Journal of Infection and Public Health 13 (2020) 637-643

Contents lists available at ScienceDirect

Journal of Infection

and Public Health

Journal of Infection and Public Health

journal homepage: http://www.elsevier.com/locate/jiph

The clinical and epidemiological risk factors of infections due to
multi-drug resistant bacteria in an adult intensive care unit of
University Hospital Center in Marrakesh-Morocco

Check for
updates

Adel El mekes P, Kawtar Zahlane?, Loubna Ait said?, Ahmed Tadlaoui OQuafi,
Mustapha Barakate "
3 Laboratory of Medical Analysis, Ibn Tofail Hospital, University Hospital Center-Mohammed VI, Marrakesh, Morocco

b Laboratory of Biology and Biotechnology of Microorganisms, Faculty of Sciences Semlalia, Cadi Ayyad University, Marrakesh, Morocco
¢ Laboratory of Biotechnology and Molecular Bioengineering, Faculty of Science and Technology Gueliz, Cadi Ayyad University, Marrakesh, Morocco

ARTICLE INFO ABSTRACT

Article history:

Received 31 December 2018

Received in revised form 5 August 2019
Accepted 25 August 2019

Background: Intensive care units (ICUs) are considered epicenters of antibiotic resistance. The aim of this
study is to determine clinical risk factors, epidemiology and the causative agents of multi-drug resistant
bacteria in the ICU of the University Hospital in Marrakesh-Morocco.
Methods: A one year case control study was carried out in our 10-bed clinical and surgical ICU from
March 2015 to March 2016. The epidemiological surveillance was done by collecting data in the medical
records with the help of a questionnaire. The antibiotic susceptibility testing was used following the
recommendations of the Antibiogram Committee of the French Society of Microbiology and the European
Committee for Antimicrobial Susceptibility Testing, 2015.
Results: Among the 479 admitted patients, 305 bacteria were isolated and identified as Acinetobacter bau-
mannii (31%), Enterobactereacae species (30%), and Staphylococcus (24%), P. aeruginosa (10%) and other
bacterial strains (5%). The rate of MDR bacteria acquisition was 41% (124/305) with domination of A.
baumannii resistant to imipenem (70%) and followed by Extended Spectrum B-lactamases producing
Enterobacteriaceae, P. aeruginosa resistant to Ceftazidime, and Methicillin-resistant S. aureus (18%, 7%, and
5% respectively). The distribution of the common nosocomial infections were dominated by pneumonia,
bacteremia, and catheter-related blood stream infections (39%, 29%, and 17%) respectively. Multivariate
analysis identified lack of patient isolation precautions (OR: 7.500), use of quadri or triple therapy (OR:
5.596; OR: 5.175), and mechanical ventilation (OR: 4.926), as the most significant clinical and epidemi-
ological factors associated with acquisition of MDR bacteria. The attributable mortality, in this ICU, of
patients with MDR bacteria, is about 12%.
Conclusions: The incidence of MDR was higher compared with that of developed countries. The imple-
mentation of standard infection control protocols, active surveillance of MDR and generation of data on
etiological agents and their antimicrobial susceptibility patterns are urgently needed in our hospital.
© 2019 Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction

The multidrug resistant (MDR) bacterial infections have played
an important role worldwide in public health in the last decades.
These infections increase morbidity, mortality and health care costs
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[1,2]. In fact, the Center for Disease Control and Prevention (CDC)
has evaluated the high increase in antibacterial resistance as one
of the most important reasons threatening human health over the
world. The rate of Healthcare Acquired Infections (HAI) was two to
three fold higher in developing countries compared to Europe or
United States of America [3]. In addition, the prevalence of infec-
tions acquired in Intensive Care Units (ICU) was higher than it
was in other hospital units. This might be due to the severity of
disease and prolonged stay in the ICU [4]. Furthermore, immuno-
suppression of ICU patients and a higher number of invasive devices
like central venous catheterization, mechanical ventilation, urinary

1876-0341/© 2019 Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.jiph.2019.08.012
http://www.sciencedirect.com/science/journal/aip/18760341
http://www.elsevier.com/locate/jiph
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiph.2019.08.012&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mbarakate@uca.ma
mailto:mbarakate@uca.ac.ma
https://doi.org/10.1016/j.jiph.2019.08.012
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

638 A. El mekes et al. / Journal of Infection and Public Health 13 (2020) 637-643

tract catheters were among the main risk factors for MDR bacterial
infections [4,5].

This study presents the clinical and epidemiological risk factors
of MDR bacterial infections as well as evaluation of bacterial resis-
tance level in the ICU of Ibn Tofail Hospital, University Hospital
Center (UHC) Mohammed VI in Marrakesh-Morocco.

Methodology
Definitions

Multi-resistance to antibiotics

In literature, to characterize the different patterns of antimicro-
bial resistance to antibiotics, a group of international experts came
together through a joint initiative by the European Centre for Dis-
ease Prevention and Control (ECDC) and the Centers for Disease
Control and Prevention (CDC), to create a standardized interna-
tional terminology [6]. The definition most frequently used for MDR
bacteria was defined as acquired non-susceptibility to at least one
agent in three or more antimicrobial categories [6].

Definiton of muti-drug resistant bacteria

In this study, we isolated many resistant bacteria. In order to
choose the most resistant ones, we followed the recommendations
of the antibiogram committee of the french microbiology society
(2015). The four MDR bacteria we studied are : Acinetobacter bau-
mannii resistant to imipenem, Pseudomonas aeruginosa resistant
to ceftazidime, Staphylococcus aureus resistant to methicillin and
extended-spectrum beta-lactamase producing Enterobacteriaceae
(CA-SFM, 2015).

Participants and setting

Patients and definitions

This case-control study was conducted in a 10-bed adult ICU
from March 2015 to March 2016. A total of 479 patients from the
clinical and surgical ICU were enrolled with a first clinical episode
of HAL A case subject was defined as any patient who had infection
with MDR bacteria at least 48 h after the ICU admission during the
study period. Meanwhile, a control subject was defined as patients
admitted in the ICU without being infected by MDR bacteria.

e MDR ICU-acquired infections were defined as those acquired no
less than 48 h after ICU admission;

e For each patient clinical and microbiological date were collected.
Each day medical staff discussed positive bacteriological exami-
nations and decided whether there was colonization or infection
according to clinical signs presented by the patients (fever, white
blood cell count, C-reactive protein level, chest X-ray infiltrates).

e The decision of MDR healthcare infection, and need for starting an
antimicrobial therapy was taken with both laboratory and clin-
ical findings. The infection should not be present at the time of
admission.

Sampling methods

¢ The first sample(urine, blood, tracheal aspirate, and others) col-
lected from every patient admitted to the ICU was sent for
bacteriologic culture to exclude infection at the time of admission
to ICU and to get the true picture of infection rate;

e Microbiology samples were taken from areas such as periph-
eral venous blood, central venous catheter, urine endotracheal
secretions, bronchoalveolar lavage, pus, and other any suspected
during the ICU stay. Only the initial isolates were considered in
the study and repeat isolates from the same sites were excluded,;

Inclusion and exclusion criteria

Inclusion criteria

e Patients aged 18 years or more, admitted to participing ICU,
remaining there at the survey time were included regardless after
that time patient was discharged or remain in the ICU.

e Patients whose ICU-length of stay was longer than 48 h were
considered eligible for our study.

Exclusion criteria

¢ Patients stayed less than 48 hin the ICU, testing positive for infec-
tions within 48 h, and showing evidence of existing infections on
admission were excluded;

e All patients who were infected at the time of admission or before
48 h after hospitalization at the ICU.

e Duplicate isolates defined as the same bacteria isolated from the
same patient and sample were excluded from our study.

Data collection

In order to evaluate the clinical and epidemiological risk factor
for acquisition of MDR bacteria the data collection was carried out
with an epidemiological monitoring questionnaire. Several clinical
and epidemiological variables were studied: age, gender, previous
medical history of hospitalization and the hospital unit of hospital-
ization, underlying diseases, nutritional state, invasive procedures,
biological and clinical signs of infection, date and site of the infec-
tion, origin of the sample taken to analyze and the isolation of MDR
bacteria infected patients. Additionally, we investigated the period
of stay in the ICU, the outcome of patients after the stay in ICU and
the rate of mortality caused by infections with MDR bacteria.

Laboratory methods

Bacterial isolation and identification

The bacterial isolates were obtained from clinical samples
sent to the medical microbiological laboratory for diagnostic pur-
poses. The specimens were urine, bronchoalveolar lavage, blood,
catheters, pus, and cerebrospinal fluid samples. The clinical sam-
ples were processed according to the routine laboratory diagnostic
protocol, which included identifications by morphological, bio-
chemical and culture characteristics. The identification of purified
isolates was carried out with APl gallery (Biomerieux). When a sam-
ple was infected with MDR bacteria, this bacteria was conserved at
the minus 80 ° using Brain Heart Infusion liquid culture with 20%
of glycerol for future experiments.

The identification of antibiotic resistance level of isolated bac-
teria was performed with the disc diffusion method in Muller
Hinton agar (MH) as recommended by the antibiogram committee
of the French Microbiology Society and The European Committee
on Antimicrobial Susceptibility Testing, 2015. The determination of
phenotypic characteristics of MDR bacteria was also used.

Statistical analysis

The data was collected in Microsoft Office Excel 2013 and the
results were analyzed with the statistical package for social sci-
ences (SPSS v 23, Chicago, USA). The Chi-square or Fisher’s exact
test was used to compare discrete variables. Fisher’s exact test was
preferred when one or more expected values were equal or less
than five. All p-values <0.05 were considered statistically signifi-
cant. In addition, multivariate analyses were performed to evaluate
the most important associations between risk factors and the infec-
tion acquisition. For this, we chose the logistic regression model and
calculated the odd’s ratio (OR) to prove the strength of the associ-
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ation between the important factors. The odds ratio (OR) and their
corresponding 95% confidence intervals (Cls) for each variable were
calculated to prove the level of association between the important
risk factors and the acquisition of MDR resistant bacteria.

Results
Clinical and epidemiological results

From a total of 479 admitted patients, 366 were male patients
showing a male-female ratio of 2.3. Regarding the age distribution,
344 (71%) patients were between 20 and 60 years old. Statisti-
cally, the mortality rate was higher in male patients 133 (68%) than
among female patients. This rate was also higher between the ages
of 20-40 years old.

AsshowninFig. 1,91% of the ICU patients had no medical comor-
bidities at the admission; 53% of the patients were admitted due to
polytrauma in the ICU; 61% were transferred from the emergency
unit to the ICU and 41% were between 20-39 years old. The stay
in ICU longer than 15 days was determined in 21% of the cases.
The urinary catheters were used in 99% of the patients; peripheral
venous catheters were used in 98% of the cases whereas the central
venous catheters were only used in 70% of the patients. Almost half
of the patients (52%) needed assisted mechanical ventilation and
51% had nasogastric intubation. In addition, 44% of patients were
treated with antibiotics for more than 8 days.

Among the totality of hospitalized patients, 66% of the patients
acquired MDR bacteria. Fig. 2 shows the distribution of infections
caused by MDR bacteria. The main infections were the nosoco-
mial respiratory tract infections (39%) while the lowest percentages
were the postoperative infection (7%), nosocomial meningitis (4%)
and urinary tract infection (3%). Moreover, the crude mortality rate
was 39% (189/479) for infections caused by both of susceptible and
resistant bacteria. The mortality rate caused by MDR bacteria was
12% (58/479) also shown in Fig. 2.

According to univariate logistic regression analysis with
(p <0.05) the following data was obtained: age (p=0,036), poly-
trauma as admission diagnosis (p=0), lack of patient isolation
precautions (p=0), antibiotic therapy treatment (p=0), curative
antibiotic (p=0), monotherapy (p=0,003), bitherapy (p=0,085),
triple antibiotic therapy (p=0), quadri antibiotic therapy (p=0),
stay period in ICU (p=0). In addition, the invasive devices, such as
artificial mechanical ventilation (p=0.001), nasogastric intubation
(p=0), artificial patients feeding (p=0.001), antibiotic treatment
duration (p=0,018), were significant risk factors for acquiring MDR
bacteria (Table 1).

Bacteriological results

A total of 305 bacterial strains were isolated from 213 patholog-
ical samples. According to the identification using API 20E gallery,
A. baumannii (31%), Enterobactereacae (30%), Staphylococcus spp.
(24%), P. aeruginosa (10%) and other bacterial strains (5%) were the
common bacterial pathogens. Among the most important isolated
Enterobacteraecae strains were Klebiella pneumonae (40%), Proteus
mirabilis (32%), Escherichia coli (15%), Enterobacter spp. (8%), Serratia
marcescens (2%), Morganilla morgannii (2%) and Proteus regret (1%).
Clearly, our results show a higher percentage of Gram-negative
bacteria (76%) than Gram-positive bacteria (24%) isolated strains.

Antibiotic resistance profile

The antibiotic resistance tests revealed that 40% (124/305) of
the isolated strains were MDR bacteria. The most common was A.
baumannii resistant to imipenem (ABRI) 70%, followed by multi-
resistant Enterobactereacae species (18%), P. aeruginosa resistant to

ceftazidime (PARC) 7%, and S. aureus resistant to methicillin (SARM)
5%. The analysis of MDR bacteria distribution among pathologi-
cal samples demonstrated that ABRI strains were mainly isolated
from bronchial samples (48%). PARC strains were mainly isolated
from pus samples (50%) and MRSA were isolated from catheters
(50%). Finally, ESBL producing Enterobacteriaceae were isolated
from blood samples (48%), Fig. 3.

All A. baumanni tested were resistant to (3-lactams, while the
resistance rate among Enterobacteriaece species was only 56%, P.
aeruginosa 54% and S. aureus 44%. Table 2 shows the resistance
rate of MDR bacteria to other antibiotics. ABRI showed significant
resistance to gentamicin (94%), tobramycin (93%) and ciprofloxacin
(94%). Similarly, ESBL-Extended-spectrum [3-lactamase- produc-
ing Enterobactereacae were resistant to ciprofloxacin (81%), and
tobramycin (86%). SARM were resistant to gentamicin, amikacin,
tobramycin and ciprofloxacin all with the same value (86%). All
PARC isolates were resistant to imipenem, sulphametoxazole (97%),
and ceftazidime (75%).

Risk factors and outbreaks of acquiring MDR bacteria

However, to measure and classify factors related to acquisition
of MDR bacteria in ICU, only the lack of patient isolation precautions
(OR:7.5,p=0.000),inappropriate antibiotic therapy treatment (OR:
5.175, p=0.001) and longer stay period (15 days) in ICU (OR: 0.378,
p=0.000) were the most significant clinical and epidemiological
factors (Table3). This is according to the multivariate analysis based
on binary logistic regression model including the Wald test.

Table 4 shows the ICU outbreak characteristics. ABRI was the
highest cause of mortality among the MDR bacteria in ICU infec-
tions.

Discussion

MDR bacterial infections are becoming one of the most cause
of public healthcare threat worldwide. They have been related to
the most damageable outbreaks mainly in ICU patients. This is
the first study searching for clinical and epidemiological risk fac-
tors for MDR bacteria at the ICUs of Marrakesh University Hospital
Center. This work could be considered as a pilot study to find pos-
sible answers to significant risk factors and variables responsible
for acquiring infections with most virulent and damageable MDR
bacteria. The multivariate analysis had identified as well as many
other studies that patients isolation, stay period in ICU, and inap-
propriate therapy were the most significant factors associated to
the infections with MDR bacteria [4,7,14,19,25].

In our study, the age, nasogastric intubation and the curative
antibiotic with its duration does not seem to contribute in the
acquisition of MDR bacteria. Other studies have demonstrated that
male gender, previous hospitalization, an immunocompromised
state, catheterization, surgery, and the admission to ICU from the
same hospital did not have a significant statistically relationship to
acquire MDR bacteria in ICU [4,14,25].

The distribution of HAI and MDR bacteria in our ICU was
mainly represented by pneumonia and bacteremia and could be
explained by the high rates of isolated ABRI and ESBL-producing
Enterobacteriaceae species, followed by PARC and SARM. In fact,
recent studies showed that A. baumannii was found to be the most
frequent cause of healthcare-associated infections including pneu-
monia, bloodstream infections, and catheter-associated infections
[3,16,18,21,23,24]. Another multicenter study that was done in 14
hospitals in Europe, North America, and South America concerning
bloodstream infections showed that P. aeruginosa has been incrim-
inated in these infections with a rate of 5.3% [19]. The authors
concluded that new mutations, selection of resistant strains, and
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Table 1
Comparision of clinical and epidemiological characteristics between cases and controls based on univariate analysis.
R Case patients Control patients Total
Risk factor N=49 N=430 N=479 P value
Socio-demographic factors
Sex 0.314
Male 34(69 %) 302 (63.3 %) 336
Female 15(31 %) 128 (26.7 %) 128
Age (20-39 years) 36 (54,5%) 163 (39,6%) 199 0,036
Comorbidities 11(16,7%) 31(7,5%) 42 0,020
Admission diagnosis with polytrauma 48 (26,2%) 204 (49,6%) 252 <0.0001
ICU factors
Lack of patients isolation precautions 39 (59,1%) 370(91,6%) 409 <0.0001
Directed curative antibiotic therapy 36 (59,0%) 37(2,9%) 43 <0.0001
Probabilistic curative antibiotic 14 (23,0%) 13(5,4%) 27 <0.0001
Preventive antibiotic of prophylaxis 18 (29,5%) 31(15,6%) 104 0,371
Monotherapy 18 (35,3%) 34(8,3%) 49 0,003
Bitherapy 11 (16, 7%) 15 (3,6%) 45 0.085
Triple therapy 16 (24,2%) 3(0,7%) 31 0,085
Quadritherapy 9(13,6%) 67 (16,5%) 12 <0.0001
Stay period in ICU (< 15 days) 33 (50,0%) 408 (99,3%) 100 <0.0001
Urinary catheter 65 (98,5%) 405 (98,5%) 473 0.450
Peripheral venous catheter 52(78,8%) 281 (68,4%) 469 0.306
Central venous catheter 52 (78,8%) 281 (68,4%) 333 0.111
Mechanical ventilation 47 (71,2%) 202 (49,1%) 249 0.001
Nasogastric intubation 44 (66,7%) 178 (43,3%) 222 <0.0001
Artificial patients feeding 45 (71,4%) 194 (41,7%) 239 0.942
Antibiotic treatment duration (>8 days) 13 (68,4%) 22(36,1%) 35 0.018
NOTE. MDR, multidrug resistant; ICU, intensive care unit.
Table 2
Antibiotic co-resistance profile of ICU isolated MDR bacteria.
Antibiotics ABRI ESBL Enterobactereacae
(N=85) (%) (N=25) (%)
Carbapenems Ertapenem NR 41%
Imipenem NR 31%
Aminoglycosides Gentamicin 94 % 71%
Amikacin 74% 16%
Tobramycin 93% 86%
Fluoroquinolones Ciprofloxacin 94% 81%
Trimethoprim-sulphamethoxazole Trimethoprim-sulphamethoxazole 48% 81%
Polypeptides Colistin 0% 0%

NOTE: ABRI, Acinetobacter baumannii resistant to imipenem; ESBL, Extended-spectrum (3-lactamase- producing Enterobactereacae; NR, not recommended.

Table 3

Risk factors associated with MDR bacterial infections in ICU based on multivariate analysis.
Variables OR 95% CI Wald test P value
Lack of patients isolation precautions 7.500 3.931-14.309 37.362 0.000
Longer stay period (until 15 days) 0.378 0.256-0.558 23.844 0.000
Triple therapy 5.175 1.941-13.798 10.794 0.001
Quadritherapy 5.596 1.276-24.545 5.212 0.022
Admission diagnosis with polytrauma 2.271 1.409-5.256 8.888 0.003
Age (years) 0.266 0.066-1.067 3.490 0.062
Bitherapy 1.810 0.695-4.715 1.475 0.22
Monotherapy 1.922 0.827-4.464 2.308 0.129
Probabilistic curative antibiotic 2.566 1.015-6.487 3.967 0.46
Nasogastric intubation 0.619 0.054-7.064 0.149 0.70
Antibiotic treatment duration 0.564 0.019-16.667 0.110 0.740
Artificial patients feeding 1.097 0.091-13.207 0.005 0.942

NOTE. MDR, multidrug resistant; OR, odds ratio; CI, confidence interval; ICU, intensive care unit.

Table 4

MDR bacteria outbreaks in ICU.
ICU outbreak characteristics ABRI Enterobacteriaceae ESBL PARC SARM
Survived patients 24 (40 %) 0 1(14,2%) 2 (20%)
Deceased patients due to hospitalization reasons 4(6.7%) 1(20%) 6 (85,8%) 0
Deceased patients due to infection 31(52,3%) 4 (80%) 6(85,8%) 8(80%)
Total 59 (100%) 5(100 %) 7 (100 %) 10(100 %)

NOTE: ABRI, Acinetobacter baumannii resistant to imipenem; PARC, Pseudomonas aeruginosa resistant to ceftazidime; ESBL, Extended-spectrum [3-lactamase- producing
Enterobactereacae; MRSA, Staphylococcus aureus resistant to methicillin; ICU, intensive care unit.
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Fig. 1. Distribution of the most important clinical and epidemiological factors among patients.
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Fig. 2. Mortality and healthcare acquired infections caused by MDR bacteria.

suboptimal infection control were the main factors influencing the
rapid spread of multidrug-resistant pathogens in the ICU.

The obtained data showed that 76% of the bacterial infections
were due to Gram-negative bacteria. A. baumannii, Enterobac-
tereacae species and P. aeruginosa strains were the main isolated
bacteria. This result is similar to what is known from other studies
that Gram-negative bacteria are the most common cause of HAIs
in low and middle-income countries [7,8]. In this respect, the most
common isolated MDR bacteria in India and Nepal were K. pneu-
moniae and E. coli [9,10]. However, a surveillance of antimicrobial
studies conducted in Europe, found that the main Enterobacteri-
aceae was E. coli [11], one of the main concerns of this European
surveillance was to draw attention to the high resistance level of
isolated bacteria to the beta-lactam and to the last generation of
antibiotics. The results reported in another investigation [ 7], which
supports the findings of our surveillance and shows the high resis-

tance to beta-lactam and last generation antibiotics. Furthermore,
the most important findings in the same study, have demonstrated
that the high use of imipenem is a major responsible factor for the
alarming increase of MDR A. baumannii to imipenem [7].

In contrast, an epidemiological survey conducted in France
showed a low incidence of resistance to imipenem in A. bau-
mannnii estimated to 11% in 2011 [11]. Some authors found lower
cases of A. baumannii highly resistant to amikacin, gentamicin, and
piperacillin-tazobactam. In addition, other scientists found a low
rate of resistance for meropenem and imipenem [8,12,13]. Recent
researches showed similar results to our findings of the high per-
centage of sensitivity of A. baumannii to colistin (all the A. baumannii
strains) and its high resistance level to imipenem [4,8,12,14,15].

In the last years, the interest is growing to monitor and eval-
uate the ESBL producing Enterobacteriaceae among ICUs patients.
Researches have documented and agreed on the high sensitivity



642 A. El mekes et al. / Journal of Infection and Public Health 13 (2020) 637-643

|-

ABRI PARI

[ Urine [ Blood m Bronchial samples [ Pus [ Central catheters B Lumbar Puncture

MRSA ESBL Enterobactenaceas

Fig. 3. Distribution of MDR bacteria depending on the nature of pathological samples.

of this bacteria to imipenem [16,17]. In addition, other results
suggested that ESBL producing Enterobacteriaceae isolates were
also resistant to cotrimoxazole and ciprofloxacin. This might be
explained by the rapid increase resistance of K. pneumonia, E. coli,
and Proteus sp [18,19]. Recently, aresearch study conducted in sev-
eral German ICUs showed that ESBL producing Enterobacteriaceae
was mainly caused by E. coli and K. pneumoniae [ 16]. Scientists from
USA have isolated a MDR E. coli strain resistant to both colistin and
carbapenems [18]. Besides, a report found that the resistance level
of Enterobacteriaceae species to carbapenem antibiotics is about
57% [21]. In contrast to these results, the isolated ESBL producing
Enterobacteriaceae strains in our context showed a lower percent-
age of resistance to carbapenems (31%).

The alarming resistance level of PARC isolated in our hospital
to cephalosporins, sulfonamide-trimethoprim, and carbapenems
was also described by the CDC’s national healthcare safety net-
work and other researchers [1,3,8]. The ICUs in United States and
European countries showed high rate of resistance to aminogly-
cosides, fluoroquinolones, carbapenems and cephalosporins. This
pathogen was sensible only to amikacin and colistin [18]. In our
investigation, Pseudomonas was completely susceptible to colistin.
However, we found that (42%) of Pseudomonas was resistant to
amikacin.

Recently, clinicians and scientists all over the world paid a par-
ticular attention to nosocomial infections, caused by MRSA which
has resistance to other associated antibiotics [20,21]. However, our
investigation showed lower percentages of MRSA than the results
obtained in the UHC of Casablanca. In other Arabian countries, the
rate of this pathogen was between 10-18%[20,21].In an Italian ICU,
the isolation rate of this resistant bacteria was higher [22]. Usually
in the literature, the high MRSA rate was associated with resistance
to cotrimoxazole, ciprofloxacin followed by amoxicillin-clavulanic
acid and linezolid [17,18,20,21]. We reported in our study the high
co-resistance level of MRSA to aminoglycosides, fluoroquinolones
and sulfonamide-trimethoprim, which is different to some reports
in the literature. Correspondingly, the data obtained in other stud-
ies are consistent with our results regarding the high susceptibility
of MRSA to vancomycin [8,20]. Thus, our data confirm that only
glycopeptides (vancomycin and teicoplanin) are constantly active
against MRSA. These findings could be explained by the absence
of regulations in the use of antibiotics at the ICUs. This leads to
an easy development of bacteria resistance to new antibiotics. A
better application of hospital hygiene measures can minimize the
spread of this pathogen. This should be responsibility of the hospital
committee of nosocomial infections.

This is the first study to investigate the relation between clin-
ical and epidemiological risk factors of infections related to the
acquisition of resistance to MDR bacteria in an ICU of a Moroccan
University Hospital. From the obtained data, the main conclusion
is that the ICU of Marrakesh UHC showed a high prevalence of MDR
bacteria caused mainly by non-fermenting MDR Gram-negative
bacteria, such as A. baumannii with high resistance to carbapenems.

These findings provide enough information to take urgent
actions to reduce MRD bacteria in the ICU. To improve patients
outcomes a combination of infection control measures and rational
antimicrobial use in hospitals specifically in ICUs level is needed. All
these actions will play a role in limiting outbreaks and eradicating
the MDR bacteria from our ICU.

Conclusion

Our results urge the implementation of obligatory and practical
actions to reduce MRD bacteria in the ICU. Among these actions are
the rational antimicrobial use in the hospital, specifically in the ICU
and the application of infection control measures. These changes
may play a role in limiting the outbreaks as well as reducing and
eradicating the MDR bacteria from our ICU. As a consequence, the
patients outcomes can be improved.

Based on the promising findings presented in this paper, and
as reported by other studies, it will be interesting and important
to study the local patterns of resistance to antibiotics in a molec-
ular level. This will highlight the genes responsible for antibiotic
resistance of MDR bacteria isolates.
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