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ABSTRACT

ARTICLE HISTORY

The pandemic spread of multidrug-resistant (MDR) bacteria (i.e., methicillin-resistant
Staphylococcus
aureus
(MRSA),
extended-spectrum
b-lactamase-producing
Enterobacteriaceae (ESBLPE), vancomycin-resistant enterococci, carbapenemase-producing
Enterobacteriaceae (CPE), multiresistant Pseudomonas aeruginosa and multiresistant
Acinetobacter baumannii) pose a threat to healthcare Worldwide. We found limited data of
MDR bacteria in pediatric patients hospitalized in Tunisian tertiary healthcare.The aim of the
study is to evaluate the acquisition rate of MDR acquisition during hospitalization and to
explore some of the associated risk factors for both carriage and acquisition at the pediatric
department, Sahloul University Hospital. During September and October 2016, newly
admitted patients were screened, at admission, during care and at discharge. Risk factors
for colonization were explored by multivariate analysis. Of 112 newly admitted patients,
8.92% were colonized with at least one MDR. No risk factor was identified at admission.
During hospitalization, five newly acquisition MDR (4.9%) were detected and eight (7.84%) at
discharge. The specie most frequently detected on admission was Escherichia coli (50%),
whereas, on discharge, Escherichia coli and K. pneumoniae were the species most frequently
detected (52.7%). The pediatric intensive care unit (PICU) hospitalization, the length of
hospital stay (more than 3days) and age under 2 years were identified as risk factor for
acquisition of MDR during hospitalization. We identified several independent risk factors for
contracting MDR bacteria during hospitalization in a tertiary pediatric department. The
incidence of symptomatic MDR Infection among those colonized should be under close
surveillance and long-term screening for those children is required. An institutional screening
program for MDR especially in PICU might be discussed in regards to cost effectiveness.
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1. Background
The problem of antimicrobial resistance (AMR) is
worldwide one of the foremost issues that we face
in the coming decades [1]. The incidence of infection
and colonization due to multi-drug resistant (MDR)
bacteria is increasing in hospitals worldwide [2].
Antimicrobial resistance is rapidly increasing in
regions with poor hygiene and uncontrolled use of
antimicrobials [1,3]. The epidemiology of MDR bacteria varies across countries and institutions. A group
of international experts came together through a joint
initiative by the European Centre for Disease
Prevention and Control (ECDC) and the Centers for
Disease Control and Prevention (CDC), to create a
standardized international terminology with which to
describe acquired resistance profiles in Staphylococcus
aureus, Enterococcus spp., Enterobacteriaceae (other
than Salmonella and Shigella), Pseudomonas aeruginosa and Acinetobacter spp., all bacteria often responsible for healthcare-associated infections and prone to
multidrug resistance [4]. A recent study emphasized
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the importance of identifying individuals carrying
antimicrobial resistant bacteria in both patient and
healthy populations [5]. Hospitalization per se is
known to predispose to colonization, and those heading to poor regions are more likely to be hospitalized
than those opting for high-income countries [6]. The
limited number of studies with a broad scope and the
lack of surveillance systems hamper any attempts to
estimate the burden of MDR acquisition and its
impact on nosocomial infections in healthcare at
country or regional level in low-and middle-income
countries. To our knowledge, in Tunisia, little is known
about the MDR colonization rate in the general population or during hospitalization.
The aim of this study is to evaluate the rate of
rectal and nasal carriage of MDR especially
extended-spectrum B lactamase (ESBL)-producing
Enterobacteriaceae, vancomycin-resistant enterococci
(VRE) and meticillin-resistant Staphylococcus aureus
(MRSA) in newly admitted children at our pediatric
department and to determine the rate of acquisition
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of such organisms during their ensuing hospitalization, and risk factors for acquisition.

EUCAST (the European Committee on Antimicrobial
Susceptibility Testing) protocols and evaluated
according to EUCAST criteria [7].

2. Study design and population
Our study was conducted at the pediatric department
in Sahloul Hospital, a university-affiliated hospital.
Sahloul’s pediatric department is a 49-bed, care
referral centre with multiple pediatric subspecialties.
It serves as both a primary and tertiary care center
with a six-bed pediatric intensive care unit (PICU). The
nurse patient ratio is intended to be 1:2 only in PICU
and 1:6 in the other units. Single room was provided
in PICU, a room for two patients under the age of
2 years. In the other cases, at least three children are
hospitalized in the same room.
In 2016, the annual number of admissions was
2410 with 215 admissions in PICU. Our study was a
single-center prospective, observational and non
interventional. It was conducted during a 2-month
period (September 1–30 October 2016). During the
study period, every patient admitted to the hospital
had culture samples obtained at admission, at the
conclusion of their hospitalization (defined as either
hospital discharge or death) and every third, seventh,
fourteenth day depending on length stay in hospital.
For each patient enrolled in our study, we intended to
collect demographic, clinical and laboratory data to
determine risk factors for the acquisition of MDR. Any
patient with previous documented infections with
MRSA, VRE, or ESBL-producing Enterobacteriaceae was
excluded from the study.

3. Microbiological techniques
Each child was tested at admission, one nasal swab
and two rectal swabs were taken.
The native samples were transported in sterile
tubes without transport medium and were processed
immediately upon arrival at the laboratory.
Rectal swabs were immediately plated onto
Maconkay agar supplemented with cefotaxime
(1mg/l) and on to blood agar suppemented with
vancomycin [3]. Nasal swabs were plated onto blood
agar with oxacillin disk (30µg).
All Gram Negative Bacilli (GNB) isolates were identified by Gram staining, oxydase production and by
Api 20 E system (bioMérieux, Marcy l’Etoile, France).
The isolates were then screened for ESBL production
using both the resistance phenotype and the doubledisk synergy test by the use of conventional combination [5].
Colonies grown on blood agar with vancomycin
were identified by conventional tests and by Api
strept system (bioMérieux, Marcy l’Etoile, France).
All isolated strains were subjected to susceptibility
testing by the disk diffusion method according to

4. Statistical analysis
The data collection was done on a predesigned proforma including patient risk-related factors (age, gender, prior hospitalization), co-morbidities, prior
exposure to antimicrobials (was defined as the administration of antibiotics for more than 48 h within
3 months preceding current hospitalization), healthcare contact within the last 6 months; admission diagnosis, immunosuppression, infection upon admission,
length of stay in PICU, use of invasive devices (intubation and mechanical ventilation, central venous catheterization (CVC), urinary catheterization), use of
antibiotics during hospitalization (date of onset and
antibiotic therapy).
Statistical analyses were performed using SPSS 10.
Continuous variables are presented as mean ± standard deviation and categorical variables as percentages. Correlation of the risk factors with laboratory
findings was obtained by using the Pearson Chisquare test and Fisher’s exact test depending on the
type of variable. P < 0.05 was considered to indicate a
statistically significant difference.

5. Results
Out of the total 112 patients enrolled for the study, 48
(42.9%) were females and 64 (57.1%) were males. The
median age of the patients was 2 years. Antimicrobial
treatment had been prescribed to 6 (5.35%) of 112
patients within 3 months before admission. 37 (33%)
had a history of hospitalization, 16 patients (14.5%)
with hospitalization during the last 3 months and 56
patients (50%) have a prior medical history.
Of 112 newly admitted patients, 10 (8.92%)
patients were colonized with at least one community-acquired MDR. Risk factors such as age, gender,
infection upon admission, previous hospitalization
and antibiotic use did not show any significant correlation with carriage of MDR. The spectrum of microorganisms isolated at the admission is shown in
Table 1.
The median length of Pediatric department stay
was 6 days [range: 2–136 days]. Antibiotic therapy
was administrated during hospitalization in 31,3%
(35/112).
We found no positive MDR screening nasal swabs.
During hospitalization, five patients were screened
MDR positive. For those patients, screening at discharge was negative in two cases.
MDR prevalence at discharge was 7.14% (8/112).
Figure 1 depicts a flowchart of the patient carriage of
MDR during hospitalization. The median time
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Table 1. Characteristic of MDR bacteria isolated at the
admission.
MDR organism
Escherchia coli
Enterobacter Cloacae
Klebsiella pneumoniae
Enterococcus faecalis
Klebsiella pneumonia
Escherichia coli
Enterococcus faecium
Escherichia coli
Escherichia coli
Escherichia coli

Resistance
AMX-Tic–CAZ-AMC-Ctx-ATM–Fep-KF
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF
VA-Tec-Fos-K-Gm-C
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF-cip
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF- cip-sxt-te
LEV-RD-K-AMP-VA-TEC-SXT-CN-FOS
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF-cip-te
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF- sxt-te
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF-te

Amx: amoxicillin; Tic: ticarcillin; AMC: Amoxicillin+ clavulanic acid; Caz:
ceftazidim; Fep: cefepim; CTx: ceftriaxone; KF: cefalotin; cip: ciprofloxacin; C: chloramphenicol; te: tetracyclin; ATM: aztreonam; tob: tobramycin; K: kanamycin; GM: gentamycin; sxt: cotrimoxazol; Lev:
levofloxacin; RA: rifampicin; Fos; fosfomycin

between admission and acquisition of carriage was
6 days [range: 3–15 days].
The PICU hospitalization, the length of hospital stay
(more than 3days) and under 2 years were significantly associated with patients’ carriage of MDR with
P value respectively 10–3, 0.03 and 0.012. However risk
factors such as invasive procedure, antibiotics intake,
length of hospital stay did not show any significant
correlation with carriage of MDR (Table 2). A single
type of MDR bacteria was recovered from 8 patients
(7.14%) at discharge. The spectrum of micro-organisms at discharge is shown in Table 3.

6. Discussion
The situation of MDR emergence in Africa and especially in North Africa is still unclear because of the lack
of data [8]. One of the methods used by various
authors and authorities to characterize organisms as
MDR is based on in vitro antimicrobial susceptibility
test results, when they test ‘resistant to multiple antimicrobial agents, classes or subclasses of antimicrobial agents’ [9,10]. The definition most frequently
used for multiresistant Gram-positive [11] and Gramnegative [12–14] bacteria is ‘resistant to three or more
antimicrobial classes’The screening is a tool taking
part of a strategy to prevent the spread of MDR
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Table 2. Risk factors for MDR acquisition at the hospital
discharge.
N (%)
Antibiotic intake
Yes
No
Invasive procedure
Yes
NO
Prior Antibacterial medication
Yes
No
Antibacterial medication
Yes
no
PICU admission
Yes
no
MDR at the admission
yes
no
MDR during hospitalization
yes
no
Median age
MDR (+)
MDR (−)
Lenght hospitalisation
MDR (+)
MDR (−)

p
0.1

35(31,3%)
77(68,8%)
0.12
9 (8.03%)
103 (91.96%)
0.09
9 (8.03)
103 (91.96)
0.07
35(31,3%)
77(68,8%)
0.03
11 (9.83)
101 (90. 17)
0.39
14 (12.5)
98 (87.5)

10−3

14 (12.5)
98 (87.5)
0.012
24.31 months
56.2 months

10−3

7.7 days
3.7 days

Table 3. Characteristic of MDR bacteria isolated at discharge.
MDR organism
Enterobacter cloacae
Klebsiella pneumoniae
Enterococcus feacalis
Escherichia coli
Escherichia coli
Escherichia coli
Klebsiella pneumoniae
Klebsiella pneumoniae

Resistance
AMx-Tic- -CAZ-AMC-CTX-ATM-Fep-KF
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF- cip-sxt-tob
VA-Tec-Fos-K-Gm-C-Lev-RA
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF-sxt-te
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF- cip-te-C
AMX-Tic-pip-CAZ-AMC-CxM-ATM-Tim-Fep-KF-Te
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF- cip
AMX-Tic-CAZ-AMc-Fep-ATM-CTX-KF- te

Amx: amoxicillin; Tic: ticarcillin; AMC: Amoxicillin+ clavulanic acid; Caz:
ceftazidim; Fep: cefepim; CTx: ceftriaxone; KF: cefalotin; cip: ciprofloxacin; C: chloramphenicol; te: tetracyclin; ATM: aztreonam; tob: tobramycin; K: kanamycin; GM: gentamycin; sxt: cotrimoxazol; Lev:
levofloxacin; RA: rifampicin; Fos; fosfomycin

organisms which needs to take into account the
local epidemiology with different strategies function
of sporadic of endemic circumstances [15]. However,
systematic screening isn’t implanted in developing
countries. In Tunisia, surveillance of antimicrobial
resistance is hampered by political and financial

Figure 1. Patients’ distribution according to MDR carriage status on admission, during hospitalization and on discharge.
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constraints. To the authors’ knowledge, this is the first
study highlighting the screening of MDR at admission
and during hospitalization in a Tunisian pediatric
department.
The screening of MDR organisms should focus on
high risk units such as intensive care units, in association with contact precautions [16]. In our study, we
identified the PICU stay as a risk factor predisposing to
acquisition of MDR during hospitalization. While, large
studies [17,18] conducted have shed some light on
this risk factor in intensive care units, the situation in
PICU needs to be more thorough.
Most studies have shown that a long hospital stay
increases the risk for colonization or infection with
MDR bacteria [2,5]. In fact, Day 30 to screen patients
was chosen, on the basis of those studies. However, R
Friedmann et al. [19] proved that the rate of nosocomial acquisition with MDR (especially ESBL–producing
Enterobacteriaceae) increased with the length of hospitalization, doubling to 17% by day 4 or 5 after
admission and gradually increasing to 33% after 10
or more days of hospitalization [19]. Hospitalization
for longer than 14 days in PUCI is identified as the
strongest independent predictors of ESBL-KP colonization [20]. In our study, we identified also this risk
factor (p = 10–3) and moreover, the length of hospital
stay (more than 3 days) is significantly associated to a
high risk of MDR acquisition regardless of the hospitalization unit. This can be explained by the fact that,
in our pediatric department there isn’t a single room,
then two or three patients were hospitalized in the
same room for a period of time. All the more, Huang
et al. [21] found that prior room contamination,
whether measured via environmental cultures or
prior room occupancy by MDR-colonized patients
more precisely vancomycin-resistant enterococci
(VRE), was highly predictive of VRE acquisition.
Moreover, Arcilla et al. [22] supposed a possible MDR
transmission among individual who lives in the same
house and share the same space.
This data obtained through screening patients during their hospital stay is useful in order to determine
and devise at the local strategy of intervention to
decrease MDR acquisition.
The optimal ways and means to achieve this goal
are still controversial [16,23]. However, the condition
of hospitalization in Tunisia and healthcare in developing countries lead probably to a different risk factor
for MDR emergence. The carriage rate of MDR at
discharge 7.14% in our study, is low comparing to
other [1,20]. In fact, a previous prospective study of
children in Turkey revealed that 40 (18.5%) of 216
patients became colonized with ESBL-KP during hospitalization [20], while, Andriatahina T et al report
carriage rate exceeding 50% of the 154 patients
sampled on discharge after more than 48 hours of
hospitalization [1].

We presume that our result is the consequences of
major efforts made to promote a rational use of antibiotics and strict personal hygiene to prevent the
selection and the spread of these strains in our hospital for several years despite the laborious working
conditions for our staff.
Worldwide, a higher prevalence of MDR GNB colonization compared with MRSA and VRE was noted,
particularly ESBL [24]. The same result is objective in
our study.
The main result of our study is that being under
2 years of age is a risk factor of MDR acquisition. This
result might reflect an inherent risk to acquire MDR by
environmental contamination and hospital stay conditions in our department. Another potential explanation of the finding is that the staff members
transmitted the organism from one patient to another
especially for patients needing more care such as
infants. Those hypothesis’ need to be proofed by
screening MDR acquisition among our staff and hospitalized children simultanuously.
The incidence of symptomatic MDR infection
among those colonized in a Tunisian pediatric population remains to be examined and further attests to
the usefulness of screening high-risk patients. Finally,
improving hospitalization conditions in Tunisian
pediatric department should be a priority but remains
dependent on economic resources.

7. Conclusion
The identification of MDR bacteria colonization is a
tool to implement contact precautions appropriately
during hospitalization in high-income countries [2,25].
In our country, it seems to be laborious to apply such
measures. The current study focuses on the extent of
MDR colonization among patients hospitalized not
only at the admission, but also during and at discharge of hospitalization.
In clinical practice, these discrepancies together
with organizational and economic constraints can
lead to establish a systematic screening of MDR in
Tunisian pediatric departments and release recommendations for better results especially highlighting
the necessity of strict contact precautions [26].
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