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Abstract
Background: Nosocomial infections constitute a global health problem, leading to a high rate of morbidity and mortality. The choice of 
antimicrobial treatment for nosocomial infections is often empirical and based on the knowledge of local antimicrobial activity patterns 
of the most common bacteria causing such infections.
Objectives: The aim of this study was to determine the 3 most prevalent bacterial pathogens including Acinetobacter baumannii, 
Pseudomonas aeruginosa and Staphylococcus aureus causing nosocomial infections and their antimicrobial resistant profiles in patients 
admitted to three hospitals in Tehran city, Iran.
Materials and Methods: In this cross-sectional study, the A. baumannii, P. aeruginosa and S. aureus isolates were obtained from different 
samples of patients with nosocomial infections admitted to different wards of three hospitals including Milad, Motahary and Loghman 
from November 2014 to April 2015. Nosocomial infections were defined as a culture-proven infection, which occurred more than 48 hours 
after admission. Antimicrobial susceptibility testing was performed using the disk diffusion method according to Clinical and Laboratory 
Standards Institute (CLSI) guidelines.
Results: In total, 539 samples were collected during the study period from patients with nosocomial infections. Overall, 198, 75 and 
98 A. baumannii, P. aeruginosa and S. aureus isolates were obtained, respectively. Cefepim and meropenem were found to be the most 
effective antibiotics for nosocomial infections caused by S. aureus with only 1 resistant isolate. Resistance to gentamicin and amikacin and 
susceptibility to cefepim was the highest compared to other antibiotics amongst P. aeruginosa isolates which is in consistent with the fact 
that cephalosporins remain useful agents for the management of nosocomial infections caused by P. aeruginosa. Acinetobacter baumannii 
isolates showed lower susceptibility rates to imipenem and ciprofloxacin than other antibiotics with 189 and 187 resistant isolates, 
respectively; however 155 isolates were susceptible to co-trimoxazole and ceftazidime. The high resistant rate amongst A. baumannii to 
carbapenems is likely consequence of heavy empirical usage of this group of antibiotics.
Conclusions: The high prevalence of antimicrobial resistance in the hospitals highlights the need for further infection control programs. 
Future regional epidemiological data on antimicrobial resistance patterns will be required to implement strict national antibiotic policies 
to restrict the spread of these resistance bugs.

Keywords: Nosocomial Infection, A. baumannii, P. aeruginosa, S. aureus, Antimicrobial Drug Resistance

Copyright © 2015, Pediartric Infections Research Center. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCom-
mercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial us-
ages, provided the original work is properly cited.

1. Background
Nosocomial infections have been described as one of 

the common complications of hospitalized patients. 
Nosocomial infections can cause increased patient mor-
bidity, affect the success of initial illness treatment that 
the patient is hospitalized for, delay patient discharge 
which then causes additional costs for the health care 
system and even result in patient death (1).

Development and implementation of proper infection 
control programs to prevent spread of antimicrobial re-

sistant bacteria through clinics and hospitals have been 
shown to be a key component in reducing infection rates 
(2); however, nosocomial infections cannot be complete-
ly eliminated. In spite of bacterial culture and antimi-
crobial susceptibility testing for diagnosis of bacterial 
growth and to guide best antibiotic treatment, empirical 
treatment is often necessary (3).

Acinetobacter baumannii has emerged worldwide as im-
portant pathogenic bacteria causing nosocomial infec-
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tions due to the emergence of multidrug resistant (MDR) 
A. baumannii (4). The nosocomial infections surveillance 
of our hospitals showed that A. baumannii infections have 
increased in our hospitals since the last 5 years, during 
which time MDR A. baumannii were mainly isolated from 
patients in each hospital.

Pseudomonas aeruginosa is a major nosocomial patho-
gen, which survives in moist environments and colonizes 
the respiratory tract of mechanically ventilated patients 
(5). It causes severe infections such as pneumonia in criti-
cally ill and immunocompromised patients (6). Multi-
drug resistant P. aeruginosa is especially associated with 
increased mortality because no adequate therapeutic op-
tion exists. Recently, MDR P. aeruginosa has been variously 
reported worldwide (7, 8).

Staphylococcus aureus can also be a significant patho-
gen, causing surgical wound infection, bacteremia, en-
docarditis, osteomyelitis and pneumonia. Staphylococcus 
aureus colonization may occur long before or immedi-
ately before infection, but either way, it plays a major 
role in the development of nosocomial infections (9). The 
most common species causing nosocomial infections 
are Methicillin-Resistant Staphylococcus aureus (MRSA). 
Importance of MRSAs as a pathogen has increased with 
the occurrence of high-level resistance to multiple anti-
microbial drugs, such as co-amoxiclav, cefotaxime and 
gentamicin (10, 11).

Therefore, appropriate and effective antibiotic treat-
ment is a growing concern in hospitals as an increase in 
MDR pathogens, especially the emergence of MDR clones 
of A. baumannii, P. aeruginosa and S. aureus, is reported.

2. Objectives
The aim of this study was to estimate the distribution of 

A. baumannii, P. aeruginosa and S. aureus isolates collected 
from hospitalized patients with nosocomial infections 
and to assess susceptibility patterns to clinically relevant 
antimicrobials.

3. Materials and Methods
Three referral hospitals including Milad, Motahary and 

Loghman hospitals were enrolled in the study. In this 
cross-sectional study, all the A. baumannii, P. aeruginosa and 
S. aureus isolates were obtained from different samples of 
patients with nosocomial infections admitted to surgery, 
neurosurgery, internal diseases, intensive care unit (ICU) 
and post coronary care unit (CCU) wards of each hospital 
between November 2014 and April 2015. Nosocomial infec-
tions were defined as a culture-proven infection, which oc-
curred more than 48 hours after admission. Samples were 
obtained as soon as nosocomial infection was suspected. 
Patients were given adequate and efficient antibiotic regi-
men immediately after sampling.

The bacterial strains were obtained from urine, stool 
and sputum samples, nasopharyngeal swabs and blood 
cultures. The obtained samples were inoculated and cul-
tured on agar-based culture media on the day of arrival. 

All inoculated agar plates were incubated at 37°C for 24 
to 48 hours until the presence of adequate growth. Iden-
tification of pathogens was based on colony type and 
morphology, Gram-staining characteristics and standard 
biochemical tests. 

The antimicrobial susceptibility testing was performed 
using the disk diffusion method, according to the clini-
cal and laboratory standard institute (CLSI) guidelines 
(12). The Muller-Hinton agar was used uniformly for all the 
sensitivity testing and incubated aerobically at 37°C. Esch-
erichia coli ATCC 25922 was used as a quality control strain.

The antibiotics for disk diffusion testing were selected 
according to the CLSI guidelines; these antibiotics were 
chosen because they are representative of their antibi-
otic classes and their Minimum Inhibitory Concentra-
tions (MICs) were tested throughout the study period. An 
isolate was classified as MDR if it was resistant to three 
or more antimicrobial classes to which that bacterial spe-
cies are normally susceptible.

All statistical analyses were performed using SPSS 15.0 
(USA) software.

4. Results

4.1. Species Distribution
In total, 539 samples were collected during the study pe-

riod from patients with nosocomial infections who were 
without antimicrobial exposure in the last 12 weeks and 
their average hospital stay was 1 month.

Overall, 530 positive specimens were collected from 
which 198, 75 and 98 A. baumannii, P. aeruginosa and S. au-
reus isolates were obtained respectively. The distribution 
of the isolates was: 39, 115 and 44 A. baumannii isolates, 4, 
41 and 30 P. aeruginosa isolates and 51, 34 and 13 S. aureus 
isolates from Loghman, Milad and Motahary hospitals, 
respectively.

4.2. Antimicrobial Resistance of Isolates
Antimicrobial resistance of A. baumannii, P. aeruginosa 

and S. aureus isolates are summarized in Figure 1, 2 and 
3, respectively. Resistance to imipenem was the highest 
among A. baumannii isolates; meanwhile these isolates 
were susceptible to ceftazidime as being the most effi-
cient antibiotic for A. baumannii nosocomial infections 
treatment (Figure 1). The highest resistance among P. ae-
ruginosa isolates was observed to gentamicin and amika-
cin and they were most susceptible to cefepim (Figure 2). 
We found cefepim and meropenem to be the best antibi-
otic of choice for the treatment of S. aureus nosocomial 
infections; however, clindamycin seems to have no effica-
cy on S. aureus infections due to high resistance observed 
among these isolates (Figure 3). Moreover, 67, 26 and 20 
(total: 113) A. baumannii, 16, 7 and 2 P. aeruginosa (total: 25) 
and 9, 1 and 5 S. aureus isolates (total: 15) obtained from 
Loghman, Milad and Motahary hospitals, respectively, 
were found to be MDR.
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Figure 1. Antibiotic Resistance Pattern of Pseudomonas aeruginosa Isolates 
by Disk diffusion Method From Patients With Nosocomial Infections in 
Loghman, Milad and Motahary Hospitals
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Figure 2. Antibiotic Resistance Pattern of Acinetobacter baumannii Isolates 
by Disk Diffusion Method From Patients With Nosocomial Infections in 
Loghman, Milad and Motahary Hospitals

0

20

40

60

80

100

120

Resistant
Susceptible
Intermediate

Am
ik
ac
in

Ge
nt
am

ici
n

Er
yt
hr
om

yc
in

Ci
pr
ofl
ox
ac
in

Ce
fe
pi
m
e

Ce
fta
zid
im
e

Ce
fo
ta
xim

e

Co
-tr
im
ox
az
ol
e

Im
ip
en
em

M
er
op
en
em

Cl
in
da
m
yc
in

Ch
lo
ra
m
ph
en
ico
le

Ofl
ox
ac
in

Figure 3. Antibiotic Resistance Pattern of Staphylococcus aureus Isolates 
by Disk Diffusion Method From Patients With Nosocomial Infections in 
Loghman, Milad and Motahary Hospitals

Definition for resistance, susceptible and intermedi-
ate isolates was as described by CLSI for different anti-
biotics (12).

5. Discussion
The emergence of resistant bacteria causing nosoco-

mial infections has become a health care issue that has 
caused serious concern to physicians (13). The increase of 
invasive nosocomial infections caused by multi-resistant 
bacteria, however, did not only increase the total burden 
of nosocomial infections, but also resulted in a much 
more complicated status of the hospitalized patients (14). 
This study investigated the prevalence and antibacterial 
resistance patterns of three health-threatening bacteria 
including A. baumannii, P. aeruginosa and S. aureus iso-
lated from patients admitted to hospital wards suffering 
from nosocomial infections. The number of isolates caus-
ing nosocomial infections in Milad hospital was found to 
be higher in comparison with Loghman and Motahary 
hospitals, which may be as a result of higher admission 
rates in this hospital.

Acinetobacter baumannii is one of the most common 
pathogenic bacteria causing nosocomial infections 
especially in ICUs. Also, MDR A. baumannii is the main 
pathogenic bacteria in the ICUs (15, 16). Immunodeficient 
patients in ICUs are much more susceptible to A. bauman-
nii infection since ICUs are prone to contamination and 
thereby spreading pathogens to patients (17, 18). A sur-
vey on the patients with A. baumannii infection revealed 
that most strains were isolated from patients in ICUs 
and these patients manifested symptoms of respiratory 
tract infection, suggesting that MDR A. baumannii mainly 
causes respiratory infections in the hospitals and infects 
patients in ICUs (19). This bacterium also infects patients 
who undergo invasive operations (4).

Pseudomonas aeruginosa was maximally isolated from 
the samples of patients admitted to the neurosurgery 
wards followed by neurosurgery and surgery ICUs, sur-
gery wards and orthopedic wards suggesting the fact 
that nosocomial infections due to P. aeruginosa were seen 
more in the postoperative patients and those who are in 
the hospital for a long time (20). This finding is in consis-
tent with a retrospective case-control study in Turkey and 
a retrospective cross-sectional study in India which con-
cluded that the major risk factors for infection or coloni-
zation with multi-resistant P. aeruginosa were prolonged 
stay in the ICU (20, 21). Of the total P. aeruginosa isolates, 
maximum MDR isolates were obtained from the wards 
mentioned above, respectively. Previous studies demon-
strated that patients with nosocomial infections caused 
by P. aeruginosa can be divided into 3 groups: patients 
for whom their treatment had to be revised but later dis-
charged healthy; patients who required no extra inter-
ventions in the treatment protocol and the infection was 
controlled simply by removing the offending implant/
devices or after minor debridement; patients who died 
due to P. aeruginosa nosocomial infection (20, 22, 23). Fur-
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thermore, it was seen that P. aeruginosa mostly colonizes 
on the patients surrounding area and instruments and 
thus, spreading to the patients; hence, simple cleaning 
was able to minimize the infection rate considerably. 

Staphylococcus aureus is a part of human skin normal 
flora; however, since aseptic preparation of the skin can-
not completely eliminate skin-associated bacteria, espe-
cially not bacteria residing in the deeper parts of the skin 
such as the hair follicles and sebaceous glands, S. aureus 
is globally reported as an important cause of clinical in-
fections including nosocomial infections (24). The risk 
of nosocomial infections with S. aureus has been high-
lighted lately, particularly with the emergence of multi-
resistant clones such as MRSA (25). Most of the S. aureus 
isolates were obtained from patients underwent surgical 
procedures, which is in consistent with the fact that bac-
teria can enter deeper tissues during the initial incision. 

The A. baumannii isolates possess an intrinsically high 
resistant to imipenem (95.5%) and ciprofloxacin (94.5%). 
Furthermore, A. baumannii is less susceptible to cephalo-
sporin agents because their Penicillin-Binding Proteins 
(PBPs) have lower affinities for these antibiotics and 
some strains have plasmid-encoded β-lactamases. In our 
study, the relatively high resistance rate to amikacin in A. 
baumannii isolates was higher than the resistance rates 
reported by Khelatabadi et al. (26) in Iran and Wang et al. 
(27) in Taiwan and Smolyakov et al. (28) in Israel. Fazeli et 
al. found ampicillin-sulbactam to be the most efficient 
antibiotic for nosocomial infections caused by A. bauman-
nii with only 33.9% resistance isolates (16).The resistance 
rate to meropenem was observed in 57.5% of A. baumannii 
isolates which is about 40% higher than resistance rates 
reported by Feizabadi et al. (29) and Mirnejad et al. (30) in 
Iran and Karlowsky et al. (31) in United states, Basustaoglu 
et al. (32) in Turkey and Hujer et al. (33) in United states. 
The high resistance rate to β-lactam antibiotics might be 
due to a wide usage of these antimicrobial agents in Teh-
ran hospital wards in the last few years.

Fluoroquinolones are frequently used with or without 
cell-wall-active antibiotics for P. aeruginosa infections 
(34). However, prior fluoroquinolone use has been identi-
fied as a risk factor for the emergence of imipenem/me-
ropenem resistant P. aeruginosa (20, 34). Out of 57 (76%) 
imipenem/meropenem-resistant P. aeruginosa isolated 
during the study period, 43 (57%) showed resistance to 
levofloxacin and ciprofloxacin, which is in consistent 
with the fact that cross-resistance may have developed 
for imipenem/meropenem due to prior use of fluoro-
quinolones. In a study by Livermore, cross-resistance to 
fluoroquinolones, cephalosporins, aminoglycosides and 
β-lactam antibiotics is reported, as well (35). In spite of 
the fact that many studies have reported high resistance 
to cephalosporins among P. aeruginosa isolates (36, 37), 
based on the current study, cephalosporins remain effi-
cient antibiotics in P. aeruginosa infections, concerning 
the most susceptibility to cefepim with only 10 (13%) re-
sistant isolates; however, colistin was also a promising 

antimicrobial agent in P. aeruginosa infections with 29% 
resistance rate. In a research on P. aeruginosa isolates 
obtained from patients with burn wounds, colistin was 
investigated to be the only efficient antimicrobial agent 
(38). Further studies seem essential to determine the anti-
microbial agent with less resistant isolates for treatment 
of P. aeruginosa infections.

Methicillin-resistant Staphylococcus aureus are among 
the most frequent species responsible for nosocomial in-
fections worldwide. Japoni et al. (10) in 2004 in Iran, Udo 
et al. (11) in 2008 in Kuwait and Madani et al. (24) in 2001 
in Saudi Arabia found MRSA species to be the most preva-
lent S. aureus species causing nosocomial infections. In 
the present study, high resistance to clindamycin (64%) 
and erythromycin (64%) were observed among the S. au-
reus isolates; these results are comparable to resistance 
rates reported by Fatholahzadeh et al. in Iran (39), which 
means that these two antibiotics are no longer reliable 
agents in the treatment of S. aureus infections. Due to low 
susceptibility to aminoglycosides and fluoroquinolones 
(except for ofloxacin) as well as clindamycin and eryth-
romycin, controlling the spread of these organisms has 
become of paramount importance.

The high prevalence of concomitant resistance to dif-
ferent antimicrobial agents has resulted in attempts 
made to look for alternative antibiotics in several stud-
ies. Fluoroquinolones and β-lactam antibiotics have 
been among the dominant class of antimicrobial agents 
widely used for nosocomial infections empirically in the 
last decade (3). In our study, relatively high resistance 
to fluoroquinolones and β-lactam antibiotics among all 
3 bacterial species was observed and thus, these widely 
used classes of antimicrobial agents for empirical treat-
ment of nosocomial infections caused by A. baumannii, P. 
aeruginosa and S. aureus could not be effective. It is worth 
to mention that the number of MDR isolates was higher 
among isolates collected from Loghman hospital which 
may be due to extensive and inappropriate use of differ-
ent antibiotic classes in this hospital wards. All of these, 
highlight the importance of understanding the status of 
drug-resistance and local specificities in MDR isolates for 
antimicrobial empirical therapy, particularly in general 
hospitals with a higher prevalence of nosocomial infec-
tions.
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