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Abstract

Background: The coronavirus disease 2019 seems to change antibiotic resistance pattern. Certain conditions in the
Covid-19 era may be contributing to the rise of antimicrobial resistance (AMR). Due to the limited information on the
impact of Covid-19 on antimicrobial resistance (AMR), the purpose of this research was to investigate the trend in
antimicrobial resistance changes of E. coli, P aeruginosa, K. pneumoniae, and A. baumannii in Hasheminezhad hospital.
This hospital was a Corona center in Mashhad at the onset of this epidemic.

Methods: 1672 clinical samples were collected between January 21, 2020 and January 30, 2022from patients
hospitalized at Hasheminezhad Hospital in Mashhad, Conventional microbiological procedures for identifying gram-
negative bacteria and antibiotic susceptibility testing were used, according to the clinical and laboratory standards
institute (CLSI) 2021. The two years of the pandemic, from the initial stage of the outbreak until the 6th peak, (January
2020 to and January 2022) were divided into 9 periods according to the seasons.

Results: Highest resistance rates were seen in £ coli (615 samples), K. pneumoniae (351 samples), P aeruginosa (362
samples) and A. baumannii (344 samples) to Ampicillin (89.6%), Ampicillin (98%), Imipenem (91.8%), and Ceftazidime
(94.6%), respectively. The largest change in antibiotic resistance was seen between Summer 2020 and Summer 2021
for K. pneumoniae with about a 30% rise in antibiotic resistance to Ceftriaxone.

Conclusions: All 4 species evaluated in this study, have shown rising AMR rates during the first year of the pandemic
in the northeast of Iran. This study revealed that E. coli, P aeruginosa, K. pneumoniae, and A. baumannii strains in North-
ern Iran have a higher level of antibiotic resistance than what was measured in similar studies conducted before the
pandemic. This will further restrict treatment choices and jeopardize global public health.

Keywords: Antibiotic resistance, COVID-19 pandemic, Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Acinetobacter baumannii

Background

The coronavirus disease 2019 (Covid-19) is increas-
ingly spreading over the world. Covid-19 is known to
cause severe pneumonia, as well as acute respiratory dis-
7 Shahid Hasheminejad Hospital, Mashhad University of Medical Sciences, tress syndrome (ARDS) and signiﬁcant mortality rates.
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number of people infected and mortality continue to rise.
Covid-19 has been linked to about 500 million cases and
over 6 million deaths as of Apr 7, 2022 [1]. The Covid-19
pandemic seems to have a significant influence on public
health, influencing the management of a variety of health
care issues, including antimicrobial resistance (AMR).
Several studies have found a relationship between Covid-
19 and AMR, suggesting that some conditions, often
including increased antibiotic usage, may be contributing
to the rise of AMR [2]. Although antibiotics were used in
72 percent of Covid-19 patients, only 8 percent of hospi-
talized Covid-19 patients were found to suffered from a
fungal or bacterial infection [3]. While experts have tried
to warn of a relationship between AMR and Covid-19,
research has shown conflicting results. In the Covid-19
pandemic, several studies have found outbreaks or an
increase in diseases caused by multidrug-resistant bacte-
ria. However, according to other research, the number of
infections caused by multidrug-resistant bacteria has not
increased [4].

According to the WHO, AMR is among the top ten
worldwide health threats, and while it receives less atten-
tion than Covid-19, it may have just as severe negative
outcomes. In 2017, the WHO named a series of bac-
teria of specific concern for which novel antibiotics are
needed. Escherichia coli, Pseudomonas aeruginosa, Kleb-
siella pneumoniae, and Acinetobacter baumannii are
among the critical bacteria that cause the most harm to
humans health and should be prioritized in the develop-
ment of novel antimicrobial therapies [5].

P aeruginosa is the most frequent gram-negative bac-
teria that cause ventilator-associated pneumonia and the
second most prevalent organism responsible for cathe-
ter-associated urinary tract infections (UTIs). This bac-
terium is resistant to many antibiotics. K. pneumoniae is
the most common gram-negative bacteria causing central
line-associated bloodstream infections and is one of the
primary drivers of AMR nosocomial infections globally.

E. coli is the most prevalent pathogen responsible for
UTTIs and the second most frequent pathogen responsible
for healthcare-associated infections. During the past sev-
eral decades, a growing number of resistance genes have
been found in E. coli isolates, many of which have been
acquired by horizontal gene transfer [6, 7]. A. bauman-
nii is the most common pathogen causing infection in
hospitals and is now regarded as a global problem in the
healthcare system due to its proclivity to acquire multi-
drug-resistant features at previously unanticipated rates
[8]. However, there is currently a lack of information
regarding the effects of COVID-19 on AMR. COVID-19
and AMR are two considerable health threats. Neverthe-
less, there are limited data on the relationship between
them. In addition, the gram-negative bacteria mentioned
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in clinical settings are highly important. Consequently,
the present study aimed to evaluate the AMR of E. coli,
P aeruginosa, K. pneumoniae, and A. baumannii at
Hasheminezhad Hospital during the two-year COVID-19
pandemic. Moreover, we compared the antibiotic resist-
ance pattern between nine outbreak seasons.

Method

Patients and samples

This cross-sectional study was conducted between Janu-
ary 2020 (21 Jan) and January 2022 (30 Jan) in Mashhad,
Hasheminezhad Hospital. This hospital has become a
Corona center after pandemic. Overall, 1672 patients
were referred to the laboratory. During the study period,
1672 clinical samples were collected, including urine,
blood, respiratory secretions, wounds, and other speci-
mens. All samples were sent to the central laboratory and
because of cross resistance phenomenon, multi samples
from an individual or samples from patients with polymi-
crobial infection have been excluded from study.

Samples identification

The samples were processed using standard microbio-
logical procedures for identifying gram-negative bacteria.
Standard biochemical procedures and protocols were uti-
lized to recognize and identify the strains of Escherichia
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae,
and Acinetobacter baumannii. The samples were cultured
on MacConkey agar (Merck) medium and blood agar
(Merck) and incubated at room temperature for 24 h.
To identify the strains, routine biochemical tests such as
urea urease, oxidase, citrate, triple sugar iron agar (TSI),
malonate consumption, sugar oxidation and fermenta-
tion, Methyl Red motility, Voges-Proskauer, and indole
production were used.

Antimicrobial susceptibility test

Ampicillin (AP), Ampicillin-Sulbactam (SAM), Amika-
cin (AK), Piperacillin-Tazobactam (PTZ), Cefazolin (CZ),
Cefepime (CPM), Ceftriaxone (CRO), Cefoxitin (FOX),
Ceftazidime (CAZ), Imipenem (IMI), Meropenem
(MEM), Gentamicin (GM), Co-trimoxazole (TS), Nitro-
furantoin (NI), Nalidixic acid (NA), Ciprofloxacin (CIP),
Cefotaxime (CTX), Levofloxacin (LEV), Cefixime (CFM),
and Cefoperazone (CP) were the antibacterial drugs con-
tained in the panel isolates. A specific antibiogram panel
considered for each bacterium was based on the type of
bacteria according to the clinical and laboratory stand-
ards institute (CLSI) 2021 guidelines [9].

Statistical analysis
Data were analyzed using SPSS software, version 22.
The frequency (percentage) was used to describe the
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qualitative variables. The age variable was checked by
the Kolmogorov—Smirnov test for normality and the
mean + standard deviation (SD) was reported. The Chi-
square or Fisher exact test was used to compare the quali-
tative variables. The antibiotic resistance pattern for each
antibiotic has been compared in various seasons. January
2020 to January 2022 is separated into 9 periods based
on seasons. Winter 2020, spring 2020, summer 2020, fall
2020, winter 2021, spring 2021, summer 2021, fall 2021,
and winter 2022 are the seasons considered in the pre-
sent study. A significant level of P<0.05 was considered
statistically significant with %95 confidence interval (CI).

Results

Bacterial isolates

In this study, 1672 isolates were collected from 781
(46.7%) females, 843 (50.4%) males, and 48 (2.9%) of
unknown gender admitted at Hasheminezhad hospital.
Among 1672 bacterial isolates, 615 (36.8%) were E. coli,
362 (21.6%) isolates were P. aeruginosa, 351 (20.9%) were
K. pneumoniae, and 344 (20.5%) isolates were A. bau-
mannii. The mean age of patients was 54.77 +24.16. The
frequency of isolates based on sample type and hospital
wards has been shown in Tables 1 and 2.

Antibiogram results by agar disc diffusion method

The antibiotic resistance patterns of all isolates are pre-
sented in Table 3. For E. coli, the highest resistance was
to Ampicillin (89.6%), Cefazolin (74.0%), and Cefepime

Table 1 Sample type distribution of 1672 isolates

Sample Frequency Percentage
Urine 973 582
Trachea 438 26.2
Wound 74 4.4
Blood 42 2.5
Lung 37 2.2
Throat 32 1.9
Unknown 24 14
Eye 10 0.6
Catheter 7 04
Ascites fluid 7 04
Pleural fluid 7 04
Tracheostomy 7 04
CSF 4 0.2
Abscess 2 0.1
Sputum 2 0.1
Joint fluid 2 0.1
Other fluids 2 0.1
Peritoneum 1 0.1
Bile fluid 1 0.1
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Table 2 Frequency distribution of 1672 isolates based on
hospital wards

Ward Frequency Percentage
ICU 844 50.5
Unknown 242 14.5
Out-patient 114 6.8
Emergency 113 6.8
Respiratory 73 44
Heart 71 42
Pediatrics 43 26
Surgery 43 26
Internal 38 23
Infectious 26 1.6
NICU 21 13
Cccu 13 0.8
Midwifery 12 0.7
Poisoning 12 0.7
Orthopedics 4 0.2
Neurology 3 0.2

(71.4%). For K. pneumoniae the highest resistance was
to Ampicillin (98.1%), Levofloxacin (92.9%), and Ceftazi-
dime (92.4%). For P. aeruginosa the highest resistance was
to Imipenem (91.8%), Meropenem (91.5%), and Cefepime
(87.1%). Finally, for A. baumannii the highest resistance
was to Cefotaxime (94.7%), Ceftazidime (94.6%), and
Ceftriaxone (93.4%).

Results by season

The number of samples sent to the laboratory according
to the seasons is shown in Fig. 1. Seasons with the highest
number of samples in E. coli, P. aeruginosa, K. pneumo-
niae, and A. baumannii were Winter 2021 (113), Winter
2021 (51), Summer 2020 (77), and Summer 2020 (59)
respectively (P<0.001).

Antibiotic resistance patterns of 9 seasons of pan-
demic between January 2020 and January 2022 have been
shown in Tables 4, 5, 6, and 7. Antibiotics selected for
each bacterium were based on CLSI 2021. There was no
significant difference in Ceftriaxone, Levofloxacin, and
Nitrofurantoin for K. pneumoniae and Ciprofloxacin for
A. baumannii. For E. coli, the most change in antibiotic
resistance in Cefazolin was between Fall 2020 (58.6%)
and Summer 2021 (85.9%). For K. pneumoniae, the most
change in antibiotic resistance in Imipenem was between
Spring 2020 (20%) and Summer 2021 (83.7%). For P
aeruginosa, the most change in antibiotic resistance in
Meropenem was between Summer 2020 (82.8%) and
Spring 2021 (100%). For A. baumannii, the most change
in antibiotic resistance in Cefepime was between Winter
2020 (80%) and Summer 2021 (100%).
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3 A. baumannii

3 P. aeruginosa

B3 K. pneumoniae
Hl E. coli

Fig. 1 Frequency of samples sent to the laboratory-based on seasons
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CAZ (Ceftazidime), GM (Gentamicin), PTZ (Piperacil-
lin-Tazobactam), AK (Amikacin), CPM (Cefepime), CIP
(Ciprofloxacin), LEV (Levofloxacin), IMI (Imipenem),
and MEM (Meropenem).

Variables were described as the frequency (%).

*Samples for which antibiotic resistance testing has not
been performed are marked with "-".

Discussion

AMR is a severe global threat that raises growing health
system concerns. However, this issue has received insuffi-
cient attention during the recent pandemic. The research
found a significant decrease in AMR surveillance during
the COVID-19 pandemic, which may have limited the
ability to provide information on actual AMR changes
and raised the possibility of an AMR silent pandemic
[10].

In recent years, the global incidence of infections
caused by gram-negative bacteria resistant to antibiotics
has increased. It has been predicted that up to two mil-
lion people in the United States will contract an antibi-
otic-resistant bacterial infection each year, resulting in
over 23,000 fatalities [11]. Resistant gram-negative bacte-
ria, such as E. coli, P aeruginosa, K. pneumoniae, and A.
baumannii, pose a significant threat to public health and
impose an economic burden.

To our knowledge, no similar study exists in databases
examining the evolution of AMR during the COVID-
19 era. However, few studies have revealed unsatisfac-
tory outcomes. A study evaluating antibiotic resistance
in limited clinical samples was conducted during the
pandemic. Boorgula et al. analyzed 200 clinical samples
from 122 COVID-19 patients with secondary infections
from April to May 2021 and identified K. pneumoniae as
the most prevalent bacteria, followed by A. baumannii,
where isolates exhibited a 6% rise in carbapenem resist-
ance [12]. Another study in Italy reported that despite
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the correct use of personal protective equipment (PPE),
carbapenem-resistant Enterobacteriaceae acquisition
increased from 5% in 2019 to 50% during the pandemic
[13].

This study revealed an increase in AMR in clinical
samples isolated between January 2020 and January
2022 (COVID-19 era) at the Hasheminezhad hospital in
Mashhad, Iran. The rate of antibiotic resistance in these
bacteria was lower than in the COVID-19 pandemic.
Before the pandemic, only one study evaluated AMR in
Mashhad between August 2016 and February 2017. The
study only examined E. coli antibiotic resistance patterns
to drug classes and evidenced 64.7% and 4.4% resistance
to cephalosporins and carbapenems, respectively [14].
There were other studies conducted in Iran. Sharahi et al.
in Iran demonstrated antibiotic resistance in E. coli and
K. pneumoniae prior to the outbreak of COVID-19 from
September 2016 to August 2018 [15]. They examined 165
isolates of E. coli and K. pneumoniae and observed that
the prevalence of meropenem- and imipenem-resistant
E. coli isolates were 19.5% and 10.6%, respectively.

In addition, the frequency of E. coli’s resistance to
meropenem and imipenem in our study was 33.6% and
42.7%, respectively. In addition, 61.5% and 69.2% of K.
pneumoniae isolates were resistant to meropenem and
imipenem, respectively. In our study, the frequency of
K. pneumonia’s resistance to meropenem and imipenem
was 69.4% and 71.7%, respectively.

Another study conducted by Tarafdar et al. in Iran from
May 2018 to the end of July 2019 on 98 clinical isolates,
50 A. baumannii isolates and 48 P. aeruginosa isolates
revealed that antibiotic resistance of P aeruginosa to
meropenem and imipenem was 45% and 46%, respec-
tively [16]. Conversely, P aeruginosa resistance to mero-
penem and imipenem was 91.5% and 91.8%, respectively,
in our study. Furthermore, antibiotic resistance in A.
baumannii resistance to meropenem and imipenem was
both 47%; however, resistance to meropenem and imipe-
nem for A. baumannii in our study was 88.9% and 88.4%,
respectively.

According to Tables 4, 5, 6, 7, all bacteria experienced
an increase in AMR during the first year of the COVID-
19 pandemic. Although our results need to be interpreted
with caution, because of the small number of isolates
tested per species and per antibiotic, we feel this is likely
due to the early need to combat the pandemic and the
unrestricted use of antibiotics during the first year of the
outbreak.

This increased risk of an AMR pandemic is height-
ened in low- and middle-income countries and may
have multiple causes [17]. The overuse of antibiotics
is the leading cause of AMR. The disparity between
the incidence of bacterial infections and the frequency
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with which antibiotics are administered suggests that
these antibiotics have been overprescribed. Antibi-
otic overuse in COVID-19 patients can increase the
selective pressure for AMR. AMR may be a long-term
consequence of the COVID-19 outbreak due to antibi-
otic overuse, healthcare worker fatigue, and a limited
capacity to monitor antibiotic-resistant organisms.

According to a meta-analysis by Langford et al,
antibiotic prescriptions were administered in approxi-
mately 75% of cases of COVID-19, while bacterial co-
infection occurred in less than 10%. [18]. COVID-19
patients receive antibiotics for a variety of reasons.
Diagnostics used to differentiate between bacterial and
viral infections may be ineffective or time-consuming
when rapid treatment is necessary. For example, CRP
levels, typically elevated in bacterial infections, may be
elevated in COVID-19 cases.

Antibiotics will be administered to a substantial
number of hospitalized COVID-19 patients due to
the lack of diagnostic test confirmation. COVID-19
patients may develop secondary co-infections requir-
ing antimicrobial therapy; however, as stated previ-
ously, the prevalence of bacterial co-infection among
COVID-19 patients is lower than the rate of antibiotic
use. A patient with COVID-19 may exhibit non-spe-
cific symptoms, and this overlap may lead to antibiotic
overuse. As the evidence indicates that chloroquine,
hydroxychloroquine, and azithromycin are ineffective
against COVID-19, their use in various settings has
been suspended. However, a lack of knowledge and the
absence of alternative therapeutic options have con-
tributed to the continued use of these drugs in various
circumstances [19].

Most healthcare workers were required to respond
to the COVID-19 outbreak, limiting their availability
for AMR measures. Self-medication with antibiotics is
increasing, and obtaining professional guidance prior
to prescribing antimicrobials is becoming increasingly
difficult. Furthermore, increased use of sanitizers and
other biocidal chemicals, along with their environ-
mental exposure, and challenges adhering to conven-
tional infection prevention and control precautions
for health personnel due to extended shifts using the
same PPE and possible equipment shortages are preva-
lent. During the COVID-19 outbreak, significant funds
were allocated to lab equipment and patient care, while
AMR evaluation received little support from asso-
ciated organizations. Experts have issued warnings
concerning AMR in the COVID-19 era for various rea-
sons, including the longer hospital stays for COVID-19
patients [4, 20].
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Conclusion

Gram-negative bacteria are one of the leading causes
of significant antibiotic resistance during the COVID-
19 pandemic (2020-2022) in clinical settings. Anti-
biotic resistance is increasing due to various factors,
most notably antibiotic overuse. The development and
spread of genes for antibiotic resistance in bacteria will
further limit treatment options and jeopardize global
public health. This study suggests that E. coli, P. aerugi-
nosa, K. pneumoniae, and A. baumannii strains exhib-
ited a pattern of increasing antibiotic resistance during
the COVID-19 pandemic, particularly during the first
year.

Acknowledgements
None.

Authors contributions

RK for which, he designed the study, prepared the manuscript, approved

the submitted version, and agreed both to be personally accountable for

the author's own contributions and to ensure that questions related to the
accuracy or integrity of any part of the work, even ones in which the author
was not personally involved, are appropriately investigated, resolved, and the
resolution documented in the literature. MK for which, she analyzed the data,
revised the manuscript, approved the submitted version, and agreed both to
be personally accountable for the author’s own contributions and to ensure
that questions related to the accuracy or integrity of any part of the work,
even ones in which the author was not personally involved, are appropriately
investigated, resolved, and the resolution documented in the literature. AN for
which, he designed the study, revised the manuscript, approved the submit-
ted version, and agreed both to be personally accountable for the author’s
own contributions and to ensure that questions related to the accuracy or
integrity of any part of the work, even ones in which the author was not per-
sonally involved, are appropriately investigated, resolved, and the resolution
documented in the literature. MNK for which, he acquired the data, revised
the manuscript, approved the submitted version, and agreed both to be
personally accountable for the author’s own contributions and to ensure that
questions related to the accuracy or integrity of any part of the work, even
ones in which the author was not personally involved, are appropriately inves-
tigated, resolved, and the resolution documented in the literature. SMS, SMM,
and KG have made substantial contributions to the conception, approved
the submitted version, and agreed both to be personally accountable for

the author's own contributions and to ensure that questions related to the
accuracy or integrity of any part of the work, even ones in which the author
was not personally involved, are appropriately investigated, resolved, and

the resolution documented in the literature. MG, as correspondence author,
for which, she interpretated of the data, revised the manuscript, approved
the submitted version, and agreed both to be personally accountable for

the author's own contributions and to ensure that questions related to the
accuracy or integrity of any part of the work, even ones in which the author
was not personally involved, are appropriately investigated, resolved, and the
resolution documented in the literature. All authors read and approved the
final manuscript.

Funding
The authors received no financial support for the research, authorship, and/or
publication of this article.

Availability of data and materials

The data that support the findings of this study are available from Mums but
restrictions apply to the availability of these data, which were used under
license for the current study, and so are not publicly available. Data are how-
ever available from the authors upon reasonable request and with permission
of MUMS.



Khoshbakht et al. Antimicrobial Resistance & Infection Control

Declarations

Ethics approval and consent to participate
The procedures have done in this study was approved by Mashhad University
of Medical Sciences (MUMS) with ethical no 4001151.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Laboratory Sciences, School of Paramedical Sciences,
Mashhad University of Medical Sciences, Mashhad, Iran. 2Student Research
Committee, Mashhad University of Medical Sciences, Mashhad, Iran. *Clinical
Research Development Unit, Ghaem Hospital, Faculty of Medicine, Mashhad
University of Medical Sciences, Mashhad, Iran. *Department of Emergency
Medicine, Faculty of Medicine, Mashhad University of Medical Sciences,
Mashhad, Iran. >Department of Microbiology and Virology, School of Medicine,
Mashhad University of Medical Sciences, Mashhad, Iran. 5Antimicrobial Resist-
ance Research Center, Mashhad University of Medical Sciences, Mashhad,
Iran. ’Shahid Hasheminejad Hospital, Mashhad University of Medical Sciences,
Mashhad, Iran.

Received: 19 September 2022 Accepted: 20 September 2022
Published online: 01 October 2022

References

1. WHO. Coronavirus metrics. https://covid19.who.int/.

2. Clancy CJ, Buehrle DJ, Nguyen MH. PRO: The COVID-19 pandemic will
result in increased antimicrobial resistance rates. JAC-Antimicrobial
Resistance. 2020;2(3):dlaa049.

3. Rawson TM, Moore LS, Zhu N, Ranganathan N, Skolimowska K, Gilchrist
M, et al. Bacterial and fungal coinfection in individuals with coronavirus:
a rapid review to support COVID-19 antimicrobial prescribing. Clin Infect
Dis. 2020;71(9):2459-68.

4. Monnet DL, Harbarth S. Will coronavirus disease (COVID-19)
have an impact on antimicrobial resistance? Eurosurveillance.
2020;25(45):2001886.

5. Breijyeh Z, Jubeh B, Karaman R. Resistance of gram-negative bacteria
to current antibacterial agents and approaches to resolve it. Molecules.
2020;25(6):1340.

6. Kaye KS, Pogue JM. Infections caused by resistant gram-negative bacte-
ria: epidemiology and management. Pharmacotherapy The Journal of
Human Pharmacology and Drug Therapy. 2015;35(10):949-62.

7. Huddleston JR. Horizontal gene transfer in the human gastrointestinal
tract: potential spread of antibiotic resistance genes. Infect Drug Resist.
2014;7:167-76.

8. Harding CM, Hennon SW, Feldman MF. Uncovering the mecha-
nisms of Acinetobacter baumannii virulence. Nat Rev Microbiol.
2018;16(2):91-102.

9. M100: Performance Standards for Antimicrobial Susceptability Testing:
Clinical & Laboratory Standards Institute; 2021.

10. Tomczyk S, Taylor A, Brown A, De Kraker ME, El-Saed A, Alshamrani M,
et al. Impact of the COVID-19 pandemic on the surveillance, prevention
and control of antimicrobial resistance: a global survey. J Antimicrob
Chemother. 2021;76(11):3045-58.

11. Dadgostar P. Antimicrobial resistance: implications and costs. Infect Drug
Resist. 2019;12:3903-10.

12. Boorgula SY, Yelamanchili S, Kottapalli P, Naga MD. An update on second-
ary bacterial and fungal infections and their antimicrobial resistance
pattern (AMR) in COVID-19 confirmed patients at a tertiary care hospital. J
Lab Phys. 2022.

13. Tiri B, Sensi E, Marsiliani V, Cantarini M, Priante G, Vernelli C, et al. Antimi-
crobial stewardship program, COVID-19, and infection control: spread of
carbapenem-resistant Klebsiella pneumoniae colonization in ICU COVID-
19 patients. What did not work? J Clin Med. 2020;9(9):2744.

(2022) 11:121

Page 11 of 11

14. Ghavidel M, Gholamhosseini-Moghadam T, Nourian K, Ghazvini K.
Virulence factors analysis and antibiotic resistance of uropathogenic
Escherichia coli isolated from patients in northeast of Iran. Iran J Micro-
biol. 2020;12(3):223.

15. Sharahi JY, Hashemi A, Ardebili A, Davoudabadi S. Molecular character-
istics of antibiotic-resistant Escherichia coli and Klebsiella pneumoniae
strains isolated from hospitalized patients in Tehran. Iran Ann Clin Micro-
biol Antimicrob. 2021;20(1):1-14.

16. Tarafdar F, Jafari B, Azimi T. Evaluating the antimicrobial resistance pat-
terns and molecular frequency of blaoxa-48 and blaGES-2 genes in Pseu-
domonas aeruginosa and Acinetobacter baumannii strains isolated from
burn wound infection in Tehran. Iran New Microbes and New Infections.
2020;37: 100686.

17. Sulis G, Sayood S, Gandra S. Antimicrobial resistance in low-and middle-
income countries: current status and future directions. Expert review of
anti-infective therapy. 2021:1-14.

18. Langford BJ, So M, Raybardhan S, Leung V, Soucy J-PR, Westwood D, et al.
Antibiotic prescribing in patients with COVID-19: rapid review and meta-
analysis. Clin Microbiol Infect. 2021;27(4):520-31.

19. Knight GM, Glover RE, McQuaid CF, Olaru ID, Gallandat K, Leclerc QJ, et al.
Antimicrobial resistance and COVID-19: intersections and implications.
Elife. 2021;10: 64139.

20. Subramanya SH, Czyz DM, Acharya KP, Humphreys H. The potential
impact of the COVID-19 pandemic on antimicrobial resistance and antibi-
otic stewardship. Virusdisease. 2021;32(2):330-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://covid19.who.int/

	Assessment of antibiotic resistance changes during the Covid-19 pandemic in northeast of Iran during 2020–2022: an epidemiological study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Method
	Patients and samples
	Samples identification
	Antimicrobial susceptibility test
	Statistical analysis

	Results
	Bacterial isolates
	Antibiogram results by agar disc diffusion method

	Results by season
	Discussion
	Conclusion
	Acknowledgements
	References


