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Abstract:

Purpose: Acinetobacter baumannii has emerged as an important nosocomial
pathogen causing worldwide hospital outbreaks. The aim of this study was to
determine the antibiotic resitance profile, the risk factors and outcomes related to
the acquisition of extensively drug-resistant A. haumannii.

Methods: A case control study was conducted from April 2017 to April 2018
in a 10-bed tertiary intensive care unit (ICU) of IbnTofail University Hospital
Mohammed VI in Marrakesh-Morocco. All adult patients with a first clinical
episode of infection were included. The level of antibiotic resistance has been
studied by the agar diffusion method, the choice of antibiotic susceptibility
testing and interpretation criteria were made as recommended by the Antibiogram
Committee of the French Microbiology Society (2017).

Results: Among 305 isolated bacteria from patients in the TUC, 85 were
represented by extensively drug-resistant A. baumannii. The high and alarming
antibiotic resistance levels were obtained for ciprofloxacin, gentamicin,
tobramycin, and amikacin (95%,94 %, 93%, and 75 % respectively). Regarding
the studied risk factors, this damageable bacteria was mainly associated to
pneumonia, catheter-related bloodstream, and blood stream infections (56%,
30%, and 24 % respectively). Moreover, out of the 35 hospitalized patients and
infected with 4. baumanni; 31 were deceased due to this infection.

Conclusions: In this study, the decrease of infection control measures and the
abusive prescriptions and use of antibiotics has contributed to the increase rate of
this 4. baumanni acquired infections.

Keywords: Risk factor, Antibiotic resistance, Acinetobacterbaumannii, Intensive
care unit.

Introduction

The opportunistic pathogen Acinetobacter baumannii is an aerobic Gram-
negative rod-shaped, pleomorphic and non-motile bacteria. Around the world,
infections due to A. baumannii are emerging scourges in intensive care units
(ICU) [1,2]. During the three last decades, it has been transformed from a simple
opportunistic bacteria to one of the most damageable, virulent, multidrug-
resistant and pathogenic organism. In addition, it tolerates external conditions
like desiccation, survives longer, and persists on hospital environments and
surfaces [3, 4].

This microorganism has also become a matter of great concern due to its
extraordinary capability to cause nosocomial infections and to acquire resistance
to commonly used antibiotics. Many international studies have shown that
infections caused by Acinetobacter spp. represent 7.9 % of ventilator-associated
pneumonia and 5.7 to 15.7 % of bloodstream infections in the ICUs [6, 7]. In
addition, polymyxins represent the last therapeutic options for this highly resistant
bacteria. However, the emergence of colistin-resistant A. baumannii strains has
been worldwide reported [5, 8, 9]. Regarding the risk factors associated with
the acquisition of 4. baumannii it was found that the most ones influenced
the infection with MDR strains , include the previous colonization, the prior
antimicrobial treatment, the period of hospital stay, the urinary catheterization,
and the surgery [8,10,12].
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The emergence of multi-resistant 4.baumannii strains, mainly in
ICUs, threatens the possibilities of antibiotic treatment options
and lead to serious and high mortality rates [13,14]. These
infections were related to high levels of mortality ranging from
28.3% to 84.3% in the ICU [11, 14].

In Moroccan ICUs, the antibiotic resistance of A. baumannii
increased for piperacillin / tazobactam, third generation
cephalosporins, carbapenems, and for amikacin [10,11]. For
this reason, we conducted this study to analyze the antibiotic
resistance related to the risk factors and the outcomes of
extensively drug-resistant A. baumannii acquisition in a
Moroccan surgical ICU.

Material and methods

Patients and study design

This is a case control study conducted in a 10-bed clinical-
surgical ICU for adults, which lasted 12 months, (from April
Ist, 2017 through April 1st, 2018) in order to evaluate the
major risk factors and outcomes of extensively drug-resistant
A. baumannii acquisition in a Moroccan surgical intensive care
unit. Active epidemiological and microbiological screening for
patients infected with extensively drug-resistant A. baumannii
was conducted in this unit. During the period of our study, out
of 478 patients transferred to the intensive care unit (ICU) of
Marrakech UHC; 299 (62%) were from emergency unit of the
hospital.

Laboratory Methods

The medical analyses were performed in the medical
microbiology laboratory of the hospital and adult patients with
a first clinical episode of infection with Healthcare acquired
Infections (HAI) were included in the study. The strains were
isolated from wurine, bronchial aspirations, blood, pus and
cerebrospinal fluid samples, which were sent to the laboratory
for diagnostic purposes. The pathological samples taken from
patients in the intensive care unit were plated on ordinary culture
media (Columbia, Mueller-Hinton agar), for the development of
the majority of bacteria and on selective media (MacConkey
agar). Bacterial identification was made by the AP1 20 NE gallery
(Biomerieux API). The study of antibiotic resistance level has
been performed by the agar diffusion method in Muller Hinton
agar (MH). For some antibiotics, this method was supported by
the evaluation of the minimum inhibitory concentration (MIC)
in liquid media as recommended by the AC-FMS and EUCAST,
2015.We excluded of all doubling 4. baumannii isolates from
the same samples and all A. baumannii strains were preserved at
-20°C in Brain Heart Infusion (BHI), containing 20% of glycerol
solution.

Data Collection

Data on demographic characteristics, host and therapeutic
factors, laboratory and bacteriology results, antibiotic therapy,
and outcomes were collected using medical and laboratory
records. This collection was done mainly through the use of an
epidemiological monitoring questionnaire. Thus we prospected
several variables and factors, starting with patients demographic
characteristics such as age, sex, nature of pathological sampling,
medical history of hospitalization, underlying disease at
admission, patients nutritional state, unit of hospitalization,
invasive procedures, biological and clinical signs of infection,
date, site of the infection and the isolation of patients carrying
A. baumannii. In addition, we studied antibiotic therapy, the
patterns of resistance of A. baumannii, the period of stay in the
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unit, the outcomes of patients after the stay in the ICU and the
rate of dead patients caused by infections with this pathogen.

Statistical Analysis

The data of our study were analyzed using the statistical package
for social sciences (SPSS v 23, Chicago, USA). The Chi-square
or Fisher’s exact test were used to compare discrete variables.
Fisher’s exact test was used instead of the Chi-square test when
one or more expected values were equal or less than five. All
p-value <0.05 was considered statistically significant.

Factors with a p value < 0.05 were analyzed using multivariate
regression model. The dependent variable we used in this model,
is extensively drug-resistant A. baumannii. All variables with
p<0.05 in univariate analysis were included in the multivariate
model as independent variables to identify independent
predictors of multi-resistance, and calculated the odd’s ratio
to prove the strength of the association between the important
factors.

Ethics statement

This study did not require ethical approval and informed
consent, but we applied and received a study permit from the
hospital institutional administration. The full name of the ethics
committee that approved our study are Prof. Kawtar ZAHLANE
and Prof. Hicham NEJMI.

Results and Discussion

Clinical and epidemiological characteristics of patients

A. baumannii is the most current ongoing troublesome and
causing infections mainly in sensitive patients in ICUs. The
number of studies about 4. baumannii incidence is limited, and
it is usually considered a healthcare-associated pathogen.As
shown in table 1, Almost 59 (12.34%) developed infections with
MDR 4. baumannii Fig 1 (D), 45 (76%) of these patients were
males Fig 1 (A).

Regarding the age distribution, 34 (58%) were between 20 and
40 years Fig 1 (C). The most common diagnosis at the admission
of the ICU was polytrauma 29 (45%), followed by severe
trauma-cranial 10 (17%). The average overall length of the ICU
was 15 days. In this study, the incidence rate of multi-resistant
A. baumannii infections is 12.34 %, which was different than the
incidence reported in a Moroccan, Indian and in Mexican studies
(8.5%, 10 % and 4,6 %) respectively [16,17,18]. In Spain, the
overall incidence of 4. baumannii infection was ranging from
2.34 %10 9.06 % [19]. Commonly, the incidence of 4. baumannii
nosocomial outbreaks is increasing worldwide [15]. As well as
in our studies, the high prevalence of A. baumannii infections in
ICUs can be explained by a lack of good isolation precautions,
insufficient staff numbers and the increasing numbers of patients
in short periods.

Bacteriological and antibiotic resistance profile findings:
During the period of this study, the results showed that among
305 isolated bacterial strains, the prevalence of A. baumannii
isolates among all bacterial isolates is 85 (28%) (Fig 2). Our
study revealed a multidrug resistant A. baumannii rate of 70%
among all isolated MDR resistant bacteria from the ICU and the
different other MDR bacteria represented 30%.

Regarding antibiotic use and prescription in the ICU, Fig 3
showed that amoxicillin/clavulanic acid was prescribed as the first
antibioterapeutic cure (13.5%), followed by the third generation
of cephalosporins (ceftriaxon), quinolons (moxifloxacin), and
colistin (11%, 9% and 7.5% respectively).



In addition, this study demonstrated the high level of bacterial
isolates resistance to the most tested f-lactams antibiotics used in
clinical therapeutic, such as penicillins, B-lactamase inhibitors,
cephalosporins, monobactams, and carbapenems. All the
studied 4. baumannii isolates showed resistance to carbapenem,
particularly to the imipenem. The Fig 4 presents different co-
resistance levels to the other antibiotic classes. ABRI has a very
high level of co-resistance to the other antibiotics, mainly to
gentamicin 94%, tobramycin 93% and to ciprofloxacin 94%.
While, all the A. baumannii resistant isolates to imipenem
(ABRI) were sensitive to colistin antibiotic. This molecule is
the only available antibiotic treatment option to be used single
or in association with other antibiotic molecules. In the last
two decades, resistance rate to carbapenems, quinolones and
aminoglycosides, which are commonly used in the treatment
of A. baumannii infections, have worldwide increased [6, 7].
The abusive use of carbapenems is responsible for the alarming
increase in the number of 4. baumannii in the ICUs. In a northern
Indian ICU, researches have documented the high rate of A.
baumannii resistant to imipenem 75.9 % and aminoglycosides
80.6 %. Whilel3 % of A. baumannii were resistant to colistin
[21]. In the same context, other authors demonstrated that A.
baumannii was the most isolated MDR bacteria in ICU and
showed its low level of sensibility to colistin [23,24]. Scientists
from Turkey, have conducted a survey in various ICUs and
showed an average rate of resistance to carbapenem and to
imipenemin A. baumannii, which was between 55% and 63%
[19]. In the other hand, an epidemiological survey conducted
in France showed low percentages of resistance to imipenem,
which was estimated between 0% and 5.9%. Recently, this
incidence increased to 11% [22]. It has also been demonstrated
in South Korea, a lowest carbapenem resistant 4. baumannii
incidence (6 %) [26]. The most explanation for this increase may
be the increased overuse of antibiotics, particularly carbapenems
and the lack of infection control measures.

Pathological samples and invasive devices distributed among
ICU infected patients

The ICU is the epicenter of the high rate of invasive devices
uses. This study analyzed and showed the rate of invasive acts
performed on patients during their hospitalization with high
levels of urinary and venous catherizations (Fig 5). Considering
the overall pathological samples and as shown in Fig 6, the high
levels were obtained for bronchial aspirations, catheters and
blood samples (47%, 29%, and 18% respectively). While the
lowest rates were unregistered for pus, cerebrospinal fluid and
urine samples which corroborated with other studies [27, 28, 29].
However, a study carried out by Sileem et al. [30] demonstrated
a rate of 3.8%, which was lower than our results.

In addition, A. baumannii strains were also isolated from
blood and catheter samples, each with the same rate (15.79%).
Concerning catheters colonized by 4. baumannii, they
represented a low rate of 3.85% by Uwingabiyeet al. [29].

Prevalence of resistant A. baumannii’s Healthcare Acquired
Infections (HAI)

Among the suspected cases of HAI and after the analysis of 4.
baumannii distribution in pathological samples, this work proved
that 206 episodes of A. baumannii infections were acquired in
ICU which dominated by healthcare acquired pneumonia and
bacteremia, 39% and 29% respectively (Fig 7). In fact, some
studies proved that the respiratory tract infections were the
most frequent infections caused by A. baumannii, followed by
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bloodstream infections [19,31,32]. Moreover, Wong et al. [32]
noticed that in one well-publicized case, a health care worker
developed fulminant pneumonia after inhalation of 4. baumannii
aerosolized during endotracheal suctioning of a ventilated
patient. However, other researchers found that pneumonia and
bacteremia related to resistant A. baumannii were represented
with the lowest rates of infection among ICU patients [26, 33].

Risk factors of acquiring MDR A. baumannii

This work could be considered as a pilot study in Moroccoto
find possible answers to significant risk factors and variables
responsible for acquiring infections with the most virulent
and damageable MDR A. baumannii. According to univariate
logistic regression analysis with (P < 0.05) as shown in table
1, the major significant risk factors for acquiring 4. baumannii
were represented by probabilistic curative antibiotherapy

(P < 10-3), directed curative antibiotic therapy (P <10-3), stay
period in ICU (P < 10-3), nasogastric intubation (P = 0.001),
artificial patients feeding (P=0.001) and admission diagnosis
with polytrauma (P = 0.001). In addition, the invasive devices,
such as artificial mechanical ventilation (P = 0.005) and the age
(P = 0,031) were significant clinical and epidemiological risk
factors for acquiring MDR 4. baumanni.

However, according to the multivariate analysis and based on
binary logistic regression model and including the Wald test
to measure and classify the most important factors related to
the acquisition of resistant A. baumannii in ICU, only directed
curative antibiotic therapy ( OR:4.784 ; 95 % CI: 0.002-
0.029 ; P<10-3) and probabilistic curative antibiotherapy (OR:
3.177; 95% CI: 0.012-0.150; P <10-3), and were the most
dominant and significant clinical and epidemiological factors
for acquiring infections with resistant A. baumannii related to
this study. However, the most commonly reported risk factors
in other Moroccan study, are the increased length of ICU stay,
the use of invasive medical devices, and the previous use of
drug therapy [16]. However, in many carried studies, the known
risk factors for 4. baumannii infections have been proved to be
longer ICU stay period, the previous admission to another ward,
prior use of antibiotics such as third-generation cephalosporins
and immunocompromised patients. In addition neutropenia,
malignancy, haemodialysis, and invasive procedures such
as assisted mechanical ventilation, central venous catheter,
urinary catheter and nasogastric catheter were confirmed to be
independent risk factors for acquiring A. baumannii infections
[14,19,21,25,26].

Outcomes related to 4. baumanni infections

Were considered as outcomes, the mortality rate as well as the
death cases related to acquisition of infections with resistant
A. baumannii. The mortality rate among A. baumanni infected
hospitalized patients was 88%. In addition, secondary outcome
was defined as the total days stay in ICU and the antibiotic
consumption and prescription to infected patients during the
period of stay. During the period study, the acquired infection
episodes caused longer periods of antibiotic consumption.We
also found that more than 18 antibiotics from different classes
were prescribed for the patients in this unit, (Fig 3). Another
carried study within ICU patients in Rabat confirmed similar
results [16]. Huang et al. [22] indicated that 4. baumannii
was involved in high morbidity and mortality among patients
in several intensive care units.While, in a relevant European
investigation (Spain, Belgium, Germany), a reviewed matched
six case-control studies found that the mortality rate is ranged



from 7.8 % to 23% [20]. These results propose the requirement
for the earlier retreat of invasive devices in order to prevent the
A. baumannii colonization and/or infections.

Conclusion

to many significant independent risk factors. The increase
of A. baumannii infections in ICU is explained by a lack of
good isolation precautions, insufficient staff numbers and the
increasing numbers of patients in short periods, the overuse of
antibiotics, particularly the carbapenem antibiotics.

The alarming high rate of incidence, antibiotic resistance of A.

baumannii in ICU is responsible for a damageable and high
level of morbidity and mortality. These outcomes are related

Compliance with Ethical Standards
All authors reported no potential conflicts relevant to this article.

Table 1: Clinical and epidemiological risk factors for extensively drug-resistant A. baumannii infections in ICU based on

univariate analysis

Clinical and epidemiological factors Casle\I[:)aSt;ents Cont;ozl 4:)13; tents 1:11‘:}1218 P value
Directed curative antibiotictherapy 34 (79,1%) 9 (20,9%) 43 <10-3
Probabilistic curative antibiotherapy 14 (51.9%) 13(48.1%) 27 <10-3
Stayperiod in ICU (< 15 days) 33 (7 %) 437 (93 %) 470 <10-3
Admission diagnosis with polytruma 43 (17.1%) 209 (82.9%) 462 0,001
Nasogastric intubation 39 (17.6%) 183 (82.4%) 222 0,001
Artificial patients feeding 81 (33.9%) 198 (66.1%) 239 0,001
Mechanical ventilation 41 (16.5%) 208 (83.5%) 249 0,005

Lack of patients isolation precautions 36 (16.3%) 185 (83.7%) 221 0,019
Age (20-60 years) 50 (12.3%) 419(87.7%) 478 0,031
Comorbidities 54 (16,7%) 408(7,5%) 462 0,079

Central venouscatheter 46 (13.8%) 287 (86,2%) 333 0.111
Preventiveantibiotic of prophylaxis 15 (14.4 %) 89 (85.6 %) 104 0,209
Peripheralvenouscatheter 57 (12.2%) 412 (87,8%) 469 0,247

Sex 45 (13.4%) 291 (69.6%) 478 0,283

Urinarycatheter 58 (12.3 %) 415 (87,7%) 473 0,44
A“t‘:’g’:;‘;rfrgei‘;‘ri‘;“;j;sr;‘t‘°“ 10 (12.5%) 70 (77.5%) 80 0,677

NOTE. MDR, multidrug resistant; ICU, intensive care unit.
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Fig 2 Distribution of bacterial strains isolated from intensive care unit

0.4, baumannii

BOther bacteria

Fig 3 Antibiotic prescription of multi-drug resistant A. baumannii infected patients

1a.0% B35%
o (]
12.0%
10.0% 8.9%
8.5%
8.0% 7.5%
0 (]
5.8%
6.0%
. 4.8%
4.0% 3.3% 2.9%
2.5% 2.3% 2.3%
1.7%
2.0% 1.0% 1.0% 5
l ' ' 0.6% 0.6% 0.4% 0.4% g5

0.0 [ I B A -
o (]

. C L& L& L& & & N & L . @ & L& &

§ 0 & & € F S

FFE LT PP T EFLF LTI TS L &

F T TGS FE T FT LS S S

@ S ¥ & & &E & L Y R O oS

RAS Microbiology and Infectious Diseases




Fig 5 Distribution of A. baumannii strains according to the nature of pathological samples
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