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Background

Multidrug-resistant (MDR) organism, though no uniform 
definition exists, is defined as the isolate resistant to at 
least three different classes of antimicrobial agents in 
vitro.1 Infections caused by MDR Acinetobacter spp. have 
always been difficult for physicians and microbiologists 
to manage. It possesses characteristics that allow it to 
maintain its survival for an extended period on surfaces, 

resulting in it being a common cause for healthcare-asso-
ciated infections2,3 that include bacteremia, pneumonia, 
urinary tract infection, wound infections, and meningitis. 
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Abstract
Background: The management of Acinetobacter baumannii infection is considered a challenge especially in an intensive care 
setting. The resistance rate makes it difficult to manage and is believed to lead to higher mortality. We aim to investigate the 
prevalence of Acinetobacter baumannii and explore how different antibiotic regimens could impact patient outcomes as there 
are no available published data to reflect our population in our region.
Methods: We conducted a retrospective review of all infected adult patients admitted to the intensive care unit at King 
Fahad University Hospital with a confirmed laboratory diagnosis of Acinetobacter baumannii from 1 January 2013 until 31 
December 2017. Positive cultures were obtained from the microbiology department and those meeting the inclusive criteria 
were selected. Variables were analyzed using descriptive analysis and cross-tabulation. Results were further reviewed and 
audited by blinded co-authors.
Results: A comprehensive review of data identified 198 patients with Acinetobacter baumannii. The prevalence of Acinetobacter 
baumannii is 3.37%, and the overall mortality rate is 40.81%. Our sample consisted mainly of male patients, that is, 68.7%, 
with a mean age of 49 years, and the mean age of female patients was 56 years. The mean age of survivors was less than that 
of non-survivors, that is, 44.95 years of age. We observed that prior antibiotic use was higher in non-survivors compared to 
survivors. From the review of treatment provided for patients infected with Acinetobacter baumannii, 65 were treated with 
colistin alone, 18 were treated with carbapenems, and 22 were treated with a combination of both carbapenems and colistin. 
The mean length of stay of Acinetobacter baumannii–infected patients was 20.25 days. We found that the survival rates among 
patients who received carbapenems were higher compared to those who received colistin.
Conclusion: We believe that multidrug-resistant Acinetobacter baumannii is prevalent and associated with a higher mortality 
rate and represents a challenging case for every intensive care unit physician. Further prospective studies are needed.
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Hospitalized patients in non-intensive care settings were 
also at risk of being carriers of the organism with rates as 
high as 75% on the skin.4 High colonization was also 
observed in intensive care unit (ICU) patients, especially 
on their respiratory tract. Treatment of Acinetobacter bau-
mannii–related infections is highly reliant on appropriate 
empirical antimicrobial therapy, which is critical for sur-
vival in severe cases. The usual path of treatment starts 
with carbapenems as the drug of choice. They are the 
first-line agents in highly susceptible organisms. 
Unfortunately, A. baumannii is a very elusive organism 
with a remarkable capacity for developing resistance. 
This resulted in the development of carbapenem-resistant 
A. baumannii (CRAB). Currently, polymyxins are the 
antimicrobial agents with the highest level of in vitro per-
formance against A. baumannii; however, reports of its 
resistance have been documented.5

The development of resistance to A. baumannii can be 
attributed to several mechanisms: inactivation of β-lactams 
by β-lactamases (classes A, B, C, D) and resistance through 
efflux pump, which can lead to resistance to carbapenems 
and the formation of biofilms with sub-inhibitory concen-
trations of antibiotics. A change in membrane permeability 
is another mechanism as well as modification of antibiotic 
target site with other known methods that are studied on 
how A. baumannii becomes resistant.6 Class A β-lactamases 
hydrolyze penicillins and cephalosporins. They include 
narrow-spectrum and extended-spectrum β-lactamases, 
with SHV-5 being one of them. Class B β-lactamases 
strongly hydrolyze β-lactams, and metal chelators like 
EDTA are considered inhibitors. Class C β-lactamases are 
resistant to extended-spectrum cephalosporins due to 
intrinsic encoding of AmpC cephalosporinases. Class D β-
lactamases, also called oxacillinases, are serine-dependent 
like class A, class C, and class D.7

Many case–control studies reported prior exposure to car-
bapenems and third-generation cephalosporins to be the 
commonest risk factor, followed by fluoroquinolones, ami-
noglycosides, and metronidazole. Being mechanically venti-
lated is the second most common risk factor.5 Current ICU 
admission, length of stay (LOS), severity of illness, recent 
surgery, and invasive procedures are considered risk fac-
tors.8–12 Prior colonization with CRAB is another independ-
ent risk factor that has been observed. A direct correlation 
has been reported between colonization pressure and acquir-
ing the pathogen.13 The use of colistin and/or rifampin was 
shown to be an effective treatment option, and another study 
in Baltimore revealed that LOS is associated with mortality 
rate in case of methicillin-resistant Staphylococcus aureus 
(MDRA) independently.14–19

Our objective was to investigate the prevalence of infec-
tions caused by A. baumannii in a local general medical ICU 
(MICU) and surgical ICU (SICU) of a tertiary teaching hos-
pital, to identify the risk factors associated with this kind of 
infections, and to study the outcome of the affected patients 
in terms of survivability and LOS.

Methods

Study design and setting

This is a retrospective cohort study that included all adult 
patients infected with A. baumannii who were admitted to 
the ICU at King Fahad Hospital of the University, Khobar, 
Saudi Arabia, from 1 January 2014 to 31 December 2017. 
Ethical approval was waived from the Institutional Review 
Board (IRB) office at the establishment.

The ICU consists of 12 beds of MICU and 11 beds of 
SICU, with each having a multidisciplinary team of ICU 
physicians, respiratory therapists, nursing team, clinical 
pharmacists, clinical dietitians, and infectious disease spe-
cialists. The annual admission rate is about 900 per year with 
a bed occupancy of 91.75%.

Patient selection and case definition

MDR A. baumannii will be defined as the isolate resistant to 
at least three classes of antimicrobial agents—all penicillins 
and cephalosporins (including inhibitor combinations), fluo-
roquinolones, and aminoglycosides. All infected adult 
patients above the age of 18 years were admitted to the ICU 
during the study period with a confirmed positive culture of 
MDR A. baumannii during their current admission. All 
patients with previous positive cultures before their admis-
sion to the ICU and all patients with screening cultures were 
excluded. The infectious disease specialists and the microbi-
ology department were involved in the process of patient 
selection and enrollment for the study.

Data collection

Data were collected retrospectively through multiple stages; it 
initially started with a full list of all positive MDR cultures 
from the microbiology department, and then we went through 
the list and identified cases that met the inclusion criteria. We 
ensured that an extensive file review of each case was done 
using both digital base and paper base data and filled out the 
variable data collection sheet over a 6-month period. The final 
data were further reviewed and audited by blinded personnel.

Statistical analysis

We cross-referenced all collected data, and a random selec-
tion of cases was done. We audited and confirmed the 
absence of duplication or missed data. The statistical analy-
sis of collected audited data was done using IBM SPSS soft-
ware v.25. Multiple methods for analysis were used, 
including cross-tabulation, descriptive analysis, and statisti-
cal hypothesis testing depending on the present variables.

Results

From 1 January 2013 until 31 December 2017, we had a total 
of 5864 admissions to our ICU. For those with a diagnosis of A. 
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baumannii, a total of 198 patients were identified with con-
firmed laboratory cultures of A. baumannii. The prevalence of 
A. baumannii is 3.37%, and the overall mortality rate is 40.81%.

Our sample consists mainly of male patients of 68.7% and 
female patients of 31.3%. The mean age of males is 49 years 
and of females is 56 years.

Table 1 shows the baseline characteristics. We divided 
our cohort into survivors and non-survivors. The mean age 
of survivors is less than that of non-survivors, that is, 
44.95 years of age. In terms of comorbidities, 38 non-survi-
vors had hypertension, while 41 out of 80 had diabetes. Prior 
empirical antibiotic use was observed in 22 non-survivors. In 
terms of antibiotic coverage, colistin was given to 65 patients. 
Carbapenems were given to 18 patients, and the combination 
of colistin and carbapenems was given to 22 patients. Other 
characteristics are shown in Table 1.

The working diagnoses leading to ICU admissions mainly 
were community-acquired pneumonia (CAP), hospital-
acquired pneumonia (HAP), and urinary tract infections 
(UTIs). We compared the LOS of A. baumannii–infected 
patients to our general ICU mean LOS during the study 
period. We found that the mean LOS of A. baumannii is 
20.25 days compared to 21.8 days of our ICU mean LOS.

We looked at how colistin and/or carbapenems affect the 
survivability of patients in Table 2. We found that of the 65 
patients taking colistin, 45% survived, while of the 18 
patients taking carbapenems, 72% survived.

Discussion

The resistance of Acinetobacter species to antimicrobial 
agents caused a challenge to healthcare providers especially 
with the use of broad-spectrum antibiotic agents and trans-
mission among patients.20

A report from five European countries showed various 
resistance of Acinetobacter spp. to various agents, including 
imipenem, ceftazidime, amikacin, and others21

The MYSTIC (Meropenem Yearly Susceptibility Test 
Information Collection) program reported that imipenem 
and meropenem were found as the most active agents against 

A. baumannii, with resistance rates of 16% and 18%, respec-
tively. Subsequent data from the MYSTIC program (2006) 
revealed a substantial increase in resistance rates for mero-
penem (43.4%) and imipenem (42.5%).22,23

In our study, the prevalence of 3.37% is considered lower 
when compared with a report from 2010.24 However, up to 
our knowledge, there are no data available on the prevalence 
of A. baumannii MDR in the eastern region of the kingdom 
or other regions as reported by Yaseen M Arabi in his publi-
cation in 2019.25

Looking at the risk factors, a retrospective study of 247 
patients by Dent et al.26 showed that mechanical ventilation 
and previous drug use are important risk factors and showed 
increased mortality rates. In our study, 68.1% were mechani-
cally ventilated before developing MDR and 32.8% had prior 
use of colistin. This goes with what is in the literature about 
the known risk factors of A. baumannii, with mortality due to 
being mechanically ventilated and prior colistin use being 
77.5% and 45%, respectively. An observational study reported 
that A. baumannii is the third most common pathogen associ-
ated with ventilator-associated pneumonia (VAP).27

Looking into our data, it is shown that local practice for treat-
ment, guided by culture results, showed that the use of colistin, 
carbapenems, or the combination of both leads to a higher rate 
of survival of 72% compared to colistin, and the same rate if 
carbapenems were given. This could be due to the high rate of 
resistance of A. baumannii, where the literature also suggests 
the use of colistin as part of empirical coverage in ICU.28

Internationally, novel antimicrobial agents are being inves-
tigated as a potential treatment for highly resistant organisms. 
Isler et al. mention cefiderocol (siderophore cephalosporin) as 
the first of new agents against CRAB to be approved for clini-
cal use. Its definitive effectiveness is to be observed and tested 
in phase III trials currently ongoing. Eravacycline (tetracy-
clines) is another potential emerging agent showing better in 
vitro activity than tigecycline; however, phase III trials are still 
to be done for this possible agent.29 To the best of our knowl-
edge and after contacting local authorities, these agents are yet 
to be available in our region.

This study carries some limitations as the retrospective 
nature of it cannot eliminate the risk of selection bias and did 
not allow to make a better correlation between timing, type, 
and duration of empirical antimicrobial therapy as reported 
risk factors and the exact correlation between resistance and 
clinical outcomes. For the same reason, we could not verify 

Table 1. Baseline characteristics.

Non-survivors 
(N = 80)

Survivors 
(N = 118)

Age (SD) 61.1 (±22.01) 44.95 (± 21.36)
Gender Female 26 36

Male 54 82
Hypertension 38 34
Diabetes 41 33
Mechanically ventilated 62 73
Prior antibiotic usea 22 10

SD: standard deviation.
aPrior antibiotic use.
bCombined colistin and carbapenems.

Table 2. Survival rates of subjects on different types of 
antibiotic regimens.

How many 
patients

Non-
survivors

Survivors

Colistin 65 36 (55%) 29 (45%)
Carbapenems 18 5 (28%) 13 (72%)
Combined 22 13 (59%) 9 (41%)
Others 93 26 (28%) 67 (72%)
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the exact mechanism of resistance of A. baumannii. However, 
as future quality improvement projects in the unit, these vari-
ables were incorporated into the prospectively collected ICU 
database. This initiative laid the groundwork for multiple 
prospective projects that we will investigate, in detail, the 
resistance pattern of MDR A. baumannii in our region and its 
response to the current standard of care. Also, since the 
nature of the study is retrospective, we included all the par-
ticipants as per the inclusion criteria and we did not include 
in our analysis the sample size/power for this study.

Conclusion

MDR A. baumannii is prevalent and can be associated with 
higher mortality. The lack of specific microbiological data 
makes it challenging for critical care and infectious disease 
physicians to manage. Further prospective studies are needed 
to thoroughly investigate and treat A. baumannii infections.
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