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ABSTRACT

Introduction: Surgical site infections (SSIs) are at the fore-
front of healthcare-associated infections and the second most
common cause of hospital readmission. The etiology of these
infections is generally monobacterial with a predominance of
Staphylococcus aureus. Although it is a preventable infection it
significantly increases the cost of hospitalization and doubles
the mortality rate.

The aim of the present study was to evaluate the prevalence of
SSIs and antimicrobial susceptibility of S. aureus isolated from
SSIs in patients hospitalized at the Clinical Hospital No. 1 of the
Pomeranian Medical University in Szczecin (Poland) - CH-1- dur-
ing the period 2019-2021, in the course of the COVID-19 pandemic.
Materials and methods: Analysed specimens were collected
from patients with diagnosed skin and soft tissue infections
(SSTIs) caused by S. aureus, collected in 2019-2021, and then
examined during routine microbiological diagnostics. The col-
lection included specimens from patients hospitalized at CH-1,
as well as consulted at the Emergency Department (ED) of
CH-1, patients from healthcare facility of the Ministry of Inter-
nal Affairs and Administration in Szczecin, and from detain-
ees of the Szczecin Detention Centre (Poland). Out of the total
of 1140 results, 232 were classified as SSIs caused by S. aureus
and then analysed. All the data were systemically entered into
a spreadsheet (Excel 2019) and later subjected to several statis-
tical tests (using StatSoft Statistica 13 package).

Results: From the collection of results, 20.4% (232/114.0) were
considered as SSIs of S. aureus etiology. In the following years 2019,

INTRODUCTION

Staphylococcus aureus is one of the most important human patho-
gens and the main etiological factor of skin and soft tissue infec-
tions (SSTIs), ostitis and osteomyelitis, necrotizing pneumonia,
and infective endocarditis. Staphylococcus aureus is part of the
human skin and mucous membranes and contributes to a carrier
state in the nasal vestibule and pharynx. It has been confirmed

2020, and 2021, the SSIs of S. aureus etiology were 17.1% (72/421),
19.5% (66/339), and 24.7% (94/380), respectively. Methicillin-
-resistant S. aureus (MRSA) was the cause of 7% of analysed SSIs.
The highest incidence of SSIs was observed mainly in patients
admitted to the trauma and orthopaedic wards and in patients
seen in the ED. The majority of SSIs were mono-etiologic, caused
by S. aureus only (93%). Mixed etiology was determined in 7%
of SSIs with a significant share of beta hemolytic streptococci,
enterobacteria, and non-fermentative Gram-negative rods. A slight
increase in the prevalence of SSIs was observed during the ana-
lysed period. The overall antimicrobial susceptibility of all exam-
ined strains was noted, with a low rate of MRSA. The obtained
results demonstrate the good practice of both strategies of hospital
infection control, as well as the coherent and rational antibiotic
policy in the CH-1in the West Pomeranian region in Poland. The
2017-2018 data on the incidence of SSTIs and the percentage of
SSIs among patients hospitalized in CH-1 show that in 2017, SSIs
represented 17.9% of all cases classified as SSTIs (57/318), followed
by SSIs in 2018, which represented 19.5% of all SSTIs analysed in
CH-1(68/348). The percentage of SSIs among the total SSTIs con-
firmed during the 2-year pre-pandemic period did not indicate
significant changes in the number of SSIs among CH-1 patients
hospitalized during the period of analysis. Therefore, it can be
concluded that pandemic restrictions did not significantly affect
the trend in the predominant proportion of S. aureus among SSIs
during the study period.

Keywords: skin and soft tissue infections; methicillin-resistant
S. aureus (MRSA); osteomyelitis; hospital-acquired infections.

that approx. 30% of the healthy human population is asympto-
matically colonized by S. aureus in the prenares [1], while the
percentage of S. aureus carriers among hospitalized patients and
healthcare workers is much higher, reaching 50% [2].

Over the past 2 decades, a significant increase in the number
of infections caused by S. aureus has been observed, especially
among hospitalized patients [3]. However, data available up
to 2013 show that the annual prevalence of S. aureus infections
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in the ambulatory population began to increase [4]. It is worth
noting that worldwide, methicillin-resistant S. aureus (MRSA)
infections in hospitalized patients account for up to half of all
S. aureus infections, and in Europe, the overall percentage of
infections caused by MRSA is also increasing [5]. In addition,
MRSA infections in outpatients, presumably associated with
the hospital environment, are being reported with increasing
frequency. This indicates an alarming trend of transmission of
hospital-associated strains into the community [6, 7].

The prevalence of infections with S. aureus etiology in
the community population is primarily related to the wide-
spread carriage of this microorganism in the nasal vestibule
and on the skin, which predisposes to endogenous infections
through auto-transmission [8]. In contrast, in the hospital set-
ting, immobilized patients following severe trauma or surgery
are at increased risk of S. aureus colonization and infection
because they often require prolonged hospital stays and are
routinely transferred between hospitals and rehabilitation
centers, facilitating the spread of hospital pathogens [9].

Skin and soft tissue infections caused by S. aureus affect
patients of all ages and are characterized by a range of clinical
manifestations, from superficial and self-limiting to severe and
life-threatening infections [10]. Skin and mucous membranes are
the firstlines of defense against external agents, including micro-
organisms, and any breakdown in their integrity predisposes
to systemic infection. Nevertheless, the host body has developed
mechanisms to prevent the further spread of pathogens, includ-
ing the components of the innate immune system [11]; therefore,
clinical isolates of S. aureus are mainly associated with oppor-
tunistic infections, the clinical picture of which is related to the
relationship between the virulence factors of the pathogen and
the immune status of the patient. Numerous toxins and enzymes
allow this bacterium for more effective colonization, evasion of
the host immune system, invasion and significantly influence the
clinical manifestation of infections.

Staphylococcus aureus is characterized by variable virulence,
which is related to the expression of virulence factors that play
an important role in the invasion of the host organism as well
as specific clinical manifestations [12, 13]. Primarily purulent
SSTIs can ultimately lead to the spread of the microorganism
via the blood, posing an immediate threat to the patient’s life.
Itis estimated that hematogenous spread of S. aureus is asso-
ciated with a 20% increased risk of fatal outcomes [14].

Skin and soft tissue infections caused by S. aureus are among the
most common infections reported in outpatients worldwide. Skin
and soft tissue infections affect the epidermis, dermis, subcutaneous
tissue, and fascia and are classified as superficial, often mild, and
self-limiting infections, or as systemic and life-threatening infec-
tions requiring the full resources of modern medicine. The main
risk factors for the development of SSTIs include previous contact
with the hospital environment, open wounds, diabetes, underlying
health conditions, and congenital and acquired immunodeficien-
cies. Both types of SSTIs - complicated and uncomplicated - usu-
ally require prolonged and targeted antibiotic therapy [10, 15, 16].

Skin and soft tissue infections are also divided into pri-
mary and secondary infections. A primary skin infection is
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not preceded by clinically apparent skin lesions and includes
impetigo, folliculitis, boils, and primary abscesses. Primary
infections often occur in patients without comorbidities. In con-
trast, secondary skin infections are associated with pre-existing
skin lesions and their disruption of integrity and often occur as
aresult of medical procedures in immunosuppressed patients.
The latter include secondary wound infections (including surgical
site infections - SSIs). However, the division of SSTIs into primary
and secondary is not strict and has a theoretical form [17, 18].

Uncomplicated SSTIs account for a large number of patients
seeking medical care each year. The number of such visits in
the USA reaches more than 14 mil per year [19, 20]. The chal-
lenge of developing effective therapy for recurrent SSTIs has
prompted the search for alternative treatments. Clinical trials
dating back to the early 20th century and the use of autovac-
cines are strategies with potential efficacy for the control of
cutaneous infections caused by S. aureus [21, 22, 23].

Surgical site infections are a potential complication following
any surgical procedure, and despite advanced surgical tech-
niques, are among the most common infections worldwide [24].
Surgical site infections occur in approx. 1-5% of patients under-
going so-called clean surgery, while the incidence of SSIs follow-
ing colon or genitourinary surgery can reach 30% [25].

Classification of postoperative wounds in terms of potential
wound contamination allows the risk of infection to be assessed
and a good treatment strategy to be planned in advance. Sev-
eral factors allow to estimate the risk of postoperative compli-
cations, including the mechanism of injury and the operated
field, which significantly influence the assessment of the risk
of infection [26]. A superficial SSI must meet at least one of the
following criteria: purulent discharge from the incision site,
obvious signs of inflammation, and microorganisms cultured
from an aseptically collected specimen. Deep SSI, on the other
hand, may be found even a year after surgery and may involve
abscess formation in addition to purulent discharge from the
incision site, confirmed by reoperation, histopathology, or
radiology. Another situation classified as SSI is an infection of
an organ or surgical space and has also been diagnosed using
the same criteria as for deep infections [27].

Patients may develop SSI as a result of infection by their micro-
biota or caused by highly resistant nosocomial pathogens from
external sources, and in either case, treatment may be com-
plicated by the risk of dissemination of infection [28]. Notably,
the risk of SSI can be significantly reduced with appropriate
antibiotic prophylaxis [29]. Patients undergoing clean surgery
are often asymptomatic carriers of S. aureus but pre-screening
procedures for all patients are not well defined [30]. Screen-
ing for S. aureus carrier status is routinely performed before
open heart surgery and hip replacement and is not mandatory
for other procedures [31]. Recommendations emphasize the
need to decolonize patients at risk for serious S. aureus infection
and those undergoing surgical procedures at risk of infection
only if carrier status is documented [32]. Consequently, many
patients undergoing procedures other than cardiac and ortho-
pedic surgery who are asymptomatically colonized by S. aureus
become infected during their hospital stay and the wound healing



Helena Masiuk, Piotr Ostrowski, Marek Masiuk, Agata Pruss, Pawet Kwiatkowski, Iwona Bilska, Klaudia Rusifiska, Anastasiia Skoryk, Joanna Jursa-Kulesza

process and are also a source of the microorganism infecting
other patients. Nasal carriage of S. aureus has been shown to be
an independent risk factor for SSIs, yet eradication protocols are
limited to the use of intranasal mupirocin [33, 34].

Itis estimated that approx. 7% of surgical procedures in car-
diac, orthopedic, and trauma units are associated with SSIs [35].
The indications for antibiotic SSI prophylaxis are a narrow cata-
log of procedures, including open heart surgery, but also ortho-
pedic procedures such as joint replacement or open fracture
surgery. The antibiotics administered take into account the most
likely etiologic factors that pose the risk of infection. It is recom-
mended to use 3-lactam antibiotics from the cephalosporin group
and, in the case of mucosal access, glycopeptides and metroni-
dazole, especially for colorectal surgery. Antibiotic prophylaxis
for surgical procedures involving tissues or systems other than
the gastrointestinal, genital, and urinary tracts should include
S. aureus as the most likely etiology of a potential SSI [36].

Since the 1990s, MRSA has been most commonly associated
with previously hospitalized individuals (previous antibiotic ther-
apy and prolonged hospitalization), whereas methicillin-sensitive
Staphylococcus aureus (MSSA) isolates are no longer exclusively
community-associated pathogens. The emergence of MRSA and
MSSA strains in both healthcare and community human popu-
lations is associated with the asymptomatic carriage of this bac-
terium even in healthy individuals [37].

MATERIALS AND METHODS

The aim of the present study was to determine the prevalence
of SSIs caused by S. aureus and the antimicrobial susceptibil-
ity in patients hospitalized and consulted at the Clinical Hos-
pital No. 1 of the Pomeranian Medical University in Szczecin
in Poland (CH-1), collected during the years 2019-2021. From
a total of 1140 microbiological results of clinical specimens from
patients diagnosed with SSTIs caused by S. aureus, 232 results
were classified as SSIs and then analysed. The overall percent-
age of SSIs among all SSTIs and the percentage of SSIs among
SSTIs in each year were determined. The percentage of SSI
cases on individual CH-1 wards and remaining centers and the
overall proportion of MRSA in staphylococcal SSIs were also
described. The percentage of polyetiologic SSIs, the microor-
ganisms involved, and the resistance phenotypes of identified
MRSA were analysed.

All analysed results were derived from clinical specimens
collected and analysed for routine microbiologic diagnostic pur-
poses. Clinical specimens sent for microbiological analysis were
described according to the terms available in the system, which
were then automatically applied when the clinical specimens
were registered in the database, and were defined as follows:
abscess, furunculus, paronychia, diabetic foot, decubitus, stump,
wound or wound aspirate swab, and fistula swab. The number of
clinical specimens collected from each patient is determined by
the physician; however, the analysis included 1 specimen from
each patient because the determination of S. aureus presence is
performed from specimens cultured under aerobic conditions.

During routine microbiologic diagnostics, all clinical speci-
mens were cultured on Columbia Agar with 5% sheep blood
(bioMerieux, France) and Mannitol-Salt Agar (MSA) (bioMer-
ieux, France) for isolation and identification of S. aureus and
incubated for 24 h at 37°C under aerobic conditions. After the
incubation period, presumptive identification of microorgan-
isms was performed based on colony morphology and type of
hemolysis. Staphylococcus aureus species identification was
performed based on its ability to coagulate rabbit plasma and
biochemical properties (VITEK system, bioMerieux). The pres-
ence of S. aureus on MSA was determined based on the positive
reaction, described as the presence of yellow colonies sur-
rounded by yellow medium.

The data analysed in this retrospective study were obtained
from the database archive of the CH-1 microbiology laboratory.
The data were used for research purposes in a non-identifiable
manner. The study included results from patients hospitalized
in CH-1, consulted in the Emergency Department (ED), patients
from healthcare facilities of the Ministry of Internal Affairs
and Administration in Szczecin, and detainees in the Deten-
tion Centre in Szczecin, Poland, between 2019-2021. Clinical
assessment of SSTIs was performed by the subjects who com-
missioned the analysis. All data were systematically entered
into the spreadsheet (Excel 2019) and later subjected to sev-
eral statistical tests (using the StatSoft Statistica 13 package).

The antimicrobial susceptibility of all the strains studied was
determined by the disc diffusion method on Mueller-Hinton
agar plates (bioMerieux) with following antibiotic paper discs -
disc content: cefoxitin 30 pg, erythromycin 15 pg, clindamycin
2 pug, mupirocin 10 pg, gentamicin 10 pg, amikacin 10 pg, tet-
racycline 30 pg, chloramphenicol 30 pg, trimethoprim/sulfa-
methoxazole (cotrimoxazole) 1.25/23.75 ug (Becton Dickinson,
USA). Testing was performed and interpreted according to the
guidelines of the European Committee for Antimicrobial Sus-
ceptibility Testing (EUCAST). Data were analysed using the
ProMic system (BioMerieux, Poland), a comprehensive sys-
tem for analysing research results, which provides a selective
report based on specified criteria. The analysis included year
of isolation, type of infection, organisms identified, ordering
department, and S. aureus drug resistance; data were gener-
ated excluding patient-identifiable data.

RESULTS

During the 3 years of the study, 1140 results analyzed were
classified as SSTIs, of which 232, i.e. 20.4% (232/1140),
were considered SSIs. The proportion of S. aureus-associated
SSIs among all SSTIs increased slightly in each of the 3 years of
analysis, reaching slightly 17.1% (72/421), 19.5% (66/339), and
24.7% (94/380) in 2019, 2020, and 2021, respectively. Antimi-
crobial susceptibility testing revealed methicillin resistance
in 7% of SSIs caused by S. aureus. Ninety-four percent of all
SSIs analyzed were monoetiologic and caused exclusively by
S. aureus. The remaining 8% of SSIs involved also other micro-
organisms and were described as polyetiologic. The organisms
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isolated simultaneously with S. aureus and classified as the
etiology of the analysed SSIs were, in order of most frequent
presence: -hemolytic streptococci, Pseudomonas aeruginosa,
Proteus mirabilis, E. coli, Enterobacter sp., Klebsiella sp., Aci-
netobacter sp., Citrobacter sp., Serratia sp., Candida sp., and
Morganella morganii.

20.7% of all SSIs were confirmed in patients admitted to the
Trauma and Orthopaedic Ward, 15.9% in persons consulted in
the ED, 12.5% in patients admitted to the Plastic Surgery Ward,
8.6% in patients consulted in the Orthopedic Outpatient Clinic,
7.7% in the Vascular Surgery Ward, 4.7% in the Intensive Care
Unit, and 3.4% in the Paediatric Orthopedic Ward. The remain-
ing 26.5% of SSTIs were almost equally distributed among all
other wards and represented 1-5 SSIs. The percentage of SSTIs
in the described units and the remaining wards included in the
present study is shown in Figure 1. The percentage of clinical
specimens classified as SSTIs recovered in each ward in each
year of analysis is shown in Figure 2.

Eemining Wards

Trauma and
Orthopaedic

27% Surgery

Paediatric
Orthopaedic
Surgery V

Emergency
Department

i Plastic Surgery
Vascular SWEeY  Orthopaedic

Cut-patient
Clinic

ICU - Intensive Care Unit

FIGURE 1. Percentage of surgical site infections in specific departments out
of the total number of skin and soft tissue infections identified during the
years of analysis

3%————-
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Methicillin resistance was confirmed in 6.9% (16/232) of
the SSIs analyzed. Among MRSA strains, % (4/16) had con-
comitant constitutive type of macrolides, lincosamides, strep-
togramins B (cMLSB) resistance phenotype, 2 strains had
cotrimoxazole resistance in addition to MRSA and cMLSB
phenotypes, and 1 strain had MRSA and cMLSB, ciprofloxa-
cin, gentamicin, and amikacin resistance.

Among methicillin-susceptible strains (216/232), the induc-
ible macrolide-lincosamide-streptogramin B (MLSB) pheno-
type was confirmed in 12% (26/216) of isolates and ciprofloxacin
resistance in 6.5% (14/216) of MSSA. The absence of resistance
to all other antimicrobials tested was confirmed. The over-
all good antimicrobial susceptibility and the low proportion
of MRSA in the etiology of SSIs were noted. The distribution of
resistance phenotypes and the proportion of MSSA in the eti-
ology of SSIs is presented in Figure 3.
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FIGURE 3. Distribution of resistance phenotypes and methicillin-susceptible
Staphylococcus aureus contribution in surgical site infections etiology -
number of cases

2021

FIGURE 2. The percentage of clinical materials classified as skin and soft tissue infections recovered in each ward in the individual years of analysis. Listed in
descending order from highest percentage: Trauma and Orthopaedic Surgery, Emergency Department, Plastic Surgery, Trauma and Orthopaedic Outpatient Clinic,
Vascular Surgery, Intensive Care Unit, and Paediatric Orthopaedic Surgery. Unspecified field refers to skin and soft tissue infections detected in patients other wards
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DISCUSSION

Staphylococcus. aureus is known to rapidly develop resist-
ance to multiple antimicrobial agents; therefore, exposure of
S. aureus to healthcare settings poses a great risk of adapta-
tion followed by transmission of the bacterium to the hospital
environment. In resource-rich countries SSTIs remain the third
most common nosocomial infection (20%) [38]. Interestingly,
according to data provided by Haque et al., those caused by
S. aureus are reported as the most common among all health-
care-associated infections in the USA (HA-infections - an over-
view 2018) [39].

Acquisition of wound infections in hospitalized patients may
occur in as many as /3 of them, and in % the risk of develop-
ing severe sepsis as a consequence increases significantly [40].
According to Jernigan, SSIs due to S. aureus increased by nearly
23% over a 10-year period, with a significant increase in MRSA
as the cause [41].

The incidence of SSI depends on the type of surgery - clean
and dirty, the latter most often resulting from translocation of
the patient’s endogenous flora - enterobacteria, non-fermen-
tative Gram-negative rods, and Enterococcus sp. The incidence
of SSI is determined by the type of surgery with the signifi-
cant risk for orthopedic (with 50% of S. aureus involvement),
cardiac, and abdominal surgery [39]. According to O’'Donnell
etal., in the UK postoperative complications complicate about
5% of all surgical procedures [42]. Fifty percent of SSIs are
caused by members of the patients’ skin microbiota, but also
by bacteria on the skin of healthcare workers [43]. A significant
proportion of S. aureus in the etiology of SSIs is associated with
transient or intermittent skin carriage (60% and 20% respec-
tively), as demonstrated by the analysis of several authors [44].

Polish guidelines recommend S. aureus decolonization of
patients prior to planned cardiac surgery, but do not spec-
ify the need for this procedure in orthopaedic patients. How-
ever, orthopaedic surgeons prefer to decolonize their patients
because S. aureus remains the leading cause of bone and bone
marrow infections despite the practice of preoperative anti-
biotic prophylaxis [45, 46, 47]-

Since the late 1990s, MRSA has been most commonly asso-
ciated with previously hospitalized individuals (with prior
antibiotic therapy and prolonged pre-infection hospitalization
history), whereas MSSA isolates are no longer the exclusive
community-associated pathogens. The emergence of MRSA
and MSSA strains in both healthcare and community human
populations is associated with asymptomatic carriage of this
bacterium in as many as 40% of healthy individuals [37, 48].
According to available data, the incidence of MRSA or multi-
resistant strains isolated from infections in Polish hospitals
varies. The unpublished follow-up data on the incidence of
MRSA infections in the West Pomeranian region, which we con-
tinuously collect and analyse, show that MRSA infection rates
are increasing, which may be a consequence of restrictions and
antibiotic consumption during COVID-19, leading to uncon-
trolled spread of this microorganism in the hospital environ-
ment. Interestingly, the majority of S. aureus analyzed in this

10

study were methicillin-susceptible, and SSIs accounted for /s of
all diagnosed SSTIs. It can be concluded that MRSA is not yet
amajor cause of SSIs in Poland compared to studies from dif-
ferent European countries where methicillin-resistant strains
are identified at higher rates [49, 50, 51, 52, 53].

Exposure to S. aureus in healthcare settings poses a high risk of
transmission, adaptation of the bacterium to the hospital environ-
ment, and thus acquisition of resistance to multiple antimicrobial
agents. Itis noteworthy that MRSA often shows the simultaneous
presence of a resistance mechanism to MLSB. The phenomenon of
co-occurrence of both resistance phenotypes is most likely related
to the nature of SCCmec cassette, which may act as a genetic reser-
voir for the insertion of various resistance determinants, including
genes that confer MLSB resistance [51, 54]. In the present study,
only % of the MRSA isolated from SSIs showed a simultaneous
constitutive MLSB phenotype, which is more frequently identi-
fied in MRSA strains isolated worldwide [55, 56].

Ciprofloxacin resistance in S. aureus is associated with
either an altered target site (enzyme DNA gyrase namely topoi-
somerase II) or decreased permeability of the cell membrane
and efflux pump of the drug [57]. Quinolones were originally
intended for use against a wide range of pathogens, including
hospital-associated S. aureus, but unfortunately many of its
clinical isolates are now showing increasing resistance to this
group of antimicrobial agents [58, 59]. In the present study,
1 MRSA and 14 MSSA isolates showed resistance to ciprofloxa-
cin. The use of ciprofloxacin in the prevention of SSls is limited
to complications following abdominal or genitourinary surgery,
where most infections are polyetiologic and the etiology origi-
nates from the patient’s microbiota, including enterobacteria
and strict anaerobic bacteria. The overall good susceptibility
of S. aureus to ciprofloxacin allows its use in the treatment of
SSTIs; however, the use of quinolones is associated with seri-
ous side effects, so its implementation requires discernment.

In the present study, more than a quarter of all SSIs were
confirmed in patients hospitalized in the Trauma and Ortho-
paedic Ward of CH-1. These results are consistent with those of
other authors, where the predominant proportion of S. aureus
in SSIs was observed among isolates from orthopaedic wards.
Nearly 16% of SSIs in individuals consulted at the ED of CH-1,
followed by SSIs in patients hospitalized at the Plastic Surgery
Ward (12.5%), and 8.6% in patients consulted at the orthopedic
outpatient clinic. The percentages of SSls in patients hospital-
ized in the Vascular Surgery Ward, Intensive Care Unit, and Pae-
diatric Surgery Ward were 7.7%, 4.7%, and 3.4%, respectively.
The remaining SSIs were confirmed in the other wards and
represented 26.5% of all diagnosed SSIs examined in the pre-
sent study [60, 61, 62, 63]. It is interesting to note that the num-
ber of SSls in the Orthopaedic Paediatric Ward was relatively
lower, but the incidence of nasal colonization with S. aureus in
children was equal to or higher than in adults [64, 65]. There-
fore, despite clear guidelines for decolonization of patients
before orthopedic surgery, physician awareness and order of
screening and eradication of S. aureus carriage may contribute
to areduction in the prevalence of these infections as a result
of autoimmunity, as shown in the present study; 8.6% of SSIs
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examined in the current study were confirmed in patients
consulted in orthopedic outpatient clinics, indicating patients
who underwent surgical procedures. According to available
data SSIs in orthopaedic patients seen in outpatient clinics
are quite often qualified for reoperation due to simultaneous
bone involvement and infection [66].

In patients seen in the ED and included in the present study,
SSTIs accounted for nearly 16% of all SSIs reviewed. These
patients were consulted in the ED as outpatients, but all cases
of SSIs resulted from infection or reinfection of the surgical
site. It is estimated that SSIs in outpatients are among the lead-
ing causes of hospital readmissions. Available data indicate
that outpatient SSIs account for % of all hospital readmissions
annually. However, the majority of outpatient SSIs occur after
abdominal, genitourinary, vascular, or gynecologic surgeries.
These infections are often the result of wound contamination
during healing and postoperative rehabilitation [67, 68].

In the present study, 12.5% and 7.7% of SSIs were observed
in patients admitted to the Plastic Surgery and Vascular Sur-
gery Wards respectively. Skin decolonization prior to planned
plastic surgery procedures plays a critical role in reducing the
risk of SSI, and the risk of infection is strongly related to the
type of plastic or reconstructive procedure performed, so the
low rate of SSIs observed in this study demonstrates the essen-
tial role of preoperative procedures to prevent S. aureus wound
contamination and its consequences [69, 70]. The study con-
ducted by Bandyk describes the main risk factors associated
with SSls after vascular surgery as nasal carriage of S. aureus,
recent hospitalization, unsuccessful arterial reconstruction,
and groin incision [71]. Available data indicate that the inci-
dence of SSIs after vascular surgery is dependent on type of
the procedure performed, with estimates of 1-25% for open
or endovascular surgery and lower extremity bypass surgery.

Despite advances in SSI prophylaxis, SSIs remain a major clini-
cal problem associated with significant mortality and morbidity.
Surgical site infections prevention takes into account the full range
of risk factors, including aseptic practice and proper implementa-
tion of antibiotic prophylaxis. It is also important to emphasize
the role of asymptomatic S. aureus carrier status in outpatients,
which most likely has a huge impact on the development of wound
infection during the recovery period as a result of autotransmis-
sion of the pathogen to the surgical site [72, 73, 74].

CONCLUSIONS

The results of the present study are in line with global data,
which indicate that SSIs are most common in patients under-
going clean surgical procedures in which S. aureus is the pre-
dominant etiologic agent. The 20% share of staphylococcal SSIs
among all staphylococcal SSTIs in patients at the CH-1indicates
a significant contribution of this microorganism to SSIs in the
West Pomeranian region in Poland. When comparing the results
from 2 years prior to preceding the study, there was no signifi-
cant difference in the percentage of SSIs among CH-1 patients,
so it can be concluded that there was no significant impact of
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COVID-19-related restrictions on the incidence and etiology of
SSIs among patients of CH-1 during the observed study period.
This indicates a good practice of infection prevention under
the pandemic restrictions; however, the considerable num-
ber of patients in the convalescence period consulted in the
ED may reveal a significant concern about acquiring S. aureus
infection in the community settings after hospitalization. The
overall good susceptibility and low percentage MRSA are opti-
mistic for the choice of safe and effective SSI therapy but the
absence of clear guidelines for mandatory screening of patients
undergoing surgical procedures and control of carriage among
healthcare personnel may contribute to the further spread
of susceptible strains in the hospital environment and their
acquisition of multidrug resistance. Strengthening infection
prevention, continuous control, and systematic surveillance
in healthcare facilities is recommended.
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