Gdanski Uniwersytet Medyczny
Wydzial Nauk o Zdrowiu

z Instytutem Medycyny Morskiej i Tropikalnej

Rozprawa doktorska na stopien doktora w dziedzinie nauk medycznych
i nauk o zdrowiu w dyscyplinie nauk o zdrowiu

Wielorazowe opaski uciskowe do pobierania krwi jako fomity
transmisji bakterii w Srodowisku szpitalnym

Reusable tourniquets for blood collection as fomites for bacterial transmission
in the hospital environment

lic. piel. Julia Szymczyk
Klinika Anestezjologii i Intensywnej Terapii
Uniwersyteckie Centrum Kliniczne

Promotor: Prof. dr hab. Wioletta Medrzycka-Dgbrowska
Zaktad Pielggniarstwa Anestezjologicznego i Intensywnej Opieki
Gdanski Uniwersytet Medyczny

Drugi promotor: Prof. dr hab. Katarzyna Zorena
Zaktad Immunobiologii i Mikrobiologii Srodowiska
Gdanski Uniwersytet Medyczny

Gdansk 2025



Prace dedykuje pamieci mojej babci Stanistawy.



Pragne z serca podziekowa¢é wszystkim, bez ktorych
niniejsza praca nie moglaby powstac.

Mojej promotor Pani prof. Wiolecie Medrzyckiej- Dgbrowskiej,
za cierpliwosé, inspiracje, wiarg w moje mozliwosci i wprowadzenie
w swiat badan naukowych.

Mojej promotor Pani prof. Katarzynie Zorenie, za wszelkq pomoc,
otwartos¢ i okazane wsparcie.

Naukowczyniom z Zaktadu Immunobiologii i Mikrobiologii
Srodowiska, Pani dr inz. Marcie Jaskulak

i Pani dr Monice Kurpas za motywacje, pomoc, owocng
wspolprace oraz za towarzyszenie w mojej drodze naukowej.

Pani dr Krystynie Paszko za zaangazowanie i otwartosc.

Mojej mentorce Pani prof. Aleksandrze Cistak-Wojcik za cenne
wskazowki oraz nauczenie work-life balance.

Rodzicom, za stworzenie mozliwosci do rozwoju.

Bliskim, za nieocenione wsparcie, wyrozumiatos¢, a w szczegolnosci
za to, Ze nigdy we mnie nie zwqtpili.



Projekt badawczy realizowany byl dzieki wsparciu
Gdanskiego Uniwersytetu Medycznego,
uzyskanemu w ramach programu grantowego

»Wsparcie Studenckich Kot Naukowych” (nr projektu: 01-64024).



Spis tresci

1. WYKAZPRAC WCHODZACYCH W SKEAD ROZPRAWY DOKTORSKIEJ......... 6
2. WYKAZ STOSOWANYCH SKROTOW ........cooooommirrimriimnnriinnseiinssssieessssssssssnsssesee 7
3. STRESZCZENIE ..........oooiiiiiieiee ettt ettt ettt tesbesteestessesseeseesaesseensensessesssansans 8
4. ABSTRACT ...ttt ettt sttt b e s ht et bt bt et et bt et enees 10
5. WPROWADZENIE .......ocooiiieee ettt sttt sttt e st e ae et e e e ene e eas 12
5. 1. Kontaminacja staz wielOrQZOWYCH...........cc..cccueeeiieciiiiiieciseeie et 14
5.1.1. Roznorodnosc¢ patogenow na pOWIerzCHNL STAZ ..............cccooeveeeeueeecueeecrieeeieeseeenveens 15
5.1.2. Wyzwania zwigzane z tworzeniem BiOfilIOW. ...............cccccuivoiiiiiaiiiiiiiiieeieeeee 15
5.1.3. Nieadekwatne procedury dezynfekcji jako zrodto ryzyka ............ccocooovvoveeiiiicnnnn. 16

5.2. Ekonomiczne aspekty dekontaminacji sprzetu medycznego.................ccoevveeveevenvenvannnans 17

5.3. Znaczenie kliniczne i potrzeba zmian w stosowaniu wielorazowych staz do pobierania

BRI Wi 18
6. CELE BADAN ..o esneaees 19
7. OMOWIENIE OPUBLIKOWANYCH WYNIKOW BADAN WCHODZACYCH
W SKEAD ROZPRAWY DOKTORSKIEJ ...........ooooviiioiiiieeeeoeeeeeeeeeeeeeeeeee e 20
PUDIIRACTA 1 ...ttt ettt st e et eabeeaaeenseense e 20
PUBLTKACTA 2 ...ttt ettt e bt e e abeesnae e 21
PUDIIRACTA 3 ...ttt ettt 23
PUDIIRACTA 4 ...ttt ettt e e e 34
8. PODSUMOWANIE .........ooovmimiomiieeieeeeeeeeeeee e see s sesneens 37
9. PISMIENNICTWO..........oooomiimoiieeeeeeeeeeeseeeee e eea s s s sse s ssessa e 39
PUBLIKACJE WCHODZACE W SKEAD ROZPRAWY DOKTORSKIE]J .................. 44

OSWIADCZENIA WSPOLAUTOROW. ..o e es e s s sesereseseseseseseseseseseees 85


Julka

Julka
85


1. WYKAZ PRAC WCHODZACYCH W SKLAD ROZPRAWY
DOKTORSKIEJ

W sktad niniejszej rozprawy doktorskiej wchodza nastgpne publikacje:

1. Szymczyk J, Mansson M, Medrzycka-Dabrowska W.
Reusable tourniquets for blood sampling as a source of multi-resistant
organisms- a systematic review
Front Public Health. 2023; doi:10.3389/fpubh.2023.1258692.
IF 3,0 | MNiSW 100| Q2

2. Szymczyk J, Medrzycka-Dabrowska W.
Wielorazowe stazy: wyzwania, bezpieczenstwo i potrzeba zmian
w praktyce klinicznej
Pielegniarstwo w Anestezjologii i Intensywnej Opiece 2024;
doi:dx.doi.org/10.15374/PwAil02024021
IF 0 | MNiSW 5

3. Szymczyk J, Kurpas M, Krasinski B, Zorena K, Medrzycka-Dabrowska W.
Reusable Tourniquets as Potential Transmitters of Infection:
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Metagenomic Analysis of Bacterial Diveristy on Reusable Tourniquets
in Hospital Environments
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2. WYKAZ STOSOWANYCH SKROTOW

e HAI - Healthcare-Associated Infections — zakazenia zwigzane z opieka

zdrowotna

e ECRI - Emergency Care Research Institute — niezalezna organizacja zajmujgca

si¢ poprawa bezpieczenstwa pacjentow i jakosci opieki zdrowotnej

e  MRSA — Methicillin-Resistant Staphylococcus aureus — gronkowiec ztocisty

oporny na metycyling

e SHEA — Society for Healthcare Epidemiology of America — Amerykanskie

Towarzystwo Epidemiologii Opieki Zdrowotnej
e HBV — Hepatitis B Virus — wirus zapalenia watroby typu B
o  HCYV — Hepatitis C Virus — wirus zapalenia watroby typu C
e HIV — Human Immunodeficiency Virus — wirus ludzkiego niedoboru odpornosci
e CFU - colony-forming units — jednostki tworzace kolonie bakterii
e SD —standard deviation — odchylenie standardowe

e NGS — Next-Generation Sequencing — sekwencjonowanie nowej generacji,

technika analizy genomu i mikrobiomu

e PRISMA -  Preferred  Reporting Items  for  Systematic — Reviews

and Meta-Analyses — zalecenia do raportowania przegladow systematycznych)

e VRE — Vancomycin-Resistant Enterococcus — enterokoki oporne na antybiotyk

wankomycyne
e DNA — Deoxyribonucleic Acid —kwas deoksyrybonukleinowy

e rRNA — Ribosomal Ribonucleic Acid — rybosomalny kwas rybonukleinowy



3. STRESZCZENIE

Wielorazowe opaski uciskowe do pobierania krwi jako fomity transmisji bakterii

w Srodowisku szpitalnym

Zakazenia zwigzane z opieka zdrowotng (HAIs) stanowig istotne zagrozenie
dla bezpieczenstwa pacjentow oraz jakosSci $wiadczen medycznych. Prowadza
do pogorszenia wynikow leczenia, wydtuzenia hospitalizacji i generujg znaczace koszty
dla systeméw ochrony zdrowia. W Polsce wsrdd najczesciej izolowanych czynnikéw
etiologicznych HAIs dominujg bakterie z rodzaju Klebsiella (16%) oraz Staphylococcus
aureus (15%). Jednym z potencjalnych wektorow transmisji drobnoustrojow
w $rodowisku klinicznym sg stazy — elastyczne opaski zakladane na konczyne gorng
pacjenta w celu czasowego zahamowania przeptywu krwi, powszechnie stosowane
podczas pobierania krwi oraz wprowadzania kaniuli dozylnej. Wielokrotne uzywanie
tych samych staz u wielu pacjentéw bez odpowiedniej dekontaminacji sprzyja kolonizacji

powierzchni przez patogeny i zwigksza ryzyko zakazen krzyzowych.

Praca doktorska obejmuje cykl publikacji, w tym badania przegladowe
oraz oryginalne, ukierunkowane na ocen¢ mikrobiologicznego ryzyka zwigzanego
z uzytkowaniem wielorazowych staz uciskowych w warunkach klinicznych. Ocenie
poddano zarowno dostgpne zalecenia dotyczace dekontaminacji, jak 1 rzeczywisty
poziom skazenia mikrobiologicznego oraz sklad gatunkowy kolonizujacych

mikroorganizmow.

W czesSci przegladowej przeprowadzono systematyczng analize literatury
dotyczacej skazenia staz drobnoustrojami wielolekoopornymi. Wykazano jednoznacznie
istnienie istotnego zagrozenia epidemiologicznego wynikajacego z ich niewlasciwego
uzytkowania. Stwierdzono  rowniez  znaczace  rozbieznoS$ci 1 braki
w zaleceniach producentow dotyczacych metod dekontaminacji — brakowato
szczegblowych informacji dotyczacych parametrow procesu, co moze sprzyjac

utrwalaniu kolonizacji.

Pierwsza czg¢$¢ badan oryginalnych obejmowala analiz¢ instrukcji producentéw

1 dystrybutorow. Wykazano, ze wigkszo$¢ staz wielorazowych nie zawierala



precyzyjnych zalecen dotyczacych procedur czyszczenia i dezynfekcji. Informacje
o autoklawowaniu podano jedynie dla dwoéch produktow i nie obejmowaly one
szczegdtow dotyczacych czasu 1 czgstotliwosci procesu. Stazy jednorazowe byly
wyraznie oznaczone jako ,,single-use” i nie wymagaty dezynfekcji, lecz ich stosowanie

wigze si¢ z obcigzeniem srodowiska.

Druga cz¢$¢ badan dotyczyta oceny poziomu kontaminacji staz w $§rodowisku
klinicznym. Stwierdzono istotnie wyzszy poziom skazenia bakteryjnego staz
stosowanych w obszarach o duzym nat¢zeniu $wiadczen medycznych — oddziale
ratunkowym, w porownaniu z jednostkami o bardziej kontrolowanym $rodowisku
— bloku operacyjnym. Roznice istotne statystycznie odnotowano réwniez pomig¢dzy
14. a 28. dniem uzytkowania. U 44% badanych staz zaobserwowano obecno$é
widocznych §ladéow krwi. Najczesciej izolowanymi drobnoustrojami byty bakterie

z rodziny Enterobacteriaceae oraz Pseudomonas spp.

W ostatniej cze$ci badan zastosowano analizy metagenomiczne. Zidentyfikowano
131 gatunkoéw bakterii, w tym klinicznie istotne patogeny, takie jak Acinetobacter (83%),
Enterococcus (75%), Pseudomonas (75%) oraz Klebsiella (42%). Wysoka czestosé
wystepowania drobnoustrojow wielolekoopornych potwierdza realne zagrozenie

epidemiologiczne, szczegdlnie w srodowisku szpitalnym.

Wyniki badan wskazuja jednoznacznie, ze wielorazowe stazy uciskowe stanowig
istotny rezerwuar drobnoustrojow 1 moga by¢ wektorem zakazeh krzyzowych.
Rekomenduje si¢ zastgpienie ich stazami jednorazowymi oraz wdrozenie
rygorystycznych procedur dekontaminacyjnych w sytuacjach, w ktorych ich uzycie jest
konieczne. Dziatania te powinny by¢ wsparte edukacja personelu medycznego
oraz systematycznym monitoringiem mikrobiologicznym, co moze przyczyni¢ si¢
do zwigkszenia bezpieczenstwa pacjentow i redukcji ryzyka zakazen zwigzanych

z opieka zdrowotng.

Stowa kluczowe: zakazenia szpitalne, stazy wielorazowe, dekontaminacja,
mikrobiologia, bezpieczenstwo pacjentow



4. ABSTRACT

Reusable tourniquets for blood collection as fomites for bacterial transmission
in the hospital environment

Healthcare-associated infections (HAIs) represent a significant threat to patient
safety and healthcare quality, leading to poorer clinical outcomes, prolonged hospital
stays, and increased healthcare costs. In Poland, the most frequently isolated etiological
agents of HAIs include Klebsiella spp. (approximately 16%) and Staphylococcus aureus
(approximately 15%). One of the potential vectors for microbial transmission in clinical
settings are tourniquets—elastic bands applied to the upper limb to temporarily restrict
blood flow, commonly used during venipuncture and intravenous cannula insertion. The
repeated use of the same reusable tourniquets on multiple patients without appropriate
decontamination facilitates microbial colonization and increases the risk of cross-

transmission of pathogens.

This doctoral thesis is based on a series of publications, including both
a systematic review and original research articles, focusing on the microbiological risks
associated with the use of reusable phlebotomy tourniquets in clinical practice. The
studies assessed both manufacturer-provided decontamination recommendations
and actual microbial contamination levels, as well as the taxonomic composition

of colonizing microorganisms.

The systematic review revealed consistent evidence that reusable tourniquets are
potential reservoirs for multidrug-resistant organisms, highlighting their epidemiological
significance. The review also identified major inconsistencies and gaps in manufacturer
instructions regarding decontamination procedures, including insufficient detail

on process parameters.

The first original study analyzed manufacturer guidelines and found that most
reusable tourniquets lacked clear, standardized instructions on cleaning and disinfection
procedures. Only a small number of products contained autoclaving recommendations,

and these lacked specifications on exposure time or frequency. Single-use tourniquets
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were clearly labeled as disposable and required no decontamination; however, their use

is associated with increased plastic waste generation.

The second original study assessed bacterial contamination in a clinical setting.
Tourniquets used in high patient turnover units showed significantly higher bacterial
loads compared to those used in more controlled environments. Statistically significant
differences were also observed between 14 and 28 days of use. Visible blood stains were
present on 44% of the examined tourniquets. The most frequently isolated bacteria

included Enterobacteriaceae and Pseudomonas spp.

The final study employed metagenomic analysis, identifying 131 bacterial
species, including clinically relevant pathogens such as Acinetobacter (83%),
Enterococcus (75%), Pseudomonas (75%), and Klebsiella (42%). The high prevalence
of multidrug-resistant microorganisms underscores the considerable infection risk posed

by reusable tourniquets in healthcare environments.

The findings clearly indicate that reusable tourniquets constitute a significant
reservoir of clinically relevant microorganisms and present a tangible risk
of cross-infection. It is strongly recommended that reusable tourniquets be replaced with
single-use alternatives, accompanied by strict decontamination procedures where their
use remains necessary. These measures should be supported by comprehensive staff
education and systematic microbiological surveillance to enhance patient safety

and reduce HAI risk.

Keywords: healthcare-associated infections, reusable tourniquets, decontamination,
microbiology, patient safety
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5. WPROWADZENIE

Zakazenia zwigzane z opieka zdrowotng (Healthcare-Associated Infections, HAIs)
stanowig jedno z najpowazniejszych wyzwan wspotczesnej medycyny, dotykajac Srednio
jednego na 31 hospitalizowanych pacjentdow. W Europie wskaznik ten wynosi okoto 7,6%
wszystkich pacjentéw, a koszty ekonomiczne HAIs szacuje si¢ na 28-33 miliardy dolarow
rocznie tylko w Stanach Zjednoczonych. W kontekscie polskim problem ten nabiera
szczegllnego znaczenia, gdzie bakterie z rodzaju Klebsiella odpowiadaja za okoto 16%
wszystkich zglaszanych zakazen zwigzanych z opieka zdrowotng (HAISs), co czyni je jedna
z glownych przyczyn zakazen szpitalnych w kraju, obok Staphylococcus aureus,

ktéry stanowi okoto 15% przypadkow zakazen szpitalnych [1-3].

Jednym z kluczowych, lecz czgsto pomijanych czynnikow posredniczacych
w transmisji patogenow w srodowisku klinicznym s3 fomity — przedmioty nieozywione,
ktére moga shuzy¢ jako no$niki przenoszace mikroorganizmy chorobotworcze migdzy
pacjentami [4]. Szczegdlne znaczenie w tym kontekScie majg wielorazowe stazy
do pobierania krwi - elastyczne opaski, ktore sg standardowo wykorzystywane przez
personel medyczny do uwidocznienia naczyn zylnych przed uzyskaniem dostepu
naczyniowego. Stazy stanowia nieodzowny element wyposazenia kazdej placowki
medycznej, sg stosowane rutynowo przy pobieraniu krwi zylnej, zakladaniu kaniuli
obwodowych, infuzji lekow oraz diagnostyce laboratoryjnej. Ich mechanizm dziatania
opiera si¢ na czasowym ograniczeniu odplywu zylnego przez ucisk zewnetrzny (Rycina 1),
co prowadzi do wzrostu ci$nienia w zylach 1 ich rozszerzenia, utatwiajac identyfikacje oraz

naktucie naczynia [5].
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DZIALANIE STAZY

OGRANICZONY
PRZEPLYW KRWI

UWIDOCZNIONE
NACZYNIE

Rycina 1. Mechanizm dziatania stazy

Zrodio: Opracowanie wiasne

Znaczenie kliniczne staz wykracza daleko poza proste utatwienie procedur
medycznych. W praktyce szpitalnej personel czesto wykorzystuje jedng wielorazowa staze
u wielu pacjentow w ciggu dnia, a jej uzytkowanie moze trwac od kilku tygodni do nawet
kilku lat. Czestotliwos¢ ich uzycia jest szczeg6lnie wysoka w oddzialach o intensywnym
obrocie pacjentdow, takich jak laboratoria, oddzialy ratunkowe, poradnie ambulatoryjne
czy bloki operacyjne. Wytyczne kliniczne zalecaja stosowanie stazy przez okres nie dtuzszy
niz 60 sekund 1 jej usunig¢cie przed zakonczeniem pobierania krwi, aby uniknaé
hemokoncentracji i falszywych wynikow laboratoryjnych [6]. Paradoksalnie, mimo
powszechno$ci stosowania 1 bezposredniego kontaktu ze skorg pacjentéw, stazy
do pobierania krwi sg czgsto pomijane w protokotach kontroli zakazen. W przeciwienstwie
do instrumentéw chirurgicznych, ktére podlegaja obowigzkowej sterylizacji miedzy
pacjentami, wielorazowe stazy rzadko sg dekontaminowane, co prowadzi do akumulacji
zanieczyszczen biologicznych w czasie. Badania wykazuja, Zze nawet 97% personelu
medycznego ponownie uzywa tych samych staz bez odpowiedniego czyszczenia, gléwnie
z powodu niewystarczajacych zasobow w jednostkach oraz braku §wiadomos$ci zagrozen
epidemiologicznych [7]. Badania Zhang et al. podkreslily, ze sprzet medyczny uzywany

podczas zakladania obwodowych cewnikéw naczyniowych stanowi istotny wektor
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transmisji drobnoustrojow odpowiedzialnych za zakazenia dozylne [8]. Natomiast praca
Choudhury et al. wykazata znaczace podobienstwo bakterii obecnych na powierzchniach
cewnikéw dozylnych i skoérze pacjentdéw, co wskazuje na potencjalng droge przenoszenia
zakazen poprzez sprzgt majacy kontakt ze skorg [9]. Chociaz oba badania nie analizowaty
bezposrednio wielorazowych staz do pobierania krwi, ich wyniki uzasadniaja
przypuszczenie, ze stazy jako sprzet wielokrotnego uzytku majacy bezposredni kontakt
ze skora, mogg stanowi¢ nos$nik 1 przyczynia¢ si¢ do zakazen zwigzanych z opieka

zdrowotng (Rycina 2).

Rycina 2. Schemat mozliwej transmisji mikroorganizmoéw [10]

5.1. Kontaminacja staz wielorazowych

Badania naukowe jednoznacznie wskazujg na wysokie wskazniki kontaminacji staz
wielorazowych patogenami odpowiedzialnymi za HAIs [7, 10, 11,12]. Abeywickrama
et al. wykazali, ze MRSA (Methicillin-resistant Staphylococcus aureus) byl wykrywany
na 26% badanych staz, przy czym jednokrotnie uzywane stazy plastikowe wykazywatly
znacznie nizszg kontaminacj¢ MRSA w poréwnaniu do staz wielokrotnego uzytku [11].
Podobne wyniki uzyskali Natarajan et al., ktorzy w swoich badaniach zidentyfikowali
og6lny wskaznik kolonizacji bakteryjnej na poziomie 80%, przy czym najczgsciej
izolowanymi patogenami byly gronkowce koagulazoujemne (22,5%), Micrococcus (15%),

Staphylococcus aureus (12,5%) oraz Acinetobacter spp. (10%) [12].
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5.1.1. Roznorodno$¢ patogenow na powierzchni staz

Spektrum mikroorganizméw wykrywanych na wielorazowych stazach jest szerokie
1 obejmuje zaréwno bakterie Gram-dodatnie, jak i Gram-ujemne. Pinto et al. przebadali 100
wielorazowych staz i wykazali, ze 54% bylo skazonych Bacillus spp., 26% pateczkami
z rodziny Enterobacteriaceae, 18% Pseudomonas spp., a 14% MRSA; dodatkowo
w 19% wykryto oporne na wankomycyne Enterococcus spp., co potwierdza obecno$é
patogenow wieloopornych na antybiotyki [7]. Stosowanie staz wielorazowych wiaze si¢
réwniez z istotnymi konsekwencjami ekologicznymi i1 ekonomicznymi. Badanie
opublikowane w Nursing Times wykazato, ze przej$cie na stazy jednorazowe moze
zmniejszy¢ ryzyko zakazen, ale jednocze$nie generuje znaczng ilo§¢ odpadow z tworzyw
sztucznych, co obcigza srodowisko. Z drugiej strony, koszty gospodarowania odpadami
i leczenia infekcji powstatych w konsekwencji niewtasciwej dekontaminacji wielorazowego
sprzetu moga przewyzsza¢ oszczednosci wynikajagce z ponownego uzycia. W ujeciu
makroekonomicznym inwestycja w stazy jednorazowe lub bardziej trwale, tatwe
do czyszczenia alternatywy moze przynies¢ oszczednosci dla systemu ochrony zdrowia,

zmniejszajac koszty zarzadzania zakazeniami 1 utylizacjg odpadow [13].

5.1.2. Wyzwania zwigzane z tworzeniem biofilmow

Szczegodlnie niepokojacym aspektem kontaminacji staz wielorazowych jest zdolnos¢
patogenow do tworzenia biofilmoéw na powierzchni urzadzen medycznych. Badania
wykazuja, ze bakterie Gram-dodatnie 1 Gram-ujemne, w tym Enterococcus
faecalis, Staphylococcus ~ aureus, Staphylococcus epidermidis, E. coli, Klebsiella
pneumoniae oraz Pseudomonas aeruginosa, moga tworzy¢ biofilmy na urzadzeniach
medycznych. Bakterie w formie biofilmu wykazujg 500-5000 krotnie wigkszg opornos¢
na antybiotyki w poroéwnaniu do form planktonowych, a wedlug National Institutes
of Health, biofilmy moga by¢ odpowiedzialne za nawet 80% ludzkich zakazen

mikrobiologicznych [14,15].
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5.1.3. Nieadekwatne procedury dezynfekcji jako zrodlo ryzyka

Swiatowa Organizacja Zdrowia w najnowszych wytycznych dotyczacych
zapobiegania zakazeniom zwigzanym z dostgpem naczyniowym podkresla konieczno$é
dezynfekcji stazy przed uzyciem, jednak w praktyce moze to by¢ niewykonalne,

co sprawia, ze alternatywa staje si¢ stosowanie staz jednorazowych [16].

Mimo ich szerokiego wykorzystania, problemem pozostaje brak jednoznacznych,
standaryzowanych wytycznych dotyczacych czyszczenia, dezynfekceji oraz sterylizacji tych
narzedzi. Analiza informacji udostepnianych przez producentéw wskazuje, ze nie istniejg
sprawdzone, precyzyjne procedury postepowania ze stazami wielorazowymi, a dostepne
zalecenia sg niejednoznaczne i1 oparte gtdéwnie na domystach. Brak tych wytycznych stanowi
powazne wyzwanie dla bezpieczenstwa pacjentow, gdyz niewlasciwie dekontaminowane

stazy mogg by¢ zrédtem transmisji patogenow w placéwkach ochrony zdrowia (Rycina 3).

( )
STAZA STAZA
kJEDNORAZOWA) \WIELORAZOWA A

l

o0 **=- |—=|000

AUTOKLAWOWANIE

SPRAY DO DEZYNFEKCII
PRANIE CHEMICZNE

UTYLIZACJA

Rycina 3. Schemat post¢gpowania ze staza jednorazowgq oraz stazg wielorazowa

Zrodlo: Opracowanie wiasne
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Raport ECRI z 2024 roku identyfikuje "nieadekwatne lub ucigzliwe instrukcje
czyszczenia urzadzen" jako drugie najwazniejsze zagrozenie technologii medycznej,
podkreslajac wage tego problemu w kontek$cie bezpieczenstwa pacjentéw [17]. Society
for Healthcare Epidemiology of America (SHEA) w swoich najnowszych wytycznych
podkresla, ze mimo cigglych wysitkow, ryzyko zwigzane z przetwarzaniem urzadzen
medycznych utrzymuje si¢, szczegolnie gdy procedury sterylizacji i wysokopoziomowej
dezynfekcji nie sg $cisle przestrzegane lub sg utrudnione przez niejednoznaczne instrukcje
producentéw [18]. Co wigcej, aktualnie w warunkach szpitalnych stazy znajduja si¢
w roznych miejscach, takich jak krany, podajniki $rodkéw do dezynfekcji czy inne
powierzchnie, ktore nie sa odpowiednie do przechowywania i moga sprzyja¢ ich

ponownemu skazeniu, co dodatkowo zwieksza ryzyko przenoszenia patogenow (Rycina 4).

Rycina 4. Niewlasciwe przechowywanie wielorazowych staz w warunkach szpitalnych

Zrodlo: Opracowanie wiasne

5.2. Ekonomiczne aspekty dekontaminacji sprz¢tu medycznego

Globalny rynek czyszczenia urzadzen medycznych, szacowany na 2,735.2 miliarda
USD w 2024 roku, odzwierciedla rosngca §wiadomos$¢ znaczenia odpowiednich procedur

dezynfekcji. Shuman i Chenoweth w swojej pracy przegladowej podkreslaja, ze ponowne
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uzycie zarowno urzadzen jednokrotnego, jak i wielokrotnego uzytku moze prowadzié
do transmisji zakazen, gdy nie wystepuje odpowiednia sterylizacja lub przetwarzanie,

szczegOlnie w warunkach ograniczonych zasobow [19].

5.3. Znaczenie kliniczne i potrzeba zmian w stosowaniu wielorazowych staz
do pobierania krwi

Pomimo powszechnosci stosowania wielorazowych staz do pobierania krwi
w praktyce klinicznej oraz rosnacej liczby dowodoéw na ich role w transmisji patogenow,
wcigz istnieja znaczace luki w wiedzy dotyczace pelnego spektrum mikrobiologicznego
ryzyka zwigzanego z tymi urzadzeniami. Dotychczasowe badania bazowaly glownie
na tradycyjnych metodach hodowlanych, ktére nie pozwalajg na pelng charakterystyke
obecno$ci bakterii na powierzchni staz, a takze brakuje systematycznych analiz
poréwnawczych miedzy réznymi jednostkami klinicznymi oraz badania wplywu czasu

uzytkowania i warunkéw $rodowiskowych na akumulacje patogendw.

Znaczenie kliniczne tego problemu jest nie do przecenienia, gdyz procedury
uzyskiwania dostgpu naczyniowego nalezg do najczesciej] wykonywanych inwazyjnych
zabiegébw medycznych, a uzywane stazy sg wykorzystywane u pacjentdw o réoznym stopniu
ryzyka zakazenia, w tym u 0sob z obnizong odpornoscig [20]. Kontaminacja wielorazowych
staz stanowi realne zagrozenie rozwojem zakazen zwigzanych z kaniula obwodowa
oraz innymi zakazeniami zwigzanymi z opieka zdrowotna, zwlaszcza w jednostkach,
w ktorych leczeni sg pacjenci z obnizong odporno$cig, po zabiegach chirurgicznych,
wymagajacy stosowania dostepoOw naczyniowych, a takze w miejscach diugotrwatej
hospitalizacji czy intensywnej antybiotykoterapii, takich jak oddziaty intensywnej terapii,

onkologiczne i transplantologiczne [21,22].

Zaprezentowane wyniki badan przedstawione w rozprawie doktorskiej maja na celu
wypetnienie stwierdzonych luk poprzez analiz¢ mikrobiologicznego ryzyka zwigzanego

z uzytkowaniem wielorazowych staz do pobierania krwi w §rodowisku szpitalnym.
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6. CELE BADAN

Cele badan zostaly sformulowane w dwoch poziomach: glownym (zasadniczym)

oraz szczegotowych (dodatkowych).
Cel glowny:

1. Ocena mikrobiologicznego ryzyka zwigzanego z uzytkowaniem wielorazowych

opasek uciskowych do pobierania krwi w placowkach szpitalnych.
Cele dodatkowe:

1. Poréwnanie stopnia biologicznego zanieczyszczenia staz wykorzystywanych
na oddziale ratunkowym 1 na bloku operacyjnym w trzech punktach czasowych:

po nieznanym okresie eksploatacji, po 14 oraz po 28 dniach uzytkowania.

2. Identyfikacja 1 ilosciowa charakterystyka bakterii obecnych na powierzchni staz
przy uzyciu metod hodowlanych (posiewy na podioza Columbia Agar z krwia, King B
1 MacConkey).

3. Szczegbdlowa analiza potencjalnych bakterii na stazach za pomoca sekwencjonowania
metagenomicznego 16S rRNA (regiony V3-V4), w celu wykrycia oraz okre$lenia
gatunkéw bakterii patogennych.

4. Ocena czgstosci wystepowania patogendow zwigzanych z zakazeniami zwigzanymi

z opieka zdrowotng (HAIs).

5. Poréwnanie réznorodnosci gatunkowej z roznych jednostek klinicznych oraz ocena

bakterii na powierzchni staz.

Niniejsze cele realizowano w ramach opublikowanego cyklu prac.
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7. OMOWIENIE OPUBLIKOWANYCH WYNIKOW BADAN
WCHODZACYCH W SKEAD ROZPRAWY DOKTORSKIEJ

Prace doktorska stanowi cykl czterech artykutow naukowych opublikowanych
w czasopismach ze wspodiczynnikiem IF (jedna praca przegladowa oraz trzy prace
oryginalne).

Punktem wyjscia dla podjetych badan byl artykul o charakterze przegladowym:
Szymczyk J, Mansson M, Megdrzycka-Dabrowska W. Reusable tourniquets for blood
sampling as a source of multi-resistant organisms- a systematic review Front Public

Health. 2023. doi:10.3389/fpubh.2023.1258692.

Wielorazowe stazy uciskowe do pobierania krwi sg szeroko stosowane
w placowkach medycznych na catym $wiecie [6]. Niemniej jednak, ich uzytkowanie budzi
coraz wigksze zastrzezenia zwigzane z ryzykiem przenoszenia zakazen. Stazy te wykonane
sa zazwyczaj z tkaniny o porowatej strukturze, co sprzyja osadzaniu si¢ i przetrwaniu
drobnoustrojéw [23]. Cho¢ dekontaminacja staz poprzez sterylizacje¢ lub zanurzenie
w $rodkach dezynfekcyjnych jest mozliwa, metody te sg czgsto czasochtonne i trudne
do wdrozenia w codziennej praktyce klinicznej. Najczescie] stosowang metodag jest
spryskiwanie staz preparatami dezynfekujacymi i pozostawianie ich do wyschnigcia, jednak
nie zawsze zapewnia to skuteczne usuni¢cie patogenéw. W rezultacie wielorazowe stazy
moga stanowi¢ zrodto przenoszenia wieloopornych mikroorganizméw migdzy pacjentami,
co stanowi szczegdlne zagrozenie dla 0sob z ostabiong odpornoscia 1 /lub oséb w podeszitym
wieku. W zwiazku z tym coraz cze$ciej zaleca si¢ stosowanie jednorazowych staz, ktore

eliminuja konieczno$¢ dezynfekcji 1 zmniejszaja ryzyko zakazen [24-28].

W celu doktadnego zbadania i podsumowania dostgpnych danych na temat
obecnosci drobnoustrojow na wielorazowych stazach uciskowych, przeprowadzono
systematyczny przeglad literatury wedhug wytycznych PRISMA [29]. Wyszukano artykuty
w bazach PubMed, EBSCO 1 Scopus za pomocag predefiniowanych stéw kluczowych.
Sposrod 291 dostgpnych publikacji po ocenie jako$ci metoda Joanna Briggs Institute
do analizy wiaczono 13 badan z lat 1986-2018 z r6znych krajow (Wielka Brytania, USA,
Kanada, Pakistan) [30].
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Analiza wykazata, ze mediana probek to 77, a MRSA byl najczesciej wykrywanym
patogenem na 12% staz (mediana 8,5%). Srednia liczba szczepoéw gronkowca ztocistego
opornego na metycyling (MRSA) wykrywanych na opaskach uciskowych wynosita
14,6 = 45,89 (SD; odchylenie standardowe). Wystepowaty rowniez inne bakterie:
gronkowce koagulazoujemne, Bacillus spp. oraz metycylino-wrazliwe Staphylococcus

aureus [31].

Analiza danych zaprezentowana w publikacji Reusable tourniquets for blood
sampling as a source of multi-resistant organisms- a systematic review podkreslita
konieczno$¢ monitorowania epidemiologicznego i wdrazania jasnych procedur dotyczacych
bezpiecznego pobierania krwi. Stanowi ona fundamentalng podstawe teoretyczng dla calej
rozprawy doktorskiej, dostarczajac kompleksowego przegladu dotychczasowej wiedzy

na temat ryzyka mikrobiologicznego zwigzanego z wielorazowymi stazami [31].

Kolejna publikacja: Szymczyk J, Medrzycka-Dabrowska W. Wielorazowe stazy:
wyzwania, bezpieczenstwo i potrzeba zmian w praktyce klinicznej. Pielegniarstwo

w anestezjologii 1 intensywnej opiece 2024. doi: dx.doi.org/10.15374/PwAil02024021

Wielorazowe stazy uciskowe, bedace standardowym wyposazeniem podczas
procedur inwazyjnych, takich jak pobieranie krwi, wymagaja odpowiednich procedur
czyszczenia 1 dezynfekcji, aby zapobiec przenoszeniu zakazen szpitalnych. Pomimo
powszechnego zastosowania staz wielorazowych, w praktyce brakuje jednolitych
1 szczegdtowych wytycznych dotyczacych optymalnych metod ich sterylizacji
1 dezynfekcji [9].

Wielorazowe stazy dostgpne na rynku bywaja oferowane bez precyzyjnych instrukcji
dotyczacych metody, czasu i1 czestotliwosci sterylizacji czy dezynfekcji. Brak takiej
specyfikacji zwigksza ryzyko nieprawidlowego stosowania sprzetu, co moze prowadzi¢

do realnego zagrozenia epidemiologicznego.

Dodatkowo, stosowanie staz jednorazowych, cho¢ eliminuje problem dezynfekcji,
wiaze si¢ z generowaniem znacznej ilo$ci odpaddéw, co stanowi wyzwanie w konteks$cie
ochrony s$rodowiska. Wobec tych wyzwan niezbedne jest wprowadzenie jednolitych
procedur oraz edukacja personelu medycznego, aby zapewni¢ bezpieczenstwo pacjentow

1 zminimalizowa¢ negatywne skutki kliniczne oraz ekologiczne [13].
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Celem badania byla analiza informacji dotyczacych procedur czyszczenia

i dezynfekcji staz jednorazowych i wielorazowych dostepnych w sprzedazy.

Materiatem badawczym bylo zebranie poprzez analiz¢ 11 polskich stron
internetowych producentéw 1 dystrybutoréw wielorazowych 1 jednorazowych staz
w okresie od listopada 2024 do stycznia 2025 roku. Dwie niezalezne recenzentki ocenity
dostepnos¢ 1 szczegdtowos¢ informacji dotyczacych metod czyszczenia, sterylizacji, czasu

dezynfekceji oraz certyfikatéw jakosci [32].

Wyniki wykazaly, ze wigkszo$¢ wielorazowych staz (7 z 11 specyfikacji produktu)
nie zawierala precyzyjnych instrukcji dezynfekcji. Zalecenia dotyczace autoklawowania
(120-121 °C, 1 bar) podano jedynie dla dwoch produktow, jednak brakowato danych
dotyczacych czasu 1 czgstotliwosci procesoOw. Jedynie jeden producent (Daisygrip) podat
polecany czas dezynfekcji (30 sekund z uzyciem chusteczek dezynfekcyjnych). Wszystkie
stazy jednorazowe byly jasno oznaczone jako ,,jednorazowe” i nie wymagaty dezynfekcji,

ale generowaty znaczace ilosci odpadow plastikowych [32].

Whioskiem z przeprowadzonego badania byt brak jednolitych i szczegdélowych
wytycznych dotyczacych dekontminacji wielorazowych staz, co stanowi realne zagrozenie
epidemiologiczne. Autorzy rekomenduja wprowadzenie jednolitych instrukcji dotyczacych
metod, czasu i czgstotliwos$ci dezynfekcji. Ponadto sugeruja rozwazenie zastosowania
nanosrebra w procesach dezynfekcji staz, co mogloby skuteczniej eliminowac patogeny
1 wydtuza¢ ochrone¢ antybakteryjna. Podkreslaja potrzebe edukacji personelu medycznego
oraz monitoringu przestrzegania procedur, a takze uwzglednianie aspektow ekologicznych
przy wyborze staz, by osiggnag¢ kompromis miedzy bezpieczenstwem pacjenta a redukcja

odpadow [32].

To badanie uwidocznito luk¢ w dostepnos$ci informacji o bezpiecznym uzytkowaniu
wielorazowych staz na polskim rynku, dostarczajac podstawy
do eksperymentalnych badan mikrobiologicznych przeprowadzonych i przedstawionych
w niniejszej rozprawie doktorskiej. Podkreslito takze, konieczno$¢ opracowania
1 wdrozenia skutecznych procedur kontroli zakazen zwigzanych z uzyciem wielorazowych

staz.
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W trzeciej publikacji o charakterze oryginalnym: Szymczyk J, Kurpas M, Krasinski
B, Zorena K, Mg¢drzycka-Dabrowska W. Reusable Tourniquets as Potential Transmitters
of  Infection: A Microbiological Analysis Microorganisms. 2025.
doi: 10.3390/microorganisms13010152.

Zakazenia szpitalne pozostaja jednym z kluczowych wyzwan zdrowia publicznego,
a ich profil 1 czestos¢ zaleza od ztozonych interakcji pomiedzy srodowiskiem szpitalnym,
mikroflorg oraz czynnikami epidemiologicznymi. Etiologia zakazen zwigzanych z opieka
zdrowotng obejmuje szerokie spektrum mikroorganizmoéw
— od bakterii stanowigcych czg§¢ prawidlowej mikrobioty  gospodarza,
przez drobnoustroje egzogenne, az po patogeny wysoce oporne na antybiotyki. Sprzet
wielorazowy, nawet jesli w zalozeniu jest jedynie przejsciowym elementem procedur
medycznych, moze stuzy¢ jako powierzchnia umozliwiajagca przetrwanie 1 transfer
patogendw miedzy pacjentami, zwlaszcza w $rodowiskach o wysokiej rotacji chorych

[33-35].

Z perspektywy mikrobiologicznej, $ciste monitorowanie i identyfikacja czynnikow
etiologicznych infekcji szpitalnych sg kluczowe dla skutecznej kontroli, leczenia
oraz prewencji zakazen ogoélnoustrojowych i powiklan septycznych. Duza rolg odgrywaja
tu zarowno zdolnosci adhezyjne 1 tworzenie biofilmu przez bakterie, jak rowniez zmiennos$¢
mikroorganizmoéw i ich oporno$¢ na srodki dezynfekcyjne. Z punktu widzenia epidemiologii
istotne sg czynniki ryzyka, takie jak inwazyjne procedury, immunosupresja pacjentow
czy nieprzestrzeganie praktyk aseptycznych — wszystkie te elementy podnosza ryzyko
wystgpienia zakazen w §rodowisku szpitalnym. Wzrost czestosci 1 r6znorodnosci infekcji,
jak rowniez pojawianie si¢ nowych opornych szczepéw wymuszaja nieustanne doskonalenie
zarbwno nadzoru epidemiologicznego, jak 1 praktyk mikrobiologicznych. Badania
nad powierzchniami sprzgtu medycznego oraz wdrazanie innowacyjnych rozwigzan
biotechnologicznych, takich jak nanosrebro, wpisuja si¢ w potrzeby skutecznej profilaktyki

1 ograniczania transmisji patogenow [36-41].

Celem badania byla ocena stopnia mikrobiologicznego zanieczyszczenia
powierzchni wielorazowych staz w oddziale ratunkowym 1 bloku operacyjnym

oraz analiza wptywu czasu uzytkowania na kolonizacj¢ bakteryjna.

Badanie przekrojowe przeprowadzono w Gdansku w okresie od marca do wrze$nia

2024 roku na 48 stazach pochodzacych z oddziatu ratunkowego oraz bloku operacyjnego.
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Na przeprowadzenie badan uzyskano zgod¢ Niezaleznej Komisji Bioetycznej
przy Gdanskim Uniwersytecie Medycznym (nr zgody: KB/45/2024). Ponadto, badanie
zarejestrowano pod numerem ClinicalTrials.gov: NCT06566495. Stazy podzielono
na trzy grupy wedlug czasu uzytkowania: stazy o nieznanym czasie uzytkowania, stazy
uzytkowane przez 14 dni oraz stazy po 28 dniach uzytkowania. Material do analizy

pobierano oddzielnie z czgsci plastikowej (Rycina 5) oraz materialowej staz (Rycina 6).

Rycina 5. Proces pobierania materiatu z plastikowej czesci [10]

W celu uzyskania reprezentatywnych probek biologicznych, czg$¢ materialowa stazy
byla poddana mechanicznej homogenizacji w sterylnych workach homogenizacyjnych
z bulionem odzywczym, co pozwolilo na skuteczne oddzielenie mikroorganizméow

z porowatej powierzchni tkaniny (Rycina 6).
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Rycina 6. Zebrany material oraz proces homogenizacji materialowych czgsci staz [10]

Przeprowadzona metodyka stanowi ulepszenie wzglgdem wielu innych badan, ktére
wykorzystywaly jedynie wymaz lub odciski powierzchniowe. Do hodowli uzywano podtozy
Columbia agar, MacConkey agar i King B agar. Inkubacj¢ prowadzono 24 godziny
w temp. 37°C.

Dane wprowadzono i przeanalizowano za pomocg oprogramowania Statistica
w wersji 13.3 (TIBCO Software Inc., Krakéw, Polska). Dane opisowe przedstawiono jako
czestos$¢, srednie 1 procenty. Wartosci p < 0,05 uznano za statystycznie istotne. Z uwagi
na to, ze dane z izby przyjec i sali operacyjnej nie spetniaty zalozenia rozktadu normalnego,

a takze ze wzgledu na matg liczebnos¢ proby, zastosowano test U Manna-Whitneya.

Lacznie 48 probek pobranych z opasek wielokrotnego uzytku zawierato kolonie
bakteryjne. Ze wzgledu na zatozenia eksperymentu i ramy czasowe, pie¢ opasek uciskowych
nie zostatlo uwzglednionych w analizie. Sze$¢ opasek uciskowych wielokrotnego uzytku
zebrano w kazdym z trzech etapoéw badania na oddziale ratunkowym (tacznie osiemnascie).
Na sali operacyjnej zebrano lacznie 30 opasek uciskowych (po 10 na kazdym etapie

badania).

W przeprowadzonym badaniu wykryto istotng statystycznie réznice (p = 0,00001)
miedzy liczbg kolonii bakterii (CFU/cm?) obecnych na stazach na oddziale ratunkowym

a liczba kolonii bakterii obecnych na stazach na sali operacyjnej (Tabela 1).
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Tabela 1. Poréwnanie liczby jednostek tworzacych kolonie bakterii na cm? materiatu opaski
uciskowej 1 na czesci plastikowej na plytce agarowej Columbia z 5% krwig owczg. Wartos¢

667 byla graniczna, z niepoliczalng liczba CFU na podtozu mikrobiologicznym [10].

Type of Data CFU/cm? Fabric CFU Plastic
Length of Use Indefinite 14 28 Indefinite 14 28
Type of Room Time Days Days Time Days Days
pediatric room 667 667 256 23 16 8
pediatric observation 362 667 358 4 10 14
adult observation 667 667 667 300 23 73
Emergency department
adult observation 613 667 667 13 20 42
consultation area 9 327 667 2 3 16
resuscitation area 667 551 667 61 8 21
mean: 498 591 547 67 13 29
neurologic 7 20 7 1 0 3
neurologic 36 16 220 3 0 0
orthopedic 156 18 102 1 1 0
orthopedic 124 280 29 2 2 2
orthopedic 120 198 38 16 5 12
Operating theatre

gynecology 4 4 51 0 0 1
pediatric 244 22 667 0 0 2

pediatric 13 13 213 0 0 18

general surgery 13 36 196 0 8 8
general surgery 53 4 138 0 1 9

mean: 77 61 166 2 2 6

Ponadto, wykryto istotnie statystyczng réznice (p = 0,03) miedzy 14. a 28. dniem
stosowania opaski uciskowej w zakresie liczby jednostek tworzacych kolonie (CFU)
w badanych punktach medycznych. Nie zaobserwowano istotnej statystycznie roznicy
migdzy 14. a 28. dniem stosowania opaski uciskowej w zakresie liczby jednostek

tworzacych kolonie bakteryjne w oddziale ratunkowym.

Ptytki, na ktérych liczba kolonii przekroczyla 300, uznano za niepoliczalne,
a warto$¢ ta zostala przyjeta jako maksymalna liczba mikroorganizmow. W takich
przypadkach, po przeliczeniu 300 kolonii na jednostki CFU/cm?, przyj¢to warto$¢ graniczng
réwna 667 CFU/cm?. Srednia liczba jednostek tworzacych kolonie (CFU/cm?) na wszystkich

etapach badania na oddziale ratunkowym wyniosta 545 CFU/cm?, a na salach operacyjnych
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101 CFU/cm?. Dla porownania, na powierzchni ludzkiej skory $rednia liczba
mikroorganizmow wyizolowanych tradycyjnymi metodami hodowli
z powierzchni skory waha si¢ od 104 do 105 CFU/cm? [42,43]. Najwigkszy odsetek
skolonizowanych opasek uciskowych odnotowano na oddziale ratunkowym, zwtaszcza

na obszarze pediatrycznym oraz na sali obserwacji dorostych.

W przypadku podloza MCC (agar MacConkey) s$rednia liczba drobnoustrojow
na oddziale ratunkowym wynosita 517 CFU/cm?, a na sali operacyjnej 29 CFU/cm?.
W przypadku podtoza King B $rednia liczba drobnoustrojéw na oddziale ratunkowym
wynosita 517 CFU/cm?, a na sali operacyjnej 207 CFU/cm? (Tabela 2). Nie stwierdzono
statystycznie istotnej roéznicy w liczbie drobnoustrojéow (CFU/cm?) miedzy 14-dniowymi
a 28-dniowymi odstgpami czasu. W sumie 21 z 48 zbadanych opasek uciskowych (44%)
miato widoczne plamy krwi. Dalsze analizy powinny obja¢ ocen¢ zwigzku miedzy
obecnoscia plam krwi na opaskach uciskowych a ryzykiem transmisji wiruséw

przenoszonych przez krew, takich jak HBV, HCV 1 HIV.
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Tabela 2. Poroéwnanie liczby jednostek tworzacych kolonie na c¢cm? materialu opaski

uciskowej na podtozach MacConkey i King B.

Type of Data MacConkey CFU/cm? King B CFU/cm?
Length of Use Indefinite 14 Indefinite 14 28
28 Days
Type of Room Time Days Time Days Days
pediatric room 709 453 227 667 667 118
pediatric observation 191 911 487 667 667 231
adult observation 667 667 667 667 667 373
Emergency department
adult observation 558 667 667 416 667 649
consultation area 9 140 667 4 238 667
resuscitation area 667 280 667 667 607 667
average CFU/ecm?®: 467 520 564 515 586 451
neurologic 0 27 0 11 22 0
neurologic 13 4 0 33 11 427
orthopedic 129 27 0 31 4 9
orthopedic 144 187 0 44 236 0
orthopedic 56 167 0 64 160 7
Operating theatre
gynecology 0 2 0 0 18 13
pediatric 33 24 0 131 18 667
pediatric 7 11 11 18 13 29
general surgery 2 16 0 7 2 40
general surgery 20 2 0 27 2 16
average CFU/cm? 40 46 1 37 49 121

Podsumowujac, obecno$¢ bakterii wykryto na wszystkich badanych stazach. Stazy
z oddzialu ratunkowego cechowaty si¢ znaczaco wyzsza kolonizacjg bakteryjng (Srednio 545
CFU/cm?) niz te z bloku operacyjnego (101 CFU/cm?, p=0,00001). Az 44% staz miato
widoczne plamy krwi, co zwigksza ryzyko transmisji patogenéw krwiopochodnych. Podloza
MacConkey i1 King B potwierdzily obecno$¢ znacznej liczby Enterobacteriaceae

1 Pseudomonas spp., szczeg6lnie w oddziale ratunkowym.

Przeprowadzone badanie charakteryzowalo si¢ pewnym ograniczeniem, mig¢dzy
innymi malg liczebnoscig proby (n = 48) 1 waskim zakresem analizowanych

mikroorganizmdéw. Dlatego tez, przyszie badania powinny obejmowaé wigksze probki
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1 bada¢ szersze spektrum mikroorganizméw, aby uzyska¢ bardziej kompleksowe dane

na temat ryzyka zwigzanego z opaskami uciskowymi wielokrotnego uzytku.

W  rezultacie, przeprowadzone badanie dostarcza dowodow na znaczne
zanieczyszczenie mikrobiologiczne wielorazowych opasek uciskowych do pobierania krwi.
Wykryto rézne gatunki bakterii i r6zng liczebno$¢ w wybranych punktach szpitalnych.
Wyniki te podkres$lajg ryzyko zakazen zwigzane z wielorazowymi opaskami uciskowymi,
co podkresla potrzebe rygorystycznych protokotéw dekontaminacji, szczegolnie
w obszarach wysokiego ryzyka. Ze wzgledu na brak spdjnych wytycznych dotyczacych
dekontaminacji i wysoki poziom skazenia staz, rekomenduje si¢ stosowanie wytacznie
jednorazowych opasek uciskowych. Niezbedne sg rOwniez zmiany systemowe obejmujace

procedury czyszczenia sprz¢tu, szkolenia personelu oraz polityke doboru wyposazenia [10].

Zastosowanie w/w wynikbw w praktyce pielggniarskiej moze pomoc
w zmniejszeniu liczby zakazen i poprawie jako$ci opieki zdrowotnej. Szkolenie personelu
pielegniarskiego w zakresie najlepszych praktyk dotyczacych obchodzenia si¢ ze sprzetem
wielorazowym jest niezbgdne dla zapewnienia wysokich standardow opieki
nad pacjentem. Wyniki podkreslajg rowniez znaczenie budowania kultury bezpieczenstwa,
w ktorej pielegniarki odgrywaja kluczowa rol¢ w przestrzeganiu najlepszych praktyk
1 identyfikowaniu ryzyka zakazen szpitalnych. W zwiagzku z tym zasadne wydaje si¢
wdrozenie jednorazowych staz, ktoére moglyby ograniczy¢ ryzyko transmisji

drobnoustrojéw i poprawi¢ bezpieczenstwo procedur diagnostycznych.

Ostatnia publikacja wchodzaca w sktad cyklu rozprawy doktorskiej to badanie
pt: Metagenomic Analysis of Bacterial Diveristy on Reusable Tourniquets in Hospital
Environments autorstwa Szymczyk J, Jaskulak M, Kurpas M, Zorena K, Medrzycka-
Dabrowska W. Applied Sciences. 2025. doi: 10.3390/app15137545.

Zakazenia zwigzane z opiekg zdrowotng (HAI) stanowia jedno z najwigkszych
wyzwan wspoélczesnej medycyny, wnoszac istotny wklad w wzrost zachorowalno$ci
1 $miertelnosci w placowkach medycznych na catym $wiecie [44]. Tradycyjne metody
diagnostyczne, oparte na hodowli mikroorganizméw, cho¢ nadal powszechnie stosowane,
majg ograniczenia w wykrywaniu mozliwych gatunkow bakterii obecnych na powierzchni
narzgdzi diagnostycznych stosowanych w punktach opieki zdrowotnej [45]. W tym

konteks$cie metagenomika, dzieki analizie sekwencji 16S rRNA a, umozliwia kompleksowa
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identyfikacj¢ bakterii, rowniez tych niehodowlanych, dostarczajac szerokiego mozliwego
mikrobiologicznego skazenia. Takie podejscie jest szczegdlnie istotne przy badaniu
wielorazowych staz do pobierania krwi — urzadzen bezposrednio kontaktujacych si¢ ze
skoérg pacjenta i potencjalnie przenoszacych patogeny. Stazy pelnig role narzedzi, ktore
sprzyjaja transferowi wieloopornych i biofilmotworczych bakterii, zagrazajacych zdrowiu
pacjentéw. Metagenomiczna analiza na powierzchniach staz pozwala lepiej zrozumie¢ profil
bakteryjny w srodowiskach klinicznych, co stanowi podstawe do usprawnienia protokolow
dezynfekcji oraz dzialan zapobiegawczych ograniczajacych ryzyko zakazen szpitalnych
[46]. Parreira et al. wykazali, ze stosowanie jednorazowych opasek uciskowych i
opatrunkdw ze wzmocnionymi krawe¢dziami zmniejszyto wskaznik zakazen PIVC z 44,1%
do 17,9% [22]. Najczgsciej izolowanymi bakteriami na powierzchniach opasek uciskowych
sa gronkowce, zwlaszcza gronkowce koagulazo-ujemne i Staphylococcus aureus, ale obecne
sg rOwniez inne patogeny, takie jak Bacillus, jak tez bakterie z rodziny Enterobacteriaceae,
Enterococcus, a nawet szczepy oporne na antybiotyki, takie jak MRSA - oporne na
metycyling szczepy gronkowca ztocistego [6]. Wielorazowe opaski uciskowe mogg dziata¢
jak noséniki transmisji patogenéw miedzy pacjentami, czgsto poprzez r¢ce pracownikow
ochrony zdrowia [26]. Konstrukcja elastycznych materialdw 1 powierzchni opasek
uciskowych, ktore sg trudne do doktadnego czyszczenia, utrudnia skuteczng dezynfekcje, a
rutynowe procedury sg czesto niewystarczajace [32,47]. Z tych powoddéw coraz wigcej
organizacji miedzynarodowych zaleca stosowanie jednorazowych opasek uciskowych lub
wdrazanie rygorystycznych protokoldw czyszczenia w celu zmniejszenia ryzyka zakazen
krzyzowych [16]. Uwzglednienie tych aspektow podkresla potrzebe badan nad
mikroorganizmami obecnymi na opaskach uciskowych wielokrotnego uzytku i uwypukla

wplyw tego problemu na bezpieczenstwo pacjentéw i jakos$¢ opieki zdrowotne;.

Dlatego tez, w kolejnym etapie badan podj¢to probg rozszerzenia wczesniejszych
badan tj. dotyczacych wykrycia gatunkéw bakterii, stosujac sekwencjonowanie
metagenomiczne 16S rRNA w celu zapewnienia kompleksowe] analizy r6znorodnosci

bakteryjnej na opaskach uciskowych wielokrotnego uzytku.

Celem niniejszego badania byla charakterystyka gatunkéw bakterii obecnych
na opaskach uciskowych wielokrotnego uzytku stosowanych na oddziatach ratunkowych
1 salach operacyjnych, z oceng r6éznic obecnosci i réznorodnosci gatunkowej w zaleznosci

od miejsca i czasu uzytkowania za pomocg sekwencjonowania 16S rRNA V3-V4.
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Na przeprowadzenie badan uzyskano zgod¢ Niezaleznej Komisji Bioetycznej
przy Gdanskim Uniwersytecie Medycznym (nr zgody: KB/45/2024). Ponadto, badanie

zarejestrowano pod numerem NCT06566495 w ClinicalTrials.gov.

Badanie przekrojowe przeprowadzono od lipca 2024 do lutego 2025 w szpitalu
trzeciego stopnia referencyjnosci w Gdansku [48]. Analizie poddano 12 wielorazowych staz.
Probki pobrano po nieokreslonym czasie uzytkowania, 14 dniach oraz 28 dniach.
Z czgsci materiatowej kazdej stazy wyodrgbniano DNA, ktére analizowano
sekwencjonowaniem regionu V3-V4 16S rRNA z uzyciem technologii NGS. Taxony

przypisano na podstawie porownania sekwencji do bazy NCBI/BLAST.

Tabela 3. Wystepowanie patogenow odpowiedzialnych za zakazenia zwigzane z opieka

zdrowotng (HAI) na opaskach uciskowych [48]

Percent of HAI Number of Numl:)er of Number of
Microorganism Cases in Europe Tourniquets 1;;’;2“‘?;?5 Tourniquets
2022-2023 [cyt] All Deparrgtme:t Operating Theater

E. coli 12.7% 0/12 0/6 0/6
Klebsiella spp. 11.7% 5/12 2/6 3/6
Enterococcus spp. 10% 9/12 4/6 5/6
Staphylococcus aureus 9% 1/12 0/6 1/6
Clostridium difficile 8% 0/12 0/6 0/6
P ;ifj;gg;’:s 7.9% 9/12 4/6 5/6
Congulsenegatve 58% /12 6/6 5/6
Proteus spp. 3.2% 0/12 0/6 0/6
Acinetobacter spp. 3.2% 10/12 4/6 6/6
Enterobacter spp. 3% 0/12 0/6 0/6

e Lacznie wykryto 131 gatunkéw bakteryjnych nalezacych do dominujacych typow:

Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes.

e Wsrdd najczestszych, klinicznie istotnych patogendéw HAI, najczesciej
wystepowaty: Klebsiella spp. (5 z 12 staz), Enterococcus spp.
(9 z 12 staz), Staphylococcus aureus (1 z 12 staz), Pseudomonas aeruginosa
(9 z 12 staz), Acinetobacter spp. (10 z 12 staz). Nie wykryto E. coli, Clostridium
difficile, Proteus spp., Enterobacter spp.
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e Stazy z oddziatu ratunkowego wykazywaly wyzszy poziom zanieczyszczenia

bakteryjnego, natomiast stazy z bloku operacyjnego charakteryzowaly si¢ wigksza

réznorodno$ciag gatunkowa.

e Analiza klastréw: wyodrgbniono trzy grupy probek, przy czym najwyzsza

réznorodno$¢ bakteryjng obserwowano wytacznie w probkach z bloku operacyjneg

0.

e Indeks Shannona dla bloku operacyjnego wynosit 2,29, dla oddzialu ratunkowego

—2,17.
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z oddziatlu ratunkowego 1 bloku operacyjnego [48]

Badanie metagenomiczne potwierdzito, ze wielorazowe stazy s3 nosnikiem
szerokiego spektrum patogendéw zwigzanych z zakazeniami szpitalnymi, w tym szczepow
opornych oraz biofilmotwodrczych. Najistotniejsze zagrozenia dotycza
obecno$ci Acinetobacter, Klebsiella, Enterococcus, Pseudomonas oraz Staphylococcus

aureus, czgsto zwigzanych z najci¢zszymi infekcjami szpitalnymi [48].

Zaobserwowana wigksza roznorodno$¢ bakterii w bloku operacyjnym moze wynikac
z odmiennych procedur czyszczenia, organizacji pracy oraz kontaktu z réznymi grupami
pacjentow. Wskazano brak wyraznego zwigzku pomigdzy stopniem skazenia
a roéznorodno$cig gatunkowg — oba parametry wykazuja znaczne zroznicowanie

w poszczegdlnych probkach.

Wyniki badania uzasadniaja potrzeb¢ stosowania staz jednorazowych

w celu ograniczenia transmisji HAIL
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Wyniki badan przedstawione w publikacji pt. Metagenomic Analysis of Bacterial
Diveristy on Reusable Tourniquets in Hospital Environments wpisuja si¢ w cel
szczegolowy dotyczacy metagenomicznej charakterystyki gatunkowej bakterii obecnych
na stazach uzywanych w badanych placowkach medycznych. Wyniki dostarczaja
unikalnych dowodéw na obecnos$¢ licznych patogenéw HAI oraz istotng zmiennos$¢
bakteryjng w zaleznosci od S$rodowiska klinicznego. Podkre$lono konieczno$¢ rewizji
procedur dezynfekcji 1 organizacji pracy oraz potrzebe dalszych badan nad wpltywem

réznych czynnikéw na skazenie staz w praktyce klinicznej [48].

Sekwencjonowanie 16S rRNA umozliwia identyfikacje taksonomiczng, ale nie
roznicuje bakterii zywych od martwych ani nie okresla profili opornosci na antybiotyki.
Brak kontroli negatywnych (np. nieuzywanych opasek uciskowych) ogranicza bezposrednie
porownania  skuteczno$ci  dezynfekcji. Jest to  jednak zgodne <z  tym,
ze niniejsze badanie koncentruje si¢ na dynamice zanieczyszczen w aktywnie uzywanych
urzadzeniach klinicznych. Wreszcie, rdznice sposoby przechowywania staz na rdéznych
oddziatach szpitalnych mogly wptywa¢ na poziom zanieczyszczenia mikrobiologicznego.
W niniejszym badaniu nie monitorowano sposobu, w jaki sposéb personel medyczny
obchodzil si¢ z opaskami uciskowymi, co obejmowato rowniez potencjalne stosowanie
srodkow dezynfekujacych. Ponadto, stosunkowo niewielka liczebnos$¢ proby (n = 12) moze
ogranicza¢ mozliwo$¢ uogoélnienia naszych ustalen na inne warunki kliniczne. Przyszte
badania powinny obejmowaé wieksze proby i systematycznie dokumentowac protokotly
uzytkowania opasek 1 dekontaminacji, aby lepiej oceni¢ czynniki wplywajace
na zanieczyszczenie opasek uciskowych. Co wigcej, chociaz przejscie na jednorazowe
opaski uciskowe moze zmniejszy¢ ryzyko zanieczyszczenia krzyzowego, takie podejscie
stwarza dodatkowe wyzwania. Jednorazowe opaski uciskowe sg zazwyczaj wykonane
z niebiodegradowalnych tworzyw sztucznych, co przyczynia si¢ do zanieczyszczenia
srodowiska 1 zwickszenia §ladu weglowego. Z drugiej strony, niedostatecznie
dezynfekowane opaski uciskowe wielokrotnego uzytku moga utatwiaé przenoszenie
zakazen zwigzanych z opieka zdrowotng, ktora wigze si¢ ze znacznymi kosztami leczenia.
Koszty ekonomiczne zwigzane z leczeniem pojedynczego epizodu zakazenia moze znacznie
przewyzsza¢ koszty wdrozenia alternatywnych rozwigzan jednorazowych. Dlatego tez,
przyszte badania powinny rowniez uwzglednia¢ wplyw jednorazowych opasek uciskowych
na §rodowisko i1 przeprowadzac kompleksowe analizy kosztow i korzysci, aby ukierunkowaé

strategie kontroli zakazen w réznych placowkach opieki zdrowotne;.
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Przeprowadzona analiza metagenomiczna potwierdzila, ze wielorazowe opaski
uciskowe stanowig istotny rezerwuar drobnoustrojow, w tym patogendw zwigzanych
z zakazeniami szpitalnymi, szczepow wielolekoopornych oraz bakterii zdolnych
do tworzenia biofilmu. Stwierdzona obecno$¢ Acinetobacter spp., Klebsiella spp.,
Pseudomonas spp., Enterococcus spp. 1 Staphylococcus aureus podkresla realne ryzyko
transmisji patogendw w srodowisku klinicznym. Zaobserwowane réznice w réznorodnosci
bakteryjnej pomigdzy badanymi oddziatami szpitalnymi wskazuja, ze poziom skazenia
moze by¢ modulowany przez lokalne praktyki organizacyjne, procedury czyszczenia

oraz czas uzytkowania sprzetu.

W $wietle przedstawionych wynikéw zasadne wydaje si¢ stosowanie jednorazowych
opasek uciskowych jako elementu strategii ograniczania zakazen krzyzowych.
W sytuacjach, w ktorych stosowanie sprzgtu wielorazowego pozostaje konieczne, niezbgdne
jest wdrozenie ujednoliconych, skutecznych procedur dekontaminacji oraz $cisty nadzor nad

ich przestrzeganiem.

Jednoczesnie, powszechne stosowanie opasek jednorazowych moze generowac
dodatkowe obcigzenia srodowiskowe zwigzane z wykorzystaniem niebiodegradowalnych
tworzyw sztucznych. Dlatego przyszie badania powinny obejmowacé oceng¢ wptywu
srodowiskowego 1 analiz¢ kosztow oraz korzys$ci stosowania alternatywnych rozwigzan,
aby wypracowac¢ zrownowazone strategie kontroli zakazen uwzgledniajace zarowno aspekty

kliniczne, jak i1 ekologiczne.
Whioski koncowe:

1. Wyniki przegladu potwierdzily, ze stazy wielorazowego uzytku stanowig istotny
rezerwuar patogenéw, w tym szczepow wielolekoopornych, co zwigksza ryzyko
zakazen krzyzowych w $rodowisku klinicznym. Wskazano na brak spojnych
1 skutecznych wytycznych dotyczacych ich dekontaminacji, co wuzasadnia
konieczno$¢ wdrozenia standaryzowanych procedur lub stosowania wyrobow

jednorazowych [31].

2. Wyniki wykazatly, ze wigkszo$¢ wielorazowych staz (7 z 11 specyfikacji produktu)
nie zawierala precyzyjnych instrukcji dekontaminacji. Zalecenia dotyczace
autoklawowania (120-121 °C, 1 bar) podano jedynie dla dwdch produktow, jednak
brakowato danych dotyczacych czasu i czestotliwosci procesow. Jedynie jeden

producent (Daisygrip) podal polecany czas dezynfekcji (30 sekund z uzyciem
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chusteczek dezynfekcyjnych). Wszystkie stazy jednorazowe byly jasno oznaczone
jako ,jednorazowe” i nie wymagaly dezynfekcji, ale generowaly znaczace ilosci

odpadow plastikowych [32].

Przeprowadzone badania oryginalne wykazaty obecno$¢ bakterii we wszystkich
badanych punktach poboru staz. Stazy z oddzialu ratunkowego cechowaly sie
znaczgco wyzsza kolonizacja bakteryjng (Srednio 545 CFU/cm?) niz te z bloku
operacyjnego (101 CFU/cm?, p=0,00001). Istotnie statystycznie réznice wykryto
takze miedzy 14 a 28 dniem uzytkowania (p=0,03). Az 44% staz mialo widoczne
plamy krwi, co zwigksza ryzyko transmisji patogenéw krwiopochodnych. Podtoza
MacConkey 1 King B potwierdzily obecnos$¢ znacznej liczby Enterobacteriaceae

1 Pseudomonas spp., szczegolnie w oddziale ratunkowym [10].

Analiza metagenomiczna bakterii wykrytych na wielorazowych opaskach
uciskowych wykazata obecnos$¢ klinicznie istotnych patogenow, w tym Klebsiella
spp., Enterococcus spp., Staphylococcus aureus, Pseudomonas aeruginosa
i Acinetobacter spp. tacznie wykryto 131 gatunkéw bakteryjnych nalezacych
do dominujgcych typow: Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes.
Wsrod  najczestszych, klinicznie istotnych patogenéw HAI, najczgsciej
wystepowaty: Klebsiella spp. (5 z 12 staz), Enterococcus spp. (9 z 12
staz), Staphylococcus  aureus (1 ~z 12 staz), Pseudomonas  aeruginosa
(9 z 12 staz), Acinetobacter spp. (10 z 12 staz). Nie wykryto E. coli, Clostridium
difficile, Proteus spp., Enterobacter spp. [48].
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8. PODSUMOWANIE

Przedmiotem niniejszej dysertacji byla kompleksowa analiza ryzyka
mikrobiologicznego zwigzanego z uzytkowaniem wielorazowych staz do pobierania krwi
w placowkach ochrony zdrowia. W pracy podkreslono znaczenie zakazen zwigzanych
z opieka zdrowotng (HAI), ich wptywu na zdrowie publiczne i1 koszty systemowe oraz rolg¢
no$nikdw w transmisji drobnoustrojow. Glownym celem badan byla ocena skazenia
mikrobiologicznego staz z zastosowaniem metod klasycznych 1 metagenomicznych

oraz analiza zalecen producentow dotyczacych dekontaminacji.

Wykazano obecno$¢ klinicznie istotnych patogendéw, w tym szczepow
wielolekoopornych i biofilmotwoérczych, a takze roznice w profilach bakteryjnych zalezne
od s$rodowiska klinicznego 1 czasu uzytkowania. Podkreslono wpltyw czynnikow
organizacyjnych i srodowiskowych na dynamike kolonizacji oraz koniecznos$¢ standaryzacji
procedur dezynfekcji i wzmocnienia edukacji personelu. Wskazano rdwniez na potrzebe
uwzglednienia aspektow Srodowiskowych 1 ekonomicznych w projektowaniu sprzetu

medycznego, w tym rozwigzan biodegradowalnych.

Ograniczenia badania obejmuja m.in. wielko$¢ proby oraz specyfike jednego
o$rodka, co uzasadnia konieczno$¢ dalszych, wieloosrodkowych analiz, w tym oceny
oporno$ci wykrytych szczepow i analizy cyklu zycia stosowanych materialdow. Rownolegle
prowadzone sg badania uzupetniajace dotyczace opornosci szczepoéw i analizy cyklu zycia
(LCA) staz  jednorazowych, ktorych wyniki zostang  zaprezentowane

w kolejnych publikacjach naukowych.

Uzyskane wyniki potwierdzaja obserwacje innych autorow, wskazujace, ze sprzet
medyczny wielokrotnego uzytku stanowi istotne ogniwo w transmisji drobnoustrojow
w §rodowisku szpitalnym. W odréznieniu jednak od wiekszosci dotychczasowych badan,
ktore koncentrowaty si¢ gldéwnie na narzedziach chirurgicznych i sprzecie wysokiego
ryzyka, niniejsza praca wykazata, ze takze tak pozornie nieinwazyjny element jak staza
moze by¢ wektorem mikroorganizméw wielolekoopornych. Tym samym wyniki
te poszerzaja dotychczasowe rozumienie drog transmisji HAI i wskazuja na potrzebe rewizji

obowigzujacych wytycznych dezynfekcji.
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Zastosowanie metod metagenomicznych pozwolito uchwyci¢ szersze spektrum
mikrobioty obecnej na powierzchniach staz, co stanowi istotne uzupetnienie klasycznych
metod hodowlanych. Otrzymane dane moga sta¢ si¢ punktem wyjscia do opracowania
precyzyjnych, opartych na dowodach naukowych standardéw dotyczacych ponownego

uzycia i dekontaminacji sprzetu niskiego ryzyka.

Interpretujac wyniki w konteks$cie praktyki klinicznej, nalezy zwroci¢ uwage,
ze nawet przy zachowaniu deklarowanych przez personel zasad higieny, zanieczyszczenie
powierzchni roboczych pozostaje znaczace, co potwierdza potrzebe statego nadzoru
1 szkolen. Z punktu widzenia polityki zdrowotnej wnioski te moga wspiera¢ wdrazanie
rozwigzan z zakresu zrOwnowazonego sprz¢tu medycznego, uwzgledniajacego zarowno

bezpieczenstwo mikrobiologiczne, jak i aspekty srodowiskowe.

Wyniki badan dostarczaja naukowych podstaw do rewizji praktyk klinicznych,
standaryzacji procedur kontroli zakazen oraz wprowadzania zmian organizacyjnych
1 edukacyjnych ukierunkowanych na poprawe bezpieczenstwa pacjentow. Badania majg
charakter pionierski w skali krajowej i otwieraja perspektywe dalszego rozwoju
interdyscyplinarnych badan oraz wdrozen zrownowazonych rozwigzan w obszarze kontroli

zakazen.
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Introduction: The use of reusable tourniquets is widespread around the world,
and reports suggest they may be overused. Several studies have shown that
reusable tourniquets can affect the spread of pathogens between patients. Based
on available studies, this review aims to analyse the indirect transmission of
antimicrobial-resistant pathogens present on blood collection tourniquets, which
may spread infectious diseases between patients in daily clinical practice.

Methods: A systematic review of the literature was conducted according to the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis)
protocol guidelines. The contents of PubMed, EBSCO (electronic databases), and
Scopus were screened. Keywords used in the search included: “tourniquet,” “cross
infection,” "nosocomial infection,” “staphylococcus aureus,” "MRO,” “"pathogen,”
“infectious disease,” “anti-microbial,” or a combination of these using AND or
OR operators. Finally, 13 publications were included. Data were analysed both
descriptively and quantitatively by calculating a balanced average for specific
synthesized data.

Results: The proportional observation based on the number sampled median was
77. The genus MRSA was the type of bacteria most commonly found: on 12% of
all tested tourniquets. The amount of MRSA found on tourniquets was mean + SD
14.6 + 45.89. A review of studies also revealed the presence of coagulase-negative
staphylococci, grew Bacillus, and Staphylococcus aureus.

Conclusion: Patient safety may be at risk due to elevated contamination rates
of reusable tourniquets. The microorganisms responsible for this contamination
include a variety of species, the most common being the genus Staphylococcus.
For this reason, we recommend the use of disposable tourniquets.

KEYWORDS

tourniquet, cross infection, nosocomial infection, Staphylococcus aureus, MRO,
pathogen, infectious disease
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Introduction

Collecting blood through peripheral venous access using
tourniquets is one of the most common invasive procedures in
hospitals and other medical facilities. However, tourniquets for
venipuncture are non-sterile and potentially reusable equipment. The
usual technique for providing venous access is to apply a reusable
tourniquet to the patient’s arm (1). Conventional tourniquets are
made of fabric, and their porous structure can be a potential reservoir
of infection. Usual tourniquets can be recycled through sterilization
or dipping in disinfectants. Such methods are time-consuming and
unsuitable for immediate use between patients (2). The most common
way to disinfect reusable tourniquets is to spray them with disinfectant
and hang the tourniquet to dry, but such a disinfection method is not
effective as it is time-consuming. The use of such tourniquets,
transferred between multiple patients, contributes to the transmission
of multiresistant microorganisms (MROs) between patients and
contradicts basic infection control principles (3-6). Reusable
tourniquets used for blood collection are a potential carrier of
multiresistant microorganisms. Disinfection of reusable equipment is
not clear-cut, thus the use of disposable tourniquets, which do not
require disinfection and are disposable, is preferable to reusable
tourniquets. Several studies have shown that the use of reusable
tourniquets can contribute to the transmission of MRO between
patients. This is particularly important for immunocompromised
patients who are at risk for nosocomial infections (2, 7). Improving
the quality of health care involves increasing the quality and safety of
medical devices used by health care workers, such as during blood
draws (1). Since a review of the literature can identify major
epidemiological and clinical findings, our purpose was to provide a
comprehensive report on the proportion of sampled specimens
between the use of reusable tourniquets and the pathogens detected
on them based on recent studies.

Methods
Study design

The literature review was performed in the second quarter of
2023. This systematic review was carried out in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement using PICO-based questions (patients,
interventions, comparisons, and outcomes). The resources of PubMed,
EBSCO (electronic databases), Scopus, and MEDLINE were searched.
No filters were used during the search, and the search included
backward citation of eligible full-text trials.

Evidence acquisition

In May 2023, three independent researchers (JS, MM, and
WM-D) conducted a search of the targeted online databases for
eligible studies. The keywords used were “tourniquet,” “cross-

» <

infection,

» <«

nosocomial infection,
anti-microbial” or a combination of

staphylococcus aureus, “MRO;
» s »

“pathogen,” “infectious disease;
these using AND or OR operators. The preliminary search returned
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291 articles, 13 of which were included in further analysis. Papers
published in English were included in the analyses.

Inclusion and exclusion criteria

The inclusion and exclusion criteria were based on the PICOS
classification. If articles fulfilled predefined criteria, they were included
and classified as basic research (animal and cell studies),
epidemiological (morbidity and mortality studies), and treatment
studies. Articles were excluded if the full text was not publicly available
was not available in English and if articles were not original articles or
did not support PICO.

Inclusion criteria:

« articles in English
« research group consisting only of reusable tourniquets
« studies describing pathogens on reusable tourniquets

Exclusion criteria:

« articles in a language other than English or Polish
« research where a study group consisted of medical equipment
different than reusable tourniquets

Evidence synthesis and quality assessment

Three independent researchers (JS, MM, and WM-D) retrieved
and summarized information from the eligible studies in tables. The
authors discussed conflicts regarding study inclusion and managed to
resolve them by consensus. Studies were considered to be of high
quality with a tool created by the Joanna Briggs Institute (JBI) (8). The
system created by the JBI was designed to provide reviewers with a
comprehensive guide on how to conduct a systematic review and how
to rank selected articles (JBL for manual synthesis)'. Additionally, an
appraisal checklist with 11 criteria (Q1-Q11) was also used. The
questions on the checklist centered on the inclusion criteria of the
selected articles, the sources and resources of the selected material,
and the type of approaches used in the study. The answers used were
yes, no, unclear, or not applicable. The outcomes of the quality
assessment are described in Table 1.

Results

A total of 291 articles were found in the scientific databases. After
removing duplicates, 56 papers remained for analysis. Then, 51 full-
text articles were retained after reviewing abstracts. The next step
focused on inclusion and exclusion criteria (38 were rejected). At the
stage of qualitative text analysis, four articles were rejected. Finally, 13
articles were accepted for systematic analysis (Figure 1).

1 https://jbi-global-wiki.refined.site/space/MANUAL
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TABLE 1 Critical appraisal results for included studies.

10.3389/fpubh.2023.1258692

Author, year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11
Elhassan H. A. et al. (2012) (9) Y Y Y Y Y Y n/a Y Y Y Y
Mehmood Z. et al. (2014) (10) Y Y Y Y Y Y U Y U Y Y
Leitch A. et al. (2006) (11) Y Y Y Y N Y Y U Y Y
Golder M. et al. (2000) (3) Y Y Y Y Y Y U Y N Y Y
Rourke C. et al. (2001) (12) Y Y Y Y Y Y n/a Y Y Y U
Berman D. S. et al. (1986) (4) Y Y Y Y Y Y n/a Y Y Y Y
Culjak M. et al. (2018) (5) Y Y Y Y Y Y n/a Y N Y Y
Pinto A. N. et al. (2011) (13) Y Y Y Y Y Y n/a Y U Y Y
Hensley D. M. et al. (2010) (6) Y Y Y Y Y Y n/a Y U Y Y
Abeywickrama T. et al. (2010) (14) Y n/a Y Y Y Y Y N N Y
Frankiln G. E et al. (2017) (15) Y Y Y Y Y U Y Y Y Y
de Oliveira Batista K. C. et al. (2015) (16) Y Y Y Y n/a n/a Y Y Y
Kane L. et al. (2011) (17) Y Y N n/a U n/a n/a Y U Y Y

Y, yes; N, no; U, unclear; n/a, not applicable. Q1: Was the review question clearly and explicitly stated? Q2: Were the inclusion criteria appropriate for the review question? Q3: Was the search

strategy appropriate? Q4: Were the sources and resources used to search for studies adequate? Q5: Were the criteria for appraising studies appropriate? Q6: Was the critical appraisal

independently conducted by two or more reviewers? Q7: Were there methods to minimize errors in data extraction? Q8: Were the methods used to combine studies appropriate? Q9: Was the

likelihood of publication bias assessed? Q10: Were recommendations for policy and/or practice supported by the reported data? Q11: Were the specific directives for new research appropriate?
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FIGURE 1
PRISMA flow diagram.

Some limitations need to be highlighted, such as limited
observations due to the number of samples taken and the fact that
there was no methodological correlation with regard to nosocomial
infections caused by contaminated tourniquets.

The included studies were conducted between 1986 and 2018 in
countries such as the United Kingdom, the United States, Canada, and
Pakistan. The proportional observation based on the number sampled
median was 77. The genus MRSA was the type of bacteria most

Frontiers in Public Health

commonly found: on 12% of all tested tourniquets, with the median
of MRSA amounting to 8.5%. The amount of MRSA found on
tourniquets was mean+SD 14.6+45.89. A review of studies also
revealed the presence of coagulase-negative staphylococci, grew
Bacillus, and Staphylococcus aureus.

A synthesis of the qualitative results of the review of the literature
on reusable compression tourniquets in the field of MRO is presented
in Table 2.
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TABLE 2 Synthesis of qualitative results of literature review relating to reusable tourniquets in the field of MRO.

Author and year
of publication

Elhassan H. A. et al.
(2012) (9)

MRSA-contaminated
venipuncture tourniquets in

clinical practice.

Study group

50 reusable tourniquets
collected from two
district hospitals in Essex,

UK

Materials and methods

- The bag with a tourniquet and 10 ml of Ringer’s solution
was shaken vigorously to elute the organism from the
tourniquet.

- A sample of the ‘tourniquets derived solution’ was dropped
by pipette (one drop - 50 pL) and spread by sterile
disposable loop onto agar with 5% horse blood, nalidixic
acid, colistin, and mannitol - salt agar plates and incubated

at 37°C aerobically for 48 h.

Results

- 18/50 (36%) tourniquets were positive
with Staphylococcus aureus and of these
6/50 (12%) were methicyllin-resistant
Staphylococcus aureus, MRSA positive

- 10/50 (20%) grew bacillus

- 30/50 (60%) were visibly blood

stained

Implications for nursing
practice

Common patient devices, including
disposable tourniquets, should be cleaned
every time they are used.

If shared equipment is unable to be cleaned
among patients, disposable items are

preferred.

Mehmood Z. et al. (2014)
(10)

Potential risk of cross-
infection by tourniquets: a
need for effective control

practices in Pakistan.

100 reusable tourniquets
collected from public (40)
and private (60) hospitals

in Karachi, Pakistan

- To obtain the samples, swab sticks moistened with
sterilized saline were rotated over both sides of the
tourniquet at the distal and proximal ends.

- The samples were streaked onto basic blood agar and

McConkey’s agar culture medium.

- Bacterial growth was found on 23/40
samples from public sector hospitals
and on 28/60 from the private sector
hospitals

- MRSA was more prevalent in public
than in the private sector hospitals
(18,2% vs. 16,6%)

- Staphylococcus aureus was found on

12 of 100 tourniquets.

Ceasing multiple-use tourniquets, using
cost-effective, disposable tourniquets, and
introducing proactive prevention methods
such as effective hand hygiene are the only
effective measures to prevent cross-infection.
The use of disposable tourniquets should

be the norm, as there is no reliable way to

disinfect reusable tourniquets.

Leitch A. et al. (2006) (11)

Reducing the potential for
phlebotomy tourniquets to
act as a reservoir for
methicillin-resistant

Staphylococcus aureus

131 reusable tourniquets

- The tourniquets were collected into specimen bags, coded,
and transported to the laboratory.

- In the laboratory, the tourniquets were pressed onto blood
agar and mannitol salt, then swabbed lengthwise by a sterile
moist swab.

- This was then used to inoculate 7% salt broth.

- After 24 h of incubation at 37°C, the broth was inoculated

in lines across an ISO-sensitest plate.

- The rate of contamination with MRSA
was 32 of 131 (25%) tourniquets.

- 12/131 (9%) Staphylococcus aureus

- 73/131 (56%) coagulase-negative
staphylococci

The process of decontaminating reusable
medical devices such as tourniquets was
inadequate according to the authors, and the
use of disposable ones should

be implemented.

Taint rates, and consequently the potential
risk, can be decreased

if hand decontamination is carried out.

Golder M. et al. (2000) (3)

Potential risk of cross-
infection during peripheral-
venous access by
contamination of

tourniquets

77 reusable tourniquets
collected from a London
teaching hospital and two
large district hospitals,
UK

Group A:
-50 tourniquets were examined for visible bloodstains. They
were pressed three times onto the blood-agar plates, which

were incubated at 37°C in air.

17/50 tourniquets had bacterial
pathogens:

MRSA (12),

Escherichia coli (1), Pseudomonas
aeruginosa (1), Stenotrophomonas

maltophilia (1), Enterococcus faecalis (1)

Group B:
—27 tourniquets with visible bloodstains (group B) were

tested for HIV-1 RNA and HBsAg and also ...

HIV-1 RNA nor HBsAg was detected in

any of the group B tourniquets.

In areas at increased risk of HIV-1 or
hepatitis B virus infection, there is a potential
risk of virus transmission from tourniquets
to the patient through areas of damaged
tissue, such as venous access and monitoring
sites, open wounds, eczema, cuts, and
abrasions.

Hand washing between patients

is highlighted as an important component of
nosocomial infections.

The authors suggest the need for the use of

disposable tourniquets.

(Continued)
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TABLE 2 (Continued)

Author and year

of publication

Rourke C. et al.
(2001) (12)

Poor Hospital Infection

Control Practice in

Study group

200 reusable tourniquets

were obtained from a

Materials and methods

- An area of the tourniquet in contact with the patient’s skin

was pressed once onto a blood agar plate.

Results

- Staphylococcus aureus was isolated
from 10 /200 (5%)

Implications for nursing
practice

It seems that more work should be conducted

among staff

Venipuncture and Use of teaching hospital in - The plates were examined after 18 h of aerobic incubation - 75/200 (37,5%) had visible blood at the facility where the study was conducted

Tourniquets Sheffield, UK at 37°C. stains to increase awareness and implementation of
- 99,5% tourniquets had coagulase- the infection control policies and the benefits
negative staphylococci and micrococci of hand washing and glove use.
- Of those tourniquets testing positive
for Staphylococcus aureus, 30% had
visible blood stains.

Berman DS. et al. (1986) Tourniquets 24 reusable tourniquets in | No data - Staphylococcus aureus was found on The writers suggest that tourniquets may

()

and nosocomial methicillin-
resistant Staphylococcus

aureus infections

use by the medical house
staff and hospital
phlebotomists

12/24 (50%)
- 7/24 (29%) MRSA
- 5/24 (21%) phage type 88

be an important pathway of transmission of
nosocomial pathogens, as they are
transferred from arm to arm and ought to

be changed or disinfected frequently.

Culjak M et al.
(2018) (5)

Bacterial contamination
of reusable venipuncture
tourniquets in tertiary-care

hospital

52 reusable tourniquets

- Samples were taken using soaked-in sterile saline swabs.
- The entire surface of the tourniquets was swabbed,
including the buckle. Tourniquets were left for further use,

without interrupting usual ward routines.

- Coagulase-negative Staphylococcus
spp. 46/52 (75%)

- Bacillus spp. 5/52 (8%)

- Corynebacterium spp. 1/52 (2%)

- Staphylococcus aureus 1/52 (2%)

- MRSA 2/52 (3%)

- Enterobacter spp. 1/52 (2%)

- Enterococcus spp. 1/52 (2%)

- No bacterial growth 4/52 (6%)

Authors strongly advise the use of disposable
tourniquets to avoid cross-contamination
and the spread of microorganisms between
patients. Moreover, the infection prevention
nurse educated the hospital personnel on

appropriate hand hygiene.

(Continued)
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TABLE 2 (Continued)

Author and year

of publication

Pinto A. N. et al. (2011)
(13)

Reusable venesection
tourniquets:

a potential source

of hospital transmission

of multiresistant organisms.

Study group

100 reusable

tourniquets

Materials and methods

- Tourniquets were collected and immediately placed into
polyethylene specimen bags, labelled, and transferred to the
laboratory.

- They were immersed in an enrichment medium and
incubated overnight.

- Fluid from the broth was then subcultured onto a variety
of agar media: hore-blood agar, MacConkey agar, and
selective agar media for the detection of MRSA, VRE, and
resistant gram-negative bacteria including ESBL- and MBL-

producing organisms.

Results

- Bacillus spp.

54/100 (54%)

- Enterobacteriaceae 26/100 (26%)

- VRE 19/100 (19%)

- Pseudomonas spp. 18/100 (18%)

- methicillin-resistant S. aureus 14/100
(14%)

- Coagulase-negative. Staphylococci
13/100 (13%)

- Enterococcus spp.

9/100 (9%)

- methicilin-sensitive S. aureus 1/100
(1%)

- Extended-spectrum

8- lactamases 1/100 (1%)

- Metallo-f3-lactames

1/100 (1%)

Implications for nursing
practice

With the present high incidence rates of
MRO, continued use of reusable tourniquets

may not be justified in the hospital setting.

Hensley D. M. et al. (2010)
(©)

Acinetobacter baumannii
and MRSA contamination
on reusable phlebotomy

tourniquets.

200 reusable tourniquets

100 reusable tourniquets were collected after being used for
1 day in the outpatient blood collection center and were
cultured, and growth was screened for MRSA using colonial
morphology, catalase, Staphaurex, and Oxacillin screening

agar.

- Acinetobacter baumanii was isolated
from 11/100 (11%)
- Methicillin-susceptible S. aureus was

isolated from 2/100 (2%)

Reusable tourniquets might serve as a

potential reservoir of microbial pathogens.

100 reusable tourniquets were collected during morning
blood collection rounds on inpatient wards and methods of

screening for MRO were the same as in the first group.

- Acinetobacter baumanii was isolated
from 3/100 (3%)

- Methicillin-susceptible S. aureus was
isolated from 3/100 (3%)

No MRSA was isolated.

Abeywickrama T. et al.
(2018) (14)

Methicillin-resistant
Staphylococcus aureus
contamination of
phlebotomy tourniquets and

faucets.

206 reusable

tourniquets

Using aseptic techniques these tourniquets were incubated
overnight at 37°C in brain heart infusion broth. 200 uL of
broth was subcultured onto CGROMagar MRSA medium

and processed according to the manufacturer’s instructions.

53/206 (25,7%) tourniquets grew
MRSA.

Single-use (i.e., throw away after a single use)
plastic tubing from new infusion sets was
significantly less contaminated with MRSA
than either reused plastic tourniquets or
reused tourniquets intended for a single
patient. General standard hand hygiene
practices need to be built into the assessment
of healthcare workers in hospitals to

minimise MRSA cross-contamination.

(Continued)

1e 3@ ¥AzowAzs

2698521'$202'yandy/68¢5 0T


https://doi.org/10.3389/fpubh.2023.1258692
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

U1eaH J1gNd Ul S491UO0S

L0

610" uISIa1U0L

TABLE 2 (Continued)

Author and year

of publication

Frankiln G. E et al. (2017)
(15)

Phlebotomy tourniquets
and MRSA

Study group

50 reusable tourniquets

Materials and methods

The tourniquets were taken to the laboratory in sterile bags
and treated with a sterile technique. The plastic or metal clip
was discarded and the entire band was dipped into 150 mL
of brain heart infusion broth. After overnight incubation,
200 mL of broth was cultured on an Oxacillin Resistance
Screening Agar Base (ORSAB) plate. The plate was
incubated for 24h and tested for the presence of dark blue
colonies, presumed to be identified as MRSA.

Results

33/50 (66%) tourniquets were soiled
4/50 (8%) tourniquets were visibly
blood stained

5/50 (50%) tourniquets grew MRSA

Implications for nursing
practice

This study confirms the presence of MRSA
on reusable tourniquets and demonstrates
the prolonged use and inadequate cleaning of
these essential pieces of equipment.

The authors recommend that single-use
alternatives should not be rejected without

consideration.

de Oliveira Batista KC
etal. (2015) (16)

Contamination
of tourniquets
for peripheral intravenous

puncture

18 reusable tourniquets

At the laboratory, tourniquets were immersed in single
flasks of BHI (brain heart infusion) broth and incubated at
35°C for up to 48h. Samples with microbial growth were
inoculated onto salted mannitol agar and tryptic soy agar
with 4% NaCl. They were then incubated at 35°C for up to
48h. TSA oxa medium was used to isolate and identify

oxacillin-resistant strains.

- 11/50 (52,4%) coagulase-negative
Staphyloccocus

-2/50 (9,5%) S. aureus

- 4/50 (19%) Rodothorula muciaginosa
- 3/50 (14,3%) Candida

- 1/50 (4,8%) Candida parapsilosis

The results of this study demonstrate that IV
tourniquets are widely used by nursing teams
and may be contaminated with pathogenic
microorganisms that operate as fomites in

healthcare environments.

Kane L. et al. (2011) (17)

Phlebotomy tourniquets-
vectors for bacterial

pathogens

10 tourniquets

Tourniquets were swabbed. Samples were applied to
McConkey agar and blood plates, incubated for 48h, and

assessed for bacterial growth.

- 3/10 tourniquet were positive with
MRSA

Pathogens like coagulase negative
staphylococci, micrococci, 8- haemolytic
streptococci, coliform colonies were also

present in unspecified quantities.

Tourniquets for use in phlebotomy are
potential vectors for bacterial pathogens.
Clinical facilities should provide disposable
tourniquets and promote good infection
control practices through education and
meticulous hand hygiene to reduce the risk
of microbial spread. Staff motivation and
compliance with single-use alternatives are
significant barriers to reducing cross-

infection.
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Discussion

This systematic review of 13 articles summarized the evidence from
basic research, epidemiological, and clinical treatment studies of the
association between MROs and the use of reusable tourniquets by medical
personnel. A previously published research by Pinto et al. primarily
focused on the highest rates of multi-resistant organisms in single-patient
tourniquets used in intensive care units. In this systematic review,
we describe basic research studies on every type of ward in a hospital (13).
Evidence suggests that reusable tourniquets may serve as a potential
reservoir of bacterial microorganisms in a diverse range of healthcare
settings (6, 9). Using disposable tourniquets in hospitals is unpopular; this
may be due to the convenience of staff using reusable stasis and a matter
of habit. In the study conducted by Grohmann et al., it was shown that
there was significantly less bacteria on silicone than on conventional
tourniquets. The use of a silicone tourniquet is a more secure, sustainable,
and economical alternative to tourniquets made of other materials (1). It
is also worth considering if the longer time a patient stays in hospital due
to several infections caused by pathogens is better than using disposable
tourniquets, which may prevent the spread of infections. Hospital-
acquired infections can lead to increased length of stay and higher costs
(18). According to US estimates, the cost of a single episode of MRSA
bacteraemia is US$26,446, meaning that one episode corresponds to the
cost of at least 130,000 disposable tourniquets, considering that a
disposable tourniquet costs £ 0.07, according to UK cost estimates quoted
by Leitch et al. (11, 19). It is also interesting to explore if pathogens from
tourniquets may contribute to infections within the IV. Disposable
tourniquets are ideal, but as long as reusable tourniquets are used for
various reasons, adequate infection prevention is required. Kerstain et al.
recommended the use of disposable tourniquets, claiming that, taking
into account the cost of hospital-acquired infections and the length of
time a patient stays in the hospital due to infection, it is more cost-effective
to reduce infection transmission to patients by the use of disposable
tourniquets (20). Contamination of tourniquets depends on the hospital
as a whole. Poor hygiene in combination with the careless use of
tourniquets makes them a source of hospital-acquired infections. (2).
Kerstain et al. found that disposable tourniquets are favored by patients
and phlebotomists for their convenience and practicality (20). Using
single-use devices for blood sampling and drawing is proposed by the
WHO Guidelines on Drawing Blood: Best Practices in Phlebotomy (7).
Compression tourniquets, as nursing medical devices, should be stored
and managed with greater care to limit negative effects on patients. Steps
to be taken should include adopting protocols, educating staff, and
providing stasis disinfection between uses (21). A study by Schauer et al.
demonstrated that the quantitative risk of reusable tourniquets appears to
be low using standard infection control practices (22). Regular supervision
and rules for sterilization or disinfection of tourniquets are advised in the
Infection Control program to reduce hospital-acquired infections. (23).

National guidance on the use and cleaning of venipuncture
tourniquets is recommended (24).

Limitations

Some important scientific research was left out of the search and
selection process due to the nature of the publication date (research
since 1986) and language (English). Tests have been carried out in
different regions, so the cultural aspect and general hospital policy
environment in the country should be taken into account. It is
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necessary to mention the methodological limitations of the systematic
review, including inherent biases that include selection, different
quantitative sampling based on unspecified reusable tourniquet
methods, various locations for collecting materials, miscellaneous
infection control policies in medical facilities, and effective enforcement
of glove and hand hygiene. Furthermore, internal validity was achieved
in this study as there was no bias in the study design, analysis, and how
the study was conducted. To ensure the internal validity of the study,
the selection of tourniquets was randomized and we followed specific
procedures during the study. There were limitations in that
generalization to external validation was not possible.

Conclusion

Patient well-being may be at risk due to the high level of
proportional observation based on the number of sampled
contamination of reusable tourniquets. The micro-organisms
responsible for this contamination belong to different species, the
most common being the genus Staphylococcus. For this reason,
we suggest the use of disposable tourniquets.

Implications for practice

The review identified weaknesses in the use of reusable
tourniquets in medical settings. Safely collecting blood using
tourniquets that will not threaten the patient’s safety should be a
priority even if it is challenging for medical facilities, which should
focus on the adoption of clear rules of conduct. In practice, more
emphasis should be placed on monitoring the epidemiological status
of reusable tourniquets in medical facilities.
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WIELORAZOWE STAZY: WYZWANIA, BEZPIECZENSTWO

| POTRZEBA ZMIAN W PRAKTYCE KLINICZNEJ

REUSABLE STASIS: CHALLENGES, SAFETY AND THE NEED FOR CHANGE IN CLINICAL PRACTICE

ORCID*: 0000-0001-8377-4893 | 0000-0001-9728-5011

STRESZCZENIE: Staza jest kluczowym narzedziem stosowanym przez personel medyczny
w celu uzyskania dostepu naczyniowego. Najczesciej uzywane stazy wielorazowe wymagaja
odpowiedniego czyszczenia, jednak brak jednoznacznych wytycznych w tym zakresie zwieksza
ryzyko zakazen. Alternatywg sg stazy jednorazowe, ktére eliminujg koniecznos¢ dezynfekgji, ale
generujg wieksze ilosci odpaddw plastikowych. Analiza informacji dostepnych na stronach pro-
ducentéw wykazata, ze wiekszo$¢ staz wielorazowych nie posiada jasno okreslonych zalecen
dotyczacych dezynfekcji. W praktyce klinicznej istnieje takze ryzyko wielokrotnego uzycia staz
jednorazowych, co dodatkowo zwieksza zagrozenie epidemiologiczne. Ograniczona dostep-
nos¢ sprzetu oraz brak procedur w wielu placéwkach medycznych stanowig istotne wyzwania
dla systemu ochrony zdrowia. Sektor epidemiologiczny oraz dziaty zarzadzajace w placéwkach
medycznych powinny aktywnie wdrazac procedury dotyczace stosowania i czyszczenia staz,
a takze monitorowac ich przestrzeganie. Konieczne sa inwestycje w bezpieczny sprzet, eduka-
Cja personelu oraz badania nad optymalnymi rozwigzaniami, ktére uwzglednia zaréwno bez-
pieczenstwo pacjentdw, jak i aspekty ekologiczne.

StOWA KLUCZOWE: monitorowanie epidemiologiczne, opaski uciskowe, zakazenia krzyzowe

ABSTRACT: Tourniquet is a key tool medical professionals rely on to gain vascular access. The
most commonly used reusable tourniquet requires proper cleaning; however, lack of clear gu-
idelines in this regard increases the risk of infection. Disposable tourniquets provide an alter-
native, as they eliminate the need for disinfection, although they generate more plastic waste.
An analysis of the information available on manufacturers' websites demonstrated that most
reusable tourniquets do not have clearly defined disinfection recommendations. Furthermore,
there is a risk of multiple use of disposable tourniquets in clinical practice, which additionally
increases the epidemiological risk. Limited availability of equipment and lack of procedures in
numerous medical facilities pose significant challenges for the health care system. The epide-
miological sector and management departments in healthcare facilities should actively imple-
ment procedures for the use and cleaning of tourniquets, as well as monitor their compliance.
[t is essential to ensure investment in safe equipment, staff education and research into opti-
mal solutions in terms of both patient safety and ecological aspects.

KEY WORDS: cross infection, epidemiological monitoring, tourniquets
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WSTEP

Staza to elastyczna opaska umozliwiajagca uwidocznienie
zyly przed uzyskaniem dostepu naczyniowego. Dostep naczy-
niowy obejmuje zaréwno miejsce wprowadzenia kaniuli, jak
i miejsce iniekeji, wykorzystywane do pobierania materiatu na
badania laboratoryjne czy podawania lekéw droga dozylna.
Uprawnienia do pobierania materiatu biologicznego posiadajg

©Evereth Publishing, 2024

m.in. personel pielegniarski, lekarze z odpowiednimi kwalifi-
kacjami, diagno$ci laboratoryjni, analitycy medyczni, polozne
oraz ratownicy medyczni [1]. Staza jest zatem podstawowym
narzedziem wielu profesji medycznych, bez ktdrego niemozli-
we bytoby wykonanie podstawowych czynnosci klinicznych.
Najcze$ciej spotykane sg stazy wielorazowego uzytku, wy-
konane z porowatego materiatu. Brak precyzyjnych wytycz-
nych dotyczacych ich czyszczenia miedzy pacjentami moze
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prowadzi¢ do zwigkszenia ryzyka zakazen, w tym zakazen
w miejscu wklucia. Dystrybutorzy sprzetu medycznego po-
daja informacje o dezynfekeji chusteczkami, praniu chemicz-
nym i autoklawowaniu. Natomiast Zadna z tych metod nie jest
na tyle optymalna czasowo i efektywna, Zeby byta stosowana
w $rodowisku medycznym (Ryc. 1). Z kolei stazy jednorazo-
wego uzytku eliminujg konieczno$¢ czyszczenia, jednak ge-
neruja inne wyzwania, takie jak wzrost produkeji odpadow
z tworzyw sztucznych i ich wplyw na $rodowisko (Ryc. 2) [2].

Celem niniejszego badania byfa ocena dostepnosci infor-
macji na temat czyszczenia staz dostepnych na rynku - za-
réwno wielorazowych, jak i jednorazowych.

METODY I METODY

Przeglad przeprowadzono zgodnie z wytycznymi Pre-
ferred Reporting Items for Systematic Reviews and Meta-
-Analyses (PRISMA). Wyszukiwanie informacji odbylo si¢
na stronach internetowych producentéw i dystrybutordw,
a proces selekcji obejmowal identyfikacje, przesiewanie
i wlaczanie Zrédet zgodnie z ustalonymi kryteriami.

STRATEGIA WYSZUKIWANIA

Wyszukiwanie przeprowadzono w okresie od listopa-
da 2024 r. do stycznia 2025 r. w Gdansku, wykorzystujac
kombinacje stéw kluczowych: stazy wielorazowe OR stazy

Staza

wielorazowa

Dezynfekcja w zaleznosci
od metody

Dezynfekcja
chusteczkami
dezynfekujacymi

Pranie
i dezynfekcja
chemiczna

Autoklawowanie
(jesli to mozliwe)

Gotowe do
ponownego
uzycia

Gotowe do
ponownego
uzycia

Suszenie

Ryc. 1. Metody czyszczenia staz wielorazowych.

Staza

jednorazowa

Utylizacja po
jednorazowym uzyciu

Ryc. 2. Postepowanie ze stazg jednorazowa.
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jednorazowe AND dezynfekcja OR zalecenia producentdéw
OR specyfikacja produktu. Uwzgledniono wylacznie strony
producentéw i dystrybutoréw, a kryterium jezykowym byta
dostepnos¢ informacji w jezyku polskim.

SELEKCJA ZRODEL

Proces selekcji opieral si¢ na metodzie podwojnej oce-
ny przeprowadzonej przez niezaleznych recenzentdw.
W pierwszym etapie dokonano wstepnej identyfikacji zré-
det, a nastepnie poddano je szczeg6étowej ocenie pod katem
spelniania kryteriow wiaczenia.

EKSTRAKCJA I ANALIZA DANYCH

Analiza obejmowata metody czyszczenia, zalecenia pro-
ducenta oraz specyfikacje produktu, jednak nie stosowano
standaryzowanego formularza ekstrakcji danych. Informa-
cje zostaly poréwnane i poddane krytycznej ocenie w celu
wyeliminowania niejednoznaczno$ci i niespojnosci.

OCENA JAKOSCI DANYCH

Ostateczna ocena jakosci informacji opierata sie na mozliwo-
$ci zamowienia danego sprzetu z analizowanych domen. Strony
internetowe oceniano pod katem dostepnosci informacji, ich
aktualnosci oraz przejrzystoéci przedstawionych danych.

OGRANICZENIA BADANIA

Przeglad ograniczono do stron internetowych produ-
centdéw i dystrybutoréw, co moglo wplynaé na zakres do-
stepnych informacji. Analizie poddano wylacznie zrodla
w jezyku polskim, co mogto skutkowa¢ pominieciem istot-
nych danych z zagranicznych publikacji lub stron interneto-
wych. Ponadto uwzgledniono jedynie informacje dostepne
w okresie wyszukiwania (listopad 2024 - styczen 2025), co
oznacza, ze pozniejsze aktualizacje stron mogty nie zostaé
ujete w badaniu. Brak standaryzowanego formularza eks-
trakcji danych mégl wplyna¢ na réznice w interpretacji po-
szczegolnych informacji przez recenzentéw.

WYNIKI

Uzyskane dane z 11 domen internetowych wskazuja, ze
informacje dotyczace czyszczenia wielorazowych staz sg
niewystarczajace. Zdecydowana wigkszo$¢ staz dostepnych
na rynku nie posiada sprecyzowanych zalecen producenta

©Evereth Publishing, 2024
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w zakresie sterylizacji czy dezynfekeji. Pojawiajg si¢ hasla,
takie jak sterylizacja, pranie, namaczanie w $rodkach dezyn-
fekcyjnych, stosowanie chusteczek do dezynfekeji — zadna
z tych metod nie jest optymalna czasowo oraz skuteczna.
Nie istnieje jedna zalecana metoda dezynfekcji wielorazo-
wych staz. Moze to rodzi¢ watpliwosci co do bezpieczenstwa
ich stosowania w jednostkach medycznych, gdzie kluczowe
jest minimalizowanie ryzyka zakazen.

DYSKUSJA
WYBOR ODPOWIEDNIEJ STAZY

Z mozliwych opcji najlepszym rozwigzaniem jest korzy-
stanie ze staz jednorazowych. Na chwile obecng informacje
dostepne w domenach internetowych nie s3 wystarczajace,
by w sposdb bezpieczny korzysta¢ z wielorazowych staz. Sg
one noé$nikiem mikroorganizméw, m.in. Staphylococcus au-
reus, Pseudomonas aeruginosa oraz Acinetobacter spp. [3].
W badaniach Zhang i wsp. oraz Choudhury i wsp. zbadano,
ze te same drobnoustroje powoduja zakazenia odecewnikowe
[4, 5]. Postawiono pytanie, czy mikroorganizmy ze staz moga
przyczyniac si¢ do zakazen zwigzanych z kaniula obwodowa.

STAZY JEDNORAZOWE

W przypadku staz jednorazowych ich stosowanie elimi-
nuje konieczno$¢ czyszczenia, poniewaz kazda staza jest
przeznaczona do jednorazowego uzycia (Ryc. 2). Jednak
wyzwaniem pozostaje wlasciwe uzytkowanie zgodne z za-
leceniami producenta. W praktyce istnieje ryzyko, ze per-
sonel medyczny, w celu ograniczenia kosztéw lub z innych
powodoéw, wykorzysta jednorazowe stazy wielokrotnie, co
moze prowadzi¢ do podobnych zagrozen jak w przypadku
staz wielorazowych. Dodatkowym problemem zwigzanym
ze stazami jednorazowymi jest ich wplyw na srodowisko.
Produkgja i utylizacja plastikowych materiatéw uzytych do
ich wytwarzania przyczyniaja si¢ do generowania odpadéw
i zanieczyszczenia srodowiska [2].

METODY DEZYNFEKCJI

Co wigcej, dostepnoé¢ odpowiedniego sprzetu - za-
réwno staz jednorazowych, jak i odpowiednio zaprojekto-
wanych staz wielorazowych wraz z instrukcjami dotycza-
cymi ich dezynfekeji - jest czesto ograniczona. W wielu
jednostkach leczniczych brak jest wystarczajacego zaplecza
technicznego, co wymusza korzystanie z niewtasciwych lub

Tabela 1. Poréwnanie informacji z domen internetowych dot. sposobu czyszczenia staz wielorazowych i jednorazowych.

Zrédto danych Rodzaj materiatu

Sposob czyszczenia

(@ Certyfikat

Staza wielorazowa

Staza uciskowa automatycz-
na HS-403A, kod produktu:
962281[6]

Riester Ri-clip Staza-5000
Ri-clip z lateksem, kod pro-
duktu: TOW007639[7]

brak informacji

tworzywo sztuczne

Opaska uciskowa staza
automatyczna sarstedt,
kod produktu: 95.1007 [8]

PA (poliamid)

autoklawowanie do 121°C

sterylizacji (120° C/1 bar)

brak informacji

brak informacji wyréb medyczny

brak informacji

wyréb medyczny

brak informagji wyréb medyczny

Staza automatyczna do
pobierania krwi [9]

Staza opaska uciskowa [10]

Staza medyczna automatycz-
na, opaska zaciskowa [11]

HS-403A, Staza autometycz-

brak informacji

gumka z terylenu

brak informagji

brak informacji

brak informacji

brak informacji

brak informacji

brak informacji

brak informacji

brak informacji

brak informagji

brak informacji

1SO 13485

brak informacji

wyréb medyczny

brak informacji

na firmy biomedico mode
cdr-akc-stazaa [12]

Daisygrip [13] ,daisygrip" spray lub chusteczki do pta- 30 sekund
skich powierzchni

(producent nie podat sktadu)

Staza jednorazowa

Bezlateksowa staza do pobie- materiatu TPE (termoplastyczne-  jednorazowego uzytku jednorazowego uzytku wyréb medyczny
rania krwi [14] go elastomeru)

brak informacji

Jednorazowa opaska uci-
skowa staza automatyczna
sarstedt [15]

kod produktu: 19203 [16]

materiat: kompozyt papier/pla-
stik (nie zawiera lateksu)

jednorazowego uzytku jednorazowego uzytku wyréb medyczny

termoplastycznego elastomeru TPE  jednorazowego uzytku jednorazowego uzytku brak informacji

*1S0 13485, to miedzynarodowa norma dla wyrobéw medycznych, definiujagca wymagania w zakresie systemow zarzadzania jakoscia. Kazdy element zestawu posiada
kompletne i wazne certyfikaty CE, ktdre zostaty przedtozone w Urzedzie Rejestracji Produktow Leczniczych, Wyrobéw Medycznych i Produktéw Biobdjczych.
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potencjalnie niebezpiecznych rozwigzan. Sterylizacja wielo-
razowych staz po kazdym uzyciu jest czasochtonna, a pro-
ducenci podkreslaja, ze zbyt wysoka temperatura autokla-
wu moze znieksztalci¢ plastikowe czesci stazy. Inng metoda
czyszczenia jest spryskiwanie wielorazowych staz $rodkiem
dezynfekujacym - réwniez w tym przypadku nie jest to roz-
wigzanie efektywne czasowo, brak jest odpowiedniego miej-
sca do wyschnigcia, a rozprowadzenie dezynfektantu moze
by¢ nieréwnomierne. Kolejnym sposobem jest przecieranie
wielorazowych staz chusteczkami dezynfekujacymi, co jest
nieefektywne ze wzgledu na materialowa strukture stazy.
Nie ma zatem jednej wlasciwej metody dezynfekeji, ktéra
pozwolitaby na prawidlowe korzystanie z wielorazowego
sprzetu (Tabela 1). Sytuacja ta wymaga aktywnej inter-
wencji ze strony zarzadzajacych placowkami medycznymi
oraz dzialéw epidemiologicznych, ktére powinny wpro-
wadza¢ odpowiednie zmiany w zakresie organizacji pracy
i zaopatrzenia w bezpieczny sprzet. Dzialy epidemiologicz-
ne powinny opracowywac i wdraza¢ procedury dotyczace
stosowania i czyszczenia staz, a takze monitorowac ich prze-
strzeganie przez personel medyczny. Niezbedne sg takze in-
westycje w dostepnos¢ staz jednorazowych oraz edukacja
personelu na temat wlasciwego korzystania z tego sprzetu
zgodnie z zaleceniami producentdw.

WNIOSK]

Dostepne informacje na temat czyszczenia staz wielora-
zowych sg niewystarczajace, co uniemozliwia opracowanie
precyzyjnych procedur w tym zakresie. Dodatkowo brak
odpowiedniego sprzetu w wielu placéwkach oraz brak ja-
sno sprecyzowanych wytycznych zwigkszaja ryzyko zakazen
i narazajg bezpieczenstwo pacjentéw. Konieczne jest pogle-
bienie badan dotyczacych bezpieczenstwa stosowania tego
rodzaju sprzetu medycznego, z uwzglednieniem zaréwno
aspektéw klinicznych, jak i ekologicznych. Zarzadzajacy
placowkami medycznymi oraz dzialy epidemiologiczne
musza wprowadza¢ odpowiednie zmiany organizacyjne
i technologiczne, aby zapewni¢ bezpieczenstwo pacjentow
oraz personelu.
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Abstract: Introduction: Healthcare-associated infections (HAIs) pose a significant global
challenge, resulting in prolonged hospital stays, higher healthcare costs, and increased mor-
bidity and mortality rates. Reusable medical equipment, such as tourniquets, represents
a potential vector for infection transmission. Despite frequent use and close contact with
patients’ skin, infection control protocols often overlook these devices. This study examines
microbial contamination on the surface of reusable tourniquets in both emergency depart-
ment and operating theatre settings. Methods: A cross-sectional study was conducted
between March and September 2024 in Gdansk, Poland. Samples from tourniquets used
in the emergency department and the operating theatre were collected after an indefinite
period, 14 days, and 28 days. Bacterial contamination on the surfaces of the tourniquets
was measured using Columbia agar blood medium and expressed as colony-forming units
(CFUs) per cm?. Results: Significant bacterial loads were detected on reusable tourniquets,
with contamination levels varying by location and duration of use. The average number of
CFU/cm? across all stages of this study was 545 CFU/cm? for the emergency department
and 101 CFU/cm? for the operating theatre. Tourniquets used in the emergency department
exhibited higher bacterial counts compared to those from the operating theatre, which
showed a greater diversity of bacterial species. These findings underscore the need to
revise infection control protocols for reusable tourniquets. Conclusion: This study provides
critical data that may influence future policy changes aimed at reducing the risk of HAIs
through the improved management of reusable medical devices.

Keywords: healthcare-associated infections (HAIs); reusable tourniquets; bacterial
contamination; medical equipment disinfection; device-associated healthcare infections
(DA-HClISs); hygiene in healthcare; catheter-related bloodstream infections (CRBSIs)

1. Introduction

Healthcare-associated infections (HAIs) represent a major public health concern world-
wide, contributing to prolonged hospital stays, increased healthcare costs, and higher
morbidity and mortality rates. It is estimated that millions of patients worldwide contract
infections during their hospital stay, with many cases directly linked to contaminated
medical equipment and inadequate hygiene practices. The World Health Organization
(WHO) has identified nosocomial infections as a critical issue, urging healthcare providers
to adopt stricter infection control measures and improve sterilization practices for medical
devices [1]. In this context, reusable medical devices, such as stethoscopes, blood pressure
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cuffs, and tourniquets, have attracted increasing attention due to their potential to transmit
multidrug-resistant pathogens [2-6].

Among reusable devices, tourniquets are particularly prevalent in healthcare settings,
used for intravenous (IV) cannulation, diagnostic test sample collection, and drug ad-
ministration. Tourniquets, typically elastic bands, are applied to visualize veins before
accessing the vascular system. For this purpose, the band is placed on the patient’s limb,
10-15 cm above the intended insertion site. Despite their frequent use and direct contact
with the patient’s skin, reusable bands are often overlooked in infection control protocols [7].
Tourniquets are used across a wide range of patients, regardless of infection risk, and are
seldom disinfected between uses, despite WHO and PTPI guidelines recommending that
tourniquets and other non-critical items be either disposable or cleaned between uses [8,9].

Unlike surgical instruments, which are sterilized between patients, tourniquets are
rarely, if ever cleaned, leading to the accumulation of contaminants over time. This practice
poses a significant risk, especially in environments where immunocompromised patients
are treated, such as intensive care units (ICUs) and oncology wards [10]. The transfer of
microorganisms via reusable tourniquets may increase the risk of infection, leading to
inflammation at the insertion site and exposing immunocompromised patients (Figure 1).
Research by Perreira et al. has demonstrated that using disposable tourniquets can reduce

complications related to peripheral intravenous cannula (PIVC) insertion [11].

Figure 1. Illustration of the microbial transmission pathway from a reusable tourniquet to a
peripheral cannula.

Previous studies have identified various bacterial species on medical devices, includ-
ing methicillin-resistant Staphylococcus aureus (MRSA), Escherichia coli, and Pseudomonas
aeruginosa—organisms known for their virulence and antibiotic resistance. However, most
existing studies have focused on larger medical instruments and equipment, such as sur-
gical and hospital beds, with limited attention given to smaller reusable devices such
as tourniquets. Thompson et al. demonstrated high levels of bacterial contamination of
reusable blood pressure cuffs, suggesting that frequency of use and proximity to patients’
skin may be key factors in spreading bacteria on surfaces. This raises critical questions
about whether reusable tourniquets with similar use patterns may also serve as reservoirs
for bacterial transmission [12]. Tourniquets, often reused for many patients without proper
cleaning, can contribute to the spread of these resistant organisms, undermining infection
control efforts [13].

The purpose of this study was to compare microbial contamination on the surface of
reusable tourniquets in emergency departments and operating theatres. The side aims were
to investigate whether the type of office and the duration of use of the reusable tourniquet

has an impact on the number of colony-forming units per cm?.
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2. Material and Methods
2.1. Study Design

This research was conducted as a cross-sectional study.

2.2. Settings

This study was conducted between March and September 2024 in one of the hospitals
in Gdansk, Poland. The researchers followed the relevant legal regulations and the bioethics
principles of the Declaration of Helsinki, paying due attention to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) criteria [14]. This study
received approval from the Independent Bioethics Committee for Research of the Medical
University of Gdansk (approval number: KB/45/2024, 29 February 2024). This project was
registered on ClinicalTrials.gov (NCT06566495).

2.3. Samples

It was assumed that a total of 48 tourniquets would be collected in all three stages
(Figure 2). The main parameters in this study were the length of time the tourniquets
were used by medical staff and the characteristics of the ward. This study used reusable
tourniquets made of flexible material purchased from the same manufacturer and deliv-
ered in their original packaging to specific hospital units for regular use during vascular
access fabrication in the anesthesiology and emergency departments. The study groups of
tourniquets were defined as follows: tourniquets after an indefinite period of use (indefinite
group), tourniquets after 14 days of use, and tourniquets after 28 days of use. Indefinite
time refers to the tourniquet group we encountered in the hospital that did not have a
specific time frame imposed as in the other groups of 14 days and 28 days. The group with
an indefinite time served as the baseline for comparison with the other two groups. The
time of use was chosen to avoid overextending the time of use and to determine whether
doubling the time would be associated with a linear temporal accumulation of bacteria or
whether the accumulation and generic composition of the bacteria was a stochastic process.

48 tourniquets

| phase indefinite time Il phase 14 days Il phase 28 days

6 tourniquets from ED

10 tourniquets from OT 6 tourniquets from ED 10 tourniquets from OT 6 tourniquets from ED 10 tourniquets from OT

Figure 2. Diagram showing the stages of the study and the planned number of tourniquets.

2.4. Characteristics of Sampling Locations

The emergency ward comprises child and adult observation rooms, a pediatric office,
and a resuscitation area. The operating theater performs procedures in general surgery,
orthopedics, urology, gynecology, neurosurgery, and pediatrics. Another variable was
how multiple tourniquets were handled by staff in the various departments. These ways
included, but were not limited to, the frequency with which tourniquet procedures were
performed, whether they were decontaminated after use, the type of disinfectant used for
decontamination, and how the tourniquets were stored and transported to patients. Such
variables may or may not have influenced the bacteriome’s qualitative and /or quantitative
composition. Still, the non-linearity of these variables, related to the circumstances of
tourniquet use and the individual approach of the staff to their use, are factors that are
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not subject to strict regulations and cannot be recorded under everyday conditions. In this
study, we emphasized the specificity of the wards. Operating theatres are some of the most
closely monitored rooms in terms of microbiological cleanliness and have limited access for
staff and patients. The second choice was the emergency wards, which are characterized
by the high dynamics of handling patients with various conditions, including mechanical
injuries often associated with blood loss and differing levels of patient hygiene.

2.5. Collection of Material

Reusable tourniquets from the anesthesiology and emergency departments were
collected in disposable, sterile bags. All the polyamide tourniquets tested were from the
same manufacturer, which states in the product specification that the bandage should be
sterilized at 80 degrees C. All tourniquets were labelled and assigned to different rooms
within the wards examined. Tourniquets that were collected after the time of use were
immediately packaged in sterile bags (Interscience BAGPAGE, Saint Nom la Bretéche,
France) and transported at room temperature to the Department of Immunobiology and
Environmental Microbiology at the Medical University of Gdansk for microbiological
screening 3 h after collection of the tourniquets from the hospital wards. After each of the
in-hospital stages of the study, the tourniquets were collected and replaced with new ones.

2.6. Enumeration of Microorganisms on Tourniquet Components

Biological material from the reusable tourniquet was analyzed separately for the plas-
tic clasp and the fabric band. The study utilized only solid media for microbial culturing.
Columbia agar plates supplemented with 5% sheep blood were used as the solid medium,
providing a nutrient-rich environment that supports the growth of a wide range of mi-
croorganisms. Additionally, it allows for the observation of hemolysis, which can provide
insights into certain microbial activities. Colony-forming units (CFUs) were counted on the
agar plates after incubation, based on colony formation.

2.6.1. Plastic Claps
Study on Columbia Agar (Total Microbial Count)

Under laboratory conditions, the plastic parts of the tourniquets were cut off and
placed in sterile dishes. Using sterile swabs soaked in 0.9% NaCl, samples were collected
from the plastic surface and placed in a tube containing 3 mL of 0.9% NaCl. The tube was
then shaken for 30 s using a vortex mixer (IKA-Werke, Staufen, Germany).

The resulting bacterial suspension was seeded onto Columbia agar supplemented with
5% sheep blood (GRASO Biotech, Owidz, Poland) in two forms: a concentrated suspension
(200 pL) and a ten-fold diluted suspension (200 pL). The inoculated Columbia agar plates
were incubated at 37 °C for 24 h under aerobic conditions. After incubation, the colonies
were counted, and the results were expressed as colony-forming units (CFUs) for the entire
surface of the clasp.

2.6.2. Fabric Band
Study on Columbia Agar (Total Microbial Count)

The material part of the tourniquet was placed in a sterile homogenization bag with
100 mL of nutrient broth. The contents of the bag were then homogenized in a BagMixer
400 CC stomacher (Interscience, Saint-Nom-la-Breteche, France) for two minutes to detach
the microorganisms from the porous surface of the material (Figure 3). The resulting
homogenate from each sample was transferred in a concentrated form, and ten-fold and
hundred-fold dilutions were prepared using 9 mL of nutrient broth for each dilution.
Each dilution, as well as the concentrated homogenate, was then plated once onto the
surface of the Columbia agar plates supplemented with 5% sheep blood. The inoculated
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Columbia agar plates were incubated at 37 °C for 24 h under aerobic conditions. After
incubation, the colonies were counted, and the results were expressed as colony-forming
units (CFUs) per cm? of fabric band. (Figure 4). Outcome measures, e.g., bacterial growth,
were assessed by counting the number of colonies on the Columbia agar plates. After
incubation, the bacterial colonies were counted to determine the number of microorganisms
on the surface of the tourniquet (expressed as CFU/cm?) or on the whole clamps in the case
of plastic parts. Additionally, the optical density (OD) of the concentrated homogenate was
measured using a spectrophotometer to evaluate the contamination level of the tourniquets.

Figure 3. Homogenization process of the fabric part of the tourniquet.

ol ing reusable tourniquets from ED and OT
ransportation to the laboratory in sterile bags
Cutting off the plastic parts

icement the fabric parts into nutrient broth

Homogenization

Plating on Columbia Agar

+ 5% Sheep Blood

Plating on MacConkey Broth
Plating on King B Agar
Plating on CHROMagar ECC

Incubation for 24 hours at 37°C
in an aerobic atmosphere

Figure 4. Stages of material collection. ER, Emergency Department; OT, Operating Theatre.

Study on MacConkey Agar and King B Agar Plates (Gram-Negative Bacteria and
Pseudomonas Count)

In addition, 200 pL of the concentrated homogenate, without any dilution, was plated
onto MacConkey agar and King B agar plates. These media were selected to evaluate the
diversity of microorganisms present in the samples.

MacConkey agar allows for the growth of Gram-negative bacteria while inhibiting the
growth of most Gram-positive bacteria. It is especially useful for isolating and differentiat-
ing enteric bacteria based on their ability to ferment lactose.

King B agar was chosen because it is selective for Pseudomonas species, allowing for
the growth of this genus while inhibiting the growth of other microorganisms.
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All plates were incubated for 24 h at 37 °C in an aerobic atmosphere to allow for
microbial growth and colony formation. These media helped in identifying the presence and
diversity of microbial contamination on the samples, as well as enabling the differentiation
of specific bacterial groups.

2.7. Statistical Methods

Data were entered and analyzed using Statistica software version 13.3 (TIBCO Soft-
ware Inc., Krakow, Poland). Descriptive data were presented as frequencies, means, and
percentages. Values of p < 0.05 were considered statistically significant. Given that the data
from the emergency room and the operating room did not meet the assumption of normal
distribution and given the small sample sizes (<30), the Mann-Whitney U test was used.

3. Results

A total of 48 samples taken from reusable bands contained bacterial colonies. Due to
the assumptions of the experiment and the time frame, five tourniquets were not included in
the analysis. Six reusable tourniquets were collected in each of the three stages of the study
in the emergency department (eighteen in total). In the operating room, 30 tourniquets
were collected in all (10 for each stage of the study).

3.1. Microbial Contamination
3.1.1. Abundance on Columbia Agar

Microorganisms were detected in each stage, confirming their widespread occurrence
in the samples analyzed. The data is shown in Table 1.

Table 1. Comparison of the number of colony-forming units per cm? of tourniquet fabric and per
plastic part on a Columbia agar plate with 5% sheep blood. The value of 667 was borderline, with an
uncountable number of CFUs on microbiological media.

Type of Data CFU/cm? Fabric CFU Plastic

Length of Use Indefinite 14 28 Indefinite 14 28
Type of Room Time Days Days Time Days  Days

pediatric room 667 667 256 23 16 8
" *q'q)‘ pediatric observation 362 667 358 4 10 14
éa g adult observation 667 667 667 300 23 73
583 i adult observation 613 667 667 13 20 42
M g consultation area 9 327 667 2 3 16
resuscitation area 667 551 667 61 8 21
mean: 498 591 547 67 13 29

neurologic 7 20 7 0 3

neurologic 36 16 220 3 0 0

© orthopedic 156 18 102 1 1 0
ks orthopedic 124 280 29 2 2 2
f‘b orthopedic 120 198 38 16 5 12
= gynecology 4 4 51 0 0 1
% pediatric 244 22 667 0 0 2
8 pediatric 13 13 213 0 0 18
general surgery 13 36 196 0 8 8

general surgery 53 4 138 0 1 9

mean: 77 61 166 2 2 6
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There is a statistically significant difference (p = 0.00001) between the emergency depart-
ment and the operating room (Table 1) regarding the number of CFU/cm? per tourniquet.

There is a statistically significant difference (p = 0.03) between 14 days and 28 days of
tourniquet use regarding the number of CFUs at the study sites. No significant statistical
difference was observed between 14 and 28 days of tourniquet use in the number of
CFU/cm? in the emergency department. The average number of CFU/cm? across all stages
of this study for the emergency department was 545 CFU/cm? and for the operating theatre
was 101 CFU/cm?. In comparison, in the human skin microbiome, the average number of
microorganisms isolated using traditional culture methods from the skin surface ranges
from 10* to 10° CFU/cm? [15,16].

The tourniquets colonized to the highest degree were those from the emergency
department, specifically the pediatric area (Figure 5) and the adult observation area.

e

Figure 5. Photograph showing material obtained from tourniquets in the emergency department’s
pediatric area, seeded on Columbia agar 5% medium: concentrated state on the left and 10-fold
dilution on the right.

After 28 days, exceptionally high numbers of CFUs of hemolytic bacteria were ob-
served on cultures from the operating theatre tourniquets. Figure 6 shows the media with a
10-fold diluted homogenate and a concentrated homogenate. An uncountable number of
colonies of hemolytic bacteria can be seen on the agar plate.

Figure 6. Photograph showing material obtained from tourniquets in the operating theatre’s pediatric
room after 28 days, seeded on Columbia agar 5% medium: concentrated state on the left and 10-fold
dilution on the right, with an uncountable number of hemolytic bacteria.

3.1.2. Abundance on Qualitative Media

For the MCC (MacConkey agar) substrate, the mean microbial count () in the emer-
gency department was 517 CFU/cm?, and in the operating theatre, it was 29 CFU/cm?.
For the King B substrate, the mean microbial count (¥) in the emergency department was
517 CFU/cm?, and in the operating theatre, it was 207 CFU/ cm? (Table 2). There was no
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statistically significant difference in microbial count (CFU/cm?) between the 14-day and
28-day intervals.

Table 2. Comparison of the number of colony-forming units per cm? of tourniquet fabric on the
MacConkey and King B substrates. The value of 667 was borderline, with an uncountable number of
CFUs on microbiological media.

Type of Data MacConkey CFU/cm? King B CFU/cm?
W Indefinite 14 28 Indefinite 14 28
Type of Room Time Days Days Time Days Days

pediatric room 709 453 227 667 667 118
B "é pediatric observation 191 911 487 667 667 231
o adult observation 667 667 667 667 667 373
Eé) i adult observation 558 667 667 416 667 649
M 3 consultation area 9 140 667 4 238 667
resuscitation area 667 280 667 667 607 667
average CFU/cm?: 467 520 564 515 586 451

neurologic 0 27 0 1 22 0
neurologic 13 4 0 33 11 427

© orthopedic 129 27 0 31 4 9

§ orthopedic 144 187 0 44 236 0

fo orthopedic 56 167 0 64 160 7
e gynecology 0 2 0 0 18 13
5 pediatric 33 24 0 131 18 667
Og pediatric 7 11 11 18 13 29
general surgery 2 16 0 7 2 40

general surgery 20 2 0 27 2 16
average CFU/cm?: 40 46 1 37 49 121

3.2. Blood Stains
A total of 21 of the 48 tourniquets examined (44%) had visible blood stains (Table 3).

Table 3. The presence of blood stains on the tourniquets depending on whether the blood stains were
present on the fabric or plastic part of the tourniquets.

Emergency Department Operating Theatre
Fabric Plastic Fabric Plastic
% frym 1 20f6 1of6 30f10 0of 10
Indefinite time . . . .
tourniquets tourniquets tourniquets tourniquets
3of6 20f6 20f10 20f 10
14 days . . . .
tourniquets tourniquets tourniquets tourniquets
20f6 1of6 20f10 10f10
28 days - . . -
tourniquets tourniquets tourniquets tourniquets

4. Discussion
4.1. Key Results

Our study, which examined the presence of microorganisms on reusable blood col-

lection tourniquets, highlights significant safety and hygiene concerns in medical prac-
tice. Tourniquets, essential tools for blood collection, can become potential vectors for
infection transmission.
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4.1.1. Significance of Findings

Our study revealed the presence of various microorganisms, including pathogenic
bacteria, on the surface of reusable tourniquets. This finding aligns with previous research
suggesting the risk of infection transmission through reusable medical equipment [17]. The
dynamic environment of emergency departments (EDs), characterized by rapid patient
turnover and inconsistent hygiene practices, likely contributes to higher contamination
levels. Natarajan et al. emphasized the lack of established cleaning protocols for reusable
tourniquets [17]. A study conducted in a Greek emergency department found high bacterial
contamination on medical devices, such as stethoscopes and cardiac monitors, with 99% of
devices testing positive for bacteria, primarily coagulase-negative staphylococci [18]. Simi-
larly, a Polish emergency department study found higher bacterial presence compared to
other work environments, underscoring the risk of pathogen exposure in such settings [19].
The long-term use of tourniquets, with bacteria persisting even after 14 and 28 days, raises
concerns about the effectiveness of current disinfection protocols.

4.1.2. Microbial Growth Analysis

Our study also examined bacterial growth on different media. On MacConkey
medium, which is used to culture Gram-negative bacteria, from the Enterobacteriaceae fam-

ily selectively, the average colony-forming units (CFUs) per cm?

were 517 in the emergency
department and 29 in the operating theatre. The Enterobacteriaceae family includes various
pathogens, such as Escherichia, Salmonella, Shigella, Klebsiella, Enterobacter, Serratia, Proteus,
Yersinia, and Citrobacter, which can cause urinary tract infections (UTIs), gastrointestinal
infections, respiratory infections, tissue infections, and sepsis.

On King B agar plates, used to isolate and differentiate fluorescent Pseudomonas species,
including Pseudomonas aeruginosa, the average bacterial count was 517 CFU/cm? in the
emergency department and 207 CFU/cm? in the operating room.

The third medium, ECC (E. coli Coliforms Chromogenic) agar, used for differentiating
Escherichia coli and other coliforms, did not yield significant growth.

4.1.3. Site and Timing of Sample Collection

We selected a tertiary referral hospital for this study due to its advanced medical
services. Despite the hospital’s high standard of care, it lacks a protocol for cleaning
reusable equipment. We compared tourniquets from two distinct environments: the
emergency department, with its high patient volume and variable conditions, and the
operating theatre, which, although cleaner, has more controlled conditions and fewer
patients. This comparison underscores the stark contrast in contamination levels between
these two settings. The ED is designed for rapid triage, assessment, stabilization, and
treatment of patients with diverse and often urgent medical conditions. It operates in a
fast-paced, noisy, and chaotic environment, with a high turnover of patients and medical
staff. The focus is on quick diagnosis and stabilization, with procedures tailored to swiftly
address the most critical needs.

In contrast, the operating theatre is designed for surgical procedures, where sterility
and precision are paramount. The environment is controlled to minimize infection risk, and
the work involves carefully planned and organized operations. Though emergencies may
arise, the operating theatre’s procedures adhere strictly to surgical and aseptic protocols.
Our study confirms the microbiological differences between these two areas in terms
of contamination.

In terms of timing, we based our study on pre-survey results and the viability of
microorganisms over time. The group with an indefinite use duration served as a baseline
for the 14- and 28-day groups. Previous studies have not investigated temporal variation in
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microbial counts in similar settings [6]. The average number of CFU/cm? across all stages
of the study for the emergency department was 545 CFU/cm? and 101 CFU/cm? for the
operating theatre. In comparison, in the human skin microbiome, the average number of
microorganisms isolated using traditional culture methods from the skin surface ranges
from 10* to 10° CFU/cm? [15,16].

4.1.4. Septic Infections

Catheter-related bloodstream infections (CRBSIs) are a leading cause of sepsis, associated
with increased morbidity, mortality, and significant medical costs ($32,000 to $69,332) [10-14].
The microorganisms most commonly responsible for CRBSIs include Acinetobacter spp., Kleb-
siella pneumoniae, coagulase-negative staphylococci, and Candida albicans [20].

4.1.5. Blood Stains

Blood stains were identified on the surface of 44% of the tourniquets tested. It would
be valuable to investigate whether blood-borne viral infections, such as HBV, HCV, and
HIV, could be related to blood stains on the tourniquets.

4.1.6. Material Collection Method

Earlier studies often used broth mixture methods [21,22], but microbial swabbing
has become more common for material collection [23-25]. Other studies have imprinted
the surface of tourniquets on microbiological media [26-28]. We employed a method
involving mechanical shaking to remove the microorganisms from the porous structure
of the tourniquets, which allowed for a more accurate microbiological analysis. Although
swabs collect smaller amounts of material, they may not be sufficient for certain tests,
especially when microorganism concentrations are low. Additionally, swabs carry a risk
of contamination during collection or transport if sterility is not maintained. In contrast,
homogenization ensures a more representative and accurate sample by allowing a larger
volume of material to be collected, which is particularly beneficial for tests requiring larger
sample sizes.

4.1.7. Impact on Medical Practices

The presence of microorganisms on tourniquets highlights the need for stricter disinfec-
tion and sterilization protocols in healthcare facilities, or the use of disposable tourniquets.
Leitch et al. noted that disposable tourniquets are unpopular due to the difficulty of in-
sertion and discomfort caused by the rubber material [24]. Golder et al. emphasized the
importance of following protocols to prevent cross-contamination, not only regarding hand
hygiene but also with reusable equipment [28]. Our findings suggest that standard cleaning
methods may not be adequate, and more advanced techniques, such as chemical disinfec-
tion or steam sterilization, might be necessary to effectively eliminate pathogens. However,
the consistency with which these methods are implemented must also be considered. The
reusable tourniquets available in Poland lack clearly defined cleaning guidelines in their
product specifications. Some sources recommend sterilization at 80 °C, limiting autoclav-
ing options to remove spores. To address this, a higher temperature of 121 °C should
be used, though this could distort the tourniquets. According to hospitals in Pomerania,
no internal cleaning procedures exist for reusable tourniquets. This lack of standardiza-
tion and manufacturer guidelines points to the need for developing and standardizing
hospital protocols.

Additionally, medical staff should be educated on the importance of hand hygiene
and regular equipment disinfection to minimize infection risks. Mehmood et al. observed
a lack of awareness among medical staff regarding the spread of pathogens via reusable
tourniquets and highlighted insufficient staff involvement in the disinfection process [25].
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4.1.8. Proposals for Further Research

Future studies should investigate the correlation between tourniquet material types
and microorganism adhesion. Studies on the effects of various materials on microbial
survival and multiplication would be valuable. Additionally, the impact of incorporating
metal nanoparticles into reusable equipment could be examined, as antimicrobial coatings
could improve infection control measures and extend the lifespan of tourniquets, potentially
reducing medical waste.

Life cycle assessment (LCA) studies should also be conducted to comprehensively
evaluate the environmental impact of disposable versus reusable tourniquets. This would
help to determine which option has less ecological impact, considering factors such as
distribution, plastic use, and disposal.

4.2. Limitations

Our study was limited by a small sample size (1 = 48) and a narrow range of microor-
ganisms analyzed. Future research should include larger samples and examine a broader
spectrum of microorganisms to obtain more comprehensive data on the risks associated
with reusable tourniquets. We did not monitor how staff handled the tourniquets, including
disinfectant use, during this study.

4.3. Conclusions

In summary, our study provides evidence of significant microbial contamination on
reusable blood collection tourniquets, with differences in species and abundance across
hospital settings. These findings underscore the infection risks associated with reusable
tourniquets, reinforcing the need for rigorous disinfection protocols, particularly in high-
risk areas. Given the lack of standardized cleaning guidelines and the degree of contami-
nation observed, we recommend emphasizing the lack of hygiene in the use of reusable
tourniquets and implementing changes in the sectors responsible for cleaning equipment,
staff education, and the type of tourniquets used.

Implications for Practice

Applying these findings to nursing practice can help to reduce infections and improve
healthcare quality. Training nursing staff in best practices for handling and disinfecting
reusable equipment is essential to ensure high standards in patient care. The results also
emphasize the importance of fostering a culture of safety, with nurses playing a critical role
in following best practices and identifying nosocomial infection risks.
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Abstract

Background: Reusable tourniquets are commonly used to aid venipuncture and blood col-
lection. However, inadequate disinfection may lead to bacterial contamination and increase
the risk of healthcare-associated infections (HAIs). Tourniquets can function as fomites,
facilitating the spread of pathogenic bacteria. This study assessed microbial contamination
of reusable tourniquets in the emergency department and operating theatre, focusing on
clinically relevant HAI-associated pathogens. Methods: Tourniquets from four hospital
departments (emergency: adult observation and resuscitation; surgical theatres: pediatric
and adult general surgery) were sampled at three time points (n = 12). DNA was extracted
and analyzed via 16S rRNA sequencing using NGS technology to identify microbial con-
tamination and taxonomic composition. Results: Sequencing revealed 131 bacterial species
across the 12 tourniquets, including clinically important pathogens. Among the top ten
HAl-associated groups, Klebsiella spp. were detected in 5/12 samples, Enterococcus spp. in
9/12, Staphylococcus aureus in 1/12, Pseudomonas aeruginosa in 9/12, and Acinetobacter spp.
in 10/12. No Escherichia coli, Clostridium difficile, coagulase-negative staphylococci, Proteus
spp., or Enterobacter spp. were found. Emergency department tourniquets showed higher
bacterial loads; operating theatres had greater species diversity. Conclusions: Reusable
tourniquets harbor significant bacterial contamination. Considering disinfection challenges
and the lack of guidelines, single-use tourniquets should be considered to reduce HAI risk.

Keywords: tourniquets; fomites; cross infection; microbiota; metagenomics; operating
rooms; emergency service; hospitals

1. Introduction

Numerous reports by the WHO and other organizations have indicated a widening
endemic burden of healthcare-associated infections (HAI), including antimicrobial-resistant
infections, that harm patients daily in the health care sector in all countries, regardless of
their income status. The most significant of these potentially preventable infections are
bloodstream infections and other infections related to the use of intravascular catheters [1].
Contaminated medical equipment, including reusable tourniquets, can serve as a significant
vector for pathogen transmission. Hospital-acquired infections (HAIs) remain a major
challenge in healthcare settings, causing increased morbidity, mortality, and healthcare
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costs. Previous studies have identified bacterial colonization on frequently used hospital
equipment; however, data on tourniquet contamination remain limited [2].

Reusable tourniquets are widely used in health care environments for practices, includ-
ing intravenous (IV) cannulation, diagnostic blood sample withdrawal, and medication
infusion. Specifically, these devices are elastic material placed on a patient’s limb to pro-
mote vein distension by locating 10-15 cm proximal to the desired insertion site. Reusable
tourniquets, despite routine use and direct contact with the patient’s skin, are frequently
neglected in infection control measures. The World Health Organization in “Guidelines for
the Prevention of Bloodstream and Other Infections Associated with the Use of Intravas-
cular Catheters” recommends that the tourniquet be disinfected before use, but this may
not be practical; alternatively, a disposable tourniquet can be used if available [1]. Parreira
et al. reported that the application of disposable tourniquets and bandages with reinforced
edges reduced the rate of PIVC infection from 44.1% to 17.9%, with statistical significance
(p = 0.014) [3]. It is important to emphasize that the problem of reusable tourniquet contami-
nation is highly relevant in clinical practice. Studies have shown that the contamination rate
of reusable tourniquets ranges from 9% to as high as 100%, with many analyses reporting
rates exceeding 70% [4]. Such high levels of contamination highlight how widespread
and underestimated this issue is in everyday healthcare settings. The most frequently
isolated bacteria on tourniquet surfaces are staphylococci, especially coagulase-negative
staphylococci and Staphylococcus aureus, but other pathogens, such as Bacillus, members of
the Enterobacteriaceae family, Enterococcus, and even antibiotic-resistant strains like MRSA,
are also present [2,4]. Reusable tourniquets can act as fomites, serving as vehicles for
pathogen transmission between patients, often via the hands of healthcare workers [2,5].
The design of tourniquet elastic materials and surfaces that are difficult to clean thoroughly
makes effective disinfection challenging, and routine procedures are often insufficient [2].
For these reasons, an increasing number of international organizations recommend the
use of disposable tourniquets or the implementation of rigorous disinfection protocols to
reduce the risk of cross-infection. Including these aspects underscores the need for research
on microorganisms present on reusable tourniquets and highlights the impact of this issue
on patient safety and the quality of healthcare [6,7].

This study expands on our previous work [8] by using 165 rRNA metagenomic se-
quencing to provide a comprehensive analysis of bacterial diversity on reusable tourniquets,
revealing taxa that could not be detected by culture-based methods. The aim of this study
was to characterize the bacterial species present on reusable tourniquets used in the emer-
gency department and operating rooms, assessing differences in bacterial load and species
diversity by location and time of use using 16S rRNA V3-V4 amplicon sequencing. Overall,
this study aims to inform infection control practices by identifying potential microbial
transmission risks associated with reusable tourniquets and highlighting the need for
optimized sterilization protocols to reduce HAISs.

2. Materials and Methods
2.1. Study Design and Settings

The cross-sectional study was conducted between July 2024 and February 2025 in
Gdansk. The collection of material for this study took place in a hospital with the status of
a tertiary hospital in northern Poland. The researchers followed the guidelines of Strength-
ening the reporting of molecular epidemiology for infectious diseases (STROME-ID): an
extension of the STROBE statement [9].

Reusable tourniquets were selected from two distinct clinical Units within the hospital:
the emergency department—“SR” tourniquets labeling and the operating theater—“SBO”
tourniquets labeling (Table 1). These settings were chosen based on their high patient
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turnover and frequent use of tourniquets, representing areas with elevated potential for
microbial contamination and cross-transmission. The chosen departments differ substan-
tially in their aseptic procedures and disinfection protocols. The operating theater adheres
to stricter infection control standards and routine sterilization practices due to the invasive
nature of procedures conducted there. In contrast, the emergency department operates
under high-pressure, fast-paced conditions where aseptic protocols may be less stringent or
inconsistently applied. Inclusion criteria: tourniquets intended for repeated use (reusable),
constructed from polyester-elastane fabric, actively used in emergency department settings,
and actively used in operating theater settings. Exclusion criteria: single-use (disposable)
tourniquets, tourniquets composed of latex, thermoplastic elastomer (TPE), polyurethane
(PU), or synthetic rubber, or tourniquets used in hospital units other than the emergency
department or operating theater.

Table 1. Sampling design and observation timeline in the emergency department and the operating

theater.
Sample Name Observation Time Area

SR3 1 Indefinite
SR3_2 14 days Adult observation
SR3_3 28 days
SR6_1 Indefinite
SR6_2 14 days Resuscitation area
SR6_3 28 days

SBO7_1 Indefinite

SBO7_2 14 days Pediatric surgery

SBO7_3 28 days

SBO10_1 Indefinite

SBO10_2 14 days Adult general surgery

SBO10_3 28 days

“SR” labeling applies to emergency department tourniquets, and “SBO” labeling applies to operating theater
tourniquets.

2.2. Sample Collection and Processing

A reusable tourniquet material made of porous, flexible fabric was microbiologically
analyzed. This study included 12 tourniquets collected from the emergency department
and the operating theater. The detailed procedure for sample collection has been described
in a previous publication [9]. In short, in the laboratory, plastic elements were cut off from
the fabric part of each tourniquet. The fabric part of the tourniquet was placed in a bag
with nutrient broth and shaken in a homogenizer. The resulting suspension was inoculated
onto microbiological media. After incubation at 37 °C under aerobic conditions, bacterial
colonies were counted. Cultures grown in nutrient broth were, after 72 h, transferred to
sterile 15 mL tubes (Falcon type, Genoplast, Rokocin, Poland) and centrifuged at 5000 g for
10 min. The resulting pellet was preserved at —80 °C at the Department of Immunobiology
and Environmental Microbiology, Medical University of Gdansk, Gdansk, Poland.

2.3. DNA Extraction and Sequencing

ExtractMe total DNA purification columns (Blirt, Gdansk, Poland) were used to
isolate the genetic material, and the manufacturer’s instructions were followed. Purified
DNA, suspended in TE buffer (10 mM Tris-HCI (pH 8.0), 1 mM EDTA), was assessed for
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concentration and presence of contaminants using a UV-VIS NanoDrop spectrophotometer
(Thermo Scientific, Waltham, MA, USA). The resulting genetic material in the nutrient broth
was preserved at —20 °C. Samples were subjected to sequencing of the 165 rRNA amplicon,
covering the V3-V4 region. The selected fragment (V3-V4) of the 165 rRNA gene was
amplified using specific primers, followed by sequencing using NGS technology (Macrogen
Europe BV, Amsterdam, The Netherlands). The resulting sequences were bioinformatically
pre-analyzed, where, after purification and filtering, they were assigned to taxa based on
comparison with databases (NCBI by BLAST v.4.4.2).

2.4. Data Analysis

Data analysis was performed in the R programming environment using RStudio v.3.6.0.
The workflow included data preprocessing, visualization, and clustering. Core libraries
included dplyr, ggplot2, pheatmap, and ensemble. Analyses in Figures 1 and 2, concerning
microbial species diversity at the family and genus level, were performed using cluster
analysis with Ward’s method and squared Euclidean distance. The heatmap blocks were
adjusted according to the clustering-based division of the microorganism.
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Figure 1. Heatmap with cluster analysis showing species-level diversity within bacterial families,
across tested tourniquets.
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Figure 2. Heatmap with cluster analysis showing species-level diversity within bacterial genera
across tested tourniquets. CFU/cm? are sources from the previous article [9]. Based on the division
of branches, three distinct clusters (Groups A, B, and C) were identified. These groups represent
sets of samples that are more similar to each other within the group than to those in other groups,
indicating potential common characteristics or shared patterns.

2.5. Ethical Consideration

The study design has been registered at ClinicalTrials.gov (NCT06566495) and has
received approval from the Independent Bioethics Committee for Research of the Medical
University of Gdansk (approval number: KB/45/2024, 29 February 2024).

3. Results
3.1. Microbial Composition on the Surface of Reusable Tourniquets

The 165 rRNA sequencing revealed a diverse microbial composition on the surface of
reusable tourniquets across different hospital departments. The microbial composition of
reusable tourniquets was dominated by Proteobacteria, Firmicutes, Actinobacteria, and
the Bacteroidetes family, with Staphylococcus, Pseudomonas, Acinetobacter, and Enterococcus
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being the most frequently detected genera (Figures 1 and 2). Differences in bacterial
composition were observed between emergency departments and operating theatres, with
higher bacterial diversity in tourniquets from the operating theatre setting.

Figure 2 illustrates the diversity of bacteria in individual tourniquets, based on the
number of species occurring within a specific genus. Additionally, data on the colony-
forming units per cm? of material part of tourniquets, sourced from an earlier publica-
tion [9], have been included.

High diversity was observed in samples with both low and severe bacterial contamina-
tion. For example, samples SBO10_1 (53 CFU/ cm?) and SBO7_2 (22 CFU/cm?) contained,
respectively, 33 and 25 genera. Similarly, high bacterial diversity was recorded in a heav-
ily contaminated tourniquet, SBO7_3 (>677 CFU/cm?), with 23 genera. Conversely, low
species diversity was also observed across both lightly and heavily contaminated samples.
For instance, SBO10A_2 (4 CFU/ sz) contained only five different genera, and SR6_2
(551 CFU/cm?) had just two (Staphylococcus and Pseudomonas). There was no correlation
between microbiological contamination of the sample (CFU) and species diversity. Spear-
man’s rank correlation analysis showed a value of 0.0897 with p = 0.7815. Therefore, it
can be concluded that there is no clear explanation, and both contamination and species
diversity appear to be random.

Cluster analysis using the Ward method, based on the number of species occurring
within different genera in the samples, allowed for the division of the studied samples into
three groups. Group A consists of three samples characterized by the highest diversity of
species and genera. These tourniquets originate only from the operating theatre, with an
average of 27 different genera per sample. The genera common to all samples in this group
include Pseudomonas, Shewanella, Acinetobacter, Aeromonas, Bacillus, Serratia, Staphylococcus,
Klebsiella, Stenotrophomonas, Enterobacter, and Enterococcus. Genera found only in group A
are Shewanella, Rahnella, Buttiauxella, Citrobacter, Vibrio, Rhizobium, Sphyngobacterium, Timo-
nella, Paracoccus, Paenarthrobacter, Microvirgula, Lysinibacillus, Clostridium, Delftia, Yersinia,
Janthinobacterium, Pseudoescherichia, Silvania, Scandinavium, Raoultella, Providencia, Proteus,
Phenylobacterium, Pantoea, Obesumbacterium, Leclercia, Hauxiibacter, Aeribacillus, Cutibac-
terium, and Comamonas. Group B includes four tourniquets, with half originating from
the operating theatre and half from the emergency unit. The average number of genera
in this group was 6.5, rounded to 6. The genera common in all samples in this group are
Pseudomonas, Acinetobacter, and Enterobacter. Group C consists of five tourniquets, four
of which were taken from the emergency unit and one from the operating theatre. The
average number of different bacterial genera in this group was 7.2, rounded to 7. The only
genus present in all tourniquets within this group was Staphylococcus.

The bacterial diversity across the tested hospital units was measured using the Shan-
non Diversity Index, which shows slight variations; the operating theater had the highest
diversity (2.29), suggesting more species are equally distributed, while the emergency
department shows slightly lower diversity (2.17), potentially indicating dominance of
specific species.

3.2. Identification of Pathogenic Bacteria
3.2.1. Pathogenic Bacteria Cause HAI

Based on data from the ECDC report on healthcare-associated infections (HAIs) in
Europe in the years 2022-2023 [10], ten bacterial species and groups most frequently re-
sponsible for HAI were selected. The presence of several of these organisms was confirmed
in our research, including Klebsiella spp. (Klebsiella pneumoniae 5/12 and Klebsiella aerogenes
1/12), Enterococcus spp. (Enterococcus faecalis), Acinetobacter spp. (Acinetobacter bauman-
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nii 9/12 and Acinetobacter lwoffii 3/12), as well as Staphylococcus aureus and Pseudomonas
aeruginosa. Detailed data are presented in Table 2.

Table 2. Occurrence of pathogens responsible for Healthcare-Associated Infections (HAIs) on tourniquets.

Percent of HAI Number of Numl.)er of Number of
Microorganism Cases in Europe Tourniquets ];;);rel;uglits Tourniquets
2022-2023 [cyt] All Depaﬁmer)llt Operating Theater

E. coli 12.7% 0/12 0/6 0/6
Klebsiella spp. 11.7% 5/12 2/6 3/6
Enterococcus spp. 10% 9/12 4/6 5/6
Staphylococcus aureus 9% 1/12 0/6 1/6
Clostridium difficile 8% 0/12 0/6 0/6
P ZZ‘E;’Z(‘ZZ;S 7.9% 9/12 4/6 5/6
C”‘;f;‘;;‘l;eljzgcgwe 5.8% 11/12 6/6 5/6
Proteus spp. 3.2% 0/12 0/6 0/6
Acinetobacter spp. 3.2% 10/12 4/6 6/6
Enterobacter spp. 3% 0/12 0/6 0/6

3.2.2. Bacteria Pathogenic to Humans Found on Reusable Tourniquets

On the surface of reusable tourniquets, our study found bacteria that are pathogenic
to humans. On the surface of reusable tourniquets from the emergency department the
following pathogenic bacteria were found: Staphylococcus aureus, Staphylococcus hominis,
Enterococcus faecalis, Enterococcus hirae, Enterobacter quasihormaechei, Klebsiella pneumoniae,
Klebsiella variicola, Pseudomonas aeruginosa, Pseudomonas fulva, Acinetobacter baumannii, Bre-
vibacterium casei, Corynebacterium fournieri, Staphylococcus caprae, Acinetobacter lwoffii, Serratia
liquefaciens, Pseudomonas luteola, Acinetobacter pittii, Acinetobacter radioresistens, Pseudomonas
juntendi, Staphylococcus warneri, Staphylococcus saprophyticus, Roseomonas gilardii, Massilia
timonae, and Moraxella osloensis. Reusable tourniquets from the operating theatre showed
Enterobacter quasihormaechei, Acinetobacter baumannii, Acinetobacter pittii, Acinetobacter radiore-
sistens, Pseudomonas aeruginosa, Pseudomonas juntendi, Staphylococcus hominis, Staphylococcus
taiwanensis, Enterococcus faecalis, Enterobacter wuhouensis, Klebsiella pneumoniae, Klebsiella
variicola, Serratia fonticola, Vibrio cholerae, Vibrio metschnikovii, Brevibacterium casei, and Ente-
rococcus hirae (Figure 3).

Samples from the emergency department (SR series) generally showed high bacterial
loads of individual species, which could be linked to the rapid, frequent handling of tourni-
quets in a high-turnover environment. Conversely, samples from the operating theater (SBO
series) displayed a broader range of bacteria species, likely due to different handling and
environmental exposure patterns, suggesting distinct cleaning or contamination processes
in these departments (Figure 3).
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Figure 3. Heatmap presenting relative abundance of the pathogenic bacterial species identified on
tourniquets.

4. Discussion
Key Findings and Departmental Variability

Studies have demonstrated the presence of microorganisms on hospital tourniquets
that are among the most common causative agents of healthcare-associated infections
(HAIs), including K. pneumoniae, K. aerogenes, E. faecalis, A. baumannii, A. lwoffii, S. aureus, and
P. aeruginosa. According to the European Centre for Disease Prevention and Control (ECDC)
reports from 2022 and 2023, in Poland, Klebsiella species are responsible for approximately
16% of all reported HAIs, making them the leading cause of hospital-acquired infections
nationwide. Enterococcus spp. accounts for 11.6% of cases, S. aureus for 8.8%, P. aeruginosa
for 7%, and Acinetobacter spp. for 5.7%. Klebsiella spp. are most associated with urinary tract
infections. Enterococcus spp. is frequently linked to surgical site infections, while S. aureus is
predominantly involved in bloodstream infections and surgical site infections. P. aeruginosa
and Acinefobacter spp. are primarily associated with pneumonia and lower respiratory tract
infections [10]. The clinical significance of Klebsiella pneumoniae is further underscored by
the increasing prevalence of carbapenem-resistant strains (CRKP), which are associated
with severe outcomes, limited treatment options, and high mortality rates, particularly
among ICU patients [11].
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In the presented study, most tourniquets were contaminated by pathogens of the
genus Acinetobacter (including Acinetobacter baumannii and Acinetobacter lwoffii), which were
detected in 10 out of 12 samples. Although Acinetobacter is not the leading cause of hospital-
acquired infections, data from the ECDC report raise concern, indicating that 82.9% of
Acinetobacter strains isolated from healthcare-associated infections exhibit resistance to
carbapenems (CAR-R) [10]. A study made by Duszynska and Litwin in the intensive care
unit (Wroctaw, Poland) revealed that 32% of healthcare-associated infections were caused
by A. baumannii. During the study period, a statistically significant increase in infections
caused by this bacterium was observed, from 16.5% of HAIs in 2011 to 41% in 2016. Notably,
73.8% of these cases were associated with ventilator-associated pneumonia. The study also
found that 98.36% of the isolates were multidrug-resistant (MDR), highlighting the serious
clinical challenge posed by this species, particularly in units treating immunocompromised
patients [12]. A study conducted in southern Poland between 2016 and 2019 in an intensive
care unit involving 3028 patients revealed that the two main causative agents of infections
were K. pneumoniae (16.3%) and A. baumannii (14.4%). A. baumannii was primarily respon-
sible for pneumonia and lower respiratory tract infections (34.9%), while K. pneumoniae
was most commonly associated with urinary tract infections (20.2%—the second most
frequent cause after Escherichia coli) as well as bloodstream infections (16.7%) [13]. In a
study conducted in Poland between 2014 and 2019 by Rafa and Kotpa in neurosurgery
departments of two hospitals, A. baumannii was responsible for 8.8% of all healthcare-
associated infections, with pneumonia being the predominant type, accounting for 21.7% of
cases in Hospital A [14]. In a study by Walaszek and Stowik, conducted between 2014 and
2018 on orthopedic patients (6261 patients, 111 cases of healthcare-associated infections),
Acinetobacter baumannii was identified as the causative agent in 4.5% of the infections [15].

The next most frequently identified pathogens on the examined tourniquets were
E. faecalis and P. aeruginosa, both detected on 9 out of 12 samples. In studies conducted by
Rafa and Wataszek (2021) [13], E. faecalis was responsible for 7.1% of HAIs, mostly urinary
tract infections (14.5%), and bloodstream infections (8.3%). P. aeruginosa accounted for
6.9% of infections in the intensive care unit, including 11.5% of urinary tract infections [13].
Enterococcus spp. was also identified as a causative agent of surgical site infections in
the study by Wataszek and Stowik, accounting for 5.4% of cases, primarily following hip
prosthesis implantation procedures [15]. P. aeruginosa was also identified in neurosurgical
patients by Rafa and Kolpa in 2022 [14]. It accounted for 4% of all cases in that study and
was primarily associated with surgical site infections [14].

In the presented study, Klebsiella was detected in 5 out of 12 tourniquets. In the research
conducted by Rafa and Wataszek (2021), Klebsiella pneumoniae was responsible for 16.3% of
reported healthcare-associated infections (HAIs), primarily associated with urinary tract
infections (UTIs) [13]. In the study by Wataszek and Stowik, Klebsiella pneumoniae caused
10.8% of infections [15]. Additionally, in the 2022 study by Rafa and Kotpa, Klebsiella
accounted for 12% of infections, mainly postoperative wound infections and UTIs [14].

Staphylococcus aureus was detected on only one tourniquet, and it was associated with
skin and soft tissue infections in 42.8% of cases in studies conducted in the Polish ICU [12].
Among neurosurgical patients in a study conducted by Rafa and Kotpa (2022), Staphylococ-
cus aureus was responsible for 11.5% of infections, primarily bloodstream infections and
surgical site infections [14].

The presence of pathogens associated with healthcare-associated infections on tourni-
quets represents a significant challenge in the treatment of patients in Polish hospitals.
Infections caused by these bacteria have been documented across various hospital depart-
ments and patient populations.
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A total of 12 bacterial species potentially capable of antibiotic resistance were identified
on the surface of reusable tourniquets. These pathogens pose a significant risk, as they are re-
sistant to multiple classes of antibiotics, complicating the treatment of healthcare-associated
infections. The identified potentially antibiotic-resistant species include Acinetobacter bau-
mannii, Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterococcus faecalis, Stenotrophomonas
maltophilia, Enterobacter quasihormaechei, Acinetobacter lwoffii, Klebsiella variicola, Shewanella
algae, Serratia liquefaciens, Serratia fonticola, and Staphylococcus aureus. Additionally, 16 bac-
terial species capable of forming biofilms were identified on tourniquet surfaces. Biofilm
formation is a significant survival strategy that enhances bacterial persistence and resistance
to antimicrobial treatments, including disinfectants. Among them, Acinetobacter baumannii
can exhibit resistance to carbapenems (e.g., imipenem, meropenem), cephalosporins (e.g.,
ceftriaxone), aminoglycosides (e.g., gentamicin), fluoroquinolones (e.g., ciprofloxacin),
tetracyclines, and sometimes polymyxins, making it challenging to treat with conventional
antibiotics. Additionally, A. baumani forms robust biofilms on surfaces, which increase its
resistance to disinfectants and its ability to survive on medical devices. It is also known
to survive on dry surfaces, such as medical tourniquets, for extended periods [16]. Pseu-
domonas aeruginosa is known for resistance to carbapenems (e.g., meropenem), aminoglyco-
sides, cephalosporins, fluoroquinolones, and occasionally polymyxins, due to its intrinsic
and acquired resistance mechanisms. It forms biofilms, complicating removal through
standard cleaning protocols, and can survive in both moist and dry environments, making
it a persistent contaminant on medical equipment [17]. Klebsiella pneumoniae produces
extended-spectrum beta-lactamases (ESBLs) and carbapenemases, resulting in resistance
to beta-lactam antibiotics, including cephalosporins and carbapenems. Additionally, re-
sistance to aminoglycosides may occur via other mechanisms, such as the presence of the
armA gene [18]. It also forms biofilms that enhance its survival on surfaces, adding to the
difficulty of complete disinfection. While both Enterococcus faecalis and Enterococcus faecium
can exhibit resistance to vancomycin (VRE), aminoglycosides, and certain beta-lactams,
the vast majority of VRE isolates are E. faecium, which tends to be more antibiotic-resistant
than E. faecalis [19]. It was also proven that it can withstand a range of pH and temper-
ature conditions, increasing its resilience in healthcare settings [19]. Stenotrophomonas
maltophilia displays intrinsic resistance to carbapenems, aminoglycosides, beta-lactams,
and fluoroquinolones, which limits available treatment options [20]. It is known to form
biofilms on various surfaces, complicating elimination. Environmental Adaptability: It is
capable of surviving in diverse conditions, including low-oxygen environments, which
aids in its persistence on reusable medical equipment. Staphylococcus aureus, especially
methicillin-resistant strains (MRSA), exhibits resistance to nearly all beta-lactam antibiotics,
including penicillins and cephalosporins, and frequently shows resistance to macrolides,
lincosamides, aminoglycosides, fluoroquinolones, and tetracyclines (Tong et al., 2015) [21].
The presence of S. aureus, A. baumannii, P. aeruginosa, and E. faecalis on reusable tourniquets
aligns with previous studies, which have also reported contamination of these devices
with potential healthcare-associated pathogens [22,23]. Such bacteria are known to cause
catheter-related bloodstream infections (CRBSI) and peripheral venous catheter-related
bloodstream infections (PVCR-BSI), both of which are significant causes of morbidity in
hospitalized patients. Lastly, CRBSI and PVCR-BSI are most associated with S. aureus
(including MRSA), coagulase-negative Staphylococci, Enterococcus spp., Klebsiella spp., and
P. aeruginosa. The contamination of reusable tourniquets with these microorganisms poses
a potential risk for cross-contamination during vascular access procedures. Improper han-
dling of tourniquets may transfer bacteria to the patient’s skin or catheter insertion site,
increasing the likelihood of infection [24-26].
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These findings underscore the challenges in maintaining sterile conditions with
reusable medical devices such as tourniquets, especially given the presence of multidrug-
resistant and biofilm-forming pathogens that are difficult to eliminate. These results
highlight the necessity for rigorous disinfection protocols or consideration of single-use
alternatives to minimize healthcare-associated infection risks.

Given these findings, our study reinforces the urgent need for single-use tourniquets
or the development of validated disinfection protocols for reusable devices. Current manu-
facturer guidelines provide inconsistent recommendations regarding tourniquet decontam-
ination, and, in some cases, fail to mention disinfection procedures at all. To reduce the risk
of healthcare-associated infections (HAISs), it is critical to establish evidence-based infection
control measures that include tourniquets as potential vectors of pathogen transmission.

Furthermore, the detection of multidrug-resistant species, including Stenotrophomonas
and Acinetobacter, highlights the risk posed by persistent contamination of reusable medi-
cal equipment. Future research should evaluate the efficacy of various disinfection methods
and assess the long-term microbial burden on reusable tourniquets in different clinical
settings. While this study focused on reusable tourniquets as potential reservoirs for
pathogens, it is important to acknowledge that other frequently handled medical de-
vices similarly contribute to nosocomial transmission. Medication administration tools—
including pillboxes, medication carts, and dispensing systems—have been documented
as significant fomites carrying multidrug-resistant organisms. For instance, a study of
medication preparation areas found that 33% of surfaces harbored pathogenic bacteria,
with contamination patterns directly correlating with handling frequency. Like tourniquets,
these devices experience high-touch contact without consistent disinfection protocols be-
tween uses. This parallel underscores a systemic challenge in healthcare settings: porous
materials and complex surfaces on commonly reused equipment create persistent reservoirs
for pathogens. Our findings on tourniquet contamination should, therefore, inform broader
infection control strategies targeting all high-risk fomites, particularly those with textured
surfaces that impede effective cleaning [27].

5. Limitations

The use of 165 rRNA sequencing provides taxonomic identification but does not
differentiate between live and dead bacteria or determine antibiotic resistance profiles.
The absence of negative controls (e.g., unused tourniquets) limits direct comparisons of
disinfection efficacy. However, this aligns with this study’s focus on contamination dynam-
ics in actively used clinical devices. Finally, variations in environmental conditions and
handling practices across hospital departments may have influenced the level of microbial
contamination. In this study, we did not monitor the way staff handled the tourniquets,
which also included the possible use of disinfectants. Additionally, the relatively small
sample size (n = 12) may limit the generalizability of our findings to other clinical set-
tings. Future studies should include larger sample sizes and systematically document
handling and disinfection protocols to better assess the factors influencing tourniquet
contamination. Moreover, while switching to single-use tourniquets can reduce the risk
of cross-contamination, this approach presents additional challenges. Disposable tourni-
quets are typically made from non-biodegradable plastics, contributing to environmental
pollution and increased carbon footprint. On the other hand, insufficiently disinfected
reusable tourniquets may facilitate the transmission of healthcare-associated infections
(HAIs), which are associated with substantial treatment costs. The economic burden of
managing a single HAI episode may far exceed the cost of implementing disposable al-
ternatives. Therefore, future research should also consider the environmental impact of



Appl. Sci. 2025, 15, 7545

12 of 14

disposable tourniquets and perform comprehensive cost-benefit analyses to guide infection
control strategies in different healthcare settings.

6. Conclusions

Metagenomic analysis of reusable tourniquets revealed a consistent presence of clini-
cally relevant pathogens (HAI), including Klebsiella spp., Enterococcus spp., Staphylococcus
aureus, Pseudomonas aeruginosa, and Acinetobacter spp.

Tourniquets sampled from operating theatres showed greater taxonomic diversity, sug-
gesting variability in contamination dynamics driven by departmental usage patterns and
disinfection practices. Cluster and diversity analyses further indicated that the highest gen-
era diversity was exclusive to operating theatre tourniquets, although high contamination
was not always associated with increased diversity.

The frequent detection of potentially biofilm-forming and antibiotic-resistant bacteria
underscores the limitations of current decontamination protocols. The findings strongly
support the implementation of standardized sterilization procedures or the adoption of
single-use tourniquets to mitigate the risk of cross-contamination and reduce the trans-
mission of multidrug-resistant pathogens in clinical settings. However, the feasibility of
widespread single-use tourniquet adoption requires careful consideration of resource con-
straints, particularly in low-income settings where cost and supply chain limitations may
pose significant barriers. Healthcare systems should balance infection control priorities
with local economic realities when implementing these recommendations.

7. Implications for Practice

Reusable tourniquets represent an underestimated vector for the transmission of
healthcare-associated pathogens, including multidrug-resistant and biofilm-forming bac-
teria. The findings underscore the necessity of integrating tourniquet management into
infection prevention strategies. Transitioning to single-use devices or establishing stan-
dardized, evidence-based disinfection protocols is essential to limit microbial persistence
and cross-contamination in high-risk clinical settings. Incorporating these practices may
contribute to a measurable reduction in the incidence of hospital-acquired infections, par-
ticularly in departments with high patient turnover and invasive procedures.
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