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ABSTRACT

m Nosocomial infections have always been a serious threat to hospitalized patients, and in recent
years, the emergence of antibiotic-resistant isolates has aggravated the severity of this problem. The
type and rate of bacteria causing nosocomial infection can vary across different geographical areas;
therefore, it is of utmost importance to periodically check the type of infection and variations in the
antibiotic resistance pattern of bacteria. Therefore, this study aimed to assess the variation in
antimicrobial resistance patterns in bacteria isolated from patients with nosocomial infection
hospitalized in Allameh Bohlool Gonabadi Hospital from 2017-2020.

The present cross-sectional descriptive study was conducted on 392 patients with
nosocomial infection admitted to Allameh Bohllol Gonabadi Hospital from 2017-2020. The age and
gender of the patients, the hospital department, the type of hospital infection, the cause of the
infection, and the pattern of antibiotic resistance were extracted from the patient's files. Finally, all the
data were analyzed in SPSS software (version 21) using descriptive statistical tests, and the variation in
antimicrobial resistance pattern in bacteria isolated from patients with nosocomial infection was
investigated.

m Out of 44,204 examined patients, 392 cases had nosocomial infections. The rate of nosocomial
infection was 0.88%. Ventilator-related pneumonia (32.14%), urinary infection (27.55%), and surgical
site infection (20.15%) were the most common nosocomial infections. The highest rate of nosocomial
infections was related to the intensive care unit. E. coli (17.6%), Klebsiella (12.2%), and Acinetobacter
(10.9%) were the dominant pathogens causing nosocomial infections. The results regarding the
variation in antibiotic resistance pattern demonstrated that the rate of antibiotic resistance and the
frequency of isolates with multidrug resistance increased over four years. All the isolates showed 100%
resistance to ampicillin. Gentamicin and amikacin were the most effective antibiotics used for gram-
negative bacilli.

m As evidenced by the obtained results, there was a significant increasing trend in the
resistance of isolates to all studied antibiotics during these four years; moreover, the frequency of
multidrug-resistant strains was also increasing. Furthermore, the marked increase in antibiotic
resistance among isolates causing nosocomial infections in recent years is a serious risk. Therefore, a
thorough knowledge of antibiotic resistance patterns can be of great help to physicians in selecting
more appropriate antibiotics for treatment and preventing the development of antibiotic resistance.
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Introduction

osocomial infections are recognized as one

of the most daunting challenges posed to

healthcare centers due to their great

contribution  to  increased  mortality,
disability, length of hospitalization, and treatment costs.
According to the World Health Organization (WHO),
nosocomial infections refer to those occurring within 48
hours of hospital admission, 3 days of discharge, or 30
days of an operation [1]. According to the WHO report,
one out of every 20 hospitalized patients suffers from
nosocomial infection. These infections cause or
contribute to 99,000 deaths each year, imposing a high
cost of 26-32 million dollars on society [2, 3]. Various
factors are involved in increasing the risk of nosocomial
infections, including underlying disease, disease severity,
length of hospitalization, and invasive devices, such as
ventilators and urinary catheters [2].

Surveys by the WHO in different regions of the world
demonstrated that 5%-25% of patients admitted to hospitals
suffer from nosocomial infections. This rate has been
reported as 25% in the intensive care unit (ICU) in
developed countries and up to 50% in developing countries.
Therefore, the risk of nosocomial infections in patients
hospitalized in the ICU is 5-7 times higher than that in
general wards [4]. Furthermore, according to the studies
conducted, the overall prevalence of these infections in Iran
is reported to be 4.6% [5]. Nosocomial infections are
mainly caused by pathogenic bacteria, such as Klebsiella
pneumonia, Staphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa, and Proteus [6].

The amount and type of nosocomial infection vary
across different hospitals and medical centers;
nonetheless, urinary infections, surgical site infections,
respiratory infections, and infections of the circulatory
system account for more than 80% of nosocomial
infections [7]. Antimicrobial resistance is the ability of
microorganisms to survive in the presence of
antimicrobial substances at concentrations usually
sufficient to inhibit or kill them. Currently, available
antibiotics are less effective on microorganisms, and the
development of new strategies is essential for their
management [8]. Bacterial resistance exhibits different
mechanisms, such as modifying the antibiotic's target by
the bacteria, inactivating bacterial enzymes, reducing
drug permeability, and expelling the antibiotic from
inside the cell [9, 10].

Studies conducted around the world indicate that
nosocomial infections are mainly caused by antibiotic-
resistant organisms. Antimicrobial resistance is a naturally
occurring process. Nonetheless, factors, such as
inappropriate  and excessive use of antibiotics,
indiscriminate access to antibiotics, and a failure to monitor
their use are among the most important reasons for the
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marked increase in drug-resistant bacteria [5]. Today, the
emergence of new mechanisms of microbial resistance has
turned into one of the most serious challenges that threaten
human health in the modern era. Moreover, the ongoing
spread of multidrug-resistant bacteria has raised a global
concern, which has led to an increase in mortality rates and
healthcare costs. Moreover, the spread of multidrug-
resistant strains has restricted the treatment methods
effective for infectious diseases [11].

Antimicrobial resistance aggravates nosocomial
infections, reduces the effectiveness of antibiotics, and
increases healthcare costs, treatment duration, and
mortality [12, 13]. Nosocomial infections are one of the
serious health and treatment problems presented to every
country, contributing to the death of numerous
hospitalized patients every year; moreover, antibiotic
resistance is increasing among patients with nosocomial
infections. Therefore, assessing the epidemiology of
nosocomial infections and their antibiotic resistance
patterns is a practical step in controlling these infections
in the hospital and reducing mortality and treatment
costs. To the best of our knowledge, no study has been
conducted in this regard in Gonabad; therefore, the
present study aimed to assess the variation in the
antibiotic resistance pattern of bacteria isolated from
patients with nosocomial infection in Allameh Bohlool
Gonabadi Hospital from 2017-2020.

Materials and Methods

In this descriptive cross-sectional study, the medical
files of 392 patients with nosocomial infections
hospitalized in Allameh Bohlool Gonabadi Hospital from
2016-2019 were examined. Based on the study by Akbari
et al. [14] and considering the significance level of 95%
and the acceptable error of 0.05, the required sample size
was calculated at 380 cases using the following formula:

This research was approved by the Regional Research
Ethics Committees of Gonabad University of Medical
Sciences (IR.GMU.REC.1399.074). Patients with
nosocomial infections (patients who develop infections
48-72 hours after hospitalization, three days after
discharge, or 30 days after surgery) who had a complete
medical file were recruited in this study, and patients with
incomplete file information were excluded from the
study. The required information was extracted from the
patient's medical files and recorded on relevant
checklists. This information included age, gender,
hospital ward, length of hospitalization, bacterial species,
type of infection, used instrument, and antibiotic
resistance pattern (using disk diffusion method and based
on CLSI standard) of bacteria isolated from the medical
records of patients with nosocomial infection from 2016-
2019. Patients with incomplete clinical information were
excluded from the study. Subsequently, all data were
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analyzed in SPSS software (version 21) using mean and
standard deviation for quantitative variables with a
normal distribution, median and range for quantitative
variables with a non-normal distribution, and number and
percentage for describing qualitative variables.

Results

In this study, a total of 392 patients with nosocomial
infection were included, out of whom 173 (44.13%)
cases were male and 219 (55.87%) subjects were
female. Most patients (52.80%) were seniors (those 65
and older), and the prevalence of nosocomial infections
was 0.88%. In this study, the ICU had the highest rate
of nosocomial infection among other hospital units, and
183 (46.68%) patients were hospitalized in the ICU.

Table 1. Demographic characteristics of patients

April 2023. Vol 29. Issue 2

During the study vyears, ventilator-associated
pneumonia (32.14%) was the most common form of
nosocomial infection, followed by urinary tract
infection (27.55%) and surgical site infection (20.15%).
In this study, the mean length of hospitalization
(admission to discharge) was 26.4 days (Table 1).

In this study, gram-negative bacilli were the most
common causative agents of hospital infection, among
which Escherichia coli (17.60%), Klebsiella (12.20%),
and Acinetobacter (10.90%) were the most dominant
pathogens. Staphylococcus aureus (8.60%) was the most
abundant gram-positive cocci isolated from nosocomial
infections. In 90.7% of patients, Candida, and in 2.80%
of patients, other fungi were identified as the causative
agents of nosocomial infection (Figure 1).

Year 2017 2018 2019 2020 2017-2020
n (%) n (%) n (%) n (%) n (%)

Gender
Male (34.03) 33 (47.50) 38 (51.49) 52  (43.86) 50 (44.13) 173
Female (65.97) 64 (52.50) 42 (48.51)49  (56.14) 64 (55.87) 219
Age groups
0-4 years (3.90) 3 (5.00) 4 (5.94) 6 (1.75) 2 (3.83) 15
5-14 years (child) (5.15) 5 (2.50)2 (1.98) 2 (1.75) 2 (2.80) 11
15-24 years old (teenager) (15.46) 15 (5.00) 4 (5.94) 6 (6.14) 7 (8.17) 32
25-44 years old (young) (11.34)11  (17.50)14  (15.84)16 (15.79)18  (15.05)59
45-64 years old (middle-aged) (19.59) 19 (12.50) 10 (16.84) 17  (19.03) 22 (17.35) 68
652 (elderly) (45.37)44  (57.50)46  (53.46)54 (55.26)63  (52.80) 207
Department
CCu (1.03) 1 (0) o (4.95) 5 (3.50) 4 (2.56) 10
ICU (51.54) 50 (51.25) 41 (29.70)30  (54.39) 62 (46.69) 183
NICU (4.12)4 (5.00) 4 (2.97)3 (0.87)1 (3.06) 12
Pediatric (0) 0 (0) o0 (0.99)1 (1.75) 2 (0.76) 3
Surgery (24.75)24  (17.50)14  (25.75)26  (10.55)12  (19.38)76
Internal medicine (18.55) 18 (25.99) 20 (34.63)35 (22.80) 26 (25.26) 99
Gynecology (0)o (1.25)1 (0.99) 1 (6.14) 7 (2.29) 9
Type of infection
ventilator-associated pneumonia  (29.89)29  (37.50) 30 (22.77)23  (38.59) 44 (32.14) 126
Pneumonia (16.49)16  (6.25)5 (19.80)20  (9.65) 11 (13.27) 52
Urinary tract infection (26.80) 26 (32.50) 26 (24.75) 25  (27.20) 31 (27.56) 108
Bloodstream infections (1.03) 1 (2.50) 2 (2.97) 3 (1.75) 2 (2.04) 8
Surgical site infection (22.69)22  (13.75)11  (23.76)24 (19.30)22  (20.16) 79
Others (3.09) 3 (7.50) 6 (5.94) 6 (3.50) 4 (4.84) 19
Total 97 80 101 114 392
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Figure 1. Frequency of microorganisms isolated from patients
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The results of this study demonstrated that during the
study years, antibiotic resistance displayed an increasing
trend among all bacterial isolates, and the highest
antibiotic resistance was observed in Acinetobacter,
which was resistant to Cotrimoxazole, Ciprofloxacin,
ampicillin, meropenem, cefepime, cefazolin,
nitrofurantoin, and norfloxacin in 100% of cases. The
lowest antibiotic resistance was related to Staphylococcus
aureus isolates, 100% of which were sensitive to
imipenem, meropenem, and nitrofurantoin.

The antibiotic resistance of E.coli isolates to
meropenem gradually increased during the study years.
In total, within four years, 100% of E.coli isolates showed
resistance to ampicillin, cefazolin, tetracycline, and

Table 2. Antibiotic resistance of bacteria isolated during 1997-2020

April 2023. Vol 29. Issue 2

erythromycin. Klebsiella clinical isolates exhibited
maximum resistance (100%) to ampicillin, cefazolin,
norfloxacin, erythromycin, and penicillin, followed by
ceftriaxone  (91.66%) and imipenem (76.83%).
Pseudomonas aeruginosa had the highest resistance
(100%) to ceftriaxone, cefazolin, and ampicillin, and
antibiotic resistance increased in isolates of this
bacterium over four years (Table 2).

The frequency of multidrug-resistant isolates by year is
illustrated in Figure 2. In total, the most and least
abundant multidrug-resistant isolates were Acinetobacter
strains and E.coli isolates, respectively. The frequency of
multidrug-resistant isolates displayed an increased trend
during four years (Figure 2).

Bacterium L . Klebsiella Acinetobacter Staphylococcus Pseudomonas
P Escherichia coli . o :

Antibiotics (%) pneumonia baumannii aureus aeruginosa
Cotrimoxazole 73.81 75 100 25 83.3
Ciprofloxacin 71.15 51.2 100 16.66 63.6
Ceftriaxone 66.44 91.66 88.88 100 100
Gentamicin 69.85 48.41 66.66 50 45.5
Amikacin 58.5 47 83.33 100 60.5
Trimethoprim 66.66 50 85 100 100
Meropenem 62.77 50 100 0 75
Imipenem 70.73 76.83 91.66 0 333
Tetracycline 100 _ 100 _ _
Norfloxacin 75 100 100 100 100
Nitrofurantoin 38.63 66.66 100 . 57.1
Clindamycin - - - 50 _
Cefazolin 100 100 100 75 100
Ampicillin 100 100 100 100 100
Ceftazidime 50 50 100 40 66.6
Cefepime 66.66 67 100 _ 80
Erythromycin 100 100 _ 80 _
Penicillin _ 100 _ 100 _
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Discussion

The present study aimed to assess the variation in
antibiotic resistance patterns in pathogens isolated from

77

patients with nosocomial infections admitted to Allameh
Bohlool Gonabadi Hospital from 2017-2020. According
to the obtained results, the prevalence of nosocomial
infections was 0.88%, which is relatively low. In a meta-
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analysis study by Mosadegh Rad, the prevalence of
nosocomial infection in Iranian hospitals was reported
between 0.32% and 9.1% [15]. In this regard, the rate of
nosocomial infection was estimated at 2.7% in Amir Al-
Momenin Hospital in Tehran, 1.7% in a military hospital
in Tehran, and 3.06% in Kamkar Hospital in Qom [18-
16]. The low rate obtained in our study can be attributed
to the failure to identify some people with nosocomial
infections or some patients acquiring these infections
after being discharged from the hospital.

In general, factors, such as the number of people admitted
to the hospital, the type of disease, the size of the hospital,
the number of beds, the specialty of the hospital, and the
type of services provided in the hospital can affect the
prevalence of nosocomial infections [15]. The highest
frequency of infections in the present study was observed
in the age group over 65 years old (52.8%). Factors, such
as a weak immune system, various underlying diseases,
and prolonged hospital stay, make this age group more
susceptible to nosocomial infections [19].

In the present study, infection caused by a ventilator was
the most common form of nosocomial infection, followed
by urinary tract infection and surgical site infection
(32.4%). In the meta-analysis study by Mosadegh Rad,
urinary tract infections, followed by respiratory
infections, were reported as the most common type of
nosocomial infection in Iranian hospitals [15]. In the
study conducted by Darvishpour, surgical site infection,
pneumonia, and urinary tract infection were reported as
the most common forms of nosocomial infections [20].
Consistent with the results of most studies, In this
research, the highest rate of nosocomial infection was
related to ICU [21, 22].

Similar to other studies, in this research, E. coli was
revealed to be the most dominant pathogen [23-27]. In
the present study, the rate of variation in antibiotic
resistance patterns in common microorganisms was
investigated over four years, and it was observed that the
microbial resistance and frequency of multidrug-resistant
strains had an increasing trend during the study years.
These data are in agreement with other reported results
regarding the constant increase of antimicrobial
resistance, especially among gram-negative bacteria, in
different regions across the globe [28, 29].

Based on the results of the present study, E. coli
demonstrated maximum resistance to ampicillin,
cefazolin, and norfloxacin and the lowest resistance to
nitrofurantoin and amikacin. In the last year of the study,
this bacterium was most sensitive to nitrofurantoin,
which is clinically valuable. These findings are in line
with the results of other studies [13, 30, 31]. During this
four-year study, a significant increase was observed in
the antibiotic resistance of E. coli strains to meropenem.
This finding can be regarded as a warning against

April 2023. Vol 29. Issue 2

excessive use of this antibiotic.

The results of the present study pinpointed that the
maximum antibiotic resistance was observed to
ampicillin, cefazolin, and norfloxacin in the clinical
isolates of Klebsiella as the second dominant pathogen
causing nosocomial infections. In addition, consistent
with the results of the studies conducted by Samadzadeh
and Barak, the lowest antibiotic resistance was related to
amikacin and gentamicin [32, 33]. somewhat consistent
with some studies, in the present research, Pseudomonas
aeruginosa isolates had maximum resistance (100%) to
norfloxacin, cefazolin, ceftriaxone, and ampicillin [13,
32, 33]. Nonetheless, contrary to the present research, in
the study by Shahraki et al. in Zahedan [34], ceftazidime
was suggested as the main option in the treatment of
Pseudomonas aeruginosa infections, while in the present
study, 100% of Pseudomonas aeruginosa isolates were
resistant to ceftazidime.

Acinetobacter clinical isolates exhibited high resistance to
most antibiotics except gentamicin. These findings are
largely similar to those reported in other studies [13, 35,
36]. In accordance with the findings reported by Pooladi, in
the present research, multidrug-resistant Acinetobacter
isolates had a higher frequency than other isolates [36].
Among the notable limitations of this study are the
retrospective nature of the study, the insufficient accuracy
of information based on records, and the incompleteness of
information regarding the culture of some isolates. In brief,
the significant increase in antibiotic resistance among
isolates causing nosocomial infections in recent years is a
dire warning for us. It is suggested to exercise great caution
when using resistant antibiotics and periodically check the
antibiotic resistance pattern of strains. Moreover, to prevent
multidrug resistance, it is recommended to refrain from
indiscriminate use and prescription of antibiotics prior to
antibiograms.

Conclusion

As evidenced by the results of this study, there was a
significant increasing trend in the resistance of isolates to
all studied antibiotics during these four years; moreover,
the frequency of multidrug-resistant strains was also
increasing. Therefore, a thorough knowledge of antibiotic
resistance patterns can be of great help to physicians in
selecting more appropriate antibiotics for treatment and
preventing the development of antibiotic resistance.

Ethical Considerations
This study was approved by the Regional Research

Ethics Committees of Gonabad University of Medical
Sciences (IR.GMU.REC.1399.074).
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