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Abstract

Background: Staphylococcus aureus is a significant human pathogen that can cause a diverse range of diseases,
from mild skin and soft tissue infections sepsis. The aim of this study was to retrospectively compare the antibi-
otic resistance status of S. aureus strains and the change in the prevalence of methicillin-resistant S. aureus
(MRSA) before, during and after the Coronavirus Disease 2019 (COVID-19) pandemic in our hospital.

Materials and Methods: The present study was designed to encompass three cross-sectional phases before
COVID-19 pandemic (1 January 2018 to 31 December 2019, two years), the pandemic period (11 March 2020 to
10 March 2022, two years), and the post-pandemic phase (5 May 2023 to 31 December 2023, seven months). In
the study, the incidence and antibiotic resistance status of S. aureus strains cultured and identified from various
clinical samples were retrospectively analyzed using data from the hospital laboratory information system.
Results: As a result of the study, when the antibiotic resistance status of S. aureus strains was examined, it was
determined that gentamicin resistance had a resistance rate of 4% in the pre-pandemic period and 6.9% in the
pandemic period. A downward trend was observed in MRSA rates during the pandemic. A higher MRSA preva-
lence was observed before the pandemic compared to the following two periods (p=0.093). In addition, a higher
MRSA prevalence was observed in the intensive care unit in the pre-pandemic period compared to other wards
(p=0.075).

Conclusions: The decrease in MRSA prevalence during the pandemic period may be due to a number of factors,
such as the implementation of quarantine measures, improved hand hygiene practices and meticulous attention
to contact precautions. The increase in gentamicin resistance rates observed during the pandemic period may
be due to excessive intensive use of antibiotics.
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0Oz

Amag: Staphylococcus aureus, hafif seyirli deri ve yumusak doku enfeksiyonlarindan sepsise kadar ¢ok gesitli
hastaliklara neden olabilen 6nemli bir insan patojenidir. Bu ¢alismada, hastanemizde Koronavirus Hastaligi 2019
(COVID-19) pandemisi 6ncesinde, sirasinda ve sonrasinda S. aureus suslarinin antibiyotik direng durumu ile me-
tisilin direngli S. aureus (MRSA) prevalansindaki degisimin retrospektif olarak karsilastiriimasi amaglanmistir.
Materyal ve Metod: Bu ¢alisma, COVID-19 pandemisi 6ncesi (1 Ocak 2018- 31 Aralik 2019, 2 yil), pandemi do6-
nemi (11 Mart 2020- 10 Mart 2022, 2 yil) ve pandemi sonrasi (5 Mayis 2023- 31 Aralik 2023, 7 ay) olmak lzere
¢ kesitsel evreyi kapsayacak sekilde tasarlanmigtir. Cesitli klinik 6rneklerden kiltirlenen ve tanimlanan S. au-
reus suglarinin insidansi ve antibiyotik direng durumu, hastane laboratuvar bilgi sistemindeki veriler kullanilarak
retrospektif olarak analiz edilmistir.

Bulgular: Calisma sonucu olarak S. aureus suslarinin antibiyotik direng durumu incelendiginde gentamisin diren-
cinin, pandemi 6ncesi dénemde %4, pandemi déneminde ise %6.9 direng oranina sahip oldugu tespit edilmistir.
Pandemi sliresince MRSA oranlarinda bir diislis egilimi gérilmustir. Pandemi 6ncesinde, sonraki iki doneme ki-
yasla daha ylksek bir MRSA prevalansi gézlenmistir (p=0,093). Ek olarak pandemi 6ncesi donemde yogun bakim
Uinitesinde diger servislere kiyasla daha ylksek bir MRSA prevalansi gozlenmistir (p=0,075).

Sonug: Pandemi déneminde MRSA prevalansindaki azalmanin, karantina énlemlerinin uygulanmasi, gelismis el
hijyeni uygulamalari ve temas 6nlemlerine titizlik gosterilmesi gibi bir dizi faktorden kaynaklanabilir. Pandemi
doéneminde gentamisin direng oranlarinda gézlenen artis, asiri yogun antibiyotik kullanimina bagh olabilir.
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Introduction

Staphylococcus aureus is an important human pathogen that
can cause a wide spectrum of diseases ranging from mild skin
and soft tissue infections to sepsis. The emergence of methi-
cillin-resistant strains has led to a higher risk of morbidity and
mortality as well as limited treatment options (1). Methicillin
resistance is caused by the acquisition of mecA/mecC genes
located in a mobile genetic element that can be integrated
into chromosome (2). In methicillin-resistant S. aureus
(MRSA) isolates, penicillin-binding proteins (PBPs) 2a and 2,
encoded by these genes, cause the bacteria to show a lower
affinity for beta-lactam antibiotics (3-4).

In an institution providing healthcare services, the prevalence
of Hospital acquired MRSA (HA-MRSA) is accepted as an indi-
cator of the general infection rate. It is stated that one of the
main transmission sources of MRSA in hospitals is the hands
of healthcare workers (1).

Antimicrobial resistance (AMR) was among the biggest public
health problems in the twenty-first century before the COVID-
19 outbreak. During the pandemic, increased hand hygiene,
decreased international travel and elective hospital procedu-
res were expected to reduce the development and spread of
antimicrobial resistance in the short term, but the disruption
of standard healthcare services resulted in more widespread
and uncontrolled antibiotic use (5). The pandemic process has
further increased the burden of infection control and preven-
tion strategies used in the management of AMR. Due to the
contagious nature of the pathogen, many different measures
have been taken to prevent its spread, which have not been
seen before (6). These measures, which were applied only in
high-risk units before the pandemic period, ensured that the
pandemic was controlled at various levels, while other areas
where patient care was provided and control programmes for
other hospital-acquired infections were damaged (7). This si-
tuation led to a change in priority and disruption of infection
control measures during the pandemic, and it was determi-
ned that inappropriate use of antimicrobial agents before and
during the pandemic contributed negatively to the formation
and spread of resistance (8-10).

Continuous monitoring of microorganisms and regular upda-
ting antibiotic resistance patterns are required to maintain in-
fection control practices in hospitals. During the Severe Acute
Respiratory Syndrome Coronavirus (SARS-CoV) epidemic, it
was reported that MRSA rates increased in healthcare set-
tings (11). Considering this information, this study was desig-
ned as a single-centre and retrospective study to obtain infor-
mation about the antibiotic resistance status of S. aureus and
MRSA strains isolated before and after the COVID-19 pande-
mic in our hospital and to make comparisons.

Materials and Methods

Period of the research

The World Health Organization (WHO) declared that the glo-
bal health emergency announced on 30 January 2020 for the
COVID-19 pandemic caused by SARS-CoV-2 ended on 5 May
2023. On the other hand, WHO emphasises that COVID-19 is
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still a global health threat (12). With the detection of the first
COVID-19 case in Turkey on 10 March 2020, the pandemic has
shown its effect very rapidly in our country (13). In this study,
the results of various clinical specimens in which S. aureus
strains were found to grow after culture and identification
tests in three cross-sectional periods: before the COVID-19
pandemic (1 January 2018-31 December 2019, two years), du-
ring the pandemic period (11 March 2020-10 March 2022,
two years) and after the declaration of the end of the global
health emergency; after the pandemic (5 May 2023-31 De-
cember 2023, 7 months) were compiled retrospectively from
the hospital laboratory information system as a single center.

Inclusion criteria

In this study, among various clinical samples sent to of Sivas
Cumbhuriyet University Medical Faculty Application and Rese-
arch Hospital Microbiology Laboratory, if more than one bac-
terial agent grew from the same type of sample belonging to
a patient, only the antimicrobial susceptibility result of the
first bacterial strain was evaluated.

Laboratory

Various clinical samples sent to of Sivas Cumhuriyet Univer-
sity Medical Faculty Application and Research Hospital Micro-
biology Laboratory for culture procedures were routinely cul-
tured on 5% sheep blood agar and Eosine Methylene Blue
(EMB) agar media and incubated in an oven at 35-37°C for 24-
48 hours. Sterile body fluids were inoculated into BD BACTEC
Peds Plus/F (Becton Dickinson, USA) culture bottles by the
manufacturer's recommendations and incubated in BD BAC-
TEC 9120 (Becton Dickinson, USA) blood culture device. Blood
agar was passage from the bottles with a positive signal and
incubated in an oven at 35-37°C for 24-48 hours. After incu-
bation, the isolated agents were identified by MALDI Biotyper
Microflex LT (Bruker Daltonics, Germany) automated system
based on matrix-mediated laser desorption/ionisation time-
of-flight mass spectrometry (MALDI-TOF MS) and antimicro-
bial susceptibility profiles were analyzed by BD Phoenix 100
(Becton Dickinson, USA). Antimicrobial susceptibilities of the
strains were evaluated in accordance with the criteria of the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST, v.13.1). The presence of methicillin resistance in S.
aureus isolates was accepted as Minimum Inhibition Concent-
ration (MIC) value >4 mg/L’ for cefoxitin.

For erythromycin-resistant and clindamycin-susceptible S. au-
reus isolates, the presence of inducible clindamycin resis-
tance was investigated in accordance with EUCAST recom-
mendations (the D phenomenon). In the presence of indu-
cible clindamycin resistance, the isolate was considered resis-
tant except for short-term treatment of less serious skin and
soft tissue infections (14).

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) v.23.0, (IBM
Co., USA) package program was used to evaluate the data ob-
tained from this study. Numerical variables were given as
frequency (n) and percentage (%). Antimicrobial susceptibility
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test results were categorised as ‘susceptible’ and ‘resistant’.
Chi-square (x?) and Fisher's exact x? tests were used to evalu-
ate the antimicrobial resistance data. p<0.05 was considered
statistically significant.

Results

In the pre-pandemic period, S. aureus was grown in 1027 of
the clinical samples sent to the hospital Microbiology Labora-
tory and MRSA was detected in 104 (10.1%) of these samples.

Covid 19 and Staphylococcus aureus

During the pandemic period, 582 S. aureus were grown and
MRSA was detected in 41 of them (7%), while in the post-pan-
demic period, 135 S. aureus were grown and MRSA was de-
tected in 10 of them (7.4%). No statistically significant diffe-
rence was found between the periods. (p>0.05). The rate of
MRSA was 10.9% in the intensive care unit (ICU) and 8.1% in
other wards (p>0.05) (Table 1).

Table 1. Frequency of MRSA in clinical samples before, during and after the COVID-19 pandemic

Total MRSA

n % n % P
Period
Pre-Pandemic * 1027 58.9 104 10.1
Pandemic ** 582 33.4 41 7.0 0.093
Post-Pandemic *** 135 7.7 10 7.4
Hospital unit
Intensive Care Unit 479 27.5 52 10.9 0.075
Service 1265 72.5 103 8.1
Sample
Blood 354 20.3 36 10.2
Respiratory samples 491 28.2 43 8.8
Wound site 306 17.5 27 8.8
Tissue biopsy 117 6.7 9 7.7
Nasal swab 70 4.0 8 11.4
BOS 6 0.3 1 16.7
Joint fluid 37 2.1 1 2.7 0.898
Pleural fluid 10 0.6 1 10.0
Abscess 62 3.6 4 6.5
Urine 125 7.2 13 10.4
Other (aspiration materials, catheter, peritoneal fluid, ear and other swab) 166 9.5 12 7.2
Total 1744 100.0 155 8.9

*1 January 2018- 31 December 2019, **11 March 2020- 10 March 2022, ***5 May 2023- 31 December 2023.

When the antibiotic resistance rates of the isolated S. aureus
strains were analyzed, it was found that the resistance rate
of gentamicin resistance higher during the pandemic period.
It was found that the resistance rate was 4% in the pre-pan-
demic period and 6.9% in the pandemic period. The diffe-
rence between these periods was statis-

tically significant (p=0.006). No significant difference was de-
tected in terms of resistance to levofloxacin, erythromycin,
clindamycin, tetracycline and TMP-SMX antibiotics used be-
fore and after the pandemic (p>0.05). No resistance to van-
comycin, teicoplanin and linezolid antibiotics was detected
in the samples (Table 2).

The resistance rates of gentamicin antibiotic, whose resis-
tance rates increased during the pandemic period, were sta-
tistically analyzed by comparing the resistance rates in the
wards and ICUs, but no significant difference was found
(p>0.05) (Table 2).

Compared to the wards, resistance rates for gentamicin,
erythromycin, clindamycin and tetracycline antibiotics were
statistically significantly higher in ICUs (Figure 1).

When MRSA and MSSA isolates were evaluated in terms of
resistance to the antibiotics used, a much higher rate of re-
sistance was found in MRSA isolates (Figure 2).

=ICU

Resistance (%)

B Service

71
ﬁ asas
5 -
o ﬁp‘& Qe"g'
o

=) W o

Figure 1. Comparison of resistance rates detected in S. aureus iso-
lates from intensive care units (ICU) and other services [%] *Trimet-
hoprim/sulfamethoxazole
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Figure 2. Distribution of resistance rates detected in S. aureus iso-
lates according to methicillin susceptibility (%). *Trimethoprim/sul-
famethoxazole
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Table 2. Resistance rates of S. aureus isolates from intensive care units and other wards before, during and after the
COVID-19 pandemic [n (%)]

n A B C Total p
Gentamicin 1744 41 (4.0) 40 (6.9) 2(1.5) 83 (4.8) 0.006
IcU 479 15 (6.7) 18 (8.7) 1(2.2) 34(7.1) 0.286
Service 1265 26 (3.3) 22 (5.9) 1(1.1) 49 (3.9) 0.036
Levofloxacin 1744 46 (4.5) 23 (4.0) 8(5.9) 77 (4.4) 0.596
IcU 479 9(4.0) 9(4.3) 3(6.5) 21(4.4) 0.747
Service 1265 37 (4.6) 14 (3.7) 5 (5.6) 56 (4.4) 0.678
Erythromycin 1712 174 (17.0) 97 (17.6) 31(23.0) 302 (17.6) 0.228
IcU 469 51 (22.8) 39 (19.6) 11 (23.9) 101 (21.5) 0.671
Service 1243 123 (15.3) 58 (16.5) 20 (22.5) 201 (16.2) 0.218
Clindamycin 1712 161 (15.7) 90 (15.8) 29 (21.5) 280 (16.2) 0.217
IcU 469 49 (21.8) 33(16.3) 10 (21.7) 92(19.4) 0.324
Service 1243 112 (14.0) 57 (15.5) 19 (21.3) 188 (14.9) 0.167
Vancomycin 1744 0(0.0) 0(0.0) 0(0.0) 0(0.0) -
IcU 479 0(0.0) 0(0.0) 0(0.0) 0(0.0) -
Service 1265 0(0.0) 0(0.0) 0(0.0) 0(0.0) -
Teicoplanin 1744 0(0.0) 0(0.0) 0(0.0) 0(0.0) -
IcU 479 0(0.0) 0(0.0) 0(0.0) 0(0.0) -
Service 1265 0(0.0) 0(0.0) 0(0.0) 0(0.0) -
Linezolid 1744 0(0.0) 0(0.0) 0(0.0) 0(0.0) -
IcU 479 0(0.0) 0(0.0) 0(0.0) 0(0.0) -
Service 1265 0(0.0) 0(0.0) 0(0.0) 0(0.0) -
Tetracycline 1740 108 (10.6) 63 (10.8) 11 (8.1) 182 (10.5) 0.649
IcU 478 36 (16.1) 23(11.1) 5(10.9) 64 (13.4) 0.270
Service 1262 72 (9.0) 40 (10.7) 6(6.7) 118 (9.4) 0.445
TMP/SMX* 1707 10 (1.0) 9(1.5) 3(2.2) 22(1.3) 0.400
IcU 473 3(1.4) 3(1.4) 1(2.2) 7 (1.5) 0.918
Service 1234 7(0.9) 6 (1.6) 2(2.2) 15 (1.2) 0.393

A: Before the pandemic, B: During the pandemic, C: After the pandemic, *Trimethoprim/sulfamethoxazole, ICU: Intensive Care Unit

Discussion

Since S. aureus strains cause both nosocomial and commu-
nity-acquired infections, antibiotic resistance data of the bac-
teria are of critical importance for public health. In particular,
the presence and prevalence of MRSA strains with methicillin
resistance necessitates the implementation of a special anti-
microbial resistance management program against the bacte-
ria (3).

It is a known fact that the COVID-19 pandemic has caused an
increase in antimicrobial resistance. This is supported by se-
veral published reports (15-16). The cause is multifaceted.
During the COVID-19 pandemic, prolonged hospital stays in
inpatients, intensive use of antibiotics and steroids, and inter-
ventional procedures such as mechanical ventilation and cat-
heter use have led to an increase in AMR rates (17).

The COVID-19 pandemic resulted in high rates of morbidity
and mortality during the first periods when it was first obser-
ved. The presence of co-infection has been reported in a large
proportion of patients in this process (16-20). Tabah and La-
upland reported in their study that S. aureus was the most
common pathogen causing super-infection and co-infection
during COVID-19 and that MRSA infections increased inten-
sely in this process (21). However, unlike the result of this
study, a decreasing trend in MRSA rates during the pandemic
period was found in our study. Similarly, some studies in the
literature reported a decrease in S. aureus and MRSA rates
during the pandemic period (20-22-23). This is thought to be
related to the intensive control measures taken to preventin-
fection transmission. Quarantine practices, widespread hand

hygiene awareness in the community and social distancing ru-
les played an active role in this decrease (24).

In our study, no significant difference was found in the MRSA
strain rates between periods. Similar to our study, Kahraman
et al. reported that no significant difference was observed
between the pre-pandemic period and the pandemic period
in terms of MRSA strain rates. In our study, the increase in
gentamicin resistance rates of S. aureus strains during the
pandemic period is remarkable. In contrast to this result, Kah-
raman et al. found a significant decrease in gentamicin resis-
tance rates during the pandemic period, but in parallel with
our study, they reported that resistance rates did not differ
between wards and ICUs (25). Aytag et al. reported increased
methicillin resistance during the pandemic period compared
to the pre-pandemic period (26). In their study, Yilmaz et al.
found an increased gentamicin resistance during the pande-
mic period compared to the pre-pandemic period, as in our
study, and similarly, they did not report resistance to van-
comycin, teicoplanin and linezolid antibiotics (27).

In our study, resistance rates of MRSA strains to most antibi-
otics did not change significantly during the pandemic. An
exception was the significant decrease in cefoxitin resistance
observed during the pandemic period. Different

rates of drug resistance of MRSA strains have been reported
during the COVID-19 pandemic, possibly due to the diverse
sample sources, populations and time periods studied (28-
29).

In our study, resistance rates in MRSA isolates were higher
than in MSSA isolates for all antibiotics except vancomycin,
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teicoplanin and linezolid, as expected. Bahgeci et al. reported
higher resistance rates for MRSA compared to MSSA for all
antibiotics except vancomycin, teicoplanin, linezolid, dap-
tomycin and tigecycline (30).

In our study, it was determined that the MRSA rates in the
pre-pandemic (10.1%), pandemic (7%) and post-pandemic
(7.4%) periods were similar, and there was no significant dif-
ference between the periods in terms of MRSA isolation.
These results are not completely consistent with previous stu-
dies. These differences in MRSA rates between centres can be
attributed to many factors such as the density and functioning
of hospitals during the pandemic period, ICU rates, antibiotic
use profiles, and study populations.

Furthermore, the highest MRSA distribution was found in the
intensive care unit (10.9%) in this study. This result indicates
that equipment-associated infections represent the highest
risk for MRSA transmission (31).

Implementation of infection control measures, review of an-
timicrobial resistance control programs, and appropriate and
rational use of broad-spectrum antibiotics are of critical im-
portance to prevent the increasing resistance rates of bacte-
rial infection agents such as MRSA, which are difficult to treat
and have high mortality.

More comprehensive and multicenter studies are needed to
see the long-term impact of the COVID-19 pandemic on the
prevalence of multi-resistant bacteria, including MRSA, and
the change in AMR rates. We hope that our study will contri-
bute to the rational use of antibiotics in patients with MRSA
isolation.

Limitation

In this study, not knowing whether the patients had COVID-
19 or not was considered as a limitation of the study. Se-
condly, since it was a retrospective study, sufficient informa-
tion could not be obtained about the patients (such as treat-
ments applied, having chronic diseases). In addition, the fact
that it is a single-centre study affects generalisation.
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