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Abstract
Objective: To evaluate the microbiological spectrum and susceptibility pattern of pathogens in intensive care unit
(ICU) and intermediate care unit (IMCU) in a single medical center from June 2011 to May 2012.
Study Design: Prospective descriptive study.
Place and duration of study: The study was carried out at the Department of Microbiology, King Abdullah
Hospital Bisha, Kingdom of Saudi Arabia over a period of 12 months from June 2011 to May 2012.
Materials and Methods: Antibiotic in vitro susceptibility data of predominant ICU and IMCU isolates during
2011–12 were analyzed using WHONET program.
Results: 335 Clinical isolates were analyzed. The frequencies of Gram-positive and Gram negative bacteria were
15 % and 85% respectively. Acinetobacter spp, Klebsiella species and Pseudomonas species were the most common Gram
negative isolates, while Staph. aureus and Coagulase-negative staphylococci (CoNS) were the two leading Gram
positive isolates. 81 % Acinetobacter spp were found Multidrug- Resistant. Three Acinetobacter spp were found pan
resistant. Extended-spectrum beta-lactamase (ESBL) producing Klebsiella Pneumoniae accounted for 57 % of all
Klebsiella species isolates. 29% Pseudomonas aeruginosa were found resistant to Imipenem.
Conclusion: The high incidence of reduced antibiotic susceptibility among Gram negative bacteria in ICUs
suggests that more effective strategies are needed to control the selection and spread of resistant organisms.
Key words: Drug resistance, Intensive care units, Susceptibility Patterns
For some pathogens there are few therapeutic options
available, e.g., extended spectrum β-lactamase (ESBL)producing gram-negative bacteria and MDRAcinetobacter. Awareness of these problems has been
underscored with data from a number of surveillance
studies aimed at improving the use of empiric therapy.
In the United States there have been several national
programs, which have focused on both the etiology of
infections and resistance patterns of nosocomial or ICU
infections including the National Nosocomial Infections
Surveillance (NNIS) 4now known as National
Healthcare Safety Network (NHSN).
More than 20% of patients admitted to European
intensive care units (ICUs) develop an ICU acquired
infection. A high prevalence of decreased antibiotic
susceptibility among gram-negative bacilli has been
reported from ICU patients in France, Belgium, and
Germany, during 1990 and 1991, the United States
between 1990 and the 1993, and Belgium and Sweden
during 1994 and 1995.5

Introduction
Antimicrobial resistance has emerged as an important
factor in predicting outcomes and overall resource use
after infections in intensive care units. Globally ICUs
are encountering emergence and spread of antibioticresistant pathogens and for some pathogens there are
few therapeutic options available.1
Previous epidemiological studies have focused
primarily on 2 common Gram positive antimicrobial
resistant organisms; Methicillin-resistant Staph aureus
(MRSA) and Vancomycin-resistant Enterococcus (VRE).
2

Spellberg et al showed that multi drug resistance
(MDR) among Gram-negative bacteria is becoming
even a greater problem in health care facilities3.
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The emergence of MDR bacteria is an increasing
problematic cause of health care associated infections in
ICUs, not only due to increased morbidity and
mortality, but also due to increased treatment costs as
result of frequent empirical failure and lengthy hospital
stay.6
Key factors in the management and prevention of MDR
bacteria include rational use of antibiotics, hand
hygiene, single-use items for individual patients,
isolation of patients infected with resistant isolates,
environmental cleaning, surveillance, active patient
and resource management and education. 7, 8
This study using WHONET program reports the
antimicrobial resistance profiles of bacterial isolates
from ICU and IMCU patients during the period 2011–
2012.
These surveillance programs help to maintain current
knowledge of local susceptibilities and relevant
treatment options.

hours. For blood culture 5-10 ml of blood for adult and
1-5 ml for children and was collected. Blood cultures
were processed using the BACTEC 9240 blood culture
system (Becton Dickinson, Maryland, USA). If growth
is displaced as positive, then it is sub-cultured on
appropriate media. Organism’s identification and
antibiotic susceptibility testing were done by using BD
Phoenix Automated Microbiology system (Becton
Dickinson, Maryland, USA). The ID portion of the
Phoenix panel utilizes a series of conventional,
chromogenic and fluorogenic biochemical tests to
determine the identification of the organism. The
Phoenix AST method is a broth based microdilution
test. The Phoenix system utilizes a redox indicator for
the detection of organism growth in presence of an
antimicrobial agent Repeat isolates were not included
in this analysis. Clinical Laboratory Standards (CLSI)
interpretive criteria were used for susceptibility results.
Susceptibility testing was performed using the
modified Kirby- Bauer disk diffusion method by using
Muller Hinton Agar for antibiotics, which were not on
the Phoenix panels (colistin, and tigecycline). The
results were expressed as susceptible/resistant
according to Clinical Laboratory Standards (CLSI)
interpretive criteria. Presence of Extended-spectrum
beta-lactamase (ESBL) was suggested by resistance to a
third
generation
cephalosporins
(cefotaxime,
ceftriaxone or ceftezidime) in Phoenix Automated
system. Quality control was performed by using
reference strains of Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa
ATCC 27853 to confirm consistency of materials,
methods, and results.
WHONET Version 5.6 was used for compilation and
calculation of data.
Definition of Resistance: MDR for Gram-negative
organisms was defined as resistance to three or more
classes of antimicrobial agents, while pan-drug
resistant strains are those which showed resistance to
all classes.9The MDR strains of Mycobacterium
tuberculosis were not addressed in this study.

Material and Methods

The study was carried out at the Department of
Microbiology, King Abdullah Hospital, Bisha over a
period of 12 months from June 2011 to May 2012.
King Abdullah Hospital, Bisha, is a 400-bed referral
center in Bisha region in Kingdom of Saudi Arabia. The
capacity of ICU is 13 beds and that of IMCU is 7 beds.
Severely ill medical and surgical patients, except for
neonates are candidates for admission. The ICU has an
average annual admission rate of 40 patients and an
average monthly occupancy rate of 85%. The IMCU has
an average annual admission rate of 14 patients and an
average monthly bed occupancy rate of 87%. Patients
with road traffic accidents, sepsis, respiratory tract
infections, and those undergoing surgery for
complicated diseases comprise the usual patient
population. The patient and nurse ratio in these units is
1:1.
Cultures were taken from respiratory specimens, blood,
urine, wound and CSF depending upon identifiable
focus of infection. Initially strains were identified based
on the morphological behavior of the isolates on
various differential media. All media were prepared
according to the manufacturer’s specification and
sterilized at 121°C for 15 mm at 15 lb pressure. The
respiratory specimens and CSF were inoculated onto
5% sheep blood agar, MacConkey agar, and Chocolate
agar. Wound swabs were inoculated onto blood agar
and MacConkey agar. Urine specimens were
inoculated onto Cystiene Lactose Electrolyte Deficient
(CLED) media with a calibrated loop. Blood agar,
MacConkey, and CLED plates were incubated
aerobically at 37oC for 18 to 24 hours. Chocolate agar
plates were incubated at 37 oC in 5% CO2 for 18 to 24

Results

In vitro susceptibility data from 335 isolates from ICU
and IMCU over the period one year were assimilated.
The most frequent species isolated from infections in
ICU and IMCU was Acinetobacter. The most common
organisms isolated are shown in Table 1. The
frequencies of Gram-positive and Gram negative
bacteria were 15 %( n=52 and 85% (n=273, respectively.
Acinetobacter spp, Klebsiella species and Pseudomonas
aeruginosa were the most common isolates among Gram
negative organisms, while Staph. aureus and Coagulase-
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negative staphylococci (CoNS) were the two leading
Gram positive isolates.

Klebsiella species and Pseudomonas aeruginosa to all
isolates were 24 % (n=79), 22 %( n=74) and 20% (n=67)
respectively. The highest resistance rate for
Acinetobacter spp were: Ampicillin and Cefuroxime
(100%); followed by Gentamicin(90%), Amikacin(83 %),
Ceftriaxone(88 %), Ciprofloxacin(79 %), Imipenem(79
%), and Ceftazidine(86 %). 81 %( n=64) Acinetobacter
species were found Multidrug- Resistant. Three (3.8%)
Acinetobacter species were found pan resistant (resistant
to all antibiotics including colistin). Because of limited
supply of colistin disk, we used it only for the
Acinetobacter
isolates.
Extended-spectrum
betalactamase (ESBL) producing Klebsiella pneumoniae
accounted for 57 %( n=42) of Klebsiella species. For
Pseudomonas aeuroginosa, the resistance rates for
imipenem, Ciprofloxacin, and Ceftazidine were found
29%, 35%, and 46% respectively.
Candida was the most common fungal isolate (2%, n=7)
in the ICU and IMCU.
Sputum was the most common source of these isolates
(54%), followed by blood (18%) urine (8%) wound
swab (7%) and CSF (5%). Acinetobacter spp, Klebsiella
species and Pseudomonas aeuroginosa were the 3 most
common isolates from sputum and urine. Coagulase
Negative Staphylococci was the most frequent isolate
from blood culture.

Table-1: Distribution of organisms in ICU and IMCU
Name of organism

Number

Staph. aureus

31 (9.2%)

Methicillin-resistant Staph
aureus (MRSA)

11 (3.2% among all
isolates and 35% among
all Staph isolates)

Coagulase
Negative
Staphylococci(CoNS)

15 (4.4%)

Methicillin-resistant
Coagulase
Negative
Staphylococci

14(4.1% among all isolates
and 93 % among all
Coagulase
Negative
Staphylococci isolates)

Enterococcus species

2 (0.6%)

Other gram positive

3 (0.9%)

Acinetobacter spp

79 (24%)

MDR Acinetobacter

64/79 (81 % among all
Acinetobacter spp )

Serratia species

5 (1.5%)

Pseudomonas aeuroginosa

67 (20%)

Stenotrophomonas
maltophilia

3 (0.9%)

Table-2: Resistance pattern of common used
antibiotics against commonly isolated Gram positive
pathogens
Name of organism
Antibiotics
Resistance

Morganella morgani

5 (1.5%)

Staph. aureus

E.coli

21 (6.2%)

Klebsiella species

74 (22%)

Enterobacter species

11 (3.9%)

Other gram negative

1 (0.3%)

Candida non-albican

2 (0.6%)

Candida albican

5 (1.5%)

TOTAL

335

Coagulase Negative
Staphylococci

Erythromycin
Methicillin
Ciprofloxacin
Gentamicin
Tetracycline
Clindamycin
Vancomycin
Erythromycin

40 %
35 %
17%
36%
42%
30 %
0%
100 %

Methicillin
93 %
Ciprofloxacin
56%
Gentamicin
65%
Tetracycline
17%
Clindamycin
73 %
Vancomycin
0%
Table-3: Resistance pattern of common used
antibiotics against commonly isolated Gram negative
pathogens

Table 2&3 shows the percentage of antibiotics
resistance in Gram-positive and Gram-negative isolates
resistant to the antibiotics tested. 35% of the isolated S
aureus and 93% of the Coagulase-negative staphylococci
(CoNS) were methicillin resistant. However, both
methicillin resistant
Staph. aureus and Coagulasenegative staphylococci were showed no resistance to
vancomycin. For Enterococcus spp, there were no VRE
isolate found. The proportions of Acinetobacter spp,

66

Name of organism

Antibiotics

Resistance

Acinetobacter spp

Ampicillin

100%
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Pseudomonas
aeuroginosa

Klebsiella
pneumoniae

Klebsiella species

Escherichia coli

Enterobacter species

Amikacin
Gentamicin
Cefuroxime
Ceftriaxone
Imipenem
Ciprofloxacin
Ceftazidine
Colistin
Amikacin

83 %
90%
100%
88 %
79 %
79 %
86 %
3.8 %
29 %

Gentamicin
Imipenem
Ciprofloxacin
Ceftazidine
Amoxicillin/clavulani
c acid
Amikacin
Gentamicin
Cefuroxime
Ceftriaxone
Imipenem
Ciprofloxacin
Ceftazidine
Amoxicillin/clavulani
c acid
Amikacin
Gentamicin
Cefuroxime
Ceftriaxone
Imipenem
Ciprofloxacin
Ceftazidine
Ampicillin
Amikacin
Gentamicin
Cefuroxime
Ceftriaxone
Imipenem
Ciprofloxacin
Ceftazidine
Ampicillin
Amikacin
Gentamicin
Cefuroxime
Ceftriaxone
Imipenem
Ciprofloxacin
Ceftazidine

36%
29 %
35 %
46 %
93 %

observed in this study were Acinetobacter spp, Klebsiella
spp, P.aeruginosa, Staph. Aureus, and Coagulase-negative
staphylococci. This observation is agreed with finding of
Nermin K Saeed et al.2The incidence of Gram-positive
and Gram-negative bacilli in our study was 15% and
85% respectively. According to Chuon-Yi Lee et al the
incidence of Gram positive and Gram negative was
reported 30% to 47% and 40% to 48% respectively.10
The percentage of S aureus and Coagulase-negative
staphylococci (CoNS) are 9.2% and 4.4% respectively as
compared to NHSN data 2006-2007 which is 14.5% for
Staphylococcus aureus and 15.3% for Coagulase-negative
staphylococci (CoNS).11 In the present study, 35% of the
isolated S aureus and 93% of the Coagulase-negative
staphylococci (CoNS) were methicillin resistant. This
MRSA rate was similar to that reported by Mark E
Jones et al. during a surveillance study from a French
ICU1.
The contributions of methicillin-resistant S
aureus (MRSA) and Coagulase-negative staphylococci to
hospital acquired infection were
demonstrated
previously.12, 13 In Europe, surveillance data shows a
marked variability among the various states, with
MRSA ranging from less than 1% to more than 50%.
The highest prevalence was seen in Portugal (49%),
Greece (40%) and Italy (37%), where as the lowest
prevalence was observed in Norway (1%) Sweden
(1%) and Holland (1%).14 The prevalence of Methicillinresistant Staphylococcus aureus (MRSA) was reported
more than 50% of all Staphylococcus aureus isolates
obtained in ICUs.15 Rupp ME et al also reported the
resistance
to
methicillin
in
Coagulase-negative
staphylococci (CoNS) rates of 80%.16Coagulase-negative
staphylococci, once considered culture contaminants
from clinical specimens, currently represent the leading
cause of foreign body-associated infections.16 In our
study, all Gram positive isolates were found sensitive to
vancomycin contrary to 15.5 % resistant reported by
Hossam M et al17 and comparable to Nermin K Saeed et
al.2
The incidence of Gram negative bacteria in our study is
85% as compare to 40% to 48% reported by Chuon-Yi
Lee at al.10 Among Gram-negative pathogens; MDR
Acinetobacter, Imepenem resistant P. aeruginosa and
ESBL-producing K. Pneumonia are of great concern.
Acinetobacter spp. has recently advanced to one of the
most common pathogens isolated from ICUs.
In our study Acinetobacter spp accounted 24% of all
isolates and out of these 81% found to be MDR and
3.8% were found pandrug- resistant. These findings are
consistent with the study performed by Seifert et
al.18However, this rate is higher than those of previous
reports of Horan TC at al, which was 58%.19 Although
not the most virulent gram-negative pathogen,
Acinetobacter is an increasingly infectious threat,

29 %
55%
80 %
70 %
41 %
60 %
69 %
90 %
0%
25%
63%
50 %
15 %
40 %
69 %
92 %
10 %
18%
80 %
60 %
0%
45 %
52%
100 %
10 %
17%
75%
62%
0%
32 %
42%

Discussion
Most isolates recovered from the respiratory specimens
(54 %) followed by the blood specimens (18%). These
findings corroborated the results reported in a study
from Saudi Arabia.2 The most common isolates
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especially for patients receiving broadspectrum
antimicrobial therapy and requiring life support.5 A
Spanish study20 has shown that Acinetobacter isolates,
usually acquired in the ICU, are multidrug resistant
and may cause severe infections associated with a high
mortality rate. It is an important source of nosocomial
septicemia, pneumonia, and urinary tract infections 21.
Reports of multidrug-resistant isolates have increased
during the last decade, probably as a result of the
extensive use of broad-spectrum antibiotics. 22 In many
cases, these multidrug-resistant isolates are resistant to
expanded-spectrum
cephalosporins
and
carbapenems.19, 22, 23
The emerging pandrug-resistant Acinetobacter spp is an
eye opener for healthcare providers. These resistance
patterns reflect our first concern, which is the end of
our current pharmacopoeia. Critically, it warns us that
antibiotic resistance can become a global problem that
requires bold and decisive global action. It is essential
that such recommendations are no longer ignored but
fully implemented in a transparent and accountable
manner. Because of emergence of multidrug-resistance
and pandrug-resistance associated with Acinetobacter
spp, the role of preventing spread of this pathogen to
other patients is paramount. The recently released
Centers for Disease Control and Prevention (CDC)
infection control recommendations indicate that
hospitals with increased rates of multidrug-resistant
Acinetobacter should take more aggressive infection
control measures to control and prevent further
nosocomial
transmission.24
Implementation
of
aggressive infection control measures can control
outbreaks of Acinetobacter infections in healthcare
settings.25, 26, 27
ESBL-Producing
Klebsiella pneumoniae has been
increasing incremently since 2005.The icidence of 57%
in our study is higher than previous reports from
Taiwan.28 We did not find ESBL-Production in other
GNRs, the reason may be the small sample size. ESBLproducing isolates should be reported as resistant to all
penicillins,
cephalosporins,
and
aztreonam
.29Carbapenems are the treatment of choice for serious
infections due to ESBL-producing organisms.
Consequently, there is intensive use of carbapenems as
first choice antibiotics for these organisms, resulting in
the emergence of carbapenem-resistant isolates and
leaving at best only two therapeutic options: colistin
and tygecycline.30
In our study the resistance rates of Pseudomonas
aeruginosa to imipenem, Ciprofloxacin, and Ceftazidine
were found 29%, 35%, 46% respectively. These findings
are consistent with the data reported by Nermin K
Saeed et al.2 Rate of Pseudomonas aeruginosa resistant to
carbapenem is also comparable to NNIS data 31 and

lower than those of previous reports in Taiwan at
66%.32 Possible reasons for high resistance rate for
carbapanem and other antimicrobial agents in
P.aeruginosa include more critical ill patients admitted
to ICU; more patients being referred from local
hospitals; and the spread of resistant strains from adult
wards. It has been reported that MDR strains of
P.aeruginosa are associated with a threefold higher rate
of mortality, a nine fold higher rate of secondary
bacteremia, a twofold increase in the length of hospital
stay, and a considerable increase in cost .33The
increasing resistance rates of P aeruginosa strains to
several antibiotics are expanding globally. In the
United States, according to the NNIS system, 37% of the
isolates were found resistant to ciprofloxacin, 32% to
imipenem, and 22% to ceftazidime.31 Relevant figures
for intensive care unit (ICU) isolates derived from
Europe are even worse, because from 1990 to 1999,
resistance to aminoglycosides reached 37% to 70%,
resistance to ceftazidime reached 57%, resistance to
piperacillin-tazobactam reached 53%, resistance to
ciprofloxacin reached 56%, and resistance to imipenem
reached 52%.34 Global resistance surveillance in the
MYSTIC program from 2000 to 2006 found resistance
patterns of Pseudomonas aeruginosa strains in United
States 19.1% to19%, Northern Europe 27.8% to 31.3%,
Southern Europe 35.4% to 27.6%, and in Eastern
Europe 48% to 35.8%.35
Our study results are in agreement with reports from
other countries that have shown high antimicrobial
resistance rates in ICU patients. 36, 37, 38 In fact, our ICU
shows much higher resistance rates. Extended use of
inappropriate antimicrobials has led to the emergence
of MDR species, which are extremely difficult to treat.39
These findings also suggest other possibilities for our
high resistance rates, such as inappropriate,
uncontrolled empiric therapy or cross acquisition of
resistance rather than the development of natural
resistance. These reasons justify the need for
establishing prompt infection control strategies in
hospitals with special consideration in critical patient
care areas. We must seriously consider implementation
of the strategies recommended by the Centers for
Disease Control and Prevention to prevent
antimicrobial resistance in health care settings, which
are: prevent infection, diagnose and treat infection
effectively, use antimicrobials wisely and prevent
transmission of infection.
This single center study data may not reflect antibiotic
susceptibility from whole of the country. As a
consequence, a multi-site study is advised to compare
and contrast from other hospitals. All of the isolates
may not represent actual infection from patients. A
positive culture report does not mean that patient is
suffering from infection and antibiotics are required.
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Systemic or local antibiotics should only be prescribed
after clinical correlation. For contaminants and for
colonizers with some exceptions, antimicrobial agents
are not required.

6.

7.

Conclusion

This study presents a general overview of the incidence
and antimicrobial resistance of bacteria isolated from
our ICU and IMCU from 2011 to 2012.The study also
shows the emergence and rates of MDR organisms
during the year, and emphasizes the importance of
timely clinical and bacteriological monitoring among
patients in a critical care situation. Infection control
programs should focus on preventing infections in
patients who are at highest risk of infection because of
exposure to certain procedures and medical devices.
Frequent hand washing and good aseptic technique
should be reinforced for all health care personnel. All
healthcare settings must have a comprehensive hand
hygiene program and policies and procedures in place.
Excellent antibiotic policy and infection control
implementation are important priorities for the critical
patient areas. The microbiology laboratory should be
involved in all aspects of the infection control program.
Particularly important are its roles in the hospital's
infection surveillance system and in assisting the
infection control program to effectively and efficiently
use laboratory services for epidemiologic purposes.
Continued efforts are needed to develop new
antimicrobial agents against MDR-organisms and to
assess the currently available agents.
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