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Abstract
Background  Infectious diseases are still one of the leading causes of morbidity and mortality in resource-limited 
settings. Serious infection caused mostly by gram-negative pathogens causes significant morbidity. According to the 
Centers for Disease Control and Prevention, antimicrobial resistance kills over 700,000 people worldwide. Antibiotic 
resistance is on the rise, and as a consequence, serious public health issues are arising. The present study investigated 
isolated clinical samples from Yasuj teaching hospitals to determine the antimicrobial resistance profile to various 
antibiotics.

Materials and methods  Microbial isolates regarding cultures from urine, blood, wound, abdominal tap, throat, stool, 
cerebrospinal fluid, endotracheal tube, sputum, skin lesion, nasal, and mouth secretion were collected from patients 
admitted to hospitals affiliated with Yasuj teaching hospitals. Antibiotic susceptibility profiles were determined by 
using the Kirby-Bauer disc diffusion method. Data were tabulated and analyzed with SPSS version 26.0.

Results  A total of 783 samples were evaluated in our study, with an average of 30.6 years and 54.5% female patients. 
Most of the bacterial isolates were gram-negative (64.2%). The majority of cultures were Escherichia coli (49.9%), mainly 
among urine samples (64.2%). The frequency distribution of norfloxacin antibiotic resistance was more common in 
internal medicine (66.7%), infectious (63.6%), and emergency wards (58.8%). The frequency distribution of penicillin 
antibiotic resistance was statistically significant in different wards. All cases of oxacillin were resistant.

Conclusion  Our data showed a high level of antibiotic resistance among bacterial isolates in our center. Considering 
widespread empirical antibiotic therapy in Iran, the rate of increasing resistance to common antibiotics prescribed for 
ambulatory and hospitalized patients is concerning. We recommend providing more strict guidelines and policies to 
control the overuse and overprescription of antimicrobials by health policy-making organizations.
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Introduction
Infectious diseases are still one of the leading causes of 
morbidity and mortality in resource-limited settings, but 
epidemiological data on causative pathogens and antimi-
crobial resistance (AMR) distribution are scarce [1]. Seri-
ous infection caused mostly by gram-negative pathogens 
causes significant morbidity, and emerging multidrug 
resistance patterns increase morbidity and mortality even 
further, especially in critically ill patients [2–4]. Accord-
ing to the Centers for Disease Control and Preven-
tion, antimicrobial resistance kills over 700,000 people 
worldwide each year, with that figure expected to rise to 
10 million by 2050 [5]. Physicians are increasingly chal-
lenged to provide their patients with effective antibiotic 
regimens that do not result in further drug resistance. 
Antibiotic resistance is on the rise, and as a consequence, 
serious public health issues are arising [6, 7]. New anti-
microbial pharmaceutical investigations are desperately 
needed and are a primary goal. Updating knowledge on 
common antimicrobial-resistant pathogens’ occurrence 
and resistance may help establish better antibiotic use in 
outpatient and inpatient settings. In the present study, 
clinical samples isolated from Yasuj teaching hospitals 
were investigated to determine the antimicrobial resis-
tance profile to various antibiotics.

Method
In this multicentric, cross-sectional, descriptive-analyt-
ical study, bacterial isolates were identified using phe-
notypic methods including: observation of growth and 
colony morphology on various media and analysis of 
biochemical reactions [8]. All positive cultures of clini-
cal samples reported in teaching hospitals affiliated with 
Yasuj University of Medical Science during a one-year 
period (2017–2018) were included. After obtaining the 
approval of the ethics committee, required information 
regarding positive blood culture samples were drawn 
from the referrals to the laboratories of Imam Sajjad and 
Shahid Beheshti hospitals. All isolates’ antibiotic suscep-
tibility profiles were determined by investigating antibi-
otic disks using Kirby–Bauer disc diffusion method using 
Muller-Hinton Agar (Merck) as a solid medium [9]. Clear 
zones (zones of inhibition) were measured after 18  h 
by a scale and then compared to a Clinical and Labora-
tory Standard Institute (CLSI) chart, which contains 
information of standard measurements that indicate the 
particular sample is sensitive, intermediate or resistant 
to a specific antibiotic [10]. All positive cultures were 
included in this study except for the incomplete registra-
tion information or the growth of various microorgan-
isms in favor of contamination. A contaminated urine 
culture is defined as the presence of more than 2 isolates 
at greater than or equal to 10,000 CFU/mL and must be 
excluded from the study.

Specimens were collected from urine, blood, wound, 
abdominal tap, throat, stool, cerebrospinal fluid (CSF), 
endotracheal tube (ETT), sputum, skin lesion, nasal, and 
mouth secretion. At least 60 ccs of midstream urine and 
30  cc of blood were collected from each adult partici-
pant for culture. Other samples including wounds were 
collected using appropriate sterile sampling equipment 
(swabs, sterile syringes, etc.)

The tested antibiotics included: Norfloxacin(10  µg), 
Nitrofurantoin(300  µg), Penicillin(10units), Cip-
rofloxacin(5  µg), Cotrimoxazole(1.25/23.75  µg), 
Ceftazidime(30  µg), Ofloxacin(5  µg), Cefixime(5  µg), 
Cephalothin(30 µg), Amikacin(30 µg), Ceftriaxone(30 µg), 
Gentamycin(10  µg), Cefalexin(30  µg), Imipenem(10  µg), 
Cefotaxime(30  µg), Cefazolin(30  µg), Ampicillin(10  µg), 
Co-Amoxiclav(20/10µg), Rifampin(5  µg), Tetracy-
cline(30  µg), Azithromycin(15  µg), Vancomycin(30  µg), 
Erythromycin(15  µg), Clindamycin(2  µg), Nalidixic 
Acid(30 µg), Ceftizoxime(30 µg), Cefoxitin(30 µg), Amox-
icillin(30  µg), Cefepime(30  µg), Doxycycline(30  µg), and 
Oxacillin(1  µg). Antimicrobial susceptibility tests were 
based on the CLSI guidelines [10].

The collected data were analyzed using SPSS software 
version 26 using descriptive statistics (mean, standard 
deviation (SD), or frequency and percentage (%)) and 
analytical tests. Categorical variables were evaluated with 
Chi-square and Fisher’s exact test. A P-value of less than 
0.05 was considered statistically significant.

Results
A total of 783 samples were evaluated in our study, with 
their age ranging from 1 day to 97 years old, with an aver-
age of 30.6 years and 54.5% females. Most of the bacterial 
isolates were gram-negative (64.2%). Table  1 demon-
strates the baseline features of the patients in our study.

The patient’s specimen and culture results were evalu-
ated and the results of AMR are demonstrated in Table 2.

As demonstrated in Table  2, the frequency distribu-
tion of norfloxacin antibiotic resistance was statistically 
significant in different wards and was more common in 
internal medicine (66.7%) and infectious (63.6%), wards. 
(P = 0.003) The resistance was also significantly higher 
among the above 60 years age group (P < 0.001).

The frequency distribution of Penicillin antibi-
otic resistance was statistically significant in differ-
ent wards (P < 0.05). The highest resistance was related 
to the maternity ward, infectious ward, and neonates 
(P = 0.017). Regarding Cefixime, the majority of resistant 
were among the surgery (79.2%) and infectious (73.3%) 
wards (P = 0.006). Regarding Amikacin, the majority 
of sensitive were in the emergency (71.4%), pediatric 
emergency (84.9%) wards (P < 0.001). The majority of 
sensitivity regarding Gentamycin was among the post-
partum (80.4%) and pediatric emergency (78.5) wards 



Page 3 of 12Forouzani et al. BMC Microbiology          (2023) 23:205 

(P < 0.001). Cephalexin resistance majority were in infec-
tious (83.3%), surgery (81.8%), and Intensive care unit 
(ICU) (75%) wards (P < 0.001). Cefotaxime and Cefazolin 
were 100% resistant in the ICU (100%) ward (P < 0.001 
and 0.004, respectively) and Amoxicillin resistance was 
mainly in the ICU (80%) (P = 0.035). All cases of Oxacillin 
were resistant.

Figures 1 and 2 demonstrates the distribution of AMR 
based on the age groups and gender of our patients.

The microbial results of the cultures are presented in 
Table  3. As demonstrated, most cultures were Esche-
richia coli (E. coli) (49.9%), mainly among urine samples 
(64.2%). Also, the microbial antibiogram resistance pat-
tern is demonstrated in Tables 4 and 5.

Discussion
Iran is one of the countries with high consumption 
of antimicrobials which could be due to the uncon-
trolled, over-the-counter sale of medicines, including 

antimicrobials [11, 12]. Researchers warned of antimicro-
bial overuse and overprescribing and the resulting AMR 
as a major hurdle for Iran’s health system half a century 
ago [13]. This is still a source of concern, as the National 
Committee for Rational Use of Drugs (NCRUD) reported 
in 2015 that more than half of patients received antibiot-
ics which are considered irrational behavior by NCRUD 
[11]. Accordingly, this cross-sectional study has shown 
high levels of resistance to recommended antibiotics in 
the ambulatory setting in four different groups of bacte-
ria, including the Enterobacteriaceae family, Pseudomo-
nas aeruginosa, Coagulase-negative staphylococci, and 
Coagulase positive staphylococci.

The Enterobacteriaceae family
Gram-negative pathogens cause significant morbidity [7]. 
The Enterobacteriaceae family and Pseudomonas aeru-
ginosa are motile gram-negative rod-shaped pathogens 
studied in this article [2]. The Enterobacteriaceae family, 
including E. coli, Klebsiella spp., and Enterobacter spp., 
is the leading cause of urinary tract infections (UTIs), 
bloodstream infections, hospital infections, and health-
care-associated pneumonia [14, 15]. Most of the Entero-
bacteriaceae samples used in this study are isolated from 
urine, indicating the role of this group of bacteria in caus-
ing UTIs. There were also fewer samples from blood and 
throat containing E. coli and Klebsiella.

In case of treatment, Nitrofurantoin, fluoroquinolones, 
and cephalosporins are usually considered appropriate 
choices for empirical therapy of bacteria belonging to 
the Enterobacteriaceae family, although third and earlier 
generations of cephalosporines are no longer a desirable 
option [16].

This trial shows a low rate of resistance (8.5%) against 
Nitrofurantoin in E. coli, but it is not recommended in 
the treatment of Klebsiella or Enterobacter species con-
sidering the high rate of resistance of around 50% to this 
antibiotic. Norfloxacin, Ciprofloxacin, and Ofloxacin 
were investigated from fluoroquinolones group of anti-
biotics. They are still pretty much effective against this 
family but Ciprofloxacin and Ofloxacin are not recom-
mended for E. coli infection.

Resistance to third-generation cephalosporins in 
Enterobacteriaceae is caused by the production of Beta-
lactamases [17]. All three subgroups of Enterobacte-
riaceae studied are approximately 50% resistant to this 
generation of cephalosporins. Ceftriaxone had the lowest 
rate of resistance (32%) in Klebsiella.

Resistance to Ampicillin, Amoxicillin, and early genera-
tion cephalosporins is caused by class A Beta-lactamase 
enzymes [18]. Based on results of this study, these anti-
biotics are not recommended for empirical antibiotic 
therapy of UTI either considering high resistance, around 
80%.

Table 1  Baseline hospital features of patients in our study
Variable Frequency (%)
Age group ≤ 6 333 (42.5)

7–18 35 (4.5)

18–60 216 (27.6)

> 60 199 (25.4)

Gender Male 356 (45.5)

Female 427 (54.5)

Hospital Shahid Beheshti 247 (31.5)

Imam Sajjad 536 (68.5)

Bacteria type Gram-negative 503 (64.2)

Gram-positive 280 (35.8)

Specimen Wound 44 (5.6)

Urine 519 (66.3)

Blood 143 (18.3)

Tap 16 (2.0)

Throat 12 (1.5)

Stool 9 (1.1)

CSF 3 (0.4)

ETT 6 (0.8)

Sputum 8 (1.0)

Skin Lesion 2 (0.3)

Nasal 6 (0.8)

Mouth secretion 7 (0.9)

Other 8 (1.0)

Ward Intensive Care Unit 32 (4.1)

Surgery 41 (5.2)

Internal 148 (18.9)

Infectious 66 (8.4)

Burn 12 (1.5)

Emergency 80 (10.2)

Neonatal 72 (9.2)

Coronary Care Unit 3 (0.4)

Postpartum/Labor 58 (7.4)

Pediatric Emergency 271 (34.6)
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In summary, based on our study Aminopenicillin fam-
ily and earlier than the third generation of cephalospo-
rin are not effective against this family of bacteria, and 
the 3rd generation of cephalosporin is at risk of getting 
resistant.

Pseudomonas aeruginosa
Pseudomonas aeruginosa is a gram-negative aerobic bac-
terium found in the normal intestinal flora and a potent 
pathogen that causes infection in immunocompromised 
patients [19]. This pathogen can survive on dry hospi-
tal surfaces. It is one of the most common nosocomial 
pathogens that can cause ventilator-associated pneumo-
nia and bloodstream infections [20].

Carbapenem, a class of antibiotics commonly used 
when bacteria are resistant to cephalosporins and fluo-
roquinolones, are B-lactam antibiotics that inhibit the 

synthesis of bacterial peptidoglycan cell walls can be 
effective in the treatment of patients with Pseudomo-
nas aeruginosa (P. aeruginosa) [21]. In our study, only 
two samples of P. aeruginosa were tested regarding their 
sensitivity to Imipenem, in which both were sensitive. 
Other studies have also reported a 94.15% sensitivity to 
Imipenem has been reported [22]. However, due to our 
small sample size, further larger populational studies are 
required to draw a clear conclusion regarding the sen-
sitivity and resistance of B-lactam antibiotics among P. 
aeruginosa.

Other studies show that Cephalosporins of the 
third and fourth generations, such as Ceftazidime and 
Cefepime, are the most effective Beta-lactams used in 
the treatment of P. aeruginosa [21]. A study by Fazeli et 
al. reported a 24.6% sensitivity to Ceftazidime has been 
reported [23]. The samples evaluating sensitivity of 

Table 2  Antibiotic resistance patterns and their association with age, gender, and admission ward based on antibiotic pattern 
evaluation
Antibiotic Total Pattern* P-value

Sensitive Intermediate Resistant Age Gender Ward
Amikacin 328 (41.9) 236 (72.0) 42 (12.8) 50 (15.2) 0.028 0.004 < 0.001
Amoxicillin 212 (27.1) 32 (15.1) 14 (6.6) 166 (78.3) 0.005 0.805 0.035
Ampicillin 119 (15.2) 27 (22.7) 21 (17.6) 71 (59.7) 0.201 0.563 0.228

Azithromycin 23 (2.9) 1 (4.3) 1 (4.3) 21 (91.3) 0.349 0.167 0.329

Cefalexin 185 (23.6) 57 (30.8) 15 (8.1) 113 (61.1) 0.009 0.368 < 0.001
Cefazoline 105 (13.4) 29 (27.6) 12 (11.4) 64 (61.0) 0.851 0.643 0.004
Cefepime 37 (4.7) 20 (54.1) 5 (13.5) 12 (32.4) 0.127 0.701 0.809

Cefixime 272 (34.7) 89 (32.7) 13 (4.8) 170 (62.5) 0.019 0.494 0.006
Cefotaxime 179 (22.9) 67 (37.4) 19 (10.6) 93 (52.0) 0.021 0.645 < 0.001
Cefoxitin 64 (8.2) 26 (40.6) 3 (4.7) 35 (54.7) 0.055 0.036 0.311

Ceftazidime 51 (6.5) 17 (33.3) 6 (11.8) 28 (54.9) 0.523 0.205 0.379

Ceftizoxime 27 (3.4) 11 (40.7) 2 (7.4) 14 (51.9) 0.728 1.000 0.587

Ceftriaxone 278 (35.5) 108 (38.8) 20 (7.2) 150 (54.0) 0.045 0.030 0.055

Cephalothin 99 (12.6) 31 (31.3) 7 (7.1) 61 (61.6) 0.780 0.277 0.708

Ciprofloxacin 344 (43.9) 177 (51.5) 29 (8.4) 138 (40.1) 0.003 0.156 0.012
Clindamycin 67 (8.6) 22 (32.8) 10 (14.9) 35 (52.2) 0.120 0.293 0.134

Co-Amoxiclav 13 (1.7) 5 (38.5) 1 (7.7) 7 (53.8) 0.437 0.624 0.125

Cotrimoxazole 386 (49.3) 115 (29.8) 8 (2.1) 263 (68.1) 0.061 0.721 0.930

Doxycycline 9 (1.1) 7 (77.8) 0 (0) 2 (22.2) 0.764 0.167 0.049

Erythromycin 63 (8.0) 14 (22.2) 7 (11.1) 42 (66.7) 0.651 0.255 0.512

Gentamycin 632 (80.7) 424 (67.1) 57 (9.0) 151 (23.9) 0.065 0.014 < 0.001
Imipenem 46 (5.97) 24 (53.3) 10 (22.2) 11 (24.4) 0.018 0.903 0.318

Nalidixic Acid 183 (23.4) 41 (22.4) 29 (15.8) 113 (61.7) 0.685 0.197 0.732

Nitrofurantoin 361 (46.1) 246 (68.1) 58 (16.1) 57 (15.8) 0.069 0.063 0.003
Norfloxacin 140 (17.9) 71 (50.7) 5 (3.6) 64 (45.7) < 0.001 0.004 0.003
Ofloxacin 134 (17.1) 56 (41.8) 4 (3.0) 74 (55.2) 0.032 0.033 0.544

Oxacillin 5 (0.6) 0 (0) 0 (0) 5 (100) - - -

Penicillin 189 (24.1) 51 (27.0) 18 (9.5) 120 (63.5) 0.626 0.194 0.017
Rifampin 20 (2.6) 17 (86.0) 0 (0) 3 (15.0) 0.039 0.270 0.499

Tetracycline 65 (8.3) 25 (38.5) 8 (12.3) 32 (49.2) 0.531 0.718 0.151

Vancomycin 614 (78.4) 52 (30.8) 42 (24.9) 75 (44.4) 0.179 0.740 0.060
* For pattern, the clear zones (zones of inhibition) were measured after 18 h by a scale and then compared to a CLSI chart, which contains information of standard 
measurements that indicate the particular sample is sensitive, intermediate or resistant to a specific antibiotic.
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Ceftazidime, Cefotaxime, and Ceftriaxone in our study 
were limited and provide efficient data to estimate the 
AMR among P. aeruginosa. However, we cannot deny the 
uprising of resistance of the mentioned antibiotics in this 
microorganism.

Resistance to aminoglycosides in P. aeruginosa is medi-
ated by transferable aminoglycoside modifying enzymes 
(AMEs) [21, 24]. However, in Iran and our study, P. aeru-
ginosa is still sensitive to Amikacin, and there is only 20% 
resistance to Gentamycin.

Coagulase-negative staphylococci (CoNS)
Coagulase-negative staphylococci (CoNS) are a large 
group of gram-positive cocci distinguished by the 
absence of the coagulase virulence factor [25]. CoNS are 
common skin and mucosa microflora that coexists with 
S. aureus and various other bacteria in the human nos-
trils [26]. Many CoNS infections are caused by foreign 
bodies, which promote biofilm colonization and contrib-
ute to CoNS pathogenic potential [27]. They are usually 
categorized as contaminants instead of infectious agents 
[28].

Macrolides are one of the most commonly prescribed 
antibiotics against this group in ambulatory settings [29]. 
We discovered a concerning high rate of Azithromycin 
(94.4%) and Erythromycin (63.6%) resistance. In a previ-
ous study reported by Asante et al. 74.2% of all isolates 
were resistant to Azithromycin and Erythromycin [30].

The most common species of Coagulase positive staph-
ylococci is Staphylococcus aureus (S. aureus). It is a major 
pathogen in hospital and community-acquired acquired 
infections, and it can cause a variety of infectious dis-
eases, including mild skin and soft tissue infections, 
infective endocarditis, bacteremia, and osteomyelitis 
[31]. S. aureus was well-managed up until 1950, when 
penicillin resistance developed. Then methicillin was 
introduced to clinical practice, which was effective in 
treating penicillin-resistant S. aureus infections [32, 33]. 
Vancomycin has long been considered as the last line 
of treatment against gram-positive cocci infection [34]. 
However, Staphylococcus aureus resistance to Vanco-
mycin is rising on a daily basis, causing major issues in 
the medical community [35]. The 56.5% resistance of 
positive staph coagulase to Vancomycin is accompanied 
with clinical significance, based on the challenges in the 

Fig. 1  Demonstration of microbiological resistance pattern among male (above) and female (below) patients
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Table 3  Evaluation of microbial results based on obtained cultures
Microorganism; n (%) Wound; 

n = 44
Urine; 
n = 519

Blood; 
n = 143

Tap; 
n = 6

Throat; 
n = 12

Stool; 
n = 9

Cerebro-
spinal 
fluid; n = 3

Endo-
tracheal 
tube; 
n = 6

Spu-
tum; 
n = 8

Skin 
Le-
sion; 
n = 2

Nasal; 
n = 6

Mouth 
secre-
tion; 
n = 7

Other; 
n = 8

E. coli 391 
(49.9)

14 (31.8) 333 
(64.2)

18 
(12.6)

4 (25.0) 5 (41.7) 7 
(77.8)

1 (50.0) 1 
(50.0)

4 
(66.7)

1 (14.3) 3 
(37.5)

Staph coagulase 
negative

175 
(22.3)

12(27.3) 44 (8.5) 11 
(12.6)

2 (12.5) 2 (16.7) 1 (33.3) 5 
(62.5)

Staph coagulase 
positive

77 (9.8) 12 (27.3) 58 
(11.2)

89 
(62.2)

3 (18.8) 2 (16.7) 2 (66.7) 1 
(12.5)

1 
(50.0)

2 (28.6) 5 
(62.5)

Klebsiella 74 (9.5) 3 (6.8) 49 (9.4) 6 (4.2) 4 (25.0) 1 (8.3) 1 
(11.1)

5 (83.3) 2 
(33.3)

3 (42.9)

Streptococcus 28 (3.6) 11 (2.1) 13 (9.1) 2 (16.7)

Enterobacter 14 (1.8) 11 (2.1) 1 (6.3) 1 
(11.1)

1 (14.3)

Pseudomonas 
aeruginosa

12 (1.5) 1 (2.3) 8 (1.5) 2 (1.4) 1 (6.3) 2 
(25.0)

Proteus 5 (0.6) 1 (2.3) 4 (0.8)

Citrobacter 4 (0.5) 3 (2.1) 1 (6.3)

Alkalogenic 
bacteria

1 (0.1) 1 (2.3)

Flavobacteria 1 (0.1) 1 (0.7)

Fig. 2  Demonstration of microbiological resistance pattern based on age groups
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Antibi-
otic; n 
(%)

E. coli Staph coagulase 
positive

Staph coagulase 
negative

Proteus Pseudomonas 
aeruginosa

Klebsiella

Sensitive Interme-
diate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
diate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
diate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
diate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
di-
ate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
diate

Re-
sis-
tant

Norfloxa-
cin

45 (58.4) 3 (3.9) 29 
(37.3)

9 
(25.7)

1 
(2.9)

25 
(71.4)

4 
(36.4)

7 
(63.6)

7 
(87.5)

1 
(12.5)

Nitrofu-
rantoin

194 (74.9) 43 (16.6) 22 
(8.5)

28 
(90.3)

3 
(9.7)

9 
(75)

1 
(8.3)

2 
(16.7)

1 
(50)

1 
(50)

6 
(100)

11 
(28.2)

10 
(25.6)

18 
(46.2)

Penicillin 2 
(100)

18 
(35.3)

3 
(5.9)

30 
(58.8)

26 
(23.2)

13 
(11.6)

73 
(65.2)

Cipro-
floxacin

66 (40.5) 14 (8.6) 83 
(50.9)

22 
(52.4)

4 
(9.5)

16 
(38.1)

46 
(66.7)

7 
(10.1)

16 
(23.2)

1 
(33.3)

2 
(66.7)

6 
(85.7)

1 
(14.3)

27 
(64.3)

2 
(4.8)

13 
(31)

Cotrimox-
azole

63 (24.9) 3 (1.2) 187 
(73.9)

15 
(37.5)

1 
(2.5)

24 
(60)

8 
(44.4)

1 
(5.6)

9 
(50)

1 
(25)

3 
(75)

2 
(28.6)

5 
(71.4)

18 
(40.9)

1 
(2.3)

25 
(56.8)

Ceftazi-
dime

9 (37.5) 50 (20.8) 10 
(41.7)

1 
(50)

1 
(50)

2 
(100)

4 
(22.2)

14 
(77.8)

Ofloxacin 34 (37.4) 2 (2.2) 55 
(60.4)

1 
(100)

2 
(100)

2 
(50)

2 
(50)

4 
(66.7)

2 
(33.3)

15 
(55.6)

2 
(7.4)

10 
(37)

Cefixime 72 (35.3) 10 (4.9) 122 
(58.9)

1 
(25)

3 
(75)

2 
(16.7)

10 
(83.3)

2 
(50)

2 
(50)

1 
(11.1)

8 
(88.9)

9 
(31)

1 
(3.4)

19 
(65.5)

Cephalo-
thin

17 (28.8) 4 (6.8) 38 
(64.4)

1 
(50)

1 
(50)

11 
(55)

3 
(15)

6 
(30)

2 
(100)

4 
(100)

2 
(28.6)

5 
(71.4)

Amikacin 120 (73.2) 27 (16.5) 17 
(10.4)

13 
(68.4)

3 
(15.8)

3 
(15.8)

77 
(82.8)

5 
(5.4)

11 
(11.8)

2 
(100)

15 
(51.7)

4 
(13.8)

10 
(34.5)

Ceftriax-
one

88 (37.6) 14 (6) 132 
(56.4)

1 
(100)

1 
(50)

1 
(50)

1 
(100)

2 
(100)

12 
(48)

5 
(20)

8 
(32)

Gentamy-
cin

220 (69.2) 30 (9.4) 68 
(21.4)

23 
(51.1)

8 
(17.8)

14 
(31.1)

126 
(76.4)

8 
(4.8)

31 
(18.8)

1 
(50)

1 
(50)

4 
(80)

1 
(20)

31 
(57.4)

5 
(9.3)

18 
(33.3)

Cefalexin 19 (21.6) 6 (6.8) 63 
(71.6)

4 
(66.7)

1 
(16.7)

1 
(16.7)

26 
(55.3)

7 
(14.9)

14 
(29.8)

1 
(33.3)

1 
(33.3)

1 
(33.3)

6 
(100)

7 
(25)

21 
(75)

Imipenem 13 (48.1) 5 (18.5) 9 
(33.3)

2 
(100)

2 
(100)

4 
(44.4)

4 
(44.4)

1 
(11.1)

Cefo-
taxime

14 (26.9) 5 (9.6) 33 
(63.5)

7 
(63.6)

1 
(9.1)

3 
(27.3)

33 
(43.4)

10 
(13.2)

33 
(43.4)

2 
(100)

4 
(17.4)

2 
(8.7)

17 
(73.9)

Cefazolin 3 (9.4) 1 (3.1) 28 
(87.5)

5 
(45.5)

3 
(27.3)

3 
(27.3)

19 
(45.2)

8 
(19)

15 
(35.7)

1 
(100)

1 
(7.1)

13 
(92.9)

Ampicillin 8 (14) 12 (21.1) 37 
(64.9)

2 
(20)

3 
(30)

5 
(50)

13 
(40.6)

6 
(18.8)

13 
(40.6)

2 
(100)

1 
(8.3)

11 
(91.7)

Co-Amox-
iclav

3 
(37.5)

5 
(62.5)

2 
(40)

1 
(20)

2 
(40)

Rifampin 10 
(83.3)

2 
(16.7)

7 
(100)

1 
(100)

Tetracy-
cline

1 
(100)

12 
(52.2)

4 
(17.4)

7 
(30.4)

13 
(32.5)

3 
(7.5)

24 
(60)

Azithro-
mycin

1 (100) 1 
(100)

1 
(5.6)

17 
(94.4)

Vancomy-
cin

2 (33.3) 1 (16.7) 3 
(50)

4 
(17.4)

6 
(26.1)

13 
(56.5)

39 
(32.5)

31 
(25.8)

50 
(41.7)

Erythro-
mycin

1 
(100)

4 
(25)

3 
(18.8)

9 
(56.3)

9 
(27.3)

3 
(9.1)

21 
(63.6)

Clindamy-
cin

2 
(100)

6 
(46.2)

1 
(7.7)

6 
(46.2)

13 
(28.9)

8 
(17.8)

24 
(53.3)

1 
(100)

Nalidixic 
Acid

33 (21.2) 20 (12.8) 103 
(66)

1 
(100)

1 
(100)

5 
(27.8)

8 
(44.4)

5 
(27.8)

Ceftizox-
ime

3 (33.3) 2 (22.2) 4 
(44.4)

3 
(100)

3 
(37.5)

5 
(62.5)

1 
(100)

Table 4  Antibiotic resistance patterns based on pathogens
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management and mortalities associated with vancomycin 
resistant infections [36].

Age-related rate of antimicrobial resistance
The elderly are a notably important population in terms 
of antibiotic overuse, using roughly 50% more antibiotics 
than younger adults [37, 38]. This overuse can be due to 
a combination of factors, including physiological changes 
leading to recurrent infections and frequent exposure to 
multidrug resistance bacteria in long-term care facili-
ties [39–43]. The higher number of comorbidities among 
older patients causes more hospitalizations, a setting 
where they get exposed to multidrug-resistant bacteria 
[44, 45]. as a result of repeated exposure to multidrug 
resistant bacteria and higher risk of infection, AMR rates 
are approximately 2 to 3-folds higher in older patients 
comparing to younger patients [43]. In our research, high 
AMR is shown in patients older than 60-year-old. This 
case can be due to arbitrary use of antibiotics, aging and 
health problems in these people. Also, empirical antibi-
otic administration and overuse of antibiotic in patients 
without any clinical indications is a growing concern in 
our country, which overtime can increase AMR [46, 47]. 
The growing resistance to antibacterial is obvious com-
paring the age groups of 7 to 18 and the 19 to 60.

Gender-related rate of antimicrobial resistance
Although women are approximately 27% more likely than 
men to receive antibiotic prescriptions, AMR is higher 
among men. This can be due to biological differences, 
differences in prescribed antibiotics, and more likeli-
hood of men contracting hospital-acquired infections 
due to higher hospitalization rates, especially in older age 
groups. Poorer compliance of men for using medication 
or hand hygiene recommendations can also contribute to 
this difference [48–52]. Microbiological resistance pat-
tern among male and female patients has been compared 

in Fig.  2. Our study also shows lower AMR among 
females, although they make up the majority of individu-
als receiving antibiotics in this study (54.5%).

Ward-related rate of antimicrobial resistance
Our study demonstrated that resistance with Cephalexin, 
Cefotaxime, Cefazolin, and also Amoxicillin were the 
most frequent in the ICU, Cephalexin, Penicillin in infec-
tious, and also Cephalexin, Cefixime in surgery. Other 
studies have also supported the increase of resistance 
of cephalosporins and fluroquinolones in ICUs, which 
are mainly due to use of invasive procedures and overall 
hospital-acquired infections rate [53]. Gong et al. stated 
that infection profiles in ICU and wards differ, and multi-
drug resistance in ICU is more severe than in wards. As a 
result, various infection-control measures should be pri-
oritized in various populations [54].

Limitations
Among the limitations was the retrospective and cross-
sectional nature of our study, which limits us in evalu-
ating the possible causative relationship between the 
patients features and conditions with their microorgan-
ism resistance patterns. Also, our study lacks molecular 
analysis to identify the source of infection was required. 
Another limitation is the small sample size in a number 
of evaluated microorganisms, which limits the capabil-
ity of providing a generalizable estimate of the sensitivity 
percentage among our study population. Further multi-
central studies are required along with the evaluation of 
applied hospital infection control policies to increase the 
understanding of the trend of microorganism resistance 
patterns and possible effective mechanism in the control 
and management of this.

Antibi-
otic; n 
(%)

E. coli Staph coagulase 
positive

Staph coagulase 
negative

Proteus Pseudomonas 
aeruginosa

Klebsiella

Sensitive Interme-
diate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
diate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
diate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
diate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
di-
ate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
diate

Re-
sis-
tant

Cefoxitin 2 (28.6) 5 
(71.4)

14 
(34.1)

3 
(7.3)

24 
(58.5)

9 
(69.2)

4 
(30.8)

2 
(100)

Amoxicil-
lin

17 (12.1) 6 (4.3) 117 
(83.6)

4 
(23.5)

5 
(29.4)

8 
(47.1)

11 
(45.8)

2 
(8.3)

11 
(45.8)

1 
(100)

1 
(100)

20 
(100)

Cefepime 1 
(100)

1 
(50)

1 
(50)

4 
(100)

3 
(60)

2 
(40)

Doxycy-
cline

4 
(66.7)

2 
(33.3)

1 
(100)

Oxacillin 12 (50) 5 (20.8) 7 
(29.2)

2 
(100)

1 
(100)

Table 4  (continued) 
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Antibi-
otic; n 
(%)

Streptococcus Enterobacter Alkalogenic 
bacteria

Citrobacter Flavobacteria

Sensitive Intermediate Resistant Sensitive Intermediate Resis-
tant

Sen-
si-
tive

In-
ter-
me-
di-
ate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
di-
ate

Re-
sis-
tant

Sen-
si-
tive

In-
ter-
me-
di-
ate

Re-
sis-
tant

Norfloxa-
cin

1 (100) 6 (85.7) 1 (14.3)

Nitrofu-
rantoin

1 (100) 1 (12.5) 3 (37.5) 4 (50) 1 
(50)

1 
(50)

Penicillin 6 (26.1) 2 (8.7) 15 (65.2)

Cipro-
floxacin

5 (55.6) 1 (11.1) 3 (33.3) 3 (50) 1 (16.7) 2 (33.3) 1 
(100)

1 
(100)

Cotrimox-
azole

1 (14.3) 1 (14.3) 5 (71.4) 8 (80) 2 (20) 1 
(100)

1 
(100)

Ceftazi-
dime

1 (50) 1 (50) 1 
(100)

1 
(100)

1 
(100)

Ofloxacin 1 (50) 1 (50) 1 
(100)

Cefixime 2 (100) 3 (42.9) 1 (14.3) 3 (42.9) 1 
(100)

Cephalo-
thin

3 (100) 1 (100) 1 
(100)

Amikacin 6 (42.9) 1 (7.1) 7 (50) 2 (50) 2 (50) 1 
(100)

1 
(100)

1 
(100)

Ceftriax-
one

6 (54.5) 5 (45.5) 1 
(100)

1 
(100)

Gentamy-
cin

9 (34.6) 4 (15.4) 13 (50) 9 (75) 1 (8.3) 2 (16.7) 2 
(50)

2 
(50)

1 
(100)

Cefalexin 4 (100) 2 (100) 1 
(100)

Imipenem 1 (100) 3 
(100)

1 
(100)

Cefo-
taxime

7 (70) 1 (10) 2 (20) 1 
(100)

2 
(66.7)

1 
(33.3)

1 
(100)

Cefazoline 1 (33.3) 2 (66.7) 1 
(100)

1 
(100)

Ampicillin 2 (66.7) 1 (33.3) 1 
(100)

1 
(50)

1 
(50)

Co-Amox-
iclav

Rifampin

Tetracy-
cline

1 (100)

Azithro-
mycin

3 (100)

Vancomy-
cin

7 (35) 4 (20) 9 (45)

Erythro-
mycin

1 (7.7) 1 (7.7) 11 (84.6)

Clindamy-
cin

3 (50) 1 (16.7) 2 (33.3)

Nalidixic 
Acid

3 (42.9) 1 (14.3) 3 (42.9)

Ceftizox-
ime

2 (33.3) 4 (66.7)

Cefoxitin 1 (100)

Table 5  Antibiotic resistance patterns based on pathogens (cont.)
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Conclusion
In this study conducted in Yasuj Hospitals, Southern west 
Iran, we isolated different microorganisms from differ-
ent wards and surveyed their rate of antibiotic resistance. 
Considering widespread empirical antibiotic therapy in 
Iran, the rate of increasing resistance to common antibi-
otics prescribed for ambulatory and hospitalized patients 
is concerning. Aminopenicillin family and earlier than the 
third generation of cephalosporin are not recommended 
for the treatment of the Enterobacteriaceae family. P. 
aeruginosa is sensitive to Amikacin, but it is develop-
ing multidrug resistance globally. In Coagulase-negative 
staphylococci, Macrolides are usually prescribed, but 
high rates of resistance against this group of antibiot-
ics have developed. Considering S. aureus, Vancomycin 
resistance is higher than 50%. Since this medication is 
the last resort in the treatment of Methicillin-resistant S. 
aureus this level of resistance is alarming. We should also 
take into account AMR threats against elderly population 
since it leads to more severe disease and prolonged hos-
pitalization in this group. Also, reasons of the high rate of 
AMR in men should be investigated more accurately. We 
recommend for demonstrating a plan to control overuse 
and over prescription of antimicrobials by health policy 
making organization.
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