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Introduction:In the present study, we evaluated the 4-year antimicrobial resistance
trends of several nosocomial pathogens during 2018-2021 in a reffereal Mashhad
hospital, Mashhad, Iran.

Methods:In this study, we reviewed the data of 70,234 clinical isolates were
registred Infection Control Data of Ghaem Hospital, Mashhad, Iran. The antimicrobial
susceptibility testing was performed using Kirby-Bauer disk diffusion method
according to clinical and laboratory standard institute (CLSI) instructions to evaluate
trends of antimicrobial resistance over the times.

Results: There were identified (A. baumannii: n = 19,374; K. pneumonia n = 17,206;
E.colin=23,777;S. epidermidis: n =9,877). We did not find any significant difference
in changes of antimicrobial trends over the time except in minor cases . However, The
pattern of antimicrobial drug resistance was gradually differed except E. coli.
Conclusion: our results suggested the overall antimicrobial resistance trends was
remins the same level during 2018-2021. It seems that in accessibility and stop

prescribing of antibiotics can lead to decreasing antibiotic resistance rate.
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Introduction

Nosocomial infections are one of the most im-
portant concerns of health centers, which their
numbers have unfortunately been increased in
recent years, imposing high costs on the patients
and medical centers (1,2). More than 4.1 million
cases of nosocomial infections occur annually,
in which urinary tract infections being the most
common and pneumonia the most fatal nosoco-
mial infections (3).

The prevalence of nosocomial infections in Iran
has been reported between 1.9-25% (3,4). Staphy-
lococcus aureus, S. epidermidis, Pseudomonas

aeruginosa, Klebsiella pneumoniae, Escherich-
ia coli, Enterococcus faecalis, and Acinetobacter
baumannii are considered among the most im-
portant infectious agents associated with noso-
comial infections (5-7).

According to the latest reports, the situation in
Iran regarding the control of nosocomial infec-
tions is very worrying (3). Antibiotic resistance
is one of the most important problems related to
nosocomial infections, which is quite important
in the nosocomial infection control program (8).

Antibiotic resistance is one of the most import-
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ant challenges causing treatment failure and pa-
tient mortality, as WHO designated 2011 as the
Year of Antibiotic Resistance (9,10).

Pathogenic bacteria become resistant to differ-
ent classes of antibiotics through various mecha-
nisms such as resistance gene acquisition, efflux
pump, changes in outer membrane proteins, mu-
tations in the active site of enzymes, and compet-
itive inhibition (11,12).

Screening and rapid detection of antibiotic re-
sistance can lead to adequate treatment, reduce
treatment costs, and decrease patient mortality;
Thus, it is very important in the nosocomial in-
fection control program (13-15). However, the
emergence and spread of multi-drug resistant
strains can affect the treatment outcomes and ul-
timate results (16).

Based on the available evidence, the anti-
microbial resistance pattern is unique in each
geographical area, especially in the developing
countries where due to over-the-counter services
without prescription, the frequency of antibiotic
resistance in these communities is more severe
(17,18). However, limited reliable data have been
reported on changes in the trend of antimicro-
bial resistance in Iran. Moreover, the population
sample size in these studies was low. This study
aimed to evaluate a 4-year trend of antimicro-
bial resistance pattern of four common hospital
pathogens such as S. epidermidis, E. coli, K. pneu-
monia, and A. baumannii, using the antimicrobial
susceptibility testing data from one of the referral
hospitals in the city of Mashhad, Iran.

Methods

We retrospectively evaluated the 2018-2021 In-
fection Control Data of Ghaem Hospital, Mashhad,
Iran. This hospital is one of the most important
referral hospitals in Khorasan Razavi province
that a large number of patients with a different
spectrum of socioeconomic levels from all over
Khorasan Razavi province refer to. The data on
the type of microorganisms and drug-suscepti-
bility testing were obtained from the hospital’s
microbiology laboratory.

Isolation and identification of microorganisms

Clinical blood, urine, respiratory, abscess,
wound, and sterile fluid samples were cultured
under routine microbiological media under 37 °
Cand 5% COZ2. After the bacterial colonies appear
on solid media, the identification of bacteria was
performed using Gram staining and a convention-
al biochemical test.

Antimicrobial susceptibility testing
Antibiotic susceptibility testing was performed

based on Kirby-Bauer disk diffusion method.
The antibiotic discs used for this purpose includ-
ed: Cefotaxime, Ceftazidime, Cefepime, Azith-
romycin, Erythromycin, Clindamycin, Cefoxitin,
Levofloxacin, Gentamicin, Trimethoprim/ Sulfa-
methoxazole, Ciprofloxacin, Amopenem, Mero-
penem, Amikacin, and Imipenem. Interpretation
of inhibitory zone (susceptible, intermediate, and
resistant) was performed using clinical and labo-
ratory standard institute (CLSI) instructions.

Statistical analysis

The time series analyses was applied for eval-
uation of antimicrobial resistance pattern over
the times. All statistical analyses was performed
using Microsoft Excell software. the results con-
sidered as significant, if p-value was <0.05.

Results and Discussion

Changes in the pattern of antibiotic resistance
of the most common nosocomial pathogens were
investigated in the period 2018-2021 to moni-
tor the drug resistance of these bacteria. During
4 years, 70,234 isolates were identified (A. bau-
mannii: n = 19,374; K. pneumonia n=17,206; E.
colin=23,777; S. epidermidis: n=9,877). The bac-
teria were isolated from the clinical specimens
such as sputum, urine, wounds, biopsy, blood,
and sterile fluids.

The overall antibiotic resistance rate of S. epi-
dermidis to different classes of antibiotics includ-
ed Azithromycin: 84.63%, Erythromycin: 81.25%,
Clindamycin: 68.19%, Cefoxitin: 62.20%, Levo-
floxacin: 45.18%, and Gentamicin: 26.35%. The
total resistance to E.coli strain was as follows:
Trimethoprim/Sulfamethoxazole: 45.31%, Ce-
fotaxime: 48.62%, Ceftazidime: 59.16%, Cipro-
floxacin: 62.0%, Cefepime: 62.73%, Gentamicin:
50.23%, Ceftazidime/Clavulanic acid: 15.60%,
Meropenem: 36.39%, Amikacin: 44.74%, and Imi-
penem: 49.87%. In addition, the overall antibiotic
resistance for K. pneumonia included: Cefotax-
ime: 81.11%, Ceftazidime: 77.46%, and Cefepime:
74.55%. Also, the resistance in relation to A.
baumannii was reported as Ceftriaxone: 95.78%,
Ceftazidime: 89.54%, Meropenem: 87.03%, Cipro-
floxacin: 84.88%, Imipenem: 81.61%, Gentamicin:
80.08% and Amikacin: 76.80%.

The pattern of antibiotic resistance varied over
4 years. Regarding the antibiotic resistance pat-
tern of S. epidermidis, the trend of antibiotic re-
sistance was uniform over four years, and except
for levofloxacin, which had a significant increase
(p-value: 0.002), the rates of antibiotic resistance
for other antibiotics showed no significant differ-
ence (Fig 1). Over the last four years, Azithromy-
cin resistance has changed from 85.8% to 83.8%,
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81.7% to 81.4%, Clindamycin from 68.4% to
69.6%, Cefoxitin from 57.9% to 58.4%,

Levofloxacin from 47.4% to 55.8%, and Genta-
micin from 32 % has changed to 25.8%.
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Figure 1: Resistance trends of S. epidermidis clinical isolates against several antibiotics during a 4-years period

The pattern of antibiotic resistance for E. coli
was highly variable and non-uniform (Fig 2). Re-
sistance to TMP-SXT and Cefotaxime was signifi-
cantly increased while the overall resistance to
aminoglycosides and monobactams was signifi-
cantly reduced. During this period, the resistance
to TMP-SXT changed from 12% to 73%,

E. coli

Cefotaxime from 22.11% to 70.74%, Ceftazidime
from 85.5% to 67.1%, Ciprofloxacin from 60.2%
to 57.3%, Cefepime from 66.7% to 51.8%, Genta-
micin 72.5% to 35.8%, Ceftazidime from 6.13% to
29.2%, Meropenem from 51.6% to 13.2%, Amik-
acin from 78.9% to 10.83%, and Imipenem from
70.2% to 5.8%.s.
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Figure 2: Resistance trends of E. coli clinical isolates against several antibiotics during a 4-years period
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No significant change was observed concerning
K. pneumonia, such that based on our measure-
ments, Cefotaxime changed from 84.5% to 79.4%,

Ceftazidime from 73.6% to 77.8%, and Cefepime
from 71.9% to 71.6% (Fig 3).
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Figure 3: Resistance trends of K. pneumoniae clinical isolates against several antibiotics during a 4-years period

The pattern of A. baumannii antibiotic resis-
tance was also uniformly reduced but the changes
were not significant. Regarding changes in antibi-
otic resistance between A. baumannii isolates, the
resistance to Ceftriaxone changed from 95.5% to

95.6%, Ceftazidime from 94% to 86.5%, Meropen-
em from 92.2% to 86%, Ciprofloxacin from 90.9%
to 84.4%, Imipenem 84.5% to 81.8%, Gentamicin
from 84.3% to 79.8%, and Amikacin from 83.2%
to 77.1% (Fig 4).
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Figure 4: Resistance trends of A. baumanii clinical isolates against several antibiotics during a 4-years period

In this study, the trend of antibiotic resistance of
4 pathogenic bacteria during the last 4 years was
evaluated. We showed that in most cases the pat-
tern of antibiotic resistance did not significantly
change |, and except for E. coli, the pattern of an-
tibiotic resistance in other pathogens of S. epider-
midis, K. pneumonia, and A. baumannii was almost
similar during the last four years.

Recent studies have shown that the pattern of
antibiotic resistance is different in each geograph-
ical area, and determining the antibiotic resistance
profile is an effective step in setting up health pro-
grams for patient management, adequate treat-

ment, mortality reduction, and local antibiotic
resistance programs [19-20]. In the present study,
we determined the four-year trend of antibiotic
resistance in one of the reference hospitals in the
northeast of Iran, using data from 70,234 clinical
isolates, and no similar study had been previously
conducted in this geographical area.

Abbasian et al. (2019) showed in a recent study
that the rate of antibiotic utilization in Iran has
increased significantly between 2000 and 2016,
which indicates the need to determine national
antibiotic stewardship to combat the antibiotic re-
sistance in Iran (8).
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S. epidermidis is one of the pathogens associated
with catheter and skin infections (21). According
to a study in Italy, more than half of the Staphylo-
cocci isolated from clinical specimens belong to S.
epidermidis. Moreover, in this study, it was found
that the pattern of S. epidermidis antibiotic resis-
tance is highly variable (22).

In a similar study in the USA, the Coagulase-Neg-
ative Staphylococci antibiotic resistance trend was
evaluated from 1999 to 2012. In this study, it was
determined that resistance to ciprofloxacin, clin-
damycin, and levofloxacin increased significantly
over a period of thirteen years (23). The pattern of
S. epidermidis antibiotic resistance did not change
significantly in our study.

E. coli is one of the most common members of
enteric bacteria, isolated from a wide range of
infections (24). This bacterium has a high capac-
ity for recombination and reception of genes and
plasmids associated with antibiotic resistance
(25). Based on similar studies, the pattern of E. coli
antibiotic resistance was highly variable in differ-
ent geographical regions, which was consistent
with the findings of our study (26,27).

K. pneumonia is another important member of
enteric bacteria that causes a wide range of infec-
tions, including bloodstream, lung, urinary tract,
catheter-related infections as well as gastrointes-
tinal infections (28). Recent reports have shown
that in recent years we have seen a significant
increase in infection with multi-drug resistant K.
pneumonia strains (26,27).

Many recent studies have shown that the glob-
al prevalence of resistance to beta-lactams, car-
bapenems, tigecycline, and colistin is increasing
(30,31). In our study, the antibiotic resistance of
K. pneumonia strains to cephalosporins was re-
ported to be between 80-70%.

Moradi et al (2015) evaluated the pattern of an-
tibiotic resistance of Acinetobacter baumannii in
Iran in a meta-analysis study and showed that the
level of antibiotic resistance in Acinetobacter bau-
mannii has been increased in recent years (32).

However; the results of our study showed that the
overall antibiotic resistance of A. baumannii was
decreasing in recent years, although this decrease
was not significant.

Conclusion

In the present study, the 4-year trend of antibi-
otic resistance of clinical strains of S. epidermidis,
E. coli, K. pneumonia, and A. baumannii at one of
the main northeast hospitals of Iran was evaluated
and we showed that the pattern of antibiotic resis-
tance in it is different geographically. The results
also suggested that the pattern of antibiotic re-
sistance has remained the same over the last four

Conflict of interest
All authors declare that they have no conflicts
of interest.

References

1.  Vincent JL. Nosocomial infections in adult intensive-care
units.Lancet.2003;361:2068-2077.

2. LiY, Gong Z, Lu Y, et al. Impact of nosocomial infections sur-
veillance on nosocomial infection rates: A systematic review.
Int ] Surg. 2017;42:164-169.

3. Bagheri P. The review systematic and meta analysis of preva-
lence and causes of nosocomial infection in Iran. I Iran ] Med
Microbiol. 2014; 8 :1-12.

4. Ashtiani MT, Sadeghian M, Nikmanesh B, et al. Antimicrobial
susceptibility trends among Streptococcus pneumoniae over
an 11-year period in an Iranian referral children Hospital.
Iran ] Microbiol. 2014;6:382-386.

5. Keikha M, Jadidi H. Meta-analysis study for antibiotic resis-
tance of Acinetobacter baumannii clinical isolates. Iran]Med
Microbiol 2017,11:69-74.

6.  Weinstein RA. Nosocomial infection update. Emerg Infect Dis.
1998; 4: 416-420.

7. Vincent JL, Bihari D], Suter PM, et al. The prevalence of noso-
comial infection in intensive care units in Europe: results of
the European Prevalence of Infection in Intensive Care (EPIC)
Study. JAMA. 1995;274:639-44.

8. Abbasian H, Hajimolaali M, Yektadoost A, et al. Antibiotic
utilization in Iran 2000-2016: pattern analysis and bench-
marking with organization for economic co-operation and
development countries. ] Res Pharm Pract. 2019;8:162-167.

9.  Keikha M, Rava M. Trend of antibiotic resistance of Escherich-
ia coli strains isolated from urinary tract infections in outpa-
tient patients from Zahedan. Journal of Paramedical Sciences
& Rehabilitation. 2017;6:73-78.

10. Harish BN, Menezes GA. Antimicrobial resistance in typhoidal
salmonellae. Indian ] Med Microbiol. 2011;29:223-229.

11. Aghaei SS, Keikha M, Zarandi MK, et al. Evaluation and Iden-
tification of Carbapenem Resistant Klebsiella pneumoniae
Isolated from Hospitalized Patients in Qom City,(Iran). Qom
Univ Med Sci ] 2019, 13: 39-47.

12. Holmes AH, Moore LS, Sundsfjord A, et al. Understanding the
mechanisms and drivers of antimicrobial resistance. Lancet.
2016;387:176-187.

13. Karbalaei M, Khorshidi M, Sisakht-pour B, et al. What are the
effects of IL-1p (rs1143634), IL-17A promoter (rs2275913)
and TLR4 (rs4986790) gene polymorphism on the outcomes
of infection with H. pylori within as Iranian population; A
systematic review and meta-analysis. Gene Reports. 2020
100735.

14. Rahdar HA, Malekabad ES, Dadashi AR, et al. Correlation be-
tween biofilm formation and carbapenem resistance among
clinical isolates of Klebsiella pneumoniae. Ethiop ] Health Sci.
2019;29:745-750.

15. Holmes AH, Moore LS, Sundsfjord A, et al. Understanding the
mechanisms and drivers of antimicrobial resistance. Lancet.
2016;387:176-187.

16. Burki TK. Superbugs: an arms race against bacteria. Lancet
Respir Med. 2018;6:668.

17. Thyagarajan SP, Ray P, Das BK, et al. Geographical difference
in antimicrobial resistance pattern of Helicobacter pylori clin-
ical isolates from Indian patients: Multicentric study. ] Gastro-
enterol Hepatol. 2003;18:1373-1378.

18. Low DE, Keller N, Barth A, et al. Clinical prevalence, antimi-
crobial susceptibility, and geographic resistance patterns of
enterococci: results from the SENTRY Antimicrobial Surveil-
lance Program, 1997-1999. Clin Infect Dis. 2001;32:5S133-
145.

19. Cullen IM, Manecksha RP, McCullagh E, et al. The changing
pattern of antimicrobial resistance within 42 033 Esche-
richia coli isolates from nosocomial, community and urology
patient-specific urinary tract infections, Dublin, 1999-2009.
BJU Int. 2012;109:1198-1206.

20. Keikha M, Soleimanpour S, Eslami M, et al. The mystery of tu-
berculosis pathogenesis from the perspective of T regulatory

54 Rev Clin Med 2021; Vol 8 (No 2)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



Khammar M et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

cells. Meta Gene. 2020;23:100632.

Christensen GD, Bisno AL, Parisi ] T, et al. Nosocomial septice-
mia due to multiply antibiotic-resistant Staphylococcus epi-
dermidis. Ann Intern Med. 1982;96:1-10.

Schito GC, Varaldo PE. Trends in the epidemiology and anti-
biotic resistance of clinical Staphylococcus strains in Italy—a
review. ] Antimicrob Chemother. 1988;21:67-81.

May L, Klein EY, Rothman RE, et al. Trends in antibiotic re-
sistance in coagulase-negative staphylococci in the Unit-
ed States, 1999 to 2012. Antimicrob Agents Chemother.
2014;58:1404-1409.

Anjum MF, Mafura M, Slickers P, et al. Pathotyping Escherich-
ia coli by using miniaturized DNA microarrays. Appl Environ
Microbiol. 2007;73:5692-5697.

Bergman M, Nyberg ST, Huovinen P, et al. Association be-
tween antimicrobial consumption and resistance in Esche-
richia coli. Antimicrob Agents Chemother. 2009;53:912-917.
Morrissey I, Hackel M, Badal R, et al. A review of ten years of
the Study for Monitoring Antimicrobial Resistance Trends
(SMART) from 2002 to 2011. Pharmaceuticals (Basel).
2013;6:1335-1346.

Hoban DJ, Nicolle LE, Hawser S, et al. Antimicrobial suscepti-
bility of global inpatient urinary tract isolates of Escherichia
coli: results from the Study for Monitoring Antimicrobial
Resistance Trends (SMART) program: 2009-2010. Diagn Mi-
crobiol Infect Dis. 2011;70:507-511.

Riwu KH, Effendi MH, Rantam FA. A review of extended spec-
trum B-lactamase (ESBL) producing Klebsiella pneumoniae
and multidrug resistant (MDR) on companion animals. Sys
Rev Pharm 2020;11:270-277.

Garbati MA, Al Godhair Al The Growing Resistance of Klebsi-
ella pneumonia; the Need to Expand Our Antibiogram: Case
Reportand Review of the Literature. Afr ] Infect Dis. 2013;7:8-
10.

Mehd SD, Asghar MS, Kazem SY, et al. Antimicrobial Resis-
tance Trends Of Klebsiella Spp. Isolated From Patients In
Imam Khomeini Hospital. payavard.2012,6:275-281.
Shon AS, Russo TA. Hypervirulent Klebsiella pneumoniae: the
nextsuperbug?. Future Microbiol. 2012;7:669-671.

Moradi J, Hashemi FB, Bahador A. Antibiotic resistance of
Acinetobacter baumannii in Iran: a systemic review of the
published literature. Osong Public Health Res Perspect.
2015;6:79-86.

Rev Clin Med 2021; Vol 8 (No 2)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)

55





