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ABSTRACT 
 

Aim: Antimicrobial resistance isa global concern. Bacterial resistance to the available antibiotics can lead to 
increased morbidity and mortality. In this study, we investigated the frequency and antibiotic resistance pattern 
ofnon-fermenting gram-negative bacteria Acinetobacter baumannii and Pseudomonas aeroginosa. 
Methods: This is a cross-sectional study was conducted in a referral hospital, through a questionnaire that 
contained patients’ age, gender, site of the body where sample was taken, severity of microbial growth in culture, 
type of organism that was found in the culture, and the antibiogram result. 
Results: A total of 210 patients (7 adults and 203 neonates) were included in this study. The most frequent 
antibiotics that A. baumannii was resistant to were amikacin (89.4%), ceftazidime (86.5%), gentamicin (70.9%), 
imipenem (70.9), cefepime (67.4%), ciprofloxacin (60.3%), cotrimoxazole (36.2%), tetracycline (9.9%), and 
cefotaxime (5.7%). The most frequent antibiotics that P. aeroginosa was resistant to were amikacin (31.9%), 
gentamicin (31.9%), ceftazidime (29%), cefepime (24.6%), ciprofloxacin (11.6%), and imipenem (10.1%), 
respectively. 
Conclusion: The lowest resistance rates of A. baumanni isolates to the studied antibiotics were related to 
tetracycline and cefotaxime, and the lowest resistance rates of P.aeroginosa isolates were related to imipenem 
and ciprofloxacin. 
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INTRODUCTION 
 

Antibiotics allow the body's immune system to eliminate 
pathogenic micro-organisms through their cytostatic or 
cytotoxic effects. These effects are through some 
mechanisms, such as inhibiting the synthesis of the 
bacterial cell, proteins,deoxyribonucleic acid, ribonucleic 
acid, and disorganizing micro-organisms’ membrane1. 

Since the introduction of the first effective antibiotic, 
the phenomenon of bacterial resistance to antibiotics 
became noticeable and soon it became one of the most 
important concerns in the management of bacterial 
infections2. 

Antimicrobial resistance transpires through different 
mechanisms including intrinsic resistance, acquired 
resistance, genetic change, and DNA transfer [3],and even 
the natural selection process is considered to play a role in 
this phenomenon4. 

The most antibiotic resistance rate is reported in the 
regions of the world with the most use of antibiotics2. 
Prescribing too many unnecessary antibiotics by 
physicians5 as well as their usage in animal-husbandry and 
agricultural industry, living in poor hygienic areas, 
increased migration to urban areas, and insufficient 
sewerage disposal system are considered as possible risk 
factors for developing bacterial resistance to antibiotics6. 

Bacterial resistance to the available antibiotics can 
cause increased morbidity and mortality. The emergence of 
multidrug resistance is catastrophic for humans, animals as 
well as environment2.  Antibiotic resistance has causedover 

23000 deaths per year and over 20 billion dollars additional 
medical expenses in the United States3. 

Antibiotic resistance amongst the gram-negative 
bacteria is now a global concern; furthermore, the growing 
number of multi-drug resistance species are becomingtoo 
difficult to treat. Amongst them, non-fermenters can 
develop into multidrug resistance, a major healthcare 
concern. These pathogens are opportunistic infections, and 
the most prevalent species are Pseudomonas, 
Acinetobacter, Stenotrophomonasmaltophilia, and 
Burkholderiacepacia complex7.  

In order to find out the antibiotic resistance pattern of 
Acinetobacter baumannii (A. baumannii) and 
Pseudomonas aeroginosa (P. aeroginosa) in our setting, 
we investigated the frequency and antibiotic resistance 
pattern in different samples, obtained from patients in a 
referral hospital. 
 

MATERIALS AND METHODS 
 

Study design, setting, and participants: This cross-
sectional study was performedbetween April 2017 to 
December 2018. Out of 11,596 cultures taken in Zeinabieh 
Hospital, 210 were positive samples, and the rest were 
either negative or did not have antibiogram. Zeinabieh is a 
referral hospital, affiliated with Shiraz University of Medical 
Sciences (SUMS) and is specializing in obstetrics and 
gynecology fields. SUMS is located in Shiraz-the capital of 
Fars province- and is among the top five medical sciences 
universities in Iran. Our participants were either newborns 
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or their mothers.The local Ethics Committee of the 
membrane of SUMS approved this study (approval code: 
IR.SUMS.MED.REC.1397.450). 
Data collection and variables:  All data were collected by 
searching the registration program that includes patients' 
laboratory data during their hospitalization. Only patients 
who had positive cultures with an antibiotic susceptibility 
tests were included in this study. We filled a questionnaire 
for each patient, containing their unit number, date of 
hospitalization, age, gender, site of body where sample 
was taken, severity of microbial growth in culture, type of 
organism that was found in the culture, and the antibiogram 
result. 
Data preparation and statistical analysis: Admission 
date of patients was categorized into two subgroups of 
those who were either admitted in 2017 or 2018. The site of 
the body where samples were taken was categorized into 
nine subgroups including blood, endotracheal tube (ETT), 
cerebrospinal fluid (CSF), eye, throat, intravenous line, 
urine, wound, and other sites (nose, anus, venous catheter, 
and skin).Sterile samples were immediately transported to 
the microbiology laboratory and cultured on blood agar, 
chocolate agar, and Mac Conkey’s agar, incubated at 37°C 
for 24 hours. Identification of bacteria was completed 
according to standard microbiological procedures8. 

Antibiotic susceptibility testing was done by disc 
diffusion method, according to the CLSI standards9, using 
amikacin, ceftazidime, ciprofloxacin, cefepime, gentamicin, 
and Imipenem for both of the studied bacteria and 
trimethoprim sulfamethoxazol (cotrimoxazole), tetracyclin, 
and cefotaxime just for A.baumannii. We used frequency 
(percent of frequency) and mean ± standard deviation (SD) 
for descriptive analysis and Pearson Chi-Square test for 
bivariate analysis. SPSS version 25 was used for analysis. 
 

RESULTS 
 

Of all non-fermenting gram-negative bacteria only 
A.baumannii and P.aeroginosa were detected.Of all the 
positive samples, 203(96.7%) were related to neonates and 

only 7(3.3%) belonged to adult patients. One-hundred-
eighteen (58.1%) of neonates were male, and all the adults 
were female. The mean age of adult patients was 
47.14±18.47. Amongst the adult patients, 2(28.2%), 
1(14.3%), 1(14.3%), and 3(42.9%) had positive cultures 
from urine, ETT, wound, and other site samples, 
respectively. Amongst the neonates, the most frequent 
sites of infection were throat with 36 (17.7%), ETT with 
19(9.4%) and eye 14 (6.9%) (Table1). 

Of the 7 adults, 2 were positive for A. baumannii (1 
from ETT sample and 1 from wound sample) and 5 were 
positive for P. aeroginosa (2 from a urine sample and 3 
from other sites samples). Amongst neonates,139(68.5%) 
and 64(31.5%) were positive for A. baumannii and P. 
aeroginosa, respectively (Table 2).  

Of all the adult patients, 6(85.7%) had a heavy growth 
of bacteria in their culture. The information for one adult 
patient was missing. Twenty-five (12.3%), 22 (10.8%), and 
119 (58.6%) of neonate patients had a mild, moderate, and 
heavy growth of bacteria in culture. The information in this 
regard for 37 neonate patients was missing. 

Of all A.baumannii positive samples 126 (89.4%), 
122(86.5%), 100(70.9%), 100(70.9%), 95(67.4%), 
85(60.3%), 51(36.2%), 14(9.9%), and 8(5.7%) were 
resistant to amikacin, ceftazidime, gentamicin, imipenem, 
cefepime, ciprofloxacin, cotrimoxazole, tetracycline, and 
cefotaxime, respectively. Pearson Chi-Square test showed 
that susceptibility ofA.baumannii to cefepime (P<0.001), 
gentamicin (P=0.026), and imipenem (P=0.009) decreased, 
but to tetracyclin (P<0.001) increasedin2018 (Figure 1). 
Of all P.aeroginosa positive samples, 22(31.9%), 
22(31.9%), 20(29%), 17 (24.6%), 8 (11.6%), and 7(10.1%) 
were resistant to amikacin, gentamicin, ceftazidime, 
cefepime, ciprofloxacin, and imipenem, respectively. 
Pearson Chi-Square test showed that there was no 
statistical relevance according to the studied antimicrobial 
susceptibility to P. aeroginosa during the study period (Fig. 
2).  

 
Table 1: Sites of infection in neonates in both genders   

 Throat ETT Eye Blood CSF Urine Other sites Total 

Male (%)) 22 (18.6) 13 (11) 7 (5.9) 8(6.8) 1 (0.8) 0 (0) 67 (56.8) 118 (100) 

Female(%) 14 (16.5) 6 (7.1) 7 (8.2) 5(5.9) 1 (1.2) 1 (1.2) 51 (60) 85 (100) 

Table 2. Frequency of bacteria culture based on sites of infection 
 

 Throat ETT Eye Blood CSF Urine Other sites Total 

A.baumannii (F(%)) 20  (14.2) 9 (6.4) 5 (3.5) 10(7.1) 2 (1.4) 1 (0.7) 93 (66) 141 (100) 

P.aeroginosa (F(%)) 16 (23.2) 11(15.9) 9 (13) 3 (4.3) 0 (0) 2 (2.9) 28 (40.6) 69 (100) 
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Figuire 1. Pattern of antibiotic resistance to Acinetobacter baumannii 

 
 

Figure 2. Pattern of antibiotic resistance of Pseudomonas aeroginosa 
 

 
 
 

DISCUSSION 
 

Amongst our adult patients, the most infected site was 
urinary tract, while throat was the most frequent site 
between neonates. These results were almost in 
concordance with the studies done by Kamat et al. in India 
[10] and by Davoudi et al. in Iran [11].Urinary tract and 
respiratory tract are amongst the most common sites 
involved in nosocomial infections. 

The most frequent antibiotic that A.baumanniiwas 
resistant to, was amikacin and the least frequent was 
cefotaxime. A study by Villalo´n et al. in Spain showed that 
all isolates of A.baumanii were fully resistant to ticarcillin, 
piperacillin, piperacillin-tazobactam, aztreonam, 
cefotaxime, ceftazidime, gentamicin, ciprofloxacin, and 

trimethoprim-sulfamethoxazole. The rate of resistance to 
other antibiotics was 98.3% for cefepime, 74.4% for 
imipenem, and 89.8% for amikacin[2] A study by Ruoming 
Tan et al. in China showed that the resistance rate of 
hospital-wide A.baumannii to amikacin, cotrimoxazole, 
ciprofloxacin, ceftazidime, cefepime, and imipenem was 
51.4%, 62.4%, 62.6%, 58.2%, 58.6%, and 44.2% 
respectively[13]. A study by Maraki et al. in Greeceshowed 
that the resistance rate of A.baumannii isolates for 
cefotaxime, ceftazidime, cefepime, amikacin, gentamycin, 
tetracycline, and ciprofloxacin was 83.2%, 79.6%, 82.5%, 
67.2%, 70.8%, 80.3%, and 85.5%, respectively14. In 
another study by Karlowsky et al. in the USA<10% of 
A.baumannii were resistant to imipenem, from 20 to 30% of 
isolates were resistant to amikacin, and more than 40% 
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were resistant to ceftazidime, ciprofloxacin, and 
gentamycin[15]. A study by Lăzureanu et al. in Romania 
revealed that resistance rate of A.baumannii forceftazidime 
and imipenem was 94.6% each, for cefepime 89.2%, and 
for cefotaxime 91.9%16. A study by Fitzpatrick et al. in the 
USA showed that the resistance rate of A.baumannii 
isolates for imipenem, cefepime, ciprofloxacin, and 
amikacin was 75%, 80%, 82%, and 61%, respectively17. A 
meta-analysis by Pourhajibaghe et al. in Iran showed that 
55% of A.baumanniiwere resistant to imipenem18. Ezzat et 
al. in Egypt showed that all strains of A.baumannii were 
resistant to ceftazidime, cotrimoxazole, ceftriaxone, and 
cefepime. The resistance rate of A.baumannii to imipenem, 
gentamycin, and amikacin was 33.33%, 55.56%, and 
55.56%, respectively19. A study done by Asadian et al. in 
Iran showed that the resistance rate of A.baumanniito 
imipenem, cotrimoxazole, cefotaxime, tetracycline, 
amikacin, ciprofloxacin, ceftazidime, gentamycin, and 
cefepime was 79.7%, 89.8%, 97.4%, 74.6%, 81%, 96.2%, 
97.4%, 92.4%, and 87.3%, respectively20. A study by 
malekzadegan et al. in Iran showed that all isolates of 
A.baumannii were resistant to imipenem. It also showed 
that 83.3% of A.baumannii isolates were resistant to 
ceftazidime[21]. Considering all these studies including ours, 
none of the mentioned antibiotics seems to be appropriate 
as gold standard treatment for A.baumannii. It used to be 
believed that carbapenems were the mainstay against 
multi-drug resistant A.baumanii22 while in many settings 
worldwide including ours due to high resistance rate, is no 
longer recommended. Surprisingly the resistance rates of 
A.baumanii isolates to tetracyclin and cefotaxime were low 
in this study, and the reason might be due toits lower rate 
of usage in our setting. For being able to recommend these 
two antibiotics as drugs of choice against A.baumaniimore 
investigation is warranted. 

The most frequent antibiotic that P.aeroginosa was 
resistant to, was amikacin (31.9%) and the least resistance 
rate belonged to imipenem. In a study in Spain by Villalo´n 
et al. the resistance rate of hospital-wide P.aeroginosa was 
23.9%, 31.5%, 26.3%, 25.7%, and 33.8% for amikacin, 
ciprofloxacin, ceftazidime, cefepime, and imipenem, 
respectively12. In another study by Fatima et al. in Pakistan 
showed that the resistance rate of P.aeroginosato 
imipenem, amikacin, and cefepime were 24%, 35%, and 
40%, respectively23. The resistance rate of P.aeroginosato 
ceftazidime, cefepime, amikacin, gentamycin, and 
ciprofloxacin was 28.2%, 28.5%, 18.8%, 24.8%, and 
32.2%, respectively as reported by Maraki et al. [14]. A study 
by Karlowsky et al. in the USA showed that <10% of 
P.aeroginosa isolates were resistant to amikacin, from 10 
to 20% resistant to cefepime, ceftazidime, and imipenem, 
and from 20 to 30% of isolates were resistant to 
ciprofloxacin and gentamicin[15]. A study by Anyim et al. in 
Nygeria revealed that the resistance rate of P.aeroginosa 
to ceftazidime, ciprofloxacin, and gentamicin was 14.3%, 
0.00%, and 71.4% respectively[24]. A study by Franse´n et 
al. in Sweden revealed that the resistance rate of 
P.aroginosato imipenem and ceftazidime was 26% and 
15%, respectively25. Ezzat et al. reported that all 
P.aeroginosa isolates were resistant to Co-trimoxazole, 
ceftriaxone, and cefepime. The resistant rate of 
P.aeroginosa to ceftazidime, imipenem, gentamycin, and 

amikacin were 77.78%, 0%, 66.67%, and 66.67%, 
respectively19. A study by Pokharel et al. in Nepal showed 
that 63% P.aeroginosa were resistant to ceftazidime, 
56.5% to cefotaxime, 37.4% to imipenem, 39.1% to 
ciprofloxacin, 42.2% to gentamycin, 26% to amikacin, and 
80.4% to cotrimoxazole26. A study by Zare et al. in Iran 
showed that all P.aeroginosa isolates were resistant to 
cotrimoxazole and ceftriaxone27. It seems that P. 
aeroginosa isolates worldwide are still susceptible to 
imipenem and ciprofloxacin, unlike cefepime, ceftazidime, 
gentamycin, amikacin, and cotrimoxazole. 

The major limitation of our study was that many of the 
hospitalized patients with positive cultures did not have any 
rerecorded antibiogram; hence, we had to exclude them 
from our study. 
 

CONCLUSION 
 

All in all, we found that amikacin is no longer suitable to 
treat A.baumannii and P.aeroginosarelated infections in our 
setting. We also found that the lowest resistance rate of 
A.baumanniisolates to the studied antibiotics was related to 
tetracycline and cefotaxime and the lowest resistance rate 
of P.aeroginosa isolates was related to imipenem and 
ciprofloxacin. We recommend further studies with larger 
sample size in different settings and with various antibiotics 
in order to obtain a better understanding of A.baumannii 
and P.aeroginosa antibiotic susceptibility pattern. 
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