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ABSTRACT

Background: Antibiotic resistance has become quite a challenge in the treatment of bacterial infections in the world. Therefore,
the present study was conducted with the aim of investigating the pattern of antibiotic resistance among microorganisms isolated
from the culture medium prepared from hospitalized patients. Methods: The type of study was cross-sectional descriptive. The
antibiotic resistance pattern of positive samples collected from patients who got hospitalized in Shahid Faghihi hospital of Shiraz
University of Medical Sciences between 2020 and 2021 using the disc diffusion method according to CLSI standards was measured.
Then the data were entered into SPSS version 22 software and analyzed with appropriate statistical tests. Results: Of all positive
samples, 69.7% were Gram-negative and the rest were Gram-positive. The most frequent Gram-negative bacteria were Acinetobacter
baumannii (31.4%), Escherichia coli (25.3), and Klebsiella pneumonia (21.2%), and the most frequent Gram-positive bacteria were
Staphylococcus aureus (79%), Coagulase-negative staphylococci(15.4%), and Enterococcus (3.6%). The resistance rate of Acinetobacter
baumannii, Klebsiella pneumonia, and Pseudomonas aeroginosa against ciprofloxacin was 91.4%, 74.3%, and 52.3%; the resistance
rate against gentamicin was 90.5%, 54.3%, and 43.9%; the resistance rate against Piperacillin-Tazobactam was 85.6%, 65%, and 43.1%;
the resistance rate against imipenem was 97.1%, 57.9%, and 65.4%; and the resistance rate against colostin was 1.9%, 0%, and 3.4%,
respectively. The resistance rate of Staphylococcus aureus against cefoxotin and vancomycin was 42.7% and 2.8%, respectively.
Conclusion: Finally, we concluded from this study that microorganisms isolated from patients have developed resistance to many
commonly used antibiotics.
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Introduction

Contacting hospital-acquired infections among hospitalized
patients worldwide is a concerning issue which has attracted
attention. Contacting hospital-acquired infections can significantly
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increase the length of hospitalization and treatment costs
for patients.!! Based on studies, between 4% and 10% of all
hospitalized patients develop hospital-acquired infections.?
Antibiotics play a fundamental role in treating bacterial diseases,
which is why the emergence of bacterial resistance to antibiotics
has become a global problem.?# There is a concern that due to
antibiotic resistance, the treatment of common infections may
become more difficult and the duration of disease treatment may
be longer.P' If the available antibiotics lose their effectiveness due
to the phenomenon of antibiotic resistance, the consequences
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and mortality caused by existing and emerging infectious diseases
will significantly increase as a setious global threat.[*” Resistant
bacterial infections cause 1.3 to 2 times more deaths compared
to antibiotic-sensitive infections.! The highest rate of antibiotic
resistance has been reported in areas that have had the highest
level of antibiotic use.”

Currently, the widespread emergence of antibiotic resistance,
especially in cases of multidrug resistance, has limited the selection
of various antibiotics, even in the final stages of bacterial diseases.!!
Therefore, conducting studies to investigate the resistance patterns
among microorganisms causing diseases in order to provide
better treatment for patients and prevent the antibiotic resistance
procedure in healthcare centers seems essential. So, our study
was conducted with the purpose of investigating the pattern of
antibiotic resistance among microorganisms isolated from the

culture medium of hospitalized patients.

Material and Methods

The type of study was cross-sectional descriptive and retrospective.
The statistical population of this research was all the patients
admitted to the departments of Shahid Faqihi Hospital of Shiraz
University of Medical Sciences between the years 2021 and 2022,
and all the patients for whom bacterial culture and antibiogram
were performed for any reason during the mentioned time period
were included in the study. From the total of 3511 initially eligible
patients, 3042 patients were finally included in the study by taking
into account the inclusion and exclusion criteria. The data collection
tool was a researcher-made questionnaire. The data collection tool
was a researcher-made questionnaire. This questionnaire included
questions such as age, gender, location of sample collection, bacterial
species found in each culture sample, whether the bacteria were
Gram-positive or Gram-negative, the type of antibiotics tested, and
their resistance and sensitivity. To measure the sensitivity or resistance
of antibiotics, the disc diffusion method was used according to the
standards of Clinical and Laboratory Standards Institute (CLSI)."!

Data analysis

All registered data were analyzed using SPSS software version 24
for Windows (SPSS, Chicago, IL). For descriptive statistics, the
mean * SD index was used for quantitative variables with normal
distribution.

Ethical issues

This study was approved by the Ethics Committee of Shiraz
University of Medical Sciences, Shiraz, Iran, and registered with
the protocol number “IR.SUMS.MEDREC.1400.118”.

Results

Out of all the studied samples, 1587 samples (52.2%) were related
to male patients and 1455 samples (47.8%) were related to female
patients. The average age of patients in this study was obtained
as 19.45 + 56.79 (standard deviation £ mean).
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Out of all the cultured samples studied, 927 (30.5%0) samples were
from sputum, 856 (28.1%) samples were from blood, 613 (20.2%)
samples were from skin lesions, 569 (18.7%) samples were from
urine, 45 (1.5%) samples were from urinary catheter, 10 (0.3%)
samples were from nasal mucus, 6 (0.2%) samples were from eyes,
4 samples were from umbilical cord (0.1%), 4 (0.1%) samples
were from vagina, 3 (0.09%) samples were from throat, 2 (0.06%)
samples were from central catheter, 2 (0.06%) were from spleen,
and 1 (0.03%) sample was from pleural fluid.

Out of all the positive samples, 2120 (69.7%) isolates belonged
to Gram-negative bacteria and 922 (30.3%) isolates belonged to
Gram-positive bacteria.

Out of all the isolated Gram-negative bacteria, 666 (31.4%)
were A. baumannii, 536 (25.3%) were E. coli, 450 (21.2%) were
K. pneumonia, 273 (12.9%) were P. aeroginosa, 124 (5.8%)
were Enterobacter, 54 (2.5%) were Alcaligenes, 12 (0.56%) were
Proteus, 2 (0.09%) were Brucella, 1 (0.04%) was Citrobacter,
1 (0.04%) was Salmonella, and 1 (0.04%) was Flavobacterium.

Of all positive Gram isolates, 728 (79%) were S. aureus,
142 (15.4%) were CoNS, 33 (3.6%) were Enterococcus, 13 (1.4%)
were S. viridans, and 6 (0.7%) were S. pneumoniae.

In this study, it was shown that A. baumannii is highly resistant
to most available antibiotics, including imipenem (97.1%).
The highest sensitivity of this bacteria was to the antibiotic
colistin (98.1%).

Furthermore, the highest resistance of E. coli to antibiotics was
observed against trimethoprim-sulfamethoxazole (80.9%) in this
study. The highest antibiotic resistance of K. pneumoniae in
this study was observed against ampicillin-sulbactam (82.9%).
Regarding P. aeruginosa, the highest resistance was observed
against cephalothin (100%). For Enterobacter, the highest
resistance was observed against clindamycin (97.1%), and
for Alcaligenes, the highest resistance was observed against
ceftriaxone (83.3%). For Proteus, the highest resistance was
observed against nitrofurantoin (100%) and ofloxacin (100%),
and regarding both Brucella isolates, both of them were sensitive
to ciprofloxacin. Also, just Citrobacter and Salmonella isolates
studied were sensitive to ceftriaxone, imipenem, gentamicin,
amikacin, cefepime, ciprofloxacin, and ampicillin-sulbactam.
Furthermore, the investigation of the antibiotic resistance
pattern of Flavobacterium isolate showed that it was resistant
to trimethoprim-sulfamethoxazole, ceftriaxone, gentamicin,
piperacillin-tazobactam, amikacin, and cefepime but sensitive to
imipenem and ciprofloxacin. The results of the study regarding
the resistance and sensitivity of Gram-negative bacteria to
antibiotics are shown in Table 1.

Regarding Gram-positive bacteria, the study results showed
that for S. aureus, the highest resistance was observed
against Penicillin G (93.6%) and ampicillin (93.3%). For
CoNS species, the highest resistance was observed against
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Penicillin G (100%), ampicillin (100%), and amoxicillin (100%).
For Enterococcus, the highest resistance was observed against
trimethoprim-sulfamethoxazole (100%). For Streptococcus
viridans (8. viridans), the highest resistance was observed against
ofloxacin (100%), ceftriaxone (100%), imipenem (100%), and
gentamicin (100%). In the case of pneumonia (S. pneumonia), the
study showed the highest resistance against erythromycin (66.7%)
and clindamycin (66.7%) and regarding Streptococcus
pneumonia (S. pneumonia), the highest resistance was observed
against erythromycin (66.7%) and clindamycin (66.7%) [Table 2].

Discussion

In this study, among the Gram-negative bacteria, the highest
number of isolated bacteria belonged to A. baumannii. This result
contradicts the findings obtained in Europe and America, where
in a study conducted between 2000 and 2002, the highest isolate
isolated from patients was the E. coli bacteria.l'”

Pseudomonas aeruginosa and Acinetobacter baumannii species
are common nonfermenting Gram-negative bacteria that cause
hospital-acquired infections and are therefore of particular
concern.™ In this study, both these bacteria showed low levels of
resistance to colistin. In this study, A. baumannii species showed
100% resistance to nitrofurantoin and cephalotin antibiotics.
In this study, the resistance level of this bacterium against
ciprofloxacin was found to be 91%. In the study by Hadadi ez a/"¥
in Tehran, the resistance level of A. baumannii to ciprofloxacin
was reported to be 21%, which is much lower than the result
obtained from our study. The concerning issue in this study was
the 97.1% resistance of this bacteria to imipenem. Karimzadeh
et al'? reported a similar result regarding the resistance of this
bacterium to imipenem in Shiraz, with a range of 75% to 100%
resistance, from 2013 to 2015. In a study conducted by Jafari
Nodoushan ¢f @/l at Zeynabieh Hospital in Shiraz, the resistance
level of this bacterium to imipenem was reported as 10.1%. The
study conducted in China by Ruoming Tan e a/'" reported a
44.4% resistance rate of A. baumannii to this antibiotic for
patients who required ICU admission for less than 48 hours. In
a study conducted by Katlowsky ¢7 2" in the United States, a
resistance rate of less than 10% was reported. This significant
difference in A. baumannii resistance to carbapenem in our study
center compared to other centers is likely due to the high use of
imipenem in this center compared to others and requires serious
attention and further investigation.

In this study, the highest resistance of E. coli was against
trimethoprim-sulfamethoxazole (80.9%) and the lowest
resistance was against amikacin (5.3%). It also showed high
resistance against ciprofloxacin (72.4%), which is commonly
used in empirical treatment of urinary tract infections. In a study
conducted by Karimzadeh ez 4/,
bacterium to trimethoprim-sulfamethoxazole was reported to
be between 62.5% and 73.9%, and that to ciprofloxacin between
66.7% and 69.5%. Also, in this study, the level of E. coli resistance
to amikacin was found to be 27.5%. Hadadi 7 2" in Tehran also

| the resistance rate of this
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reported a 72% resistance rate of this bacterium to ciprofloxacin
and a 12% resistance rate to imipenem. With these explanations,
it seems better to use amikacin for empirical treatment of E. coli
infections in our healthcare centers.

In this study, the highest resistance of S. aureus was observed
against penicillins such as Penicillin G (93.6%), ampicillin (93.3%),
and amoxicillin (91.5%), while the lowest resistance was observed
against vancomycin (2.8%). The prevalence of MRSA in this study
was also found to be 49.3%. A study conducted by Karimzadeh
et al'"! reported a prevalence of vancomycin-resistant S. aureus
of 6.67% in Namazi Hospital in Shiraz between 2013 and 2015.
The study conducted by Azimi ez a/*" in Tehran showed that the
highest level of resistance among S. aureus isolates was against
oxacillin (67.2%) from the penicillin family, and the lowest
level of resistance was against vancomycin (1.5%). The study
conducted by Gurung e a/"" in Nepal showed that out of all the
S. aureus isolates studied, 75% were of the MRSA type. In this
study, all S. aureus isolates were resistant to penicillin, and 65.4%
of the isolates were resistant to ampicillin. All isolates of S. aureus
in this study were sensitive to vancomycin. A study conducted
by Mendem e 2/ in India showed that 45% of all S. aureus
isolates were of the MRSA type. In this study, the highest level
of resistance was observed against penicillin (97.64%). The
resistance rate against vancomycin in this study was reported to
be 10.84%. Most severe infections caused by S. aureus occur in
a hospital setting, and this bacterium, especially the MRSA type,
has developed high resistance to many oral antibiotics that are
available.”! Especially the emergence of vancomycin-resistant
isolates, which for many years have been the antibiotic of choice
for treating infections caused by S. aureus, is very concerning.*!
It seems that adhering to health protocols related to reducing
the transmission of this bacterium to patients is very important
in preventing severe infections.

In this study, S. pneumoniae showed the highest resistance
to erythromycin (66.7%), clindamycin (66.7%), and
Penicillin G (40%). Additionally, all isolates of S. pneumoniae
wete susceptible to amikacin, vancomycin, cefazolin, rifampin,
cephalotin, and ciprofloxacin. In the study by Beheshti
¢t al. in Tehran,®! the resistance pattern of S. pneumoniae
was reported as trimethoprim-sulfamethoxazole (86%),
erythromycin (73%o), tetracycline (66%), clindamycin (43%),
penicillin (16%), chloramphenicol (14%), and levofloxacin (2%).
Another study in Tehran conducted by Habibian ez a/”
showed that 12% of S. pneumoniae isolates were resistant to
penicillin. Additionally, in this study, it was reported that 8%
of isolates wete resistant to vancomycin. In Wang e7 a/’s?"
study in China, the highest resistance of S. pneumoniae was
observed against clindamycin (95.8%), erythromycin (95.2%),
and trimethoprim-sulfamethoxazole (93.6%), while the lowest
resistance was observed against ceftriaxone (8.2%). In this study,
a resistance rate of 86.9% was reported against penicillin. The
study also showed a high rate of resistance to macrolides. Also,
a high percentage of S. pneumoniae isolates was found to be
resistant to penicillin.
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