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Abstract

Background: Bacterial resistance is a worldwide phenomenon that can disrupt the treatment of many different infectious diseases.
Identifying drug-resistant bacteria is very important in different aspects, such as choosing the appropriate antibiotics, accelerating
treatment, reducing the costs of treatment, and preventing antibiotic resistance.

Objectives: Therefore, the present study was aimed to investigate the prevalence of drug-resistant Gram-negative bacteria in a teach-
ing hospital in Tehran, Iran.

Methods: In the present cross-sectional study, all clinical specimens that were obtained from patients admitted to the Imam Hos-
sein Hospital for infections caused by Gram-negative bacteria during 2017 were included. The pattern of antibiotic resistance was
determined by the disk diffusion test as recommended by the Clinical Laboratory and Standards Institute (CLSI) guideline.
Results: The result of the culture for 295 patients under study was reported as positive for Gram-negative bacteria. The most fre-
quent Gram-negative bacteria were Escherichia coli (31.2%), followed by Klebsiella spp. (20.3%) and Pseudomonas spp. (13.2). The most
antibiotic resistance was observed against cephalexin, ceftriaxone, and cefotaxime.

Conclusions: Resistance in Gram-negative bacteria was relatively high in the current study. Establishment of better infection con-
trol policies and education of hospital staff, especially in the ICU are recommended for the prevention and control of drug-resistant
pathogens in the health care settings.
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. Background to the production of beta-lactamase enzymes, decreasing

Widespread use of broad-spectrum antibiotics in re-
cent years has led to the emergence of drug-resistant bac-
teria (1, 2). The spread of these bacteria poses a substan-
tial threat to healthcare settings worldwide. Due to its
public health implications, drug-resistant bacteria have
been recently highlighted by the World Health Organiza-
tion (WHO) as a global priority for investment in research
and development of effective drugs (3). These microorgan-
isms are even showing rising rates of resistance to new an-
tibiotics, subsequently disrupting the treatment of many
infectious diseases (4-6). Critical-priority drug-resistant
Gram-negative bacteria included Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacteriaceae (3). Each
of the aforementioned isolates has a different sensitivity to
various antibiotics (5). For instance, in a study conducted
in the US, Escherichia coli was mostly resistant to penicillin
and cephalosporin (7). The observed resistance can be due

permeability, and increasing active efflux of the antibiotic
or mutation (7-11).

Identifying antibiotic-resistant bacteria is important
in many differentaspects such as choosing the appropriate
antibiotics, accelerating the treatment, reducing the costs
of treatment and also preventing antibiotic resistance.

2. Objectives

Thus, the present study was aimed to investigate the
prevalence of drug-resistant Gram-negative bacteria in a
teaching hospital in Tehran, Iran.

3. Methods

3.1. Samples and Setting

The present study was an observational-analytical
study that was performed in a cross-sectional design on all
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the clinical samples of patients admitted to the Imam Hos-
sein Hospital for infections caused by Gram-negative bac-
teria during 2017. Clinical samples include blood, sputum,
cerebrospinal fluid, urine, chip discharge, pleural fluid, as-
cites, ocular, ulcer, and catheter fluid.

3.2. Bacterial Isolation

All specimens were inoculated on proper culture me-
dia (Hi-Media, India) within two hours. Only one isolate
per patient was included. Methods used for identification
of Gram-negative bacteria include an examination of colo-
nial morphology, hemolytic characteristics on blood agar
media, Gram stain, and biochemical tests (i.e. catalase, ox-
idase, coagulase, bile solubility, and spot indole).

3.3. Drug Susceptibility Testing

The isolated bacteria were inoculated on Mueller Hin-
ton agar (Mast group Ltd, Merseyside, UK) and antimicro-
bial susceptibility testing was performed using the disk
diffusion method as recommended by Clinical and Labo-
ratory Standard Institute (CLSI No: M2-A9). Quality con-
trol was assured by concurrent testing with American
Type Culture Collection (ATCC) strains including Eshershia
coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and
Staphylococcus aureus ATCC 25923. The following antibi-
otics; amikacin (10 microgram), gentamicin (10 micro-
gram), ciprofloxacin (5 microgram), levofloxacin (5 micro-
gram), ceftriaxone (30 microgram), ceftazidime (30 micro-
gram), cefepime (30 microgram), cefotaxime (30 micro-
gram), imipenem (10 microgram), meropenem (10 micro-
gram), and colistin sulfate (10 microgram) were used for
drug susceptibility testing. The antibiotic disks were pro-
vided from Hi-Media group Ltd.

3.4. Statistical Analysis

All data were analyzed by the SPSS software (version 22,
SPSS Inc., Chicago, IL, USA). Independent sample t-test was
used to compare quantitative variables and chi-square was
used for qualitative variables. All the statistical test results
of less than 0.05 were considered as significant.

4. Results

In this study, the culture from 295 patients was re-
ported as positive for Gram-negative pathogens. The par-
ticipants of the study consisted of 144 men (48.8%) and 151
women (51.2%); the average age was 35.57 & 9.91 with the
age range of 15 to 60. The most frequent Gram-negative
bacteria was E. coli with a frequency of 92 cases (31.2%), fol-
lowed by Klebsiella spp. with the frequency of 60 cases
(20.3%), and Pseudomonas spp. with the frequency of 39

Table 1. Frequency of Included Samples®

Culture Place Values
Urinary 101(34.6)
Blood 70 (24)
Sputum 41(14)
Wound 28(9.6)
catheter 15(5.1)
Trachea 14 (4.8)
Cerebrospinal fluid 7(2.4)
Ascites 5(1.7)
Throat 3(1)
Eye 2(0.7)
Undetermined 2(0.7)
Pleura 1(0.3)
Stool 1(0.3)

*Values are expressed as No. (%).

cases (13.2%). The samples used in this study were taken
from different fluids such as urine, feces, blood, sputum,
wounds, catheters, cerebrospinal fluid, ascites, throat, tra-
cheal and eye discharges, and pleural effusions; their fre-
quency distribution are provided in Table 1.

According to the drug susceptibility results, a high rate
of resistance to cephalexin (100%), ceftriaxone (90%), and
cefotaxime (73.0%) was observed. Likewise, resistance to
imipenem amikacin and colistin was found to be 36.2%,
32.3%, and 7.5%, respectively. The frequency distribution of
drug resistance in Gram-negative bacteria is shown in Ta-
ble 2.

The distribution of Gram-negative bacteria based on
the site of infection is shown in Table 3. E. coli was fre-
quently isolated in urine samples (54%); Klebsiella spp. was
frequently seen in the blood samples (31.7%), and Pseu-
domonas spp. was frequently seen in blood and tracheal
samples (29.7).

The pattern of drug resistance of isolated Gram-
negative bacteria is shown in Table 4.

5. Discussion

In this study, the most frequent Gram-negative bacte-
ria were E. coli followed by Klebsiella spp and Pseudomonas
spp. In the similar studies conducted in Arak (12), Ban-
dar Abbas (13), and Khorramabad (14), the most prevalent
strains obtained were E. coli, which are similar to the re-
sults of the present study. However, in the study performed
in Besat Hospital the most prevalent strain was Klebsiella
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Table 2. Frequency of Resistance to Studied Antibiotics®

Causes Sensitive Intermediate Resistance Total
Cephalexin - - 105 (100) 105
Ceftriaxone 2(10) - 18 (90) 20
Cefotaxime 9(26.92) - 133 (73.08) 182
Ceftazidime 62 (18.86) - 153 (71.16) 215
Cefepime 54 (27.14) 5(2.51) 140 (73.35) 199
Levofloxacin 93(34.31) 5(1.85) 173 (63.84) 271
Ciprofloxacin 91(31.27) 13(7.56) 178 (61.17) 291
Tobramycin 2(50) - 2(50) 4
Meropenem 127(54.27) - 107 (45.73) 234
Gentamycin 9(24.57) - 7(43.75) 16
Imipenem 173 (61.56) 6(2.14) 102 (36.30) 281
Amikacin 164 (62.12) 15 (5.68) 85(32.20) 264
Colistin 110 (43.3) - 9(7.56) 19
#Values are expressed as No. (%).
Table 3. Distribution of Gram Negative Bacteria Based on Site of Infection®
Acinobacter Citrobacter E. coli Enterobacter Klebsiella Proteus Pseudomonas Serratia Shigella
Ascites - 4(4) 1(2.6) -
Blood 1(29.7) (26) 4(18.2) 19(31.7) 2(6.5) 8(29.7) =
Catheter 2(5.4) 1(4.5) 4(6.7) 5(16.1) 3(7.7) -
Cerebrospinal fluid 1(2.7) 2(2) 1(4.5) 2(33) 1(3.2) °
Eye 1(1) 1(17)
Pleura - 1(1) - - -
Sputum 9(243) 1(1) 4(29.7) 12(20) 8(25.8) 7(17.9) -
Stool 1(100)
Throat 2(5.4) 1(29.7)
Trachea Culture 6(16.2) 1(4.5) 3(5) 2(6.5) 2(29.7) -
Undetermined 2(32)
Urinary 3(81) 1(100) 54 (54) 5(22.7) 14(23.3) 10 (32.3) 13(5.1) 1(100) -
Wound 3(8.1) 1 (11) 6(27.3) 3(5) 3(9.7) 2(5.1) 1(100) 1(100)
Total 37(100) 1(100) 100 (100) 22(100) 60 (100) 31(100) 39 (100)
AValues are expressed as No. (%).
Table 4. Drug Resistance Patterns of Gram-Negative Bacteria®

Ceftazidime Ceftriaxone Cefotaxime Cefepime Levofloxacin Meropenem Imipenem Colistin Amikacin
Acinobacter 22(14.5) 18(13.6) 18(13.6) 31(18) 32(9.9) 33(32.4)
Citrobacter 1(6)
E. coli 66(43.4) 6(33.3) 61(47) 61(47) (27.9) 3(2.8) 5(4.9) 12(85.7)
Enterobacter 10 (6.6) 1(6.5) 10 (7.6) 10 (7.6) - 1(7.1)
Klebsiella 27(17.8) 3 6 (12.19) 26(19.12) 44(25.6) 36(33.6) 35(343) 9(100)
Proteus 18 (11.8) 6 5 (11.4) 15 (11.4) 21(12:2) 13(121) 13(12.7) -
Pseudomonas 8(5.3) 1 1(8) 1(8) 27(15.7) 33(21.5) 16 (15.7)
Shigella 1
Serratia

AValues are expressed as No. (%).

Arch Clin Infect Dis. 2019;14(6):e93637.


http://archcid.com

Hadavand F et al.

spp. It seems that the observed discrepancy in the re-
sults of the Besat Hospital study was due to the fact that
their samples were obtained from patients admitted to
the ICU (15). Regarding the high prevalence of E. coli, it
can be concluded that despite the numerous antibiotic
treatments, this bacteria is still the most prevalent Gram-
negative bacilli. Regarding the high prevalence of this iso-
late in the urine samples, control, treatment, and preven-
tion of urinary tractinfections is highly importantin order
toreduce treatment costs, the complications of urinary in-
fections, and the side effects of medications. In the present
study, E. coli was also the most antibiotic-resistant bacteria,
especially to fluoroquinolones such as ciprofloxacin and
levofloxacin. Therefore, it can be stated that the effect of
these antibiotics in the treatment of the E. coli has been de-
creased.

In this study, a high rate of resistance was observed to
ciprofloxacin, levofloxacin, and ceftazidime, respectively;
whereas, a low rate of resistance to imipenem, amikacin,
and meropenem was also observed. In the study con-
ducted in Arak, a high rate of resistance to cefotaxime,
ofloxacin, ciprofloxacin, imipenem, and ceftazidime was
reported, respectively (12). Similarly, high resistance rates
to ceftazidime and ceftriaxone have been reported from
Bandar Abbas, while imipenem and ciprofloxacin were the
most active antimicrobial agents against Gram-negative
bacilli (13). Additionally, high resistance rates to ceftriax-
one were evident from the survey conducted in Khorram-
abad (14). In the study performed at the Besat Hospital in
Tehran, a high resistance rate to ampicillin and the low re-
sistance rate to ampicillin, ceftazidime, amikacin, and ce-
fotaxime was observed (15). The discrepancies observed be-
tween these studies and the present study may be the re-
sult of the different patient populations, different method-
ologies, different studied samples, and different common
antibiotics used in each hospital.

In general, several studies have been done to investi-
gate the antibiotic resistance in different healthcare set-
tings. In the study conducted by Miller et al. (16), in
2017, less than 10% resistance was reported for the most
common Gram-negative bacteria (i.e. Klebsiella spp., Enter-
obacter spp., and Haemophilus influenza) for ciprofloxacin
and/or levofloxacin. The researchers have stated that us-
ing fluoroquinolones and aminoglycosides for empirical
treatment was the main reason for the observed antibiotic
resistance (16). In 2017, Roy et al. (17), conducted a study on
1025 bacteria isolated from the blood samples of children
admitted to the hospital of New Delhi to determine the an-
tibiotic resistance pattern. E. coli was the most common
isolated Gram-negative bacteria (4.6%) followed by Acine-
tobacter spp.; Klebsiella spp. showed more than 60% resis-
tance against amikacin and ciprofloxacin. Resistance to

third-generation cephalosporines was seen in E. coli, Kleb-
siella spp., and Enterobactor spp. It can be concluded that
antibiotic resistance to these drugs is probably increasing
in the E. coli strain and precautions must be taken in their
application.

The relatively high frequency of the Pseudomonas spp.
strain among the studied urine samples can be attributed
to the high frequency of patients with urinary infec-
tions. These patients usually received different antibiotic
treatments, which may be the bases for the growth of
pathogenic bacteria and cause the emergence of bacterial
resistance.

Due to the high prevalence of Acinetobacter spp. in the
blood and sputum samples establishment of standard pre-
cautions and better infection control policies on the educa-
tion of hospital staff, especially in the ICU, it seems neces-
sary to decrease antibiotic resistance.

This study has some limitations as well. First, this study
was conducted in a medical teaching center and the eval-
uation of the resistance to all of the common antibiotics
used for the Gram-negative bacteria was not feasible due
to the limited resources. Second, it cannot fully represent
the frequency of drug-resistant Gram-negative isolates in
Tehran because the study was performed in a limited pe-
riod of time and a limited number of samples. Thus, fu-
ture studies with larger samples size would provide bet-
ter results. Finally, use of broth microdilution susceptibil-
ity testing in combination with the disk diffusion method
must be considered in future studies.

In conclusion, the relatively high prevalence of resis-
tant pathogens in the current study, merit further atten-
tion by health authorities. Establishment of better infec-
tion control policies and education of hospital staff, espe-
cially in the ICU, are recommended for the prevention and
control of drug-resistant pathogens in the health care set-
tings.
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