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Abstract
Nosocomial bacteremia caused by Acinetobacter baumannii is of increasing concern in critically ill patients. 
there is a world-wide increase in the emergence of multidrug-resistant (MDR) A. baumannii to antimicrobials. 
therefore we conducted this study to evaluate the resistance pattern of A. baumannii in patients with bacteremia. 
this is a retrospective study conducted in a tertiary hospital in Saudi Arabia. During the period from April 2006 
till April 2010, data for A. baumannii isolated from blood were collected. Multidrug resistant A. baumannii was 
defined as resistance to three or more classes of antibiotics. 

We found 191 isolates of A. baumannii from blood. the majority of cases were reported in surgical ICU 
(40.8%).  the highest resistance rates to antimicrobials were reported for cefepime (73.8%) and piperacillin / 
tazobactam (72.3%), followed by ciprofloxacin (68%), and gentamicin (66%).  Resistance rates were also high 
to imipenem (61.3%) and meropenem (60.7%). low rates of resistance to colistin (0.5%) and to tigecycline 
(3.9%) were observed. MDR was observed in 132 (69%) of the A. baumannii isolates and 104 (78.8%) of these 
MDR strains showed sensitivity only to colistin and tigecycline.

Bacteremia due to A. baumannii was the highest in surgical ICU. the emergence of MDR A. baumannii is 
increasing and the resistance rates to carbapenems are alarming. Urgent measures are in need to slow the 
development of MDR AB. We recommend encouraging clinicians for strict adherence to infection control 
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policies, enhancement of ongoing antimicrobial stewardship program and restrictive use of recommended 
antibiotics according to susceptibility testing and local guidelines.  In-house surveillance is needed for the 
detection of resistance rates particularly MDR A. baumannii. 
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Acinetobacter baumannii; Cross infection and drug therapy; Bacterial infections and drug therapy; Drug 
resistance, multiple; Carbapenems and therapeutic use 

Introduction
Members of genus Acinetobacter are heterogenous 
group of non-fermentative, gram-negative coccobacilli 
which have been grown from different human sources 
and are widespread in the environment.1 the most 
important species from this genus is Acinetobacter 
baumannii which has emerged in recent years as a 
major cause of healthcare-associated infection (HAI) 
and are responsible for serious nosocomial infections 
especially in intensive care units.2,3 this bacteria 
present a challenge to Infection Control Department at 
hospitals since it can be found anywhere in the hospital 
environment with ability to survive for prolonged 
periods thus potentiating its ability for nosocomial 
spread.4 Similarly, A. baumannii infections present a 
challenge to clinicians since the organism can rapidly 
acquire antimicrobial resistance.3 Clinical infections 
include pneumonia, bacteremia, meningitis, surgical 
site infections, skin infections, and catheter-related 
and urinary tract infections.5 the impact of healthcare-
associated bloodstream infection on the outcome 
of critically ill patients has been extensively studied 
with documented mortality rate ranging from 19% 
to 35%.6,7  A. baumannii has been reported to be a 
leading cause of nosocomial bloodstream infections in 
the intensive care unit (ICU).6,7 Risk factors correlated 
with bloodstream infections in ICU include patients 
with: immunosuppression, unscheduled admission, 
respiratory failure at admission, and previous 
antimicrobial therapy. Previous sepsis in ICU and the 
number of invasive procedures were also related to the 
development of A. baumannii bacteremia in this unit.8

A. baumannii can rapidly acquire antimicrobial-
resistance genes and thus become multidrug 
resistant.9,10 the carbapenems (imipenem, meropenem, 
and doripenem) are among the drugs of choice for 
treatment of these multidrug-resistant A. baumannii 

infections.11 However, carbapenem resistance is 
increasingly reported and has become a significant 
public health concern.12-14 Among the risk factors for 
infection with resistant A. baumannii is the widespread 
usage of these broad-spectrum antibiotics that has 
accelerated the evolution and spread of multidrug-
resistant (MDR) bacteria.9 the worldwide increase 
in the incidence of MDR isolates is associated with 
increased mortality.3,9 Most reports supported the fact 
that antibiotic resistance gene is the major molecular 
basis for drug resistance and the genetic mobile 
elements in the rapid acquisition of multiple antibiotic-
resistance genes, like transposon and integron.14  

In Saudi Arabia, there have been only few studies 
published on bacteremia caused by A. baumannii. these 
reports have shown the incidence and some risk factors 
for infection as well as antimicrobial susceptibility of 
this bacterium.15,16 Al-Tawfiq and Mohandhas reported 
the changing pattern of sensitivity to antimicrobial 
drugs in terms of the increase of resistance over the 
years.16 the changes in the incidence and aetiology 
of bacteraemia in hospitals are well documented. 
Sentinel surveys of bacteraemia in major hospitals 
should be conducted in order to detect the changing 
patterns of bacteraemia and antibiotic sensitivity of 
pathogens. We conducted this retrospective study to 
evaluate the rate of resistance of A. baumannii causing 
bacteraemia to the currently used antimicrobial drugs 
to treat this infection. In addition, to evaluate the 
prevalence of multidrug-resistant isolates recovered 
from blood sample in a tertiary care hospital in Riyadh, 
Saudi Arabia. 

Materials and Methods
All blood culture positive for A. baumannii and their 
in vitro sensitivity to antibiotics were included for 
the period from April 2006 to April 2010. For each 
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Table I. Co-infecting bacteria in 64 patients 
patient the result of one blood culture was considered. 
Bacteria were identified to the species level, and 
antimicrobial susceptibility testing was done with an 
automated microbiology system (Phoenix; BD). The 
following antimicrobial agents were tested by the 
minimum inhibitory concentration method with the 
Phoenix system: cefepime, piperacillin/tazobactam, 
ciprofloxacin, gentamicin, imipenem, meropenem, 
colistin. Quality control was performed by testing 
these same antimicrobials against reference strains of 
bacteria. the antimicrobial susceptibility of tigecycline 
was tested by Kirby-Bauer disk diffusion method 
(Oxoid, UK). When the result of the susceptibility 
testing comes as intermediate or resistant for Colistin or 
tigecycline, an e-test was done for conformation (AB 
BIODISK, Sweden). the results of the antimicrobial 
susceptibility tests were interpreted according 
to the guidelines of the Clinical and laboratory 
Standards Institute (formerly the National Committee 
for Clinical laboratory Standards).17 In this study, 
multidrug resistance in A. baumannii was defined as 
resistance to 3 or more of the following antibiotics: 
antipseudomonal penicillins, antipseudomonal 
cephalosporins, antipseudomonal fluoroquinolones, 
aminoglycosides, and carbapenems.18,19

Results
From April 2006 to April 2010, a total of 191 isolate of 
A. baumannii were recovered from blood cultures. the 
total number of patients in this study was 191 patients, 
of which 160 (83.8%) were adult and 31 (16.2%) of 
paediatric age group, and 83 (43.5%) were females 
and 108 (56.5%) were males. the prevalence of A. 
baumannii in blood was mostly reported in patients 
in critical care units and the highest occurrences were 
reported with patients in main surgical intensive care 
unit (ICU) (40.8%). this was followed by Oncology 
unit (9.9%), Cardiac care unit (CCU) (8.4%), Paediatric 
intensive care unit (PICU) (7.3%),  Neonatal intensive 
care unit (NICU) (6.9%), Neurology unit (4.7%), Main 
emergency unit (2.6%), and 19.4% were recovered 
from different units in the hospital. Of the total 191 
A. baumannii isolates, 127 (66.5%) were recovered 
from blood as pure culture. the frequency and type of 
the other bacteria recovered from mixed cultures are 
shown in table I. 

A. baumannii showed high resistance rates to most 
of the tested antimicrobial drugs as shown in Figure 
1.  the total highest reported rates of resistance 
were for cefepime (73.8%) and piperacillin/
tazobactam (72.3%), followed by ciprofloxacin 
(68%), and gentamicin (66%). the rates of resistance 
to carbapenems were also high reaching (61.3%) for 
imipenem and (60.7%) for meropenem. the rates of 
resistance to colistin (0.5%) and to tigecycline (3.9%) 
were much lower in comparison to carbapenems. the 
full range of the annual antimicrobial susceptibility 
rate of A. baumannii to the tested antimicrobial drugs 
is shown in table II.  the trend of the annual pattern of 
resistance to antimicrobial drug is shown in Figure 2. 
MDR A. baumannii was reported in 132 (69%) of the 
total number of isolates (191). table III demonstrates 
the distribution of MDR and non-MDR isolates by 
year. From these 132 MDR isolates, 104 (78.8%) 
showed sensitivity only to colistin and tigecycline, 11 
(8.3%) showed sensitivity only to colistin, 11 (8.3%) 
showed sensitivity only to carbapenems, colistin and 
tigecycline. there was one (0.75%) isolate which was 
resistant to all tested antimicrobials and only sensitive 
to tigecycline (data not shown).

Discussion
A. baumannii has emerged as one of the most 
troublesome pathogens for health care institutions 
globally, targeting the critically ill hospitalized 
patients.9 In this study, we retrospectively reviewed 

Type of bacteria No. of isolates

Chryseomonas luteola 1

Enterbacter cloacae 2

Enterobacter aerogenes 2

Enterococcus faecalis 14

Enterococcus faecium 5

Escherichia coli 7

Klebsiella pneumoniae 13

Morganella morganii 2

Pseudomonas aeruginosa 12

Stenotrophomonas maltophilia 6

Total 64
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Antibiotic 2006 
(n=14)
N (%)

2007 
(n=50)
N (%)

2008 
(n=59)
N (%)

2009 
(n=52)
N (%)

2010 
(n=16)
N (%)

Cefepime R 8 (57.2)
I  1 (7.1)

S  5 (35.7)

R 36 (72)
I  1   (2)

S 13 (26)

R 42 (71.2 )
I   3   (5.1)
S  14(23.7)

R 44 (84.6)
I  4 (7.7)
S  4 (7.7)

R 11 (68.8)
S  5  (31.2)

Piperacillin / 
Tazobactam

R 7 (50)
I  1 (7.1)

S 6 (42.9)

R 36 (72)
S 14 (28)

R 40 (67.8)
I  3   (5.1 )
S 16 (27.1)

R 45 (86.5)
I  3 (5.8)
S  4 (7.7)

R 10 (62.5)
S   6 (37.5)

Gentamicin R  8 (57.1)
S  6 (42.9)

R 33 (66)
I   1  (2)

S 16 (32)

R 38 (64.4)
I   4 (6.8)

S 17 (28.8)

R 38 (50)
I  2   (7.1)

S 12 (42.9)

R  9 (56.2)
I   1 (6.3)

S   6 (37.5)

Ciprofloxacin R 7 (50)
S 7 (50 )

R 34 (68)
S 16 (32)

R 38 (64.4)
I   1  (1.7)

S  20 (33.9)

R 40 (77)
S 12 (23)

R 10 (62.5)
I   1  (6.2 )
S  5  (31.3)

Imipenem R  3  (21.4)
I   1  (7.1)

S 10 (71.5)

R 29 (58)
I   5  (10)
S  16 (32)

R 35 (59.3)
I   1 (1.7)
S 23 (39)

R 40  (77)
I   2  (3.8)

S  10 (19.2)

R 10 (62.5)
S  6  (37.5)

Meropenem R 3 (21.4)
I 2 (14.3)
S 9 (64.3)

R  28 (56)
I   5 (10)
S 17 (34)

R 35 (59.3)
I   3   (5.1)

S  21 (35.6)

R 40 (77 )
I   2  (3.8)

S 10 (19.2)

R 10 (62.5)
S   6 (37.5)

Colistin S 14 (100) S   50 (100) S  59 (100) R  1 (1.9)
S 51 (98.1)

S 16 (100)

Tigecycline NA NA R 2    (3.4)
I  1   (1.7)

S 56 (94.9)

R  1 (1.9)
I   1  (1.9)

S 50 (96.2)

R 2 (12.4 )
I  3  (18.8)
S 11 (68.8)

Table II. Annual antimicrobial susceptibility rate of A. baumannii recovered from patients  
from April 2006 to April 2010

R: resistant, I: intermediate resistance, S: sensitive, NA: not applicable since it was not tested.

Year MDR 
n=132(%)

Non-MDR 
n=59(%)

Total
n (%)

2006 8   (57) 6   (43) 14 (100)

2007 32 (64) 18 (36) 50 (100)

2008 40 (67.7) 19 (32.3) 59 (100)

2009 42 (80.7) 10 (19.3) 52 (100)

2010 10 (62.5) 6 (37.5) 16 (100)

Total 132 (69) 59 (31) 191(100)

Table III. Distribution of MDR and non-MDR  
A. baumannii isolates by years

the antibiotic susceptibility of A. baumannii causing 
bacteraemia in our hospital. Over around four years, 
191 case of bacteraemia due to A. baumannii have 
been reported at our hospital. Bacteraemia caused 
by A. baumannii was reported in adult group (82.2%) 
as well as in paediatric age group (15.8%). Invasive 
Acinetobacter infections is mostly health-care 
associated which may manifest as bacteraemia in 
adults, and usually as bacteraemia and/or meningitis in 
paediatric age group.5,9,20,21 Our results demonstrated 
that the majority of cases of bacteraemia were observed 
in critically ill patients, being the highest with patients 
in the surgical ICU. the oncology unit and CCU 
reported the next most common occurrence of A. 
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Figure 1. Resistance patterns of A. baumannii to antimicrobial agents
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Figure 2. Annual resistance pattern of A. baumannii to antimicrobial agents
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baumannii bacteraemia. this observation is consistent 
with other studies where they demonstrated that the 
highest occurrences of Acinetobacter spp. infections 
were from surgical ICU.8,9,22 
 
In this study, it has been observed that A. baumannii 
was isolated either as a pure culture of bacteria, or as 
mixed culture with concomitant growth of other type 
of bacteria isolated from blood samples of our patients. 
Bacteria causing the co-infection were of both gram-
negative and gram-positive.  this is consistent with 

other reports were co-infection with AB has been 
reported in different sites of the body.9,22 this type 
of co-infection may add to the burden of antibiotic 
resistance of these bacteria. However, Dent et al., 
demonstrated that this co-infection did not increase 
the mortality rate.9

Acinetobacter have the ability to develop resistance 
rapidly, and this has been observed particularly for 
carbapenems in different parts of the world.23-25 A 
number of antimicrobial resistance mechanisms 
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have been implicated. these include chromosomally 
encoded ß-lactamase (particularly AmpC 
cephalosporinase), OXA ß-lactamases, metallo- 
ß-lactamases, efflux pump and integrons.1,12 A major 
problem of MDR A. baumannii is the extended 
resistance to aminoglycoside as well as quinolone 
groups. In this study, high resistance levels of A. 
baumannii to the commonly used antibiotics has 
been observed. the highest was for cefepime, 
followed by piperacillin / tazobactam, ciprofloxacin, 
gentamicin, imipenem, and meropenem respectively. 
In a recent study, authors reported that the increase in 
consumption of carbapenem was significantly related 
to the development of resistance in A. baumannii 
to imipenem and meropenem.26 they also reported 
that high consumption of carbapenem has been 
associated with resistance to piperacillin/tazobactam, 
ceftazidime, cefepime, amikacin, and levofloxacin.26 
this high level of resistance to antibiotics observed 
in our study was not reported before in Saudi Arabia. 
Babay et al. in 2003 reported 100% susceptibility of 
A. calcoaceticus-baumannii complex to imipenem 
and around 69% for gentamicin, ceftazidime and 
ciprofloxacin.15  A later study conducted by Al-
Tawfiq and Mohanhas, who evaluated the resistance 
pattern of A. calcoaceticus-baumannii complex at 
one hospital in Saudi Arabian, reported the maximum 
rates of resistance of 74.4% for ceftriaxone followed 
by 38.3% for imipenem.16 Moreover, they found an 
association of increasing resistance of this bacteria 
with the use of these antibiotics over the years. Higher 
and more alarming resistance rates came from a study 
conducted in Jordan.27 they reported that around 70% 
of isolates of A. baumannii were resistant to imipenem 
and meropenem.

An increasing prevalence of infections caused by 
MDR A. baumannii isolates has been reported in 
many countries.3,9,12,13,28,29 the emergence of MDR A. 
baumannii usually complicates treatment and leave 
clinicians with limited options.  In this study, we 
found an increasing proportion of MDR A. baumannii 
isolates with years starting from 2006 till the end 
of 2009. A lower proportion of MDR was reported 
for the year 2010 after the alarming increase in the 
proportion of MDR in the year 2009. this might be 
explained by the fact that those reported for the year 
2010 represent a period of 4 months only of this year. 

Our study was designed to collect data for four years 
and since the hospital started functioning April 2006, 
we collected data till April 2010. this could be one of 
the limitations in which the data in the year 2010 were 
not completed for the whole year. A comparative rate 
of MDR A. baumannii has been reported by Dent et 
al.9 Using the same definition for MDR, they reported 
that 72% of A. baumannii isolates, recovered from 164 
patients were MDR.9 In germany, a similar rise in the 
numbers of MDR A. baumannii has been observed 
in four different hospitals.19 However, percentages 
reported in their study were much lower than the ones 
reported at our hospital. the cause of high rates of 
MDR strains observed in our study is not exactly known 
since the study design does not enable us to have an 
answer for this observation. However, one study has 
demonstrated that high resistance rates to imipenem 
and carbapemen were significantly correlated with 
resistance rates to ß-lactams, aminoglycosides and 
fluoroquinolones.26 Our study has several limitations 
which include: the percentages reported for resistance 
of A. baumannii to colistin and tigecycline could be 
affected by the fact that we did not start using or testing 
these antibiotics before the year 2008. the design of 
this study was a retrospective one and the limitations 
with this kind of study are well documented.30

In conclusion, A. baumannii is developing resistance 
to antibiotics extremely rapidly. This study highlighted 
the high and alarming resistance pattern of A. 
baumannii causing bacteraemia to the currently used 
antibiotics, particularly to carbapenems. Results from 
our study suggest encouraging clinicians for strict 
adherence to infection control policies and procedures 
(especially those of hand hygiene) with particular 
vigilance needed by the surgical team in surgical 
ICU to prevent outbreaks. In addition, enhancement 
of the antimicrobial stewardship program in the 
hospital which started in 2008 (the committee include 
multidisciplinary team of clinicians from infectious 
disease, infection control, microbiology specialties 
and clinical pharmacy). A more restrictive use of 
recommended antibiotics according to susceptibility 
testing and local guidelines is also required in order 
to slow the development of bacterial resistance. 
National multicenter studies are also encouraged 
to show the size of the problem of A. baumannii 
resistance to antimicrobials. the use of molecular 
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methods to determine the resistance mechanisms 
involved in specific antimicrobial susceptibility profile 
is becoming a necessity. these will be of great help in 
establishing the local antibiotic and infection control 
policies in hospitals. 
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