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Background. The emergence of multidrug-resistant (MDR) microorganisms causing infections is increasing worldwide and becoming
more serious in developing countries. Among those, Acinetobacter species are becoming prominent. Objectives. The aim of this study was
to determine the rate of antimicrobial resistance of the bacteria causing infections, Acinetobacter species in particular, in local public
hospitals in Firuzabad, Fars province, Iran. Methods. This cross-sectional study was performed on different clinical specimens collected
from patients who were suspected of infections hospitalized from March 2016 to March 2019 in local hospitals of Firuzabad, Fars province,
Iran. The bacterial isolates were identified following standard microbiological methods. Clinical and Laboratory Standards Institute
guidelines were used to identify the antibiotic susceptibility of these isolates. Results. Overall, 1778 bacterial etiologies were isolated from
1533 patients diagnosed with infection. Of these, 1401 (78.8%) were Gram-negative and the remaining were Gram-positive bacteria.
Escherichia coli (37.1%), Klebsiella spp. (13.9%), and Acinetobacter species (10.4%) were the most common isolated bacteria. Antibiotic
sensitivity testing in this study showed a high resistance rate of Acinetobacter species to all antibiotics tested except Colistin. During the
study period, the rate of infection with highly multidrug-resistant Acinetobacter species increased from 7.2% to 13.3%. Conclusions. This
study highlights the emergence of MDR bacterial agents such as Acinetobacter species as a new threat in our region. However, a decrease in
the rate of infection with Pseudomonas aeruginosa was noticeable.

1. Introduction

The emergence of antimicrobial-resistant bacteria in the
community and hospitals is a critical threat to public health
worldwide [1-3]. Unnecessary antibiotic use, excessive use
of broad-spectrum antibiotics, and improper prescription of
antibiotic drugs are the main reasons for the increased
prevalence of antibiotic-resistant microorganisms [4]. De-
spite this rise in the prevalence of drug-resistant pathogens,
the development of new antimicrobial agents is declining
drastically [5]. Accordingly, the possibility of facing a rising
number of potentially untreatable infections in the near

future is a cause for concern. Furthermore, decreased sen-
sitivity to the available antibiotics is a major concern in
Iranian healthcare facilities [6-8].

A major challenge in treating patients with bacterial
infections is the selection of appropriate antibiotics for their
treatment. This can be obtained based on the information on
the antimicrobial resistance patterns in the area. For this
reason, updated data on antimicrobial resistance patterns in
every region is required.

The goal of the present study was to provide up-to-date
data on the antibiotic resistance patterns of bacterial in-
fections in this area. Such data could provide a practical
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guide for physicians. More importantly, it would highlight
the serious threat of multidrug-resistant (MDR) bacteria
causing infections, some of which are entirely resistant to
every antibiotic available. Studies like this will draw special
attention to the necessity of future studies in order to find
new medications for treating infections with such bacteria.

2. Methods

2.1. Study Subjects. This cross-sectional study was conducted
within a 3-year period from March 2016 to March 2019 in
local public hospitals in Firuzabad, southwest Iran. The
samples were taken as a part of the routine diagnostic
practice; however, after the approval of the ethics committee
(Approval ID: IR.SUMS.REC.1393.8313), informed consent
was obtained from each participant or legal guardian.

Using sterile equipment and aseptic techniques, 1778
clinical samples including blood, urine, sputum, wound
swab, and endotracheal tube specimens (ETT) were col-
lected from 1533 patients diagnosed with infection based on
clinical signs and laboratory investigations. Patients were
aged between 1 and 90 years old (38.7 +24.4 years). The
specimens were taken from patients by medical nurses and
laboratory technicians and were transported to the labo-
ratory immediately for further analysis.

2.2. Sample Collection. For blood culture collection, the
venipuncture method was used to obtain blood samples.
Two sets of blood specimens were collected from different
venipuncture sites. Each bottle consisted of 7-10mL of
blood for adult patients [9]. The collected volume of blood
for pediatric patients was based on the weight of the patients
[10].

For the diagnosis of urinary tract infections (UTI), clean-
catch midstream urine (MSU), neonatal bagged urine, in-
dwelling catheter (Foley catheter) urine, or suprapubic
catheter urine was collected from patients.

The sputum samples were taken into sterile containers
and were immediately analyzed microscopically by Gram
staining. The samples containing less than 10 epithelial cells
and more than 25 leukocytes in each area upon 100x
magnification were included in the study as eligible sputum
specimens [11].

ETTs were obtained immediately after extubation.
Roughly, 1cm of the distal end of the ETTs was cut for
microbiological culture analysis. The tips were placed in a 15
mL conical tube containing 5mL of sterile phosphate-
buffered saline (PBS). Conical tubes were centrifuged at
400g upon delivery, and pellets were used for further
analysis.

For wound culture, wounds were first rinsed thoroughly
with sterile saline solution. A small area (1cm) of clean
viable tissue was identified, and the sterile swab was rotated
on it for 5 seconds while applying enough pressure to
produce exudate. Swabs were then transferred into sterile
containers. All the specimens were processed in the labo-
ratory immediately (within 1hour) to keep the samples
stable.
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2.3. Bacteriological Investigation. Culturing and identifica-
tion of isolates were on the basis of standard guidelines for
microbiological examination [12, 13]. Briefly, blood samples
were collected as soon as the onset of clinical symptoms
before administration of antimicrobial therapy. For the
identification of pathogens, BACTEC™ (Becton Dickinson,
USA) blood culture bottle system was employed. Blood
culture specimens were incubated for 7 days. Positive blood
cultures were plated on Columbia blood agar with 5% sheep
blood, MacConkey agar, and chocolate agar. Blood and
MacConkey agar plates were incubated for 2days in an
atmosphere with 5% CO,. Chocolate agar plates were in-
cubated anaerobically in Gas-pack anaerobic jars with Gas-
Pack envelopes (BBL; Becton Dickinson & Co., Cockeysville,
Md., USA) and palladium catalyst to achieve and maintain
an anaerobic atmosphere enriched with CO2.

Urine specimens were cultured on blood agar and
MacConkey agar plates using calibrated 0.001 mL loops for
quantitative urine cultures. Greater than or equal to 100 000
colony-forming units (CFU) of bacteria per mL of MSU or
neonatal bagged urine samples were considered positive for
infection. A positive growth of bacteria for other types of
urine specimens was considered infection as well.

Respiratory specimens were routinely cultured onto
several solid media, including chocolate agar, sheep blood
agar, and MacConkey agar. Sputum cultures with more than
5 colonies per plate of potential respiratory pathogens were
considered positive for infection.

The assessment of wound infection was performed by
inoculating the swabs on blood agar, MacConkey agar, and
chocolate agar and incubating at 37°C for 24 to 48 hours.

All culture media were supplied from bioMérieux,
France. Bacterial isolates were identified using conventional
methods based on their morphological, biochemical, and
physiological characteristics. Briefly, Gram staining was
performed on smears of inoculums of single colonies from
pure subcultures in 20yl of sterile PBS. The stained slides
were analyzed using light microscopy. Subsequently, the
identification of the isolated Gram-positive and Gram-
negative bacteria was carried out using biochemical tests.
For the Gram-positive isolates, catalase, coagulase, DNase,
Bacitracin, Novobiocin and Optochin susceptibility, hip-
purate hydrolysis, 6.5% NaCl broth salt tolerance, and bile
esculin tests were applied. The identification of Gram-
negative bacteria involved performing triple sugar iron
(TSI), Simmon’s citrate, sulfide-indole-motility (SIM),
urease, methyl red (MR), Voges-Proskauer (VP), lysine
decarboxylase, arginine decarboxylase, ornithine decar-
boxylase, phenylalanine deaminase, oxidase, oxidation-fer-
mentation (OF), and acetate utilization tests [14].

2.4. Antibiotic Susceptibility Testing. The antimicrobial
susceptibility test (AST) was performed for all isolates using
the standard Kirby-Bauer disk diffusion method [15]. The
antibiotics for disc diffusion testing for both Gram-positive
and Gram-negative isolates were in the following concen-
trations: Ceftizoxime (30 pg), Amikacin (30 ug), Cefixime
(5ug), Ciprofloxacin (5ug), Nitrofurantoin (200 ug),
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Gentamicin (10 ug), Nalidixic acid (30ug), Ceftriaxone
(30 pg), Co-Trimoxazole (25 ug), Norfloxacin (10 ug), Tet-
racycline (30 pg), Chloramphenicol (30 yg), and Imipenem
(10 pg). In case of some Gram-positive isolates, Vancomycin
(30pg), Ampicillin  (104g), Clindamycin (2ug), and
Erythromycin (15 ug) were also used. Colistin in a con-
centration of 10 ug was used for MDR pathogens such as
Acinetobacter spp., Pseudomonas aeruginosa, and Klebsiella
pneumoniae. MDR was defined as resistance to at least one
antibiotic in at least three antimicrobial categories [16].

Antimicrobial discs were obtained from Padtan-TEB
Co., Tehran, Iran. For the interpretation of antibiotic sus-
ceptibility testing, diameters of inhibition zones around the
discs were measured and were classified as sensitive (S),
intermediate (I), and resistant (R) as suggested by Clinical
and Laboratory Standards Institute (CLSI) (https://clsi.org).

The quality control strains used in the study were
Escherichia coli (ATCC®25922™), Pseudomonas aeruginosa
(ATCC® 27853™), Staphylococcus aureus (ATCC®25923™),
and Enterococcus faecalis (ATCC® 29212™).

2.5. Statistical Analysis. Data management and analysis was
carried out using WHONET 5.6 software.

3. Results

Overall, 1533 patients developed infections during this
three-year study. Among them, 889 (58%) were female and
644 (42%) were male. Infections with Gram-positive and
Gram-negative bacteria were detected in 293 out of 1533
(19.1%) and in 1181 out of 1533 (77.0%) patients, respec-
tively. Furthermore, coinfection with both Gram-positive
and Gram-negative bacteria was found in 59 out of 1533
patients (3.8%). The distribution of bacterial isolates in
different clinical specimens and hospital wards is shown in
Tables 1 and 2, respectively.

Among Gram-negative bacteria, E. coli (37.1%), Kleb-
siella spp. (13.9%), and Acinetobacter spp. (10.4%) were
dominant causes of infections. However, S. aureus was the
most prevalent isolate among Gram-positive bacteria
(Figure 1).

The prevalence of bacteria involved in infections during
the study period is presented in Table 3. There was a decrease
in the rate of Pseudomonas aeruginosa infections from 12.2%
in the years 2016-2017 to 4.8% in the years 2018-2019.
However, an increasing trend in infections due to Acine-
tobacter spp. from 7.2% in the years 2016-2017 to 13.3% in
the years 2018-2019 was demonstrated (Table 3). The an-
tibiotic resistance patterns of the Gram-positive and Gram-
negative bacteria are presented in Tables 4 and 5,
respectively.

MDR patterns of Gram-positive and Gram-negative
bacterial agents are shown in Tables 6 and 7 . The highest rate
of multidrug resistance among Gram-positive bacteria was
found in the isolates of Enterococcus spp. (91.4%), followed
by S. epidermidis (64.9%) and S. aureus (38.8%), while
among Gram-negative bacteria, the highest rate of multidrug
resistance was detected in the isolates of Acinetobacter spp.

(100%), followed by Klebsiella spp. (58.5%) and E. coli
(54.0%).

Urinary tract infection was present in 62.1% of the
patients, followed by respiratory tract infection (19.6%) and
wound infection (15.5%). UTIs were more frequent among
women (74%), and E. coli was the major cause of them
(62.0%).

About fifty-five percent of the patients with respiratory
tract infections were those who were receiving tracheal
intubation, most of whom were hospitalized in intensive
care units (ICU). The main bacteria isolated from ETT
cultures were Acinetobacter spp. (44.9%). The same bacteria
were the most frequent cause of positive sputum cultures
(28.2%). These bacteria were highly resistant to most of the
antibiotics. However, Colistin was the only antibiotic that all
of the mentioned bacteria were still sensitive to.

Staphylococcus epidermidis was the major cause of
positive blood cultures (20.0%) and these bacteria showed
the most sensitivity to Vancomycin and were most resistant
to Erythromycin. Furthermore, Staphylococcus aureus was
the most frequent microorganism isolated from wound
cultures (21.8%), all of which were sensitive to Vancomycin.

4. Discussion

In the present study, the pattern of antibiotic resistance of
bacteria isolated from patients with infection was investi-
gated. During three years of study, 1533 patients developed
infections. When the incidence of infections was examined
in different wards of general hospitals in Firuzabad, Fars
province, Iran, the patients admitted in the internal medi-
cine ward, in particular, had the highest rate of infection
(28.9%) followed by surgical (orthopedic and general sur-
gery) wards (23%), the pediatric ward (13%), neonatal ICU
(12%), ICU (11.5%), CCU (7.4%), and emergency depart-
ment (4.2%). UTI was the most frequent infection during the
study period. Escherichia coli was found to be the most
common pathogen isolated (37.1%), followed by Klebsiella
spp- (13.9%) and Acinetobacter spp. (10.4%).

Overall, the prevalence of infections with Gram-negative
bacteria was higher than Gram-positive bacteria (78.8%
versus 21.2%). The most frequent Gram-negative bacteria
causing infections were E. coli (21.6%), while in other studies
Enterobacter spp., Klebsiella pneumoniae, and Pseudomonas
aeruginosa were the most prevalent causative organisms of
infections [17], the incidence of infection with E. coli and
Acinetobacter spp. is increasing in our region. The preva-
lence of MDR among Acinetobacter spp. isolates was found
to be 100%, which is far higher than reports from Saudi
Arabia (74%) and Ethiopia (71.6%) [18, 19]. The emergence
of MDR Acinetobacter spp. may complicate the choice of the
accurate antibiotic for treatment and increase the mortality
rate in hospitalized patients [20]. Except for Colistin
(Polymyxin E) with 100% sensitivity, Acinetobacter spp.
isolates exhibited high rates of resistance to all the antibiotics
that are routinely used in clinical pathology laboratories for
Gram-negative bacteria. These results contradict with a
previous study in which drug resistance to Colistin was high
(49.8%) in the northern part of Iran [21].
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TaBLE 1: Distribution of bacteria isolated from different samples collected from patients with infections.
Source of specimen
Microorganism Total Urine Blood Wound Sputum ETT
Number of isolates (%)
Acinetobacter spp. 185 (10.4) 0 9 (6.9) 19 (8.0) 82 (28.2) 75 (44.9)
Enterobacter spp. 62 (3.5) 44 (4.6) 6 (4.6) 12 (5.0) 0 0
Enterococcus spp. 117 (6.6) 77 (8.1) 12 (9.2) 28 (11.8) 0 0
Escherichia coli 659 (37.1) 590 (62.0) 21 (16.1) 15 (6.3) 22 (7.6) 11 (6.6)
Klebsiella spp. 248 (13.9) 154 (16.2) 13 (10.0) 27 (11.3) 34 (11.7) 20 (12.0)
Proteus spp. 63 (3.5) 41 (4.3) 5 (3.8) 17 (7.1) 0 0
Pseudomonas aeruginosa 142 (8.0) 29 (3.0) 8 (6.1) 39 (16.4) 35 (12.0) 31 (18.6)
Staphylococcus aureus 134 (7.5) 17 (1.8) 12 (9.2) 52 (21.8) 34 (11.7) 19 (11.4)
Staphylococcus epidermidis 77 (4.3) 0 26 (20.0) 29 (12.2) 11 (3.8) 11 (6.6)
Stenotrophomonas maltophilia 24 (1.3) 0 11 (8.5) 0 13 (4.5) 0
Streptococcus pneumoniae 49 (2.7) 0 0 0 49 (16.8) 0
Other nonfermentative bacteria 18 (1.0) 0 7 (5.4) 0 11 (3.8) 0
Total 1778 952 130 238 291 167
ETT: endotracheal tube specimen.
TasLE 2: Distribution of bacteria isolated from patients with infections in different hospital wards.
Hospital ward
Microorganism Internal medicine Surgical wards Pediatric ward ~ NICU ICU CCU Emergency
department
Number of isolates (%)
Acinetobacter spp. 25 (4.9) 29 (7.1) 19 (8.2) 32 (15.0) 59 (28.9) 18 (13.6) 3 (4.0)
Enterobacter spp. 18 (3.5) 16 (3.9) 5(2.2) 2 (0.9) 6 (2.9) 12 (9.1) 3 (4.0)
Enterococcus spp. 10 (1.9) 38 (9.3) 7 (3.0) 13 (6.1) 25 (12.2) 18 (13.6) 6 (8.0)
Escherichia coli 265 (51.6) 168 (41.1) 105 (45.4) 49 (23.0) 30 (14.7) 13 (9.8) 29 (38.7)
Klebsiella spp. 94 (18.3) 22 (5.4) 35 (15.1) 38 (17.8) 15 (7.3) 26 (19.7) 18 (24)
Proteus spp. 19 (3.7) 18 (4.4) 4(1.7) 7(33) 524  6(45) 4 (5.3)
Pseudomonas aeruginosa 19 (3.7) 26 (6.4) 15 (6.5) 34 (15.9) 27 (13.2) 19 (14.4) 2 (2.7)
Staphylococcus aureus 34 (6.6) 62 (15.2) 6 (2.6) 13 (6.1) 9 (4.4) 8 (6.1) 2 (2.7)
Staphylococcus epidermidis 14 (2.7) 16 (3.9) 12 (5.2) 8 (3.7) 18 (8.8) 6 (4.5) 3 (4.0)
Stenotrophomonas maltophilia 3 (0.6) 7 (1.7) 5(2.2) 3 (1.4) 3 (1.5) 2 (1.5) 1(1.3)
Streptococcus pneumoniae 9 (1.7) 0 17 (7.4) 12 (5.6) 5 (2.4) 3 (2.3) 3 (4.0)
Other nonfermentative bacteria 4 (0.8) 7 (1.7) 1(0.4) 2 (0.9) 2 (1.0) 1 (0.8) 1(1.3)
Total 514 409 231 213 204 132 75
Other NFB | ‘
S. maltophilia |y ‘
S. pneumoniae | :
Enterobacter Spp. |
Proteus spp. | :
S. epidermidis |
Enterococcus spp. —
S. aureus |lom—
P. aeruginosa |lm—
Acinetobacter spp.
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E. coli

300 400 700

500

0 100 200 600
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FiGure 1: Frequency of bacteria isolated from clinical samples of patients with infections; NFB: nonfermentative bacteria.
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TaBLE 3: Prevalence of bacterial infections during the three-year study period.
Sample collection dates
Microorganism 2016-2017 2017-2018 2018-2019
Number of isolates (%)
Acinetobacter spp. 39 (7.2) 58(10.0) 88 (13.3)
Enterobacter spp. 17 (3.1) 23 (4.0) 22 (3.3)
Enterococcus spp. 43 (8.0) 39 (6.7) 35 (5.3)
Escherichia coli 188 (34.9) 217 (37.3) 254 (38.5)
Klebsiella spp. 69 (12.8) 83 (14.3) 96 (14.6)
Proteus spp. 27 (5.0) 22 (3.8) 14 (2.1)
Pseudomonas aeruginosa 66 (12.2) 44 (7.6) 32 (4.8)
Staphylococcus aureus 45 (8.4) 44 (7.6) 45 (6.8)
Staphylococcus epidermidis 23 (4.3) 19 (3.3) 35 (5.3)
Stenotrophomonas maltophilia 5(0.9) 10 (1.7) 9 (1.4)
Streptococcus pneumoniae 12 (2.2) 15 (2.6) 22 (3.3)
Other nonfermentative bacteria 4 (0.7) 7 (1.2) 7 (1.1)
Total 538 581 659
TABLE 4: Antibiotic resistance patterns of Gram-positive bacteria isolated from patients with infections.
o Enterococcus spp. S. aureus S. epidermidis S. pneumoniae
Antibiotics
R% 1% S% R% 1% S% R% 1% S% R% 1% S%
Amikacin NA NA NA 3.0 0 97.0 7.8 39 88.3 NA NA NA
Ciprofloxacin 93.2 5.1 1.7 224 4.5 73.1 63.6 1.3 35.1 NA NA NA
Nitrofurantoin 11.1 21.4 67.5 20.1 7.5 72.4 3.9 3.9 92.2 NA NA NA
Gentamicin 84.6 8.5 6.8 14.2 0 85.8 28.6 5.2 66.2 NA NA NA
Ceftriaxone NA NA NA 30.6 5.2 64.2 71.4 11.7 16.9 42.9 4.1 53.1
SXT NA NA NA 20.1 3.0 76.9 58.4 1.3 40.2 32.6 4.1 63.3
Norfloxacin 94 4.3 1.7 39.6 6.7 53.7 63.6 1.3 35.1 NA NA NA
Tetracycline 92.3 0 7.7 42.5 0.7 56.7 64.9 0 35.1 51.0 6.1 42.9
Vancomycin 75.2 17.9 6.8 0 0 100 1.3 0 98.7 0 0 100
Ampicillin 60.7 4.3 35.0 NA NA NA NA NA NA NA NA NA
Chloramphenicol 32.5 13.7 53.8 8.2 6.0 85.8 52 39 90.9 12.2 0 87.7
Clindamycin NA NA NA 33.6 4.5 61.9 71.4 2.6 26.0 28.6 2.0 69.4
Erythromycin NA NA NA 38.8 5.2 56.0 84.4 0 15.6 30.6 6.1 63.2

R: resistant, I: intermediate, S: sensitive, SXT: Co-Trimoxazole, and NA: not applicable.

Furthermore, between 5.3% and 69.8% of isolated
E. coli were resistant to different antibiotics. Among the
tested antibiotics for E. coli isolates, the lowest antibiotic
resistance was detected for Amikacin, followed by Co-
listin. However, these isolates were highly resistant to
Nalidixic acid and Co-Trimoxazole, which is consistent
with a previous report from Isfahan, Iran [22]. Pseudo-
monas aeruginosa isolates showed high rates of sensitivity
to the studied antibiotics and were detected in only 8.0%
of infections, which is far lower than infections with E. coli
and Acinetobacter spp. isolated from clinical samples. The
rate of MDR among Pseudomonas aeruginosa isolates was
9.8%, which is lower than the MDR rate of 31% reported
by a recent study in Tehran, Iran [23].

Staphylococcus aureus was the most common Gram-
positive bacteria isolated from infected patients and gen-
erally comprised 7.5% of all bacterial infections and 35.5% of
all Gram-positive bacterial infections. Staphylococcus aureus
was mostly isolated from patients with wound and respi-
ratory tract infections. We did not find Vancomycin-re-
sistant Staphylococcus aureus during the study period among

infected patients. This finding is in line with that of a
previous study on Staphylococcus aureus in which although
all studied isolates were MDR, they were generally sus-
ceptible to Vancomycin [24].

Enterococcus spp., as the second most frequent isolated
Gram-positive bacteria, showed a notably high multidrug
resistance rate of 91.4%, which is comparable to the rates
reported by a study in Taiwan [25]. Further, 75.2% of En-
terococcus spp. isolates were found to be Vancomycin-re-
sistant, which might be associated with the extensive use of
Vancomycin in the hospital environment. Vancomycin-
resistant Enterococci (VRE) have become a serious problem
in almost every hospital and especially in high-risk patients
[26-28].

There were 116 patients with the same bacterial isolates
from different clinical samples. All isolates were tested for
their antibiotic susceptibility. Approximately 80% of them
had the similar patterns of antibiotic susceptibility. How-
ever, 52 patients had different bacterial species in clinical
samples collected from multiple anatomical sites of
infection.
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TaBLE 6: Multidrug resistance patterns of Gram-positive bacteria isolated from patients with infections.

Antibiotic resistant isolates

Microorganism Number of antibiotics No (%) Multidrug resistance patterns
5 48 (41.0) CIP, TE, GM, V, AMP
4 26 (22.2) CIP, TE, GM, V
Enterococcus spp. (No=117) 4 19 (16.2) CIP, TE, GM, AMP
3 6 (5.1) CIP, TE, GM
3 8 (6.8) CIP, TE, V
5 3(22) CIP, GM, E, CC, SXT
4 10 (7.5) CIP, E, CC, TE
3 6 (4.5) E, SXT, CHL
S. aureus (No =134) 3 3(2.2) GM, E, CHL
3 13 (9.7) E, CC, TE
3 8 (6.0) CIP, E, CC
3 9 (6.7) CIP, GM, E
5 5 (6.5) CIP, GM, E, CC, SXT
4 6 (7.8) E, CC, TE, SXT
4 5 (6.5) CIP, E, CC, TE
S. epidermidis (No =77) 3 2 (2.6) GM, E, CHL
3 8 (10.4) E, CC, TE
3 11 (14.3) CIP, E, CC
3 13 (16.9) E, TE, SXT
S. pneumoniae (No =49) ;L 53 ((16012)) E, E,C’Cg,Elr;XT

CIP: Ciprofloxacin, TE: Tetracycline, GM: Gentamicin, V: Vancomycin, AMP: Ampicillin, E: Erythromycin, CC: Clindamycin, SXT: Co-Trimoxazole, and
CHL: Chloramphenicol.

TaBLE 7: Multidrug resistance patterns of Gram-negative bacteria isolated from patients with infections.

Antibiotic resistant isolates

Microorganism Number of antibiotics No (%) Multidrug resistance patterns
0
6 45 (6.8) SXT, TE, IMP, GM, CHL, COL
5 35 (5.3) SXT, CRO, CIP, GM, AMK
4 58 (8.8) SXT, TE, CIP, GM
Escherichia coli (No = 659) 4 36 (5.5) SXT, TE, CHL, CIP
3 62 (9.4) SXT, TE, CHL
3 66 (10) SXT, TE, IMP
3 54 (8.2) SXT, CRO, CIP
5 3 (1.2) SXT. TE, CIP, GM, COL
4 47 (18.9) CRO, CIP, GM, AMK
Klebsiella spp. (No =248) 3 33 (13.3) SXT, TE, IMP
3 36 (14.5) SXT, TE, CHL
3 26 (10.5) SXT, CRO, CIP
4 4 (6.4) CRO, CIP, GM, AMK
B 3 6 (9.7) SXT, TE, CRO
Enterobacter spp. (No=62) 3 7 (11.3) SXT, TE, IMP
3 6 (9.7) SXT, TE, CHL
P. aeruginosa (No = 142) 4 14 (9.9) IMP, CIP, GM, AMK
7 129 (69.7) SXT, TE, IMP, CRO, CIP, GM, AMK
6 6 (3.2) SXT, TE, IMP, CIP, GM, AMK
5 31 (16.7) SXT, IMP, CIP, GM, AMK
. _ 4 6 (3.2) IMP, CIP, GM, AMK
Acinetobacter spp. (No = 185) 4 2 (11) SXT, IMP, GM, AMK
4 1 (0.5) SXT, CIP, GM, AMK
4 2 (1.1) SXT, IMP, CIP, AMK
3 8 (4.3) SXT, IMP, CIP
Proteus spp. (No =63) 3 5(7.9) SXT, CHL, CIP

SXT: Co-Trimoxazole, TE: Tetracycline, IMP: Imipenem, GM: Gentamicin, CHL: Chloramphenicol, COL: Colistin, CRO: Ceftriaxone, CIP: Ciprofloxacin,
and AMK: Amikacin.



5. Conclusion

In conclusion, the results indicate the increasing prevalence
of infections with emerging opportunistic pathogens such as
Acinetobacter spp. in our region. They are able to cause
different types of infections. While the rate of infection with
other Gram-positive and Gram-negative bacteria remains
unchanged during the study period, a reduction in the rate of
infection with Pseudomonas aeruginosa is evident. However,
the emergence of MDR Acinetobacter spp. seems to become
a major threat in the near future. Further, the considerable
rate of infection with E. coli should not be ignored.
Moreover, the molecular analysis of the isolates is recom-
mended to characterize the antibiotic resistance genes.
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