Cancers                                                                                                                                         15
Gastropathies                                                                                                                                13
Hepatobiliary Diseases                                                                                                                 4

length of hospitalization was 53.49 days with extremes
ranging from 2 to 270 days. Most patients (n=40) pre-
sented an association of three to seven coexisting condi-
tions. No cases without risk factors were noted. Patients
with a history of surgery numbered 30 (62.5%). The
nature of surgery performed in Sahloul University hos-
pital (n=24) was as follows: abdominal and gastric
surgery in 12 cases, orthopedic surgery in 4 cases, uro-
logical and renal surgery in 6 cases, cardiovascular and
thoracic surgery in 1 case. During the hospitalization

episode that led to the isolation of the VRE strain, 95.8%
of the patients had consumed antibiotics. Antibiotics were
prescribed in combination in 85% of cases and in
monotherapy in only 15% of cases. These were third-gen-
eration cephalosporins, carbapenems in 20% of the
cases, teicoplanin and fluoroquinolones in 13% of cases
(Figure 2). The average duration of antibiotic therapy var-
ied between 4.5 and 25.92 days. The longest duration of use
was for vancomycin (25.92 days), followed by metronida-
zole (21.24 days) and fluoroquinolones (14.33 days).

Figure 2: Patient antibiotic consumption prior isolation of the VRE strain
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Antibiotics consumption in our hospital 
The global average consumption of antibiotics over the
whole study period (from 2015 to 2018) was 2165.8
DDD/1000 DH with a minimum consumption of
2060.89 DDD/1000 DH in 2016 and a maximum of
2206.05 DDD/1000 DH in 2017, with a slight decrease
estimated at 1.07% from 2015 to 2018. Figure 3 showed

excessive consumption of fluoroquinolones, specifically
ciprofloxacin (with a maximum of 760DDD/1000 DH in
2015) and ofloxacin (with a maximum of 660DDD/1000
DH in 2018), as well as the combination amoxicillin-
clavulanic acid (with a stable consumption rate around
300 DDD/1000 DH) and carbapenems (with a maxi-
mum of 180 DDD/1000 DH in 2017 for Imipenem). 

DISCUSSIoN
Resistance to vancomycin in Enterococci is still uncom-
mon in Tunisia, and there are only a few previous
reports of detection of VRE in hospitals in our country.
Two clinical strains of VRE carrying the vanA gene were
first isolated in Sfax (5). Thirteen isolates identified as
VRE and carrying also the vanA gene were recovered
from different patients in the Tunisian Military hospital
of Tunis during 2012-2013. Blood cultures positive for
VRE were obtained in all cases from immunocompro-
mised or polytraumatic patients (4).
According to the result of the current study, the frequen-
cy of VRE had increased significantly in our university
hospital center. At the national level, according to data
from the Tunisian Antibiotic Bacterial Resistance
Surveillance Network, vancomycin resistance in E. fae-
cium was 26.2% in 2015, 37.5% in 2016 and 38.1% in
2017(8). These rates of vancomycin resistance among
clinical isolates of E faecium were comparable to those
recorded at the hospital centre El-Mansourah in Egypt,
where the prevalence of VRE was 14.9% in early 2018,
rising to 28.8% in a study published in 2020 (9).
However, in other countries, registered rates are much
lower; less than 1.1% in China (10), 1.7% in
Ethiopia(11) and 8.7% in India (12). A study conducted

at a medical center in Taiwan showed that 50 isolates of
VRE were responsible for invasive infections over a 5-
year period. The distribution of isolation sites was
54.2% from blood cultures, 37.5% from ascites punc-
tures, 6.5% from pleural punctures and 2.1% from cere-
brospinal fluid (13). The results of our study and those
published in the literature showed that VRE were
responsible for different types of healthcare associated
infections ranging from superficial to invasive ones. 
The presence of a subpopulation of E. faecium called
hospital-associated (HA) E. faecium lineages responsi-
ble for nosocomial outbreaks and opportunistic infec-
tions in hospitalized patients had been recognized and
confirmed during the two past decades (2). Genomic
wide studies had showed that these HA isolates acquired
a number of traits making them successful in the hospi-
tal environment such as an increase in antibiotics resis-
tance genes and virulence genes enhancing biofilm for-
mation and colonization (14). The study conducted in
the Tunisian Military hospital of Tunis reported that five
environmental strains hosted the same resistance genes
and virulence as clinical isolates which can be explained
by the transmission of a single strain VRE from one
place to another by cross-contamination. Transmission
of VRE can be achieved either by the patient to the envi-

Figure 3: The antibiotics consumption at the Sahloul University Hospital during the study period.
DDD: defined daily dose; HD: hospitalization days
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ronment or of the environment to staff and visitors or
from one patient to another (4). The role of the hospital
environment as a reservoir of VRE in Tunisia has been
investigated in a study conducted also in 2013. VRE
were recovered from 14 samples (4.7%) among 300
environmental samples. Thirteen of the VRE strains
were ascribed by PFGE and MLST to a novel clone
(new ST910), and only one VRE strain was typed as
ST80 included in CC17 (3).
The resistance profile of these bacteria sometimes leads
to therapeutic deadlocks (9). Regarding the antibiotic
resistance profile of the 57 VRE isolates in our study, we
noted that almost all the antibiotics tested were ineffec-
tive against the VRE isolates with the exception of chlo-
ramphenicol, linezolid and tigecycline. Consistent with
our findings, a prospective study conducted between
2016 and 2018 in Egypt showed that VRE isolates
exhibited resistance to most antibiotics tested (9). VRE
strains reported in previous studies conducted in Tunisia
presented also a cross-resistance to all β-lactams tested.
In addition, the other resistance markers were: high-
level resistance to streptomycin, erythromycin (MLSB-
type A), and ciprofloxacin (4, 5). In February 2017, the
World Health Organization (WHO) published a list of
antibiotic-resistant pathogens for which the develop-
ment of new antibiotics is a priority. Vancomycin resis-
tance in E. faecium was included in the high priority cat-
egory of this list (15). In addition, VRE are part of the
ESKAPE group. These bacteria are characterized by
potential antibiotics resistance mechanisms and are
common causes of life-threatening hospital-acquired
infections in severely ill and immunocompromised peo-
ple (16). The notion of admission in an Intensive care
unit (ICU) was reported in 33.3% of cases. Studies con-
ducted in a medical center in Israel (17) and Taiwan (13)
showed respectively that 28% and 50% of the patients
stayed in an ICU, before isolation of the VRE isolate in
a clinical sample. The study by Jackson et al., outlines
the different factors present in ICU that may favour the
selection and emergence of VRE isolates (18). Surgery
history was reported in 62.5% of patients in our study.
Carmeli et al., showed that 29% of the patients included
in their study had a history of surgery in the year prior to
isolation of the VRE strain (17). In this work, patients
were hospitalized for an average of 53.49 days prior to
isolation of the VRE strain. Jiang et al., reported that the
longer the length of hospitalization, the greater the risk
of contracting VRE infection (13). Most patients in our
study (n=40) had an association of three to seven under-
lying conditions. In a similar previous study, the most
common underlying disease was a malignant tumor
(22.6%), followed by diabetes and a viral or bacterial
infection (21.5%) (19). The notion of contact with a per-
son carrying an isolate of VRE and the presence of vas-

cular access may increase the risk of contracting a VRE
infection (16). According to Jiang et al., central venous
catheterization and the use of a respirator appear to be
risk factors for the development of VRE infections (13).
It has been described that the overuse and intensive use
of antibiotics has a very important role in VRE coloniza-
tion because it causes changes in the intestinal microbio-
ta. However, results regarding the effect of antibiotics on
the nosocomial epidemiology of VRE vary from one
study to another (20). Some studies showed that the
more classes of antibiotics a patient consumes, the
greater risk of developing an infection due to a VRE
strain (13, 16). In our study, antibiotics were prescribed
in combination in 85% of cases and in monotherapy in
only 15% of cases. During their stay in hospital, the
patients in our study had used antibiotics in 95.8% of the
cases. The study by Carmeli et al., showed that only
prior treatment with third-generation cephalosporins or
metronidazole is a risk factor for isolation of a VRE
strain from a clinical specimen, regardless of the dura-
tion of antibiotic therapy (17). The effect of third-gener-
ation cephalosporins is probably linked to their activity
on the aerobic bacteria of the enteric flora with the
exception of enterococci naturally resistant to third-gen-
eration cephalosporins (17). Indeed, studies have shown
that the decrease in Gram-negative bacteria was linked
to the increase in VRE colonization. The lipopolysac-
charide of Gram-negative bacteria would stimulate the
synthesis of REGIIIγ by Paneth cells. REGIIIγ being a
lectin with anti-microbial effect against Gram-positive
bacteria (21, 22).
The suppression of the gastrointestinal anaerobic flora is
the mechanism presumed for the association between
metronidazole consumption and the selection of a VRE
isolate (17). Although the association between history of
vancomycin treatment and VRE has been investigated in
numerous studies, the true effect of oral or intravenous
vancomycin exposure on the acquisition of VRE
remains controversial (20). Fuller et al have suggested
that exposure to vancomycin exerts selective pressure
on the gut, increasing undetectable levels of pre-existing
VRE to detectable levels (23). In our study, the duration
of antibiotic therapy for the main classes of antibiotics
consumed during hospitalization was also examined. A
study in a Boston hospital showed that there was a linear
relationship between the duration of exposure to fluoro-
quinolones and the selection of a VRE isolate in a clini-
cal specimen (p = 0.05) (17). It also appears that the
effect of fluoroquinolones on VRE acquisition was
much greater in patients with an altered intestinal micro-
biota (20). Numerous studies had shown that at the
patient level, the overconsumption of antibiotics plays a
role in the selection of VRE (13, 16, 17).
In our work, the qualitative study of the global con-
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sumption of antibiotics revealed an excessive consump-
tion of broad-spectrum antibiotics, headed by fluoro-
quinolones, imipenem and the combination of amoxi-
cillin and clavulanic acid during the whole study period.
The impact of vancomycin resistance on clinical out-
comes is controversial. Infections due to VRE have been
found to be an independent risk factor for mortality
resulting in approximately 1300 deaths in the United
States each year (24). A retrospective study performed at
the Phramongkutklao Hospital during the period from
2014 to 2018 confirmed the impact of VRE infection on
mortality and hospitalization duration. The 30-day and
90-day mortality rates of patients infected with VRE vs.
vancomycin susceptible E. faecium were 57.7% vs.
38.7% and 69.2% vs. 47.1%, respectively. The median
length of hospitalization was significantly longer in
patients with VRE infection (25). This underlines the
urgent need to redouble efforts to find effective preven-
tive strategies that could be useful in addressing this
emerging problem. However, a study conducted at the
University Hospital Heidelberg (Germany) showed that
Vancomycin resistance did not influence outcome
among patients with E. faecium bacteraemia. Only
underlying severity of the disease predicted poor out-
come among patients (26).
Our work had some limitations: On the one hand, case-
control studies should be carried out to identify the risk
factors for VRE infections in patients compared to a
group of controls. On the other hand, for antibiotics con-
sumption data, it is recommended to use extremely close
iterative measurements such as monthly rather than
annual data in order to study the correlation between
antibiotic consumption and VRE emergence. Therefore,

the use of sophisticated statistical tests would allow the
analysis of monthly data and highlight this correlation.
Despite these limitations, to the best of our knowledge,
this is the first study conducted in Tunisia that provided
valuable insights into the evolution of the consumption
of antibiotics that can select VRE.

CoNCLUSIoN
We conclude that in our institution, VRE isolates were
multi-resistant to antibiotics and had been isolated from
different clinical samples especially from urine and deep
suppurations. VRE infections occur mainly in patients
with underlying diseases, a history of antibiotics con-
sumption that affects the enteric flora and who had been
hospitalized for a long time. The excessive consumption
of fluoroquinolones, amoxicillin-clavulanic acid and
metronidazole seems to be incriminated in the appear-
ance of VRE. Further studies will allow us to investigate
the genetic determinism of vancomycin resistance in
VRE isolates in our hospital, to study their virulence
factors and to study the risk factors of VRE infections.
VRE has the potential to become an emerging pathogen
for nosocomial infections. Surveillance studies are
essential for carefully monitoring trends. Active screen-
ing in the wards should be initiated in the future, to
reduce the risk of invasive infection occurrence.
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