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ABSTRACT

الأهداف:  وصف معدل مقاومة عصويّات الأسنيتوبكتر تجاه المضادين 
كوليستين وتيجاسيكلين بين عينات الأسينيتوباكتر السريرية باثنين 

من مستشفيات منطقة الرياض الكبرى خلال فترة عامين متتاليين.

الدقيقة  الأحياء  مختبرات  لسجلات  دراسة  أجريت  الطريقة: 
الأمير  وبمدينة  الأبحاث  ومركز  التخصصي  فيصل  الملك  بمستشفى 
سلطان العسكرية الطبية، الرياض، المملكة العربية السعودية للفترة 
على  للتعرّف  2011م  ديسمبر  إلى  2010م  يناير  من  الممتدة  الزمنية 
بومانياي  الأسينيتوباكتر  جرثومة  منها  المسُتخلص  السريرية  العينات 

المقاومة للمضادين كوليستين وتيجاسيكلين خلال تلك الفترة.

النتائج:  نتج عن البحث في السجلات المذكورة أعلاه مجموع 1307 
الأسينيتوباكتر  بكتريا  منها  أُستخلص  التي  السريرية  العينات  من 
والتي بلغت نسبة مقاومتها إجمالًا لمضادي تيجاسيكلين وكوليستين 
%9.7 و %1.8 من مجموع العينات على التوالي. هذا ولوحظ زيادة 
نسبة المقاومة للتيجاسيكلين بين عينات الأسينيتوباكتر من مستشفى 
الملك فيصل التخصصي من %10.4 في العام 2010م إلى %20.5 في 
العام التالي، بينما ارتفعت نسبة المقاومة تجاه الكوليستين من 2.6% 
إلى %4.7 في الفترة ذاتها. أمّا عن بكتريا الأسنيتوباكتر من مدينة 
مضاد  تجاه  بها  المقاومة  نسبة  ارتفعت  فقد  العسكرية  الطبية  سلطان 
تُسجَل  لم  المعَنيَّين،  العامين  بين   6.6% إلى   1.3% من  تيجاسيكلين 
بها أي حالات مقاوِمة لمضاد الكوليستين. من جهة أخرى، سُجلت 
التخصصي  فيصل  الملك  بمستشفى  للتيجاسيكلين  المقاومة  معظم 
من عينات سريرية من وحدة العناية المركزة، بينما في مدينة الأمير 
سلطان العسكرية الطبية سُجلت المقاومة للتيجاسيكلين حصرياً من 
الأقسام خارج العناية المركزة. هذا ولم يُلحَظ أي تكتّل زمني لبكتريا 

الأسينيتوباكتر في أيّ من المستشفيين خلال فترة الدراسة. 

خاتمة: سُجلت مقاومة الكوليستين و التيجاسيكلين في نسب مُعتبرة 
من  اثنين  من  سريرية  عينات  من  عليها  المتُحصل  الأسنيتوباكتر  من 
مستشفيات الرياض الكبرى خلال العامين مع ازدياد ملحوظ من عام 

إلى الآخر. 

Objectives: To describe the rates and patterns of colistin 
and tigecycline resistance among Acinetobacter baumannii 
(A. baumannii) isolates from clinical specimens from 2 
major hospitals in Riyadh Region over a 2-year period. 

Methods: This is a retrospective review of records of all 
clinical isolates of A. baumannii from the departments 
of microbiology at King Faisal Specialist Hospital and 
Research Center (KFSHRC) and Prince Sultan Military 
Medical City (PSMMC), Riyadh, Kingdom of Saudi 
Arabia for the period from January 2010 to December 
2011. 

Results: Records for 1307 Acinetobacter species isolates 
were identified. The overall tigecycline resistance rates 
were 9.7% and colistin 1.8%. Among Acinetobacter 
isolates from KFSHRC, tigecycline resistance rate 
increased from 10.4% in 2010 to 20.5% in 2011. 
Colistin resistance increased over the same period from 
2.6% to 4.7%. No Acinetobacter isolates from PSMMC 
were reported to be colistin resistant, while tigecycline 
resistance rates increased from 1.3% in 2010 to 6.6% 
in 2011. In KFSHRC, resistance to tigecycline was 
reported significantly more in isolates from samples 
that originated in the intensive care units, whereas in 
PSMMC tigecycline resistance was reported exclusively 
from clinical areas other than intensive care. No temporal 
clustering of Acinetobacter isolates was apparent in either 
hospital over the study period. 

Conclusion: Tigecycline and colistin resistance were 
reported from a considerable proportion of Acinetobacter 
clinical isolates from the study hospitals over a 2-year 
period.
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Acinetobacter species are gram-negative coccobacilli, 
which were first described in 1911 as Micrococcus 

calcoaceticus. Their nomenclature had changed several 
times over the years before they became known 
as Acinetobacter species (Acinetobacter spp.) in the 
1950s.1 The natural habitat for Acinetobacter spp. is 
water and soil, but they have also been isolated from 
foods, arthropods, and the environment.2 In humans, 
Acinetobacter spp. can colonize different body parts 
including the skin and respiratory tract. Some strains 
of Acinetobacter spp. can survive on surfaces for weeks, 
a characteristic that has promoted their transmission 
through environmental contamination in healthcare 
facilities.1 Acinetobacter species infections have long been 
associated with wars and natural disasters. More recently 
however, they have been mostly implicated in outbreaks 
of infections in hospitals, especially in intensive care 
units.3,4 The organism appears to possess an alarming 
ability to accumulate diverse mechanisms of resistance 
leading to the emergence of strains that are resistant 
to many of the commercially available antibacterial 
agents.4 The lack of new antimicrobial agents in 
development complicates the matter even further.5 Of 
great concern to clinicians and medical microbiologists 
are the often difficult to treat and intractable infections 
caused, in particular, by multi-drug resistant strains of 
Acinetobacter. Infections caused by A. baumannii have 
been associated with mortality rates as high as 52% in 
patients with bacteremia and 23-73% in those with 
pneumonia.6 Most strains are resistant to penicillins, 
aminoglycosides, expanded spectrum cephalosporins 
and more recently fluoroquinolones.6 The increased use 
of carbapenem for the treatment of infections caused by 
multi-resistant A. baumannii has resulted in increasing 
resistance to this class of antimicrobial agents.7 It would 
therefore be not surprising to learn that A. baumannii 
were listed by the Infectious Diseases Society of 
America (IDSA) among the 6 top priority dangerous 
microorganisms.5

Infections caused by A. baumannii are not among the 
licensed indications for tigecycline.8 However, several 
in-vitro reports, case series, and cohort studies have 
suggested that tigecycline and colistin may be effective 
in infections caused by carbapenem-resistant strains of 
A. baumannii.9-14 Reduced A. baumannii susceptibility 
to these drugs has recently been reported from several 
countries across the world.15-17 In one study, 78% of 82 

Multidrug-resistant A. baumannii clinical isolates were 
either resistant or only intermediately susceptible to 
tigecycline.18 Unfortunately, A. baumannii resistance to 
colistin has also emerged, thus rendering some isolates 
potentially without any active antimicrobial therapy 
options.17,19 This study aims to determine the prevalence 
of tigecycline and colistin resistance over a 2-year period 
among A. baumannii clinical isolates from patients 
admitted to 2 major tertiary care hospitals in Riyadh, 
Saudi Arabia.

Methods. Isolate collection. A retrospective review 
of microbiology records at the departments of medical 
microbiology at King Faisal Specialist Hospital and 
Research Center (KFSHRC) and Prince Sultan Military 
Medical City (PSMMC), between January 2010 and 
December 2011, inclusive, was conducted to identify 
all clinical isolates of A. baumannii over that time 
period. The clinical isolates were classified according 
to their sample sources and patient locations. King 
Faisal Specialist Hospital and Research Center is a 
major tertiary care center in Riyadh City. Prince Sultan 
Military Medical City, also in Riyadh city, functions as 
an acute care hospital as well as a tertiary referral center 
for all Armed Forces Hospitals in the Kingdom of Saudi 
Arabia.

Inclusion and exclusion criteria. All Acinetobacter spp. 
clinical isolates at KFSHRC and PSMMC during the 
study period from all clinical specimen types (respiratory 
secretions, wound swabs, blood, urine, body fluids and 
deep tissues) were included. All A. baumannii strains 
isolated from surveillance and environmental samples 
were excluded. Duplicate isolates from the same patient 
and the same specimen type were also excluded.

Isolate identification. Samples were processed 
according to the standard laboratory procedures at 
the corresponding site. In the microbiology laboratory 
of KFSHRC, A. baumannii were identified on the 
basis of a combination of staining characteristics, 
colonial morphology, cytochrome oxidase reaction and 
automated identification system, VITEK 2 System 
(bioMerieux, Marcy l’Etoile, France). An overnight 
growth on blood agar of pure colonies is suspended 
in sterile saline to 0.5 McFarland Standard turbidity. 
The suspension is applied onto an ID GN Card N114 
(bioMerieux, Marcy l’Etoile, France) and a result is 
obtained on VITEK 2 (bioMerieux, Marcy l’Etoile, 
France) within 8-12 hours. In the microbiology 
laboratory of PSMMC, isolates were identified on the 
basis of the their appearance on Gram stain, colonial 
morphology, cytochrome oxidase reaction, and by the 
API-NE kit (bioMerieux, Marcy l’Etoile, France). Pure 
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colonies obtained after overnight incubation on blood 
agar are suspended in sterile saline to 0.5 McFarland 
Standard and inoculated onto an API 20-NE kit 
(bioMerieux, Marcy l’Etoile, France). Results are 
available in 18-24 hours. 

Antimicrobial susceptibility testing. In the 
microbiology laboratory of KFSHRC, colistin and 
tigecycline susceptibility testing is performed on 
VITEK 2 (bioMerieux, Marcy l’Etoile, France) inocula 
prepared by suspending colonies from overnight blood 
agar plates in sterile saline to the turbidity of a 0.5 
McFarland standard. E-test strips (bioMerieux, Marcy 
l’Etoile, France) were used to verify colistin resistance in 
clinically significant multidrug-resistant Acinetobacter 
isolates for which no other therapeutic options were 
available. Colonies of the isolate being tested were 
suspended in sterile saline, adjusted to the density of 
a 0.5 McFarland standard, and streaked in 3 directions 
onto Mueller-Hinton agar plates (Saudi Prepared 
Media Laboratory, Riyadh, Saudi Arabia). Once the 
agar surface was completely dry, a colistin E-test strip 
(ranging from 0.06 to 1,024 mg/L) was applied onto it 
and the plate was incubated at 35°C for 18-24 hours. 
The minimum inhibitory concentration (MIC) is where 
the inhibition of growth intersected the E-test strip. 
As per Clinical and Laboratory Standards Institute 
(CLSI) recommendations, isolates with an MIC of 
≤2 mg/L are considered susceptible (S) and those 
with MIC of >4 mg/L are considered resistant (R).20 
Tigecycline breakpoints were those recommended by 
the pharmaceutical product labelling in which isolates 
with an MIC of ≤2 mg/L are considered susceptible. 
In PSMMC Microbiology Department, colistin 
susceptibility testing was performed on Microscan 
automated system (Siemens, Sacramento, California). 
Resistant isolates were confirmed by E-test strips 
(bioMérieux, Marcy l’Etoile, France) following the 
same procedure and CLSI breakpoints as described 
above. Tigecycline breakpoints are also the same as cited 
earlier. 

Ethical and the confidentiality consideration. An 
informed consent waiver form was completed and 
signed by the principle investigator. The confidentiality 
of the data was maintained by giving each clinical isolate 
a serial accession code number to preserve patient’s 
privacy. The study was approved by the corresponding 
research ethics committees at KFSHRC & PSMMC.

Statistical analysis. Chi-square-test using the 
Statistical Package for Social Sciencs (IBM-SPSS Version 
13, Chicago, USA) was used; differences resulting in P 
values of <0.05 were considered statistically significant. 

Results. There was a total of 1,307 clinical isolates 
of A. baumannii from the 2 study hospitals over the 
2-year period, including 610 isolates from KFSHRC 
and 697 isolates from PSMMC. Overall, the most 
common clinical source for the isolates was the 
respiratory tract (33%) followed by wounds (22.5%), 
blood (18.4%), and urine (12.5%). Cultures of other 
clinical samples, such as sterile body fluids, vascular 
catheter tips, and tissue samples contributed 13.7% of 
the isolates (Table 1). 

Colistin and tigecycline resistance rates among 
all A. baumannii clinical isolates from the 2 hospitals 
were 1.8% and 9.7%, respectively (Table 2). There were 
however considerable differences in resistance rates and 
patterns between the 2 hospitals. Tigecycline resistance 
rate in A. baumannii from KFSHRC was almost 4 
times higher than that in PSMMC (16.1% versus 
4.2%). Remarkably, over the 2-year study period, rates 
of A. baumannii tigecycline resistance almost doubled 
(from 10.4 to 20.5%) in KFSHRC and increased 
by almost 5 folds (from 1.3 to 6.6%) in PSMMC. 
Moreover, colistin resistance was reported in 3.8% 
of all KFSHRC isolates; showing again a substantial 
increase over the 2-year period (from 2.6 to 4.7%). No 
colistin resistance was reported in any of the PSMMC 
A. baumannii isolates included in this study (Figure 1). 
Another interesting observation is the location of the 
patients from whom the resistant A. baumannii strains 
were isolated. In KFSHRC, colistin resistance rates were 

Table 2 -	Colistin and tigecycline resistance rates among the study 
isolates by the study site (N=1307 isolate).

Variables KFSHRC 

 (610 isolates)
n (%)

PSMMC 

 (697 isolates)
n (%)

Total
 (1307 isolates)

n (%)
Colistin resistance 23   (3.8)  0    (0)   23 (1.8)
Tigecycline resistance 98 (16.1) 29 (4.2) 127 (9.7)

 KFSHRC - King Faisal Specialist Hospital & Research Center, 
PSMMC - Prince Sultan Military Medical City

Table 1 -	Acinetobacter baumannii isolates from the 2 study sites by the 
sample type (N=1307 isolates).

Type of specimen      KFSHRC
(610 isolates)

   n    (%)

    PSMMC
(697 isolates)

    n   (%)

  Total
(1307 isolates)

  n    (%)
Respiratory tract 270  (44.3) 161  (23.1) 431  (33.0)
Wounds 124  (20.3) 170  (24.4) 294  (22.5)
Blood 99  (16.2) 141  (20.2) 240  (18.4)
Urine 80  (13.1) 83  (11.9) 163  (12.5)
Other 37  (6.1) 142  (20.4) 179  (13.7)
Total 610  (46.7) 697  (53.3) 1307  (100)

KFSHRC - King Faisal Specialist Hospital & Research Center, 
PSMMC - Prince Sultan Military Medical City
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Table 3 -  Acinetobacter baumannii colistin and tigecycline resistance rates by patient location.

Isolates Hospital/location
KFSHRC*

(610 isolates)
n  (%)

PSMMC†

(697 isolates)
n  (%)

ICU
(226 isolates)

Non-ICU
(384 isolates)

P-value ICU
(171 isolates)

Non-ICU
(526 isolates)

P-value

Colistin resistant isolates  11   (4.9) 12 (3.1)   0.282 0 (0)  0   (0) Not applicable
Tigecycline resistant isolates  63 (27.9) 35 (9.1) <0.001 0 (0) 29 (5.5) <0.001

KFSHRC - King Faisal Specialist Hospital & Research Center,  PSMMC - Prince Sultan Military Medical City

Figure 1 -	Colistin and tigecycline resistance rates by hospital and year 
isolated. *Tigecycline resistant isolates from Prince Sultan 
Military Medical City (PSMMC), ‡Tigecycline resistant 
isolates from King Faisal Specialist Hospital & Research 
Center (KFSHRC), §Colistin resistant isolates from KFSHRC 
(colistin resistance was not reported in any isolates from 
PSMMC)

Figure 2 -	Number of tigecycline or colistin resistant (COL-R) Acinetobacter baumannii  isolates 
by the study site and month. *Tigecycline resistant (TIG-R) isolates from Prince Sultan 
Military Medical City (PSMMC), ‡Tigecycline resistant isolates from King Faisal 
Specialist Hospital & Research Center (KFSHRC), §Colistin resistant isolates from 
KFSHRC (colistin resistance was not reported in any isolates from PSMMC)

not significantly different amongst isolates from ICU 
and non-ICU patients (4.9% versus 3.1%, p=0.282), 
whereas tigecycline resistance in ICU was more than 3 
times as much as that seen in isolates from non-ICU 
areas (27.9% versus 9.1%, p<0.001). In contrast, 
neither colistin nor tigecycline resistance were reported 
in any of the PSMMC ICU isolates, while tigecycline 
resistance was seen exclusively in non-ICU isolates 
(Table 3). There was no apparent temporal clustering of 
colistin or tigecycline resistance in either site (Figure 2).

Discussion. This is the first report of colistin and 
tigecycline resistance amongst clinical A. baumannii 
isolates from the Kingdom of Saudi Arabia. We report 
overall A. baumannii colistin and tigecycline resistance 
rates from the 2 major hospitals in Riyadh Region over 
a 2-year period of 1.8% and 9.7%. Resistance appeared 
to increase in both hospitals from one year to the next 
with significant differences in rates and patterns. Higher 
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resistance rates have been reported from different parts 
of the world. For examples, tigecycline resistance 
rates ranging from 9.5% to 66% were reported in 
A. baumannii from the Arabian Gulf region, the Far 
East and South America.18,21-23 Similarly, A. baumannii 
colistin resistance rates of 1% have been reported from 
Taiwan,21 12% from Kuwait,22 and 27.9% from Korea.24 
The long-term use of colistin and tigecycline may result 
in selection of resistant strains effected through hetero-
resistance in the former and hyper expression of the 
efflux pump in the latter.17,19,25 A significantly higher 
proportion of A. baumannii isolates from patients in 
intensive care units (ICU) at KFSHRC were resistant to 
tigecycline than those isolated from non-ICU patients.
Colistin resistance was slightly higher in ICU isolates 
than in non-ICU isolates, but the difference was not 
statistically significant. This can probably be partly 
explained by the more extensive use of broad-spectrum 
antimicrobials in ICU and the concentration of patients 
with more complex medical problems in such clinical 
areas. The opposite was however noted in PSMMC, 
where tigecycline is used infrequently in ICU and hence 
all Acinetobacter isolates resistant to this agent were 
isolated from non-ICU patients. Colistin resistance was 
not reported in any Acinetobacter isolate from PSMMC 
patients over the study period. The exact explanation 
for this is uncertain. It is of note however that KFSHRC 
functions almost exclusively as a tertiary referral center, 
regularly receiving patients who had spent long times 
as inpatient in other healthcare facilities across the 
Kingdom. Prince Sultan Military Medical City on the 
other hand provides acute as well as tertiary healthcare 
services to hospitals within the Medical Services 
Department of the Ministry of Defence. The patient 
population therefore reflects both acute unselected 
admissions in addition to patients with complex medical 
and surgical problems requiring highly specialized care. 

This study has a number of limitations including 
those related to the considerable technical difficulties 
associated with tigecycline and colistin susceptibility 
testing. The disc diffusion method has been found to 
be inaccurate and not reproducible for colistin and 
tigecycline susceptibility testing of A. baumannii.26 Agar 
dilution and broth microdilution are considered the gold 
standard susceptibility test methods for this organism. 
Both are cumbersome to perform and impractical to 
implement as routine tests in clinical laboratories.20,26 
E-test was used by both laboratories to verify colistin 
and tigecycline resistance. It has been known however 
that determining the exact MIC for colistin at the lower 
ranges (<0.5 mg/L) can be difficult due to the narrow 
angle of intersecting lines attributed to poor agar 

diffusion of colistin.27 Kulah et al28 found that results of 
A. baumannii colistin susceptibility testing using E-test 
methodology agreed with only 75.8% of those obtained 
using broth microdilution. Another contentious issue is 
the reported effect of the manganese concentration in the 
test media on MICs determined by E-test methodology. 
Tigecycline MICs determined on Mueller-Hinton agar 
containing manganese at concentrations higher than 
8 mg/L may produce falsely elevated MICs, a problem 
which may occur if testing is performed on standard 
media.29 Furthermore, when compared with broth 
microdilution, determining tigecycline MICs by E-tests 
can result in overestimation of nonsusceptibility.30 
Neither laboratory subjected their apparently resistant 
Acinetobacter isolates to reference laboratory testing; 
hence the rates reported cannot be considered certain. It 
is noteworthy that neither the CLSI nor the European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST) have any published MIC breakpoints 
for Acinetobacter spp. susceptibility testing against 
tigecycline.20,31 Clustering or outbreaks of infections 
caused by a limited number of resistant strains may 
result in over estimation of overall resistance rates. No 
obvious temporal clustering among the resistant isolates 
was noted in this study. Such a possibility cannot 
however be categorically excluded unless the strains 
are subjected to discriminatory epidemiological typing 
techniques. 

In conclusion, we report tigecycline and colistin 
resistance rates among Acinetobacter spp. clinical 
isolates from 2 major Riyadh hospitals. The report 
highlights some of the technical challenges surrounding 
antimicrobial susceptibility testing, especially those that 
might have contributed to the results described here.  
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