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1. Wykaz skrétéw

ATC - ang. Anatomical Therapeutic Chemical

CA-CDI - ang. Community-Associated CDI

CDI - ang. C. difficile Infection

CDT - ang. C. difficile Transferase Toxin

DDD - ang. Definied Daily Dose

DOT - ang. Days of Treatment

ECDC - ang, European Centre for Disease Prevention and Control
ESAC-Net - ang. European Surveillance of Antimicrobial Consumption Network
FMT - ang. Fecal Microbiota Transplantation

GDH - dehydrogenaza glutaminianowa

HA-CDI - ang. Healthcare-Associated CDI

HPRO - ang. Hip Arthroplasty

IDSA - ang. Infectious Diseases Society of America

i.v. - lac. intravenosa

JO1 - antybiotyki do uzytku ogélnego

JO1C - antybiotyki beta-laktamowe, penicyliny

JO1D - inne antybiotyki beta-laktamowe

JO1E - sulfonamidy i trimetoprim

JO1M - fluorochinolony

JOF - makrolidy, linkozamidy, streptograminy

KPRO - ang. Knee Arthroplasty

LOS - ang. Length of Stay

LOT - ang. Length of Treatment

NAAT - ang. Nucleic Acid Amplification Test

NAPI, réwniez BI/NAP1/027 - ang. North American Pulsed Field Type 1
NFZ - Narodowy Fundusz Zdrowia

OIT - oddziat intensywnej terapii

PCR - ang. Polymeraze Chain Reaction

PDD - ang. Prescribed Daily Dose

pds - ang. patients days

SHEA - ang. Society for Healthcare Epidemiology of America
TedA - Toksyna A C. difficile

TcdB - Toksyna B C. difficile

TESSy - ang. The European Surveillance System

UE - Unia Europejska



2. Streszczenie

Clostridioides difficile jest bakterig powszechnie wystepujgcg w organizmach ludzi,
jednak patogenne szczepy moga przyczynia¢ sie u niektérych do wystgpienia
tzw. biegunek poantybiotykowych, w ktérych gtdwnym czynnikiem narazenia na
zakazenie jest przyjmowanie antybiotykéw. U ludzi zdrowych gtdéwng ochrong przed
CDI (ang. C. difficile infection) stanowi prawidtowa btona $luzowa wraz z mikrobiota,
ktéra moze ulec zaburzeniu podczas przyjmowania antybiotykéw. Jako inne istotne
czynniki ryzyka wystapienia CDI wymienia sie: wiek, hospitalizacje i przebyte operacje.
W 2016 r. srednia zachorowalnosci na CDI w UE wynosita 2,38/10 000 pacjento-dni
(ang. patients days, pds$), a w Polsce az 6,2/10 000 pds. W zwigzku z tym, ze zakazenia
CDI Sscisle zwigzane sg z antybiotykoterapia, sugeruje sig, ze CDI mogag by¢ uznane

za biomarker poprawnosci stosowania antybiotykow.

Celem pracy byla ocena na poziomie lokalnym, ogolnokrajowym
i ogdlnoeuropejskim epidemiologii C. difficile w kontekscie stosowania antybiotykow
w profilaktyce i leczeniu. Nadzér nad CDI objagt pacjentéw przebywajgcych
w oddziatach zabiegowych w Szpitalu $w. £ukasza w Tarnowie. Dodatkowo pozyskano
dane z baz: NFZ oraz ECDC dotyczace wystepowania CDI oraz przepisywania lub
zuzycia antybiotykéw. Przeanalizowano dane dotyczace: konsumpcji antybiotykow,
zachorowalnosci na CDI, dtugosci hospitalizacji, charakterystyki pacjentow. W badaniu
przedwypisowego HA-CDI (ang. Healthcare-Associated CDI) stwierdzono, ze czesto$¢
zakazen wynosita 2/1000 pacjentéw. Najwyzsze zuzycie antybiotykéw odnotowano
w oddziale urologii, gdzie zaobserwowano wysoki udziat fluorochinolonéw. Wykazano
rébwniez, ze stosowanie fluorochinolonédw byto silnie dodatnio zwigzane
z wystepowaniem CDI. Wskaznik zapadalno$ci na powypisowe HA-CDI wynosit
34,4/10 000 pacjentéw. Odnotowano, ze pacjenci wymagajacy politerapii
w okresie przedoperacyjnym, przyjeci w trybie nagtym, operowani z powodu urazu,
wymagajacy hospitalizacji na OIT czy wymagajacy opieki diugoterminowej po wypisie
chorowali istotnie czesciej. Ponadto wykazano, ze istotnie czesciej CDI dotyczyto
pacjentéw z wystepujacymi innymi zakazeniami oraz pacjentow, ktorym przepisano
antybiotyk w okresie pooperacyjnym. Analiza ogélnoeuropejska wykazata, ze w Polsce
odsetek antybiotykdw przepisywanych ambulatoryjnie byt 16,3 razy wyzszy niz

w Srodowisku szpitalnym i byt to jeden z najwyzszych wynikéw wsréd krajow
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europejskich. Wykazano wysokg zapadalno$¢ na CDI w Polsce (7,6/10 000 pds), kiedy
$rednia zachorowalno$¢ w Europie wyniosta 4,6 przypadkéw/10 000 pds, Na poziomie
europejskim nie wykazano istotnego zwigzku miedzy spozyciem antybiotykow,
a czestoscig wystepowania CDI. Poszukiwanie rozwigzan problemow tak uniwersalnych,
jak zapobieganie i kontrola CDI, wymaga szczeg6towych opisow sytuacji lokalnej -
oddziatu, szpitala badZz regionu biorgcych pod uwage lokalne warunki
i ograniczenia, bez pominiecia kontekstow narodowych i sposobéw organizacji opieki

zdrowotnej.

Przedstawione wyniki majg kilka waznych implikacji dla praktyki klinicznej
w Polsce, zwilaszcza w obszarze kontroli zakazen. Wielochorobowo$¢ w okresie
przedoperacyjnym i konsumpcja antybiotykow sg zwigzane ze zwigkszonym ryzykiem
wystgpienia CDI. Tym samym obserwacja potwierdza konieczno$¢ wdrozenia
skutecznych programéw profilaktyki i leczenia zakazen oraz réwnolegle zarzadzania

antybiotykami w polskich szpitalach.



3. Summary

Clostridioides difficile is a common bacteria in humans, but pathogenic strains may
contribute to the development of so-called antibiotic diarrhea in which the main factor
of exposure to infection is taking antibiotics. In healthy people, the main protection
against CDI (C. difficile infection) is the normal mucosa along with the microbiota that
can be disrupted by antibiotics. Other significant risk factors for CDI occurrence are age,
hospitalization, and previous operations. In 2016, the average incidence of CDI in the EU
was 2.38 / 10,000 patient-days (pds), and in Poland as much as 6.2 / 10,000 pds. As CDI
infections are closely related to antibiotic therapy, it is suggested that CDI may

be considered as biomarker of the appropriate antibiotic use.

The aim of the study was to evaluate the local, national and European epidemiology
of C. difficile in the context of the use of antibiotics in prophylaxis and treatment.
Surveillance of CDI covered surgical patients of treatment wards at the
St. Lukasz in Tarnéw. In addition, data was obtained from the Polish National Health
Fund (NHF) and ECDC databases on the presence of CDI and the prescription or use
of antibiotics. Data concerning: consumption of antibiotics, incidence of CDI, length
ofhospitalization, and patient characteristics were analyzed. In the Healthcare-Associated
CDI (HA-CDI) local study, the incidence of infections was 2/1000 patients. The highest
use of antibiotics was recorded in the urology department, where a high proportion
of fluoroquinolones was observed. It has also been shown that the use of fluoroquinolones
was strongly positively associated with the occurrence of CDI. The incidence rate
of national study HA-CDI was 34.4/ 10,000 patients. It has been reported that patients
who required polytherapy in the preoperative period, who were admitted urgently,
operated for trauma, who required hospitalization at the ICU or who required long-term
care after discharge, significantly have CDI often. It has been shown that CDI was
significantly more frequent in patients with other infections and in patients who were
prescribed an antibiotic in the postoperative period. The European analysis showed that
in Poland the share of outpatient antibiotics consumption was 16.3 times higher than
in the hospital environment, which was one of the highest results among European
countries. There also was a high incidence of CDI in Poland (7.6 / 10,000 pds), while the
average incidence in Europe was 4.6 cases / 10,000 pds. At the European level,

no significant relationship was found between the consumption of antibiotics and the
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incidence of CDIL. It is a confirmation that looking for solutions to problems as universal
as CDI prevention and control necessitates detailed descriptions of the local situation and

local conditions and limitations.

The presented results have several important implications for clinical practice
in Poland, especially in infection prevention and control. Preoperative multimorbidity and
antibiotic consumption are associated with an increased risk of CDI. Thus, the
observation confirms the need to implement effective infection prevention and control

programs as well as the simultaneous antibiotics stewardship in Polish hospitals.



4. Wstep

Mikrobiota jelitowa to zitozony i zrdéznicowany ekosystem mikroorganizméw
zyjacych w przewodzie pokarmowym ludzi i zwierzat. Mikrobiota cztowieka sktada sie
z catego spektrum organizméw, w tym bakterii, wiruséw i eukariotow, ktére kolonizujg
przewod pokarmowy tuz po narodzinach [1]. Mikrobiota odgrywa istotng role
w prawidlowym funkcjonowaniu organizmu. Tworza jg m.in. mikroorganizmy
z rodzaju: Bacteroides, Enterococcus, Enterobacter, Staphylococcus, czy laseczki

z rodzaju Clostridioides.

Clostridioid.es difficile jest Gram-dodatnia, beztlenowsg, przetrwalnikujgcg laseczkg
wystepujacg powszechnie w organizmach ludzi i zwierzat [2]. Szacuje sig, ze okoto 5%
dorostych i 15-70% niemowlat jest skolonizowanych przez C. difficile [3], lecz tylko
niektore szczepy sg patogenne. Patogennos¢ C. difficile zwigzanajest z produkcja toksyn:

A (TedA) i/lub B (TcdB) i/lub binarnej (CDT - ang. C. difficile Transferase Toxin) [4].

Szczepy patogenne mogg byC¢ przyczyng biegunek poantybiotykowych. Obraz
kliniczny CDI (ang. Clostridioides difficile Infection) obejmuje bole brzucha, goragczke i
czeste oddawanie katu, w ktérym moga pojawic sie $luz i krew [5]. Zakazenie C. difficile
moze miec¢ rézny obraz kliniczny: od samoograniczajacej sie biegunki, przez zapalenie
jelita grubego, az po objawy toksycznego rozszerzenia okreznicy (fac. megacolon
toxicum), ktérej nastepstwem moze by¢ perforacjajelita. W badaniu kolonoskopowym
stwierdza sie wowczas obecnos¢ biatawych lub z6ttawych bton na powierzchni jelita [5].
Gtdéwna barierg ochronng przed CDI jest btona $luzowa z prawidtowa mikrobiotg oraz
wydzielniczymi enzymami i inhibitorami [2], a najwazniejszym czynnikiem narazenia
na zakazenie jest przyjmowanie antybiotykow [6, 7]. Do antybiotykéw o najwiekszym
ryzyku zachorowania na CDI nalezy przede wszystkim klindamycyna, ktora zwieksza
ryzyko okoto 20-krotnie; natomiast czesto stosowane fluorochinolony, cefalosporyny
i karbapenemy zwiekszajg to ryzyko pieciokrotnie (w poréwnaniu do 0s6b nieleczonych
antybiotykiem) [8]. Przywrdcenie mikrobioty chorego do stanu pierwotnego, sprzed
antybiotykoterapii, trwa nawet do 2 lat [9]. Oprocz stosowania antybiotykow jako inne
istotne czynniki wystapienia lub nawrotu CDI wskazuje sie: wiek powyzej 65 r.z [10],
hospitalizacje i przebyte operacje [11]. Dodatkowo, szeroko dyskutowany jest wptyw
inhibitoréw pomp protonowych oraz H2 blokeréw na ryzyko wystapienia CDI [10, 12],


Clostridioid.es

Az 75% wszystkich zakazen CDI wigze si¢ z hospitalizacja. HA-CDI
(ang. Healthcare-Associated CDI) wydtuzaja hospitalizacje 1 wigza si¢ z dodatkowymi
kosztami [13]. Szacuje si¢, ze 8% pacjentow z CDI nie reaguje na standardowsa
antybiotykoterapi¢ i do§wiadcza nawrotdw zakazenia [13]. Epidemiologia HA-CDIi CA-
CDI (ang. Community-Associated CDI) r6zni si¢, zachorowalno$¢ zwigzana z HA-CDI
zazwyczaj jest wyzsza, co prawdopodobnie ma zwigzek z innym narazeniem
na antybiotykoterapi¢ w szpitalu i poza nim. Az 55,7% pacjentéw dostaje antybiotyki
podczas hospitalizacji, natomiast antybiotyki z tych grup, ktére uwaza si¢ za narazajace
na wysokie ryzyko rozwoju CDI (tj. antybiotyki o szerokim spektrum dzialania), stosuje
si¢ nawet u 29,8% pacjentdw amerykanskich szpitali [14]. Antybiotyki stosuje si¢
réwniez w opiece ambulatoryjnej, lekarze w Stanach Zjednoczonych w roku 2019
przepisali 251 miliona recept na antybiotyki — co odpowiada 765 recept na 1000

mieszkancow [15].

Ogoélem $rednia zachorowalno$ci na CDI w Unii Europejskiej wynosita w 2016 roku
2,38/10 000 pacjento-dni (ang. patients days, pds) [13]. Niestety wedtug ECDC (ang.
European Centre for Disease Prevention and Control) catkowita zachorowalno$§¢ na HA-
CDI w Polsce wynosita 6,2/10 000 pds, zatem byta prawie 3 razy wyzsza niz §rednia Unii
Europejskiej. [13]. Inne polskie dane pochodzace z badan jednoosrodkowych, podaja
zachorowalno$¢ CDI w oddziatach intensywne;j terapii na poziomie 13/10 000 pds [15]
i 10,6/10 000 pds [17]. Jednak tak duze nat¢zenie wystgpowania CDI obserwuje si¢

w Polsce od niedawna.

Hiperwirulentny szczep NAP1 (ang. North American Pulsed Field Type 1), znany
réwniez jako B1/NAP1/027 lub rybotyp PCR (ang. Polymeraze Chain Reaction) 027,
zostal pierwszy raz wyizolowany i opisany w latach 2000-2001 [18]. Uznaje si¢ go
za przyczyn¢ zmiany epidemiologii CDI i spowodowanie wzrostu zachorowalnosci,
i $miertelno$ci w Europie oraz na §wiecie [19]. Szczepy 027 maja zwigkszong oporno§é
na antybiotyki, w tym na metronidazol, wyzszg sporotworczo$¢ i toksynotwdrczoé¢ oraz
wytwarzajg toksyne binarng [18]. Nalezy zauwazy¢, ze niezaleznie od populacji, w jakiej
rozpoznano zakazenie, czy ws$rdd pacjentéw hospitalizowanych (HA-CDI), czy
pozostajacych w opiece domowej (CA-CDI) rybotyp 027 byt w 2016 roku najczeéciej
spotykanym (22,9%) rybotypem w Europie [13] oraz w Polsce [20].



Ze wzgledu na ryzyko powaznych powiklan po CDI, istotng role odgrywa szybkie
i swoiste rozpoznanie zakazenia, wdrozenie izolacji kontaktowej oraz odpowiednie
leczenie. Podstawg diagnostyki CDI sag testy immunochromatyczne - wykrywajace
toksyny (w tym testy lateksowe) oraz testy wykrywajace dehydrogenaze glutaminianowg
(GDH), a takze testy NAAT (ang. Nucleic Acid Amplification Test), w tym testy PCR.
Wykonanie tylko testu wykrywajacego GDH jest niewystarczajace do postawienia
diagnozy — GDH jest enzymem wytwarzanym przez toksynogenne, ale tez
nietoksynogenne szczepy C. difficile, zatem nalezy potwierdzi¢ obecno$¢ toksyny
w kale. Test NAAT shuzy jedynie do potwierdzenia etiologii zakaZenia i nie powinien
by¢ stosowany samodzielnie [18]. Wyjatek stanowia pacjenci z niedroznoscia jelit, od
ktorych trudno uzyska¢ wlasciwy materiat do badan, a wymaz z odbytu pozwala jedynie
na wykonanie badan z uzyciem metod biologii molekularnej lub posiewu bezposredniego

[21].

Standardowa terapia CDI obejmuje podawanie antybiotykoéw. Wedtug rekomendacji
IDSA z 2021 roku jako lek pierwszego wyboru podczas pierwszego epizodu CDI podaje
si¢ przez 10 dni dwa razy dziennie 200mg fidaksomycyny, alternatywnie doustnie 125
mg cztery razy dziennie przez 10 dni wankomycyne. Metronidazol stosuje si¢ tylko
w tagodnych przypadkach zakazenia leczonego w warunkach ambulatoryjnych lub gdy
wspomniane antybiotyki sa niedostgpne [22]. W przypadku lagodnych postaci CDI
skuteczno§¢ wankomycyny i metronidazolu jest porownywalna; jednak w przypadku
cigzkich zakazen wykazano, Ze stosowanie wankomycyny jest bardziej skuteczne [23].
Problem moze jednak stanowi¢ cena dostgpnej na polskim rynku fidaksomycyny pod
nazwg handlowg ,,Dificlir”. Koszt terapii 1 pacjenta, tj. 20 tabletek, w obecnej chwili
przekracza 10 000 zi [24]. W najnowszym opracowaniu Infectious Diseases Society
of America (IDSA) oraz Society for Healthcare Epidemiology of America (SHEA) z roku
2021 jako inng rekomendowang metod¢ leczenia CDI, w przypadku pacjentéw, u ktérych
doszlo do wielokrotnych nawrotdéw, a leczenie antybiotykami zawiodlo podano FMT
(ang. Fecal Microbiota Transplantation) oraz zastosowanie Bezlotoxumabu i.v. (lac.
intravenosa) [22]. FMT polega na przeniesieniu mikrobioty katowej ze zdrowego,
przebadanego dawcy do biorcy, co ma przywrécié zaklocong rownowage mikrobioty
u biorcy [25]. Natomiast w produkcie Bezlotoksumab zawarte s3 immunoglobuliny IgG1,
przeciwciata wigza si¢ z toksyna B C. difficile i neutralizuja jej wplyw na komorki. Jednak

przeciwciala te nie wigza si¢ ani z toksyng binarng ani z toksyng A C. difficile [26].
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Dla oceny skuteczno$ci dzialan podejmowanych w ochronie zdrowia ogromne
znaczenie ma nadzér nad stosowaniem antybiotykow, tzw. ,,Antibiotic Stewardship
Program”, a w tym réwniez pomiar zuzycia antybiotykéw. Wiarygodna analiza opiera si¢
na jednorodnych wskaznikach nie tylko w obrgbie jednej placéwki, ale tez grupie
podmiotéw leczniczych. Zuzycie antybiotykéw mozna okres$li¢ na podstawie: udziatu
procentowego (czyli odsetek chorych leczonych lekami danej grupy w populacji
pacjentow), dhugosci leczenia wyrazanej w liczbie dni, w ktoérych pacjent otrzymywat
przynajmniej jeden lek (LOT - ang. Length of Treatment) lub sumarycznej liczbie dni
uwzgledniajacej stosowanie terapii skojarzonej (DOT- ang. Days of Treatment), poprzez
liczby definiowanych dawek dobowych (DDD - ang. Definied Daily Dose) lub
przepisywanych dawek dobowych (PDD - ang. Prescribed Daily Dose) [27].
Rekomendowang przez WHO oraz ECDC i najczgs$ciej stosowang metoda oceny zuzycia
antybiotykdw jest analiza z wykorzystaniem DDD, czyli przypuszczalna §rednia dobowa
podtrzymujaca dawka leku podawana osobie dorostej (70 kg) w terapii podstawowego
wskazania tego leku i przy okre$lonej drodze podania [28].

W zwigzku z tym, ze ryzyko rozwoju zakazenia CDI $cile zwigzane jest
z antybiotykoterapia, sugeruje sie¢, ze zakazenia C. difficile moga by¢ uznane
za biomarker jakoSci gospodarowania antybiotykami [29]. Jest to réwniez zgodne
z polskimi danymi, gdzie wykazano, ze konsumpcja antybiotykdw jest bardzo wysoka,

przy jednocze$nie wysokiej zachorowalnosci zwigzanej z CDI [30, 31].
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5. Zatozenia badawcze i cel pracy

Stosunkowo duzo wiemy o biologii C. difficile, a w ostatnich latach rozwinieto prace
nad wysoko swoistg i czulg diagnostyka, ale mimo tego badania prowadzone
w wielu krajach w Europie i na Swiecie potwierdzajg, ze na przestrzeni czasu znaczgco
pogorszyta sie epidemiologia CDI. Problem zakazenn C. difficile jest ogromnym
wyzwaniem dla nowoczesnej medycyny, a w zwigzku z obserwowanym $cistym
zwigzkiem pomiedzy poantybiotykowsg dysbiozg, a CDI niekiedy proponuje sig, aby jako
jedng z miar jako$ci nadzoru nad stosowaniem antybiotykdéw byta epidemiologiczna

miara gestosci zachorowan na CDI [29],

Jednak przy braku analiz dotyczacych epidemiologii CDI w poszczegdlnych
populacjach pacjentéw, jak np. pacjenci operowani, trudno odpowiedzie¢ jednoznacznie
na pytanie, czy na poziomie ponadlokalnym stosowanie CDI jako miary nadzoru jakosci

zarzadzania antybiotykami jest zasadne.

Zatem opisanie zjawiska epidemiologii CDI pacjentow po wybranych typach
zabiegbw operacyjnych - z uwzglednieniem nadzoru przed-wypisowego oraz po-
wypisowego (pacjenci ortopedyczni) oraz globalne spojrzenie na epidemiologie zakazen
w Europie moze mie¢ ogromne znaczenie. Celem pracy byla ocena lokalnej
(jednoosrodkowej), ogolnokrajowej i ogolnoeuropejskiej epidemiologii Clostridioides

difficile w kontekscie stosowania antybiotykéw w profilaktyce i leczeniu.

5.1. Cele szczegoOtowe

1. Opisanie epidemiologii CDI u pacjentdw hospitalizowanych w oddziatach
zabiegowych za pomocg wspoétczynnikéw epidemiologicznych, takich jak:
zachorowalno$¢ skumulowana i gestos¢ zachorowan.

2.0cena zwiagzku miedzy wystepowaniem CA-CDI i HA-CDI w warunkach
szpitalnych oddziatéw zabiegowych.

3.Analiza stosowania antybiotykbw u pacjentéw oddziatbw zabiegowych,
z uwzglednieniem antybiotykdw stosowanych w terapii i w profilaktyce
okotooperacyjnej.

4. Ocena korelacji catkowitego spozycia wybranych grup antybiotykdéw z natezeniem

wystepowania HA-CDI.
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5. Okreslenie epidemiologii powypisowego-CDI w odniesieniu do charakterystyki
pacjenta po endoprotezoplastyce stawu biodrowego lub kolanowego.

6. Okreslenia  ambulatoryjnej ~ konsumpcji  antybiotykbw u  pacjentow
po endoprotezoplastyce stawu biodrowego lub kolanowego.

7. Okreslenie gestosci zapadalnosci na CA-CDI oraz HA-CDI w krajach Unii
Europejskiej w kontek$cie konsumpcji wybranych grup antybiotykow

w warunkach ambulatoryjnych i opieki szpitalnej.
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6. Materialy i Metody
6.1. Badane populacje

6.1.1. Badanie jednoosrodkowe:

Nadzér nad CA-CDI i przedwypisowym HA-CDI objat 68 580 pacjentéw oddzialéw
zabiegowych dla dorostych w jednym =z mnajwigkszych szpitali klinicznych
w potudniowej Polsce, Szpitalu Wojewddzkim §w. Lukasza w Tarnowie, w latach 2012-
2016. Szpital prowadzit lecznictwo zamknig¢te w 22 oddziatach, z czego 11 miato
charakter zabiegowy. W szpitalu dziatato m.in. sze$¢ oddzialow chirurgicznych: ogélny,
onkologiczny, neurochirurgii, ortopedii i urologii oraz oddzial polozniczo-

ginekologiczny, ogétem 709 16zek tzw. ,,ostrych”.
Przeanalizowano dane dotyczace:

e konsumpcji antybiotykoéw
e zachorowalnos$ci na CDI

e dlugosci hospitalizacji

W szpitalu obowigzywaly jednolite zasady dotyczace okolooperacyjnej profilaktyki
antybiotykowej, ktére w zalezno$ci od rodzaju operacji byly stosowane wedtug réznych
schematéw, tj. w zalezno$ci od rodzaju zabiegu chirurgicznego, trybu przygotowania

pacjenta do zabiegu i implantow:

(I) Schemat I: procedury: czyste, czyste-skazone, inne niz wskazane ponizej: cefazolina
i.v. (lac. intravenosa) - w dawce 1 lub 2 g (w zaleznoS$ci od masy ciata pacjenta) do 30
min przed nacigciem skory, dawk¢ powtarzano, je§li zabieg trwat dtuzej niz 3 h.
Antybiotyk byl stosowany i podawany tylko w sali operacyjnej;

(I) Schemat II: zabiegi czyste mikrobiologicznie: przeszczep naczyniowy, operacja
przepukliny z wuzyciem siatki, mastektomia, operacje ukladu limfatycznego,
implantologia i operacje kregostupa, cholecystektomia: cefazolina i.v. w dawce 1 lub2 g
(w zaleznoéci od masy ciata pacjenta) do 30 min przed nacigciem skory, dawke
powtarzano w przypadku zabiegu dluzszego niz 3 h; kontynuowano podawanie
antybiotyku w oddziale: 1 dawka 8 h po ostatniej i kontynuowano podawanie leku
co 8 h. Antybiotyki podawano w oddziale do 48 h po zabiegu,

14



(III) Schemat I1I:

A) zabiegi planowe: operacja jelita grubego i/lub cienkiego, gastrektomia, resekcja
trzustki: cefazolina i.v. w dawce 1 lub 2 g (w zaleznoéci od masy ciata pacjenta) do 30
min przed nacigciem skory, dawke powtarzano w przypadku zabiegu dtuzszego niz 3 h
+ metronidazol i.v. w dawce 0,5 g min. 1 h przed naci¢ciem skéry, dawke metronidazolu
powtarzano w przypadku zabiegu dluzszego niz 6 h; podawanie antybiotyku
kontynuowano w oddziale: 1 dawka 8 h po ostatniej i kontynuowano podawanie leku co

8 h. Antybiotyki podawane w oddziale do 72 h po zabiegu;

B) zabiegi planowe: uktadu moczowego, przezcewkowa elektroresekcja gruczolaka
prostaty, pyelolithotomia: cefazolina i.v. w dawce 1 lub 2 g (w zaleznosci od masy ciata
pacjenta) do 30 min przed nacigciem skory, dawke powtarzano, jesli zabieg trwat dhuze;j
niz 3 h + ciprofloksacyna i.v. w dawce 0,4 g min. 1h przed naci¢ciem skory dawke
cyprofloksacyny powtarzano, je$li zabieg trwat dtuzej niz 7 h; kontynuowano podawanie
antybiotyku w oddziale: 1 dawka cefazoliny i.v. 8 h po ostatniej i kontynuowano
podawanie leku co 8 h, cyprofloksacyna 12 h po ostatniej dawce, i kontynuowano
podawanie leku co 12 h. Antybiotyki podawane w oddziale do 72 h po zabiegu;

C) zabiegi planowe: implantacja, artroplastyka rewizyjna: cefazolina i.v. w dawce 1
lub 2 g (w zalezno$ci od masy ciata pacjenta) do 30 min przed nacigciem skory, dawke
cefazoliny powtarzano, jesli zabieg trwal dluzej niz 3 h + klindamycyna dozylnie,
w dawce 0,3 g lub 0,6 g (w zaleznos$ci od pacjenta masy ciata) lub wankomycyny
w dawce 0,6 lub 1,0 g (w zaleZznosci masy ciata pacjenta) ok. 1-2 h przed nacigciem
skory. Dawke klindamycyny/wankomycyny powtarzano, jesli zabieg trwal dluzej niz
6 h; nast¢pnie kontynuowano podawanie antybiotyku w oddziale: 1 dawka odpowiednio
(cefazolinat+klindamycyna lub cefazolina + wankomycyna) 8 godzin po ostatniej dawce
1 kontynuowano podawanie lekéw co 8 h. Antybiotyki podawane w oddziale do 72 h po
zabiegu.

Wykorzystanie danych zostato zatwierdzone przez Komisj¢ Bioetyczng Uniwersytetu
Jagiellonskiego nr 122.6120.118.2016 z dnia 25.05.2016, Zatacznik nr 1. Wszystkie dane
wprowadzone do elektronicznej bazy danych i przeanalizowane

w tym badaniu zostaly wcze§niej zanonimizowane.
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6.1.2. Badanie wieloosrodkowe:

Z baz danych NFZ (Narodowy Fundusz Zdrowia) pozyskano dokumentacj¢
wszystkich pacjentéw, ktérzy mieli wykonang endoprotezoplastyke stawu biodrowego
lub kolanowego w 2017 roku, grupa badana obejmowata wylacznie operacje finansowane
przez NFZ. Wykluczono operacje wykonywane u oséb ponizej 18 roku zycia (n=36).
Ostatecznie do analizy wlaczono 83 525 przypadkoéw artroplastyki stawu biodrowego
(HPRO - ang. Hip Arthroplasty) i kolana (KPRO - ang. Knee Arthroplasty).
Przeanalizowano dane demograficzne (wiek, miejsce zamieszkania) i kliniczne (choroby
wspolistniejace, rodzaj operowanego stawu), przyczyne operacji (pierwotna, rewizyjna),
liczbe przepisanych grup lekéw, LOS (ang. Length of Stay), pobyt w OIT (oddziat
intensywnej terapii), rozpoznanie réznych form zakaZzen pooperacyjnych, realizacje
opieki dlugoterminowej po operacji, zachorowalnosci na CDI oraz liczby wypisanych
recept na antybiotyki (uwzgle¢dniajac te przy wypisie ze szpitala oraz wypisane w 30-
dniowym okresie pooperacyjnym).

Jako politerapi¢ zakwalifikowano przyjmowanie lekow z 5 lub wigcej grup
z kodem ATC (ang. Anatomical Therapeutic Chemical). Pod uwagg zostalty wzigte tylko
leki dostepne na recepte.

Wykorzystanie danych zostato zatwierdzone przez Komisj¢ Bioetyczng Uniwersytetu
Jagiellonskiego nr 1072.6120.149.2020 z dnia 25.06.2020, Zalgcznik nr 2. Wszystkie
dane wprowadzone do elektronicznej bazy danych i przeanalizowane w tym badaniu

zostaly wczesniej zanonimizowane.

6.1.3. Badanie ogolnoeuropejskie:

Analize dla roku 2016 przeprowadzono z wykorzystaniem bazy danych zebranych
przez ECDC w ramach ogolnoeuropejskich projektow badawczych na podstawie
publicznie dostgpnych danych:

a) Bazy danych o zuzyciu $rodkéw przeciwdrobnoustrojowych - ESAC-Net
(ang. European Surveillance of Antimicrobial Consumption Network) [32].

b) Danych dotyczacych zuzycia antybiotykéw z Europejskiego Systemu Nadzoru —
TESSy (ang. The European Surveillance System) [33].

¢) Danych dotyczacych zachorowalnosci na CDI [13].
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ECDC jest agencja pod piecza Unii Europejskiej (UE), ktorej zadaniem jest
wzmocnienie europejskiej ochrony przed chorobami zakaznymi. Podstawowe funkcje
agencji obejmuja szerokie spektrum dzialah nad nadzorem epidemiologicznym
i doradztwem naukowym. ECDC organizuje réwniez szkolenia w zakresie zdrowia

publicznego [34].

Na potrzeby analiz ogélnoeuropejskich dane dotyczace populacji uzyskiwano
z Eurostatu, czyli urzgdu statystycznego UE, baza "Demographic balance and crude rate".
Do obliczen wykorzystano liczb¢ populacji na pierwszy dzieh stycznia kazdego
analizowanego roku. Wspélczynnik zgloszen (ang. notification rates) obliczono
na podstawie liczby zgloszonych i potwierdzonych przypadkow, podzielonych przez
oficjalne szacunki Eurostatu dotyczace liczby ludnoéci w danym kraju na dany rok
pomnozong przez 100 000 [35].

6.2. Stosowane definicje, kryteria rozpoznania i pozostale narzedzia

badawcze

6.2.1. Przypadek CDI

Przedwypisowy przypadek CDI musiat spelni¢ co najmniej jeden z nastepujacych
kryteriéw [36]:

(1) biegunkowe stolce lub toksyczne rozdgcie okr¢znicy i dodatni wynik testu
laboratoryjnego na obecno$¢ toksyny A lub B C. difficile w stolcu lub wykrycie
drobnoustroju C. difficile wytwarzajacego toksyne w stolcu poprzez hodowl¢ lub innymi
$rodkami, np. pozytywny wynik PCR (ang. Polymeraze Chain Reaction);

(2) rzekomobloniaste zapalenie okreznicy ujawnione w endoskopii dolnego odcinka
przewodu pokarmowego;
(3) histopatologia okr¢znicy charakterystyczna dla zakazenia C. difficile (z biegunka lub
bez) na probcee uzyskanej podczas endoskopii, kolektomii lub autopsji.

Powypisowy przypadek CDI byt rozpoznawany i kwalifikowany przez lekarza

W opiece pooperacyjnej w trakcie wizyty ambulatoryjnej albo w momencie przyjecia

do szpitala.
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6.2.2. Klasyfikacja przypadku HA-CDI lub CA-CDI:

CA-CDI zdefiniowano jako przypadek CDI z wystgpieniem objawow (1) poza
placéwkami shuzby zdrowia i bez wczeéniejszego wypisu z placowki w ciggu ostatnich
12 tygodni lub (2) w dniu przyj¢cia do placéwki lub nastepnego dnia (przy jednoczesnym
braku przebywania w zaktadzie opieki zdrowotnej w ciaggu ostatnich 12 tygodni).

HA-CDI zdefiniowano jako przypadek CDI z wystapieniem objawow — (1) trzeciego
dnia lub pdzniej po przyjeciu do placoéwki opieki zdrowotnej lub (2) w ciggu czterech
tygodni od wypisu z placowki [37].

6.3. Stosowane wspotczynniki epidemiologiczne
6.3.1. Zachorowalnos¢ CDI:

1. Zachorowalno$¢ skumulowang wystgpowania CDI obliczano jako: liczba
przypadkéw HA-CDI/liczbe¢ przyje¢ u pacjentéw operowanych — badanie
jednoosrodkowe lub liczba przypadkéw CDI/liczbe przyje¢ u pacjentow
operowanych — badanie ogélnokrajowe, dane z rejestru powypisowego. Wartosé
podano w przeliczeniu na 100.

2. Gestos¢ zachorowan wystgpowania CDI obliczano jako: liczba przypadkéow HA-
CDI/10 000 pacjento-dni (pds) — badanie jednoosrodkowe, dane z rejestru
przedwypisowego oraz badanie ogélnoeuropejskie na podstawie raportu ECDC

Healthcare-associated infections: Clostridium difficile infections [13].

6.3.2. Konsumpcja antybiotykow

Antybiotyki to leki, ktdre zwalczajg zakazenia bakteryjne u ludzi i zwierzat, zabijajac
drobnoustroje lub wptywajac na ich metabolizm i namnazanie [38]. W niniejszej pracy

zrezygnowano z podzialu na antybiotyki i chemioterapeutyki.
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6.3.3. Klasyfikacja antybiotykow do grup ATC (ang. Anatomical
Therapeutic Chemical):

Dla przejrzystosci okre§lania grup antybiotykéw w pracy uzyto klasyfikacji
wybranych $rodkéw przeciwdrobnoustrojowych wg metodologii WHO [39].
Uwzgledniono jedynie antybiotyki do stosowania ogélnoustrojowego — w analizach nie
uwzgledniono  takze lekéw  przeciwgrzybiczych, przeciwpratkowych  ani

przeciwwirusowych.
Poszczegblne antybiotyki opisano wg grup na:
JO1 - antybiotyki do uzytku ogélnego
JO1C - antybiotyki beta-laktamowe, penicyliny
JO1D - inne Antybiotyki beta-laktamowe
JO1E - sulfonamidy i trimetoprim
JOIM - fluorochinolony

JOF - makrolidy, linkozamidy, streptograminy

6.3.4. Konsumpcja antybiotykow
Dla opisania natg¢zenia zuzycia antybiotykow zastosowano:

1. DDD (ang. Definied Daily Dose) - definiowana §rednia dobowa podtrzymujaca
dawka leku podawana osobie dorostej (70 kg) w terapii podstawowego wskazania
tego leku i przy okre$lonej drodze podania [28].

2. DDD/1000 dni pobytu (ang. pds-patients days). Zuzycie ogotem oraz wedlug
grup:  fluorochinolonéw, beta-laktaméw, makrolidéw, linkozamidow
1 streptogramin wyrazone jako DDD na 1000 pacjentdw i na dzien - badanie
jednoosrodkowe.

3. Preskrypcje stanowily dane dotyczace liczby przepisywanych antybiotykoéw przy
wypisie ze szpitala lub w opiece ambulatoryjnej w 30-dniowym okresie
pooperacyjnym z wykorzystaniem systemu ATC. Skojarzong antybiotykoterapi¢

zdefiniowano jako przepisanie dwoch lub wigcej réznych antybiotykow.
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4. Wskaznik jakoéci stosowania antybiotykdw opracowano, zgodnie z metodologia
ECDC jako stosunek spozycia antybiotyku o szerokim spektrum dzialania
do spozycia antybiotyku 0 waskim spektrum dziatania

(JO1(CR+DC+DD+(F—FA01)))

G- (JO1(CE+DB+FA01))

W analizach zuzycia antybiotykéw w szpitalach i opiece ambulatoryjnej w krajach
Unii Europejskiej wykorzystano dane z Europejskiego Systemu Nadzoru — TESSy,
agregujace dane z Austrii, Belgii, Chorwacji, Estonii, Finlandii, Francji, Grecji, Wegier,
Irlandii, Wloch, Lotwy, Litwy, Malty, Holandii, Polski, Stowenii, Hiszpani
i Wielkiej Brytanii — Szkocji) i opublikowane przez ECDC.

Dodatkowo dla potrzeb opisania populacji pacjentéw hospitalizowanych poshugiwano
si¢ miarg dhugosci pobytu w szpitalu - LOS (ang. Length of Stay), wyrazong w dniach
[40].

6.4. Metody statystyczne:

W przedstawionych badaniach uzyto nastgpujacych metod statystycznych:

6.4.1. Badanie przedwypisowego CDI

Wystepowanie CDI wyrazono jako CDI/10 000 pds. Dodatkowo zostata
przeprowadzona regresja liniowa, w ktorej zmienng zalezng bylta czgsto§¢ wystgpowania
CDI, a zmienng niezalezng bylo stosowanie antybiotykéw (DDD/1000 pds); analiza
zostala wykonana z podzialem na grupy antybiotykéw (JO1, JOIM i JO1D). Dla

zmiennych porzadkowych 1 nominalnych zastosowano test chi-kwadrat Pearsona (y2).

Analiza statystyczna danych zostala przeprowadzona za pomocg oprogramowania
SPSS (SPSS—Pakiet Statystyczny dla Nauk Spotecznych, STATISTICS 24, Armonk, NY,
USA).

6.4.2. Badanie powypisowego CDI

Wystgpowanie CDI wyrazono jako CDI/1000 pacjentéw i poréwnano

w odniesieniu do cech demograficznych oraz opisu wskaznika hospitalizacji
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(endoprotezoplastyki stawu kolanowego lub biodrowego), a takze do preskrypcji
antybiotykéw w okresie poszpitalnym za pomocg testu y2.

Ponadto zastosowano wielozmienng regresj¢ logistyczng do oceny sity zwigzku
migdzy CDI, a wybranymi czynnikami ryzyka. Zmienne niezalezne zostaly wybrane na
podstawie: (a) istotno$ci roznicy w czgstosci wystgpowania CDI oraz (b) czynnikéw,
ktoére mozna powigza¢ z zachorowalnoscig na CDI na podstawie danych literaturowych
i doswiadczenia wlasnego. Wszystkie analizy zostaly wykonane w IBM SPSS Statistics
26 (PS IMAGO PRO, Predictive Solutions Sp. z 0.0.).

6.4.3. Badanie ogolnoeuropejskie

W celu zweryfikowania statystyczne]j istotnoSci zalezno$ci miedzy stosowaniem
antybiotykbw w opiece ambulatoryjnej i szpitalnej (wyrazonej w DDD/1000
mieszkancoOw na dobg) a zachorowalnoscig i/lub gesto$cig zachorowalno$ci na CDI
w 2016 roku wykorzystano wspoiczynniki korelacji Pearsona. W celu wyznaczenia
modelu predykcyjnego z 95% pewno$cig opracowano model najmniejszych kwadratéw.
Modele te wykonano dla zmiennych wykazujacych istotne korelacje, tj. calkowite
spozycie §rodkéw przeciwbakteryjnych do stosowania ogdlnoustrojowego w sektorze
szpitalnym/ambulatoryjnym oraz spozycie §rodkdw przeciwbakteryjnych beta-
laktamowych (grupa JO1D) w sektorze szpitalnym/ambulatoryjnym.

Dodatkowo wszystkie testy statystyczne obliczono przy 95% statystycznym
przedziale ufnosci, tj. na poziomie istotnosci alfa = 0,05. Do analizy statystycznej liczb
porzadkowych, demograficznych lub danych dychotomicznych obliczano podstawowe
miary statystyczne, takie jak mediana, 95% przedzial ufnosci (95% CI), minimum

1 maksimum,

Wyniki prac zostaly przygotowane w formie artykuléw 1 opublikowano
w czasopismach obecnych w bazie Scopus/ Web of Science/ PubMed o lgcznym
wspotczynniku  oddziatywania (ang. Impact Factor) 12,157, suma punktacji
ministerialnej (Ministra Edukacji i Nauki); 250 (na podstawie [41]). Doktorantka jest

pierwszym autorem we wszystkich pracach.
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7. Wyniki

W analizie CA-CDI oraz przedwypisowego HA-CDI w szpitalu wieloprofilowym
$w. tukasza w Tarnowie, w badanym okresie w oddziatach chirurgicznych przebywato
facznie 69 580 pacjentdw, z ktorych wiekszo$¢ hospitalizowanych byta w oddziatach
potozniczo-ginekologicznych (23,6% og6tu) oraz chirurgii ogolnej (23,1% og6tu).
Srednia dtugo$é pobytu (LOS) byta istotnie zalezna od typu oddziatu (p<0,0001)
i wyniosta 4,8 dnia. Wystgpita réwniez statystycznie istotna roznica miedzy liczbg dni
pobytu w szpitalu uptywajacymi do wystgpienia pierwszych objawéw HA-CDI
w zaleznosci od typu oddziatu, na ktérym przebywat pacjent (p<0,0001).

W sumie zidentyfikowano 197 przypadkow CDI, z czego 147 (72,4%) to HA-CDI.
Najwiecej przypadkéw CA-CDI stwierdzono w oddziatach chirurgii ogolnej (32,6%)
i urologii (17%), czestos¢ CA-CDI wynosita 0,7/1000 pacjentéw. HA-CDI rozpoznano
$rednio w 14 dobie pobytu, a czestos¢ wystepowania CDI wynosita 2/1000 pacjentéw
(4,4/10 000 pds). Najwyzszy odsetek HA-CDI wsrod wszystkich przypadkow CDI
zaobserwowano w oddziale urologii, ktére stanowity 83,1% wszystkich przypadkow
CDl, réwniez najwyzszg zachorowalno$¢ na HA-CDI odnotowano w oddziale urologii -
0,7% (18,0/10 000 pds). Wykazano istotng dodatnig korelacje miedzy CA-CDI i HA-CDI

oraz miedzy liczbg hospitalizowanych pacjentéw, a HA-CDI.

W trakcie 5-letniego badania zuzycie antybiotykéw we wszystkich oddziatach
osiagneto ogdétem 244 395 DDD (0.18 DDD/1000 pds), najnizsze byto w oddziale
neurochirurgii (0,46 DDD/1000 pds), a najwyzsze w oddziale urologii (0,84 DDD/1000
pds). Zaobserwowano najwyzszy udziat fluorochinolonéw (grupa JO1M) w oddziale
urologii, co stanowito 49,5% wszystkich antybiotykéw, podczas gdy ich $redni udziat
w innych badanych oddziatach wyniost 17,8%. Wykazano, ze stosowanie antybiotykéw
fluorochinolonéw (grupa JOIM) byto silnie dodatnio zwigzane z wystepowaniem
HA-CDI (R2 0,915). Nie stwierdzono zaleznosci prostoliniowej w analizie miedzy
zuzyciem beta-laktamoéw JO1D (F 0,079; p 0,793; R2 0,01), a wystepowaniem HA-CDI.
Epidemiologia CDI w badanych oddziatach r6znifa sie od danych z Europy, nie tylko pod
wzgledem zapadalnosci, ale takze pod wzgledem ogélnych trendéw sezonowych:

stwierdzono wyzszg zapalno$¢ jesienig oraz w kwietniu i maju.
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Do analizy na poziomie ogdlnopolskim wigczono 83 525 pacjentéw poddanych
zabiegowi artroplastyki stawu biodrowego (HPRO) lub kolana (KPRO). Odnotowano
192 przypadkéw CDI, w tym 160 przypadkéw po HPRO (0,3/1000 pacjentow) i 32
po KPRO (0,1/1000 pacjentéw). Wspotczynnik zapadalnosci na CDI wynosit
34,4/10 000 pacjentéw (7,7/100 000 pds). Odnotowano, ze pacjenci wymagajacy
politerapii w okresie przedoperacyjnym chorowali istotnie czesciej niz pacjenci bez takiej
terapii: 2,8/1000 pacjentow vs. 1,8/1000 pacjentow. Podobnie u pacjentéw operowanych
z powodu urazu: istotnie czesciej obserwowano u nich CDI (7,9/1000 pacjentéw) niz
u operowanych z powodu zwyrodnienia (1,2/1000 pacjentéw) lub powik#ania (3,2/1000
pacjentow). Dodatkowo, wykazano, ze u pacjentdbw przyjetych w trybie nagtym
zapadalno$¢ na CDI wynosita 4,6/1000 pacjentow i byta istotnie wyzsza niz u oséb
przyjmowanych do zabiegéw planowych (1,7/1000 pacjentéw). CDI dotyczyto czesciej
niewielkiej grupy pacjentow, u ktérych przyczyne operacji zakwalifikowano jako ,,inng”
(6,7/1000 pacjentow). Zaobserwowano, ze istotnie czesciej CDI dotyczyto pacjentow
z grupy wymagajacej hospitalizacji w OIT (44,8/1000 pacjentdéw) niz pacjentow nie
przebywajacych w tym oddziale (2,1/1000 pacjentow). Réwniez pacjenci, ktérzy
wymagali opieki dtugoterminowej po wypisie chorowali czeSciej niz pozostali pacjenci
odpowiednio: 15,6/1000 vs. 2,2/1000. Wykazano, ze istotnie czeSciej CDI dotyczyto
pacjentdbw z wystepujagcymi innymi zakazeniami w okresie po wypisie; wskaznik

zapadalnosci wyniost u nich 27/1000 pacjentow.

Recepte na antybiotyk badz antybiotyki przy wypisie otrzymato ogdtem 3531 osob.
Zachorowalno$¢ CDI w tej grupie wynosita 3,1/1000 pacjentéw i byta nieistotnie wyzsza,

niz w przypadku pacjentow, ktorym nie przepisano antybiotyku (2,3/1000 pacjentow).

W 30-dniowym okresie pooperacyjnym co najmniej jeden antybiotyk przepisano 763
osobom i u tych pacjentéw czesciej niz u pacjentéw bez antybiotykoterapii rozpoznano
CDI: 55,0/1000 pacjentéw vs. 1,8/1000 pacjentow. Zachorowalno$¢ CDI wzrastata wraz
z liczba zrealizowanych recept; czesto$¢ przy 1 recepcie wynosita 53,9/1000 pacjentéw,
z wiecej niz 1 preskrypcjg 57,8/1000 pacjentow. Zachorowalnos$¢ CDI po wypisaniu ze
szpitala byta istotnie zalezna od klasy przepisanego antybiotyku; najwiecej oséb miato
rozpoznane CDI po zazywaniu antybiotykéw z grupy innych beta-laktamow (97,0/1000
pacjentow), beta-laktaméw, w tym penicylin (58,8/1000 pacjentéw) i fluorochinolonow

(45,5/1000 pacjentow).
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W analizie wieloczynnikowej istotne okazaty sie: wiek (65 lat i wiecej,
OR 1,78; 95%CI 1,16-2,73), pobyt na OIT (OR 13,17; 95%CI 7,95-21,81), uraz jako
przyczyna operacji (OR 3,44; 95%CI 2,37-4,98), dtugos¢ pobytu w szpitalu powyzej
7 dni (OR 1,62; 95%CI 1,19-2,2), HAI (ang. Healthcare-Associated infestions) inne niz
CDI (OR 3,58; 95%CI 2,15-5,94) oraz przyjmowanie beta-laktamow (OR 4,18; 95%CI
2,04-8,57) i innych beta-laktamoéw (OR 6,41; 95%CI 3,15-13,02) i/lub fluorochinolonéw
(OR 2,80; 95%Cl 1,42-5,54) w okresie 30 dni po wypisie.

Analiza ogdlnoeuropejska pozwolita na ocenge mozliwosci wykorzystania danych
zagregowanych dotyczacych: zachorowalnosci na CDI i spozycia antybiotykow dla
identyfikacji obszarbw zdrowia publicznego, ktére wymagajg interwencji

na poziomie unijnym.

W analizie tej wykazano, ze w Polsce odsetek antybiotykOw przepisywanych
ambulatoryjnie jest 16,3 razy wyzszy niz w srodowisku szpitalnym (27,0 DDD vs. 1,79
DDD) i jest to jeden z najwyzszych wynikow ws$rod badanych krajow europejskich.
Srednie tgczne zuzycie antybiotykéw w Europie podczas leczenia szpitalnego
i ambulatoryjnego wyniosto 20,4 DDD (zakres 11,04-39,69). W Europie w opiece
ambulatoryjnej stosowano 10 razy wiecej antybiotykdéw niz w szpitalach: 18,6 DDD
vs. 1,9 DDD. Rozbiezno$¢ zuzycia antybiotykow byta szczeg6lnie duza dla lekow z grup
linkozamiddéw i streptogramin: 3,04 DDD (ambulatoryjne) vs. 0,15 DDD (szpital).
tacznie 44,9% antybiotykdw stosowanych w opiece ambulatoryjnej stanowity
antybiotyki o szerokim spektrum dziatania. Stwierdzono istotny zwigzek miedzy grupg
przepisanych antybiotykéw, a ich spozyciem (p<0,001). Im wiecej przepisanych
antybiotykOw o szerokim spektrum dziatania, np. innych beta-laktaméw (grupa ATC
JO1D) do stosowania ogolnoustrojowego, tym wyzsza sprzedaz antybiotykow

w badanych krajach Europejskich (r = 0,746; p < 0,01).

Wykazano, ze zapadalno$¢ na CDI w Polsce byta jedng z najwyzszych wsréd
badanych krajow (7,6/10 000 pds). Natomiast Srednia zachorowalno$¢ w Europie na CDI
wyniosta 4,6 przypadkéw/10 000 pds, wyzsza w sektorze szpitalnym niz poza nim:
3,7/10 000 pds vs. 0,9/10 000 pds. Na poziomie europejskim nie wykazano istotnego
zwiagzku miedzy spozyciem antybiotykdw, a czestoscig wystepowania CDI. Stwierdzono

brak zwigzku miedzy wielkoscig zuzycia antybiotykéw, a zachorowalnoscig na CDI
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niezwigzanych z leczeniem szpitalnym. Mimo wigkszego zuzycia antybiotykow
w leczeniu ambulatoryjnym w Europie, CA-CD1 wystepowato 2,9 razy rzadziej niz HA-

CDI: 0,81/10 000 pds vs. 2,38/10 000 pds.
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8. Dyskusja i wnioski

Dostepne dane ECDC za 2016 rok opisujg zapadalno$¢ na CDI w Polsce jako
trzykrotnie wyzszg od $redniej europejskiej: 6,18 vs. 2,38/10 000 pds [13]. Przedstawione
badania zdajg sie potwierdzac te dane. W przypadku polskich pacjentéw chirurgicznych
stwierdzono bardzo wysoka zachorowalno$¢ na CDI. Zaobserwowano, ze
przedwypisowa zapadalno$¢ na CDI wynosita 4,4/10 000 pds, a powypisowa
7,7 przypadkow/100 000 pds. Wysoka zapadalno$¢ wystepowania przedwypisowego
HA-CDI w przedstawionym badaniu wydaje sie typowg sytuacjg, potwierdzong przez
innych badaczy [43], jednakze podkresla jednoczes$nie konieczno$¢ przeprowadzenia
badan na wiekszg skale. Na podstawie zebranych danych mozna stwierdzi¢, ze HA-CDI
dotyczyto nawet 4,5% objetych badaniem pacjentéw chirurgicznych, natomiast dane
literaturowe dotyczace zakazen miejsca operowanego wskazujg na 1,1%-2,6% odsetek

pacjentow, u ktorych rozpoznaje sie zakazenie miejsca operowanego [44].

Czynniki predysponujace do rozwoju CDI mozna podzieli¢ na dwie kategorie: stan
zdrowia pacjenta oraz wystgpienie czynnikow, ktore zaburzajg naturalng mikrobiote jelit
(np. antybiotyki). Fakt, ze ryzyko CDI wzrasta wraz z wiekiem i pogarszajagcym sie
stanem ogolnym, chociazby, gdy pacjenci wymagaja opieki dtugoterminowej,
potwierdzajg inni autorzy [16, 45]. Nalezy réwniez zwrdci¢ uwage na to, ze Srodki
przeciwdrobnoustrojowe to jedne z najczesciej przepisywanych lekéw w opiece
dtugoterminowej [46]. Dlatego nie dziwi fakt, ze biegunka zwigzana z C. difficile
wystepuje czesto u starszych pacjentow, a CDI zidentyfikowano jako najczestszg

przyczyne biegunek w zaktadach opieki dtugoterminowej [47].

Jako inne czynniki zwiekszajgce ryzyko wystagpienia CDI mozna wymienic
postepowanie okotooperacyjne, zwiaszcza przedtuzony pobyt w szpitalu i konieczno$é
pobytu na OIT (oddziat intensywnej terapii). Wedtug danych literaturowych CDI jest
jednym z najczestszych przyczyny zakazen szpitalnych na OIT. Dodatkowo
w przedstawionych badaniach odsetek oséb z CDI wzrastat wraz z przedtuzonym
pobytem w szpitalu; podobne wyniki uzyskali Hung i in. [48], co moze by¢ zwigzane
z intensywnoscig stosowanych tam antybiotykéw; ktore otrzymuje az okoto 70%
pacjentéw OIT [49, 50].

Jednym z elementéw kompleksowego programu kontroli spozycia antybiotykow

na poziomie szpitalnym jest ocena ich zuzycia i analiza kosztéw, obejmujgca zaréwno
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koszty zakupu, jak i podanie antybiotyku oraz pozostate koszty leczenia zakazenia [51,
52]. Wiele badan potwierdza zwigzek pomigdzy skuteczng realizacjg szpitalnej polityki
antybiotykowej, a redukcja w spozyciu antybiotykdw i zmniejszeniu wystgpowania CDI
[29, 53, 54], co niestety nie zostato potwierdzone poprzez analiz¢ danych zagregowanych
na poziomie europejskim. Nalezy jednak zwrdcié uwage, ze metodyka w badaniach
na poziomach krajowych roznila si¢ — zwlaszcza pomiar zuzycia antybiotykow.
W  wigkszo$ci krajow raporty podsumowujace ECDC sa oparte na danych
sprzedazowych, a DDD dotyczy 1000 oséb/dzien. Natomiast wykazano w badaniach
na poziomie szpitalnych, ze dane apteczne dotyczace wydawania antybiotykéw moga
znacznie roznic€ si¢ od prezentujgcych rzeczywiste uzytkowanie [52, 55]. Nalezy jednak
zauwazy¢, ze dane w odniesieniu do Polski wskazujg zar6wno na wysoka konsumpcje
antybiotykéw, jak i zapadalnos¢ na CDI oraz ze wyniki te s3 jednymi
z wyzszych w Europie i trzykrotnie wyzsze od $redniej Europejskiej [13]. Niestety
w Polsce w latach 2007-2016 w opiece ambulatoryjnej nastgpit znaczny wzrost ogdlne;j
sprzedazy antybiotykow $rednio o 8,3%; dotyczylo to rowniez spoZywania antybiotykow
z grup, w ktérych wykazano silny zwiazek z CD], tj. z fluorochinolonami, o 13,5% [31],
co potwierdza przeprowadzone badanie w szpitalu $§w. Lukasza w Tarnowie, gdzie
odnotowano bardzo wysokie catkowite spozycie antybiotykéw, ktore znaczaco wplyneto
na wystgpowanie CDI. Wykorzystywano tam zwlaszcza fluorochinolony, ktére stanowity
potowe wszystkich antybiotykdw przepisywanych w oddziale urologii i byly réwniez
stosowane w okolooperacyjnej profilaktyce antybiotykowej. Nalezy pamigtac, ze wedlug
danych literaturowych antybiotyki, ktére wykazuja zwigkszone ryzyko rozwoju
zakazenia C. difficile to wlasnie m.in. fluorochinolony [6]. Podczas gdy podawanie
fluorochinolonéw w trakcie okotooperacyjnej profilaktyki antybiotykowej byto zgodne
z literaturg przedmiotu, to przedtuzanie ich stosowania poza okres okolooperacyjny,
tj. podawanie antybiotyk6w poza salg operacyjna przez kilka dni, bylo bardzo
kontrowersyjne i mogto bezposrednio wplynaé na ryzyko rozwoju CDI [56].

Podobng sytuacj¢, a mianowicie wysokg czesto§¢ wystepowania CDI wraz

z wydhizajagcym si¢ czasem trwania profilaktycznego podawania leku
przeciwdrobnoustrojowego, opisali takze inni autorzy [57]. Dodatkowo potwierdzona
zostala hipoteza, ze najbardziej krytycznym czynnikiem ryzyka CDI bylo stosowanie
antybiotykow, ktére zaburzaty naturalng mikrobiote jelitows i to bez wzgledu na droge
ich podania (doustnie czy pozajelitowo) [58], zatem wystepowanie biegunki
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poantybiotykowej zwigzanej z zakazeniem C. difficile bylo zwigzane z grupg

podawanego antybiotyku.

Przedstawione wyniki maja kilka waznych implikacji dla praktyki klinicznej
w Polsce, zwlaszcza w obszarze kontroli zakazen. Zwiekszone ryzyko wystgpienia CDI
okazato sie byC¢ zwigzane z wielochorobowoscia w okresie przedoperacyjnym
i konsumpcjg antybiotykdw w ciagu 30 dni od wypisania ze szpitala. Tym samym
obserwacja potwierdza konieczno$¢ wdrozenia skutecznych programéw profilaktyki
i kontroli zakazen oraz réwnoczes$nie zarzadzania antybiotykami w polskich szpitalach,
a takze ksztatcenia lekarzy, poniewaz obserwacje i wyniki badan wskazuja, ze w Polsce

nie sg one optymalne [31].

Na podstawie przeprowadzonych badan wyciggnieto nastepujace wnioski:

1. Wystepowanie przedwypisowego CDI w badanej grupie polskich pacjentéw
hospitalizowanych w oddziatach zabiegowych byto prawie dwukrotnie wyzsze
od $redniej europejskiej. Natomiast zachorowalnos¢ powypisowego CDI okazata sie trzy
razy nizsza od Sredniej europejskiej wsrdd pacjentéw leczonych ambulatoryjnie, bez

wzgledu na ich historie choroby.

2. Wykazano istotng dodatnig korelacje miedzy wystepowaniem CA-CDI i HA-CDI

u pacjentow przebywajacych w warunkach szpitalnych oddziatéw zabiegowych.

3. W badaniu jednoosrodkowym najwyzsze zuzycie antybiotykoéw odnotowano
w oddziale urologii, a prawie potowe z nich stanowity fluorochinolony. Natomiast
w badaniu ogolnopolskim wykazano, ze 4% pacjentdw po artroplastyce otrzymata
recepte na antybiotyk badz antybiotyki przy wypisie. Wykazano, ze nie tylko terapia
przeciwdrobnoustrojowa, ale takze okotooperacyjna profilaktyka antybiotykowa moze
mie¢ istotny wplyw na czestoS¢ wystepowania CDI, szczegélnie dotyczy

to fluorochinolonéw stosowanych przez 72 h po operaciji.

4. W badaniu jednoosrodkowym wykazano, ze stosowanie antybiotykow z grupy
fluorochinolonéw byto silnie dodatnio zwigzane z wystepowaniem przedwypisowego
HA-CDI, nie stwierdzono jednak takiej zaleznosci dla beta-laktamoéw. Natomiast

W nadzorze powypisowym zaobserwowano, ze przyjmowanie beta-laktaméw, innych
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beta-laktamow i fluorochinolonéw w okresie 30 dni po wypisie jest istotnie skorelowane

z wystepowaniem HA-CDI.

5. Na poziomie europejskim, nie wykazano istotnego zwigzku miedzy spozyciem

antybiotykow, a czestoscig wystepowania CA-CDI lub HA-CDI.

6. Istotnym czynnikiem ryzyka CDI byt stan pacjenta, szczegdlnie wiek powyzej 65 r.z,
hospitalizacja w oddziatach OIT, dtlugo$¢ pobytu w szpitalu, obecno$¢ zakazen
zwigzanych z opieka zdrowotng i koniecznosS¢ ich leczenia z wykorzystaniem

antybiotyku.

7. Istotnym ryzykiem wystgpienia CDI jest konieczno$¢ antybiotykoterapii innych
zakazen, zatem zapobieganie CDI obejmuje réwniez zapobieganie i kontrole innych
zakazen. Odpowiedzialne przepisywanie antybiotykOw jest waznym czynnikiem

zmniejszajacym ryzyko wystepowania CDI.

8. Spozycie antybiotykow i zachorowalno$¢ CDI zalezg od wielu zmiennych krajowych
zwigzanych z lokalnymi systemami organizacji i finansowania opieki zdrowotnej stad ich

interpretacja w poréwnaniach miedzynarodowych wymaga ostroznosci.

9. Poszukiwanie rozwigzan problemoéw tak uniwersalnych, jak zapobieganie i kontrola
CDI, wymaga szczegotowych opiséw sytuacji lokalnej — oddziatu, szpitala badZ regionu
biorgcych pod uwage lokalne warunki i ograniczenia, bez pominiecia kontekstow

narodowych i sposobdw organizacji opieki zdrowotnej.
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OPINIA
Nnr 122.6120.118,2016 z dnia 25 maja 2016 roku

Na zebraniu w dniu 25 maja 2016 r. Komisja zapoznata sie
z wnioskiem z dnia 11 maja 2016 r.

ztozonym:
przez kierownika tematu: dr Anna Roézanska
zatrudnionego w: Katedra Mikrobiologii UICM

31-121 Krakoéw, ul. Czysta 18

oraz jego merytorycznym uzasadnieniem dotyczacym przeprowadzenia Komisja Bioetyczna
eksperymentu medycznego pt. ,Analiza sytuacji epidemiologicznej
w zakresie zakazen szpitalnych w oddziatach intensywnej terapii oraz wsrod
pacjentéw operowanych w Polsce potudniowej w oparciu 0 czynna  jagielionskiego
rejestracje wedtug zalecen ECDC”.

Uniwersytetu

Do whniosku dotgczono:
Lista piSmiennictwa
Zyciorys naukowy wnioskodawcy.

1

2

3 Protokét badania

4 Os$wiadczenie o braku zataczenia formularza informacji dla pacjenta, formularza zgody uczestnika badania,

formularza o ochronie danych osobowych
5. Oswiadczenie o realizacji projektu w ramach prac badawczych UJ/UJCM.

Komisja wyraza pozytywng opinie w sprawie przeprowadzenia
wnioskowanych badari - na warunkach okreslonych we wniosku oraz

dodatkowo zastrzegajac:

| obowigzek przedstawienia Komisji:

- wszystkich zmian w protokole majacych wptyw na przebieg oraz ocene badania,
- zawiadomienia o przyczynach przedwczesnego zakonczenia badania,

- sprawozdania w toku przeprowadzanych badan - co sze$¢ miesiecy,

- raportu koncowego.

Badanie moze by¢ prowadzone do dnia 25 maja 2017 roku.

Skiad i dziatanie Komisji zgodne z GCP oraz wymogami lokalnymi.
Lista cztonkéw Komisji biorgcych udziat w posiedzeniu stanowi
zakgcznik do niniejszego dokumentu.

Krakow, dnia 25 maja 2016 r.

ul Grzegodrzecka 20

PL 31-531 Krakow

tel *48 (12) 433 27 39
kbet@cm-u|.krakow pl

www.kbet.cm-uj.krakow pl


http://www.kbet.cm-uj.krakow

Lisia cztonkow KOMISJI BIOETYCZNEJ 1JJ biorgcych udziat w podjeciu uchwaty dotyczacej
opinii nr 122.6120.118.2016:

1. Przewodniczacy: Prof. dr hab. n. med. Piotr Thor (urolog)
Katedra Patofizjologii Ul CM

2. Z-ca Przewodniczacego: Mgr Alicja Widera (ps>cholog kliniczny)
Szpital Uniwersytecki w Krakowie

3. Dr hab. Jerzy Brusito OFMConv. (duchowny)

Instytut Bioetyki. Uniwersytet Papieski Jana Pawia Il w Krakowie

4. Prof. dr hab. n. nted. Ryszard Lauterbach (neonatolog'pediatra)
Klinika Neonatologii Ul CM

5. Mgr Leszek Kadziela (radca prawny)

6. Drn. med. Stefan Bednarz (intemista/przedstawiciel Okregowej Rady
Lekarskiej) Katedra Choréb Wewnetrznych i Gerontologii UJ CM

7. Drn. med. Barbara Groszek (intemista/toksykolog)
Oddziat Toksykologii i Choréb Wewnetrznych
SS im. Ludw ika Rydygiera w Krakowie

8. Dr hab. n. med. Grazyna Bochenek, prof. UJ (internista/alergolog/pulmonolog)
Il Katedra Choréb Wewnetrznych UJ CM

9. Dr hab. med. Roman Pfitzner (chirurg ogélny/kardiochirurg)
Klinika Chirurgii Serca, Naczyn i Transplantologii Ul CM

10. Dr n. med. Teresa Pawlik (internista-lekarz rodzinny)
Przychodnia Podstawowej Opieki Zdrowotnej
Szpital Uniwersytecki w Krakowie

11. Dr n. med. Bartosz Grabski (psychiatra/seksuolog)
Katedra Psychiatrii Ul CM

12. Jolanta Kope¢ (potozna)

Specjalistyczne Centrum Diagnostyczno-Zabiegowc
"MEDICINA 2000 Sp. z0.0. w Krakowie



Zalacznik nr 2- Opinia Komisji Bioetycznej nr 1072.6120.149.2020

40



OPINIA UNIWERSYTET
nr 1072.6120.149.2020 z dnia 25 czerwea 2020 roku JAGIELLONSKI

W KRAKOWLE

Na zebraniu w dniu 25 czerwca 2020 r. Komisja zapoznala sig
z wnioskiem 2 dnia 18 maja 2020 r.

zlozonym:
przez kierownika tematu: dr hab. Jadwiga Wajkowska - Mach
zatrudnionego Katedra Mikrobiologii UJCM

31 - 121 Krakéw, ul. Czysta 18 Kamisje Biostyezna

otaz jego metrytorycznym uzasadnieniem dotyczacym przeprowadzenia — Uniwersytety
eksperymentu medycznego pt. ,,Opracowanie powiklafi wystepujacych po
endoprotezoplastyce  stawu  biodrowego 1 kolanowego w Polsce na
podstawie ogéinopolskiej bazy danych Narodowego Funduszu Zdrowia za
lata 2017-2018”.

Jagielletskiego

Do wniosku dolgezono:

Protokét eksperymentu medycanego, wersjfa 1 2 dnia 29.03,2020 ¢,

Zyciorys naukowy Wrioskodawey, wersia 1 z dnia 29,03.2020 r.

Lista pismiennictwa, wersja | z dnia 29,03.2020 1.

Kopia pista = Narodowego Fundusan Zdrowia dotyczacea przckazania danych, wersja 1 2 dnia 11.05.2020 1,
Ofwiadezenie o brakn zalgczenia formularza informaci dia pagjenta, formularza zgody uczestinika badania,
fornrelarza ¢ achwonie danych osobowych, wersja 1 z dnia [1.05.2020 ¢,

6. Odwiadczenie o realizacji projektu w ramach prae badawezyeh UJAIICM, wersia | z duia 29.03.2620 «,

e

Komisja wyraza pozylywng opinig w sprawie przeprowadzenia
wnioskowanego badania - na warunkach okreslonych we wniosku oraz

dodatkowo zastrzegajac:

1/ obowiazek przedstawienia Komisji:

- wszystkich zmian w protokole majacych wplyw na przebieg oraz oceng badania,
- zawiadomienia o przyczynach przedwezeshego zakoniczenia badania,

- sprawozdania w toku przeprowadzanych badan - co szeéé miesigey,

- raportu koficowego,

2/ warunek wiaczenia do zespotu badawezego lekarza oitopedy.

Badanie moze by¢ prowadzone do dnia 24 czerwca 2021 roku,

Sklad i dzialanie Komisji zgodne z GCP oraz wymegami lokabtymi.
Lista czlonkéw Komisji bioracych udzial w podjeciu uchwaly stanowi
zalgcznik do niniejszego dolkumentu.,

Krakdw, dnia 25 czerwea 2020 r.
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Abstract: Clostridioides difficile infections are the main cause of antibiotic-related diarrhea. Most of
them come in the form of healthcare-associated Clostridioides difficile infections (HA-CDI). The aim of
the study was to analyze HA-CDI epidemiology and the relationship between antibiotic consumption
and CDI epidemiology at St Luke's Provincial Hospital in Tamow, Poland. In 2012-2018, surveillance
of CDI was carried out in adult surgical wards at St Luke's Provincial Hospital. The data were
collected in accordance with the methodology of the Healthcare-Associated Infections Surveillance
Network (HAI-Net), European Centre for Disease Prevention and Control (ECDC), and the ATC/DDD
system (Anatomical Therapeutic Chemical Classification System) of the World Health Organization.
In total, in the study period, 51 cases of CDI involved CA-CDI (24.5%) and 147 were HA-CDIs
(75.5%). The most CA-CDIs were found in the general surgery (32.6%) and urology (17.0%) wards.
CA-CDl incidence was 0.7/1000 patients and for HA-CDI it was 2/1000 patients (4.4/10,000 patientdays
(pds)). The highest HA-CDI incidence was in the neurosurgical departments (18/10,000 pds) and
oncological surgery (8.4/10,000) pds. There was a significant positive correlation between CA-CDI
and HA-CDI (correlation of 0.943, p < 0.001) and between the number of patients hospitalized
and HA-CDI (correlation of 0.865, p = 0.012). The total antibiotic consumption amounted to
0.7 DDD/10,000 pds; it was the highest in the urology ward (0.84/10,000 pds) and 49.5% of the
antibiotics were fluoroquinolones (0.41/10,000 pds). On the basis of regression coefficients, a positive
correlation was demonstrated between the use of fluoroquinolones and the HA-CDI incidence rate.
Both a high percentage of CDI cases and a high intake of antibiotics were recorded in the urology
department. About half of all antibiotics were fluoroquinolones.

Keywords: C. difficile; healthcare-associated infections; perioperative antimicrobial prophylaxis;
antibiotic consumption

1. Introduction

Currently, Clostridioides difficile (CD) infections are a major challenge for modern medicine and
healthcare infrastructures worldwide. CDIls are the main cause of antibiotic-related diarrhea; however,
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on the other hand, only 10-25% of antibiotic-related diarrhea cases confirm CD as the etiological agent
of the infection [1],

The limitation of the genus Clostridium to Clostridium butyricum and related species means
that a lot of existing microorganisms should not be considered Clostridium sensu stricto. One such
example of medical significance is C. difficile. Based on 16S rRNA gene sequence analysis, the closest
relative of Clostridium difficile is Clostridium mangenotii, and both are in the Peptostreptococcaceae family,
which is phylogenetically far from the members of Clostridium sensu stricto. Based on phenotypic,
chemotaxonomic, and phylogenetic analyses, a new type proposed for Clostridium difficile is Clostridioides
difficile [2].

It was determined that CD binds to the components of the matrix, such as fibrinogen, collagen,
vitronectin or fibronectin, and with the use of Fbp68 proteins [3], the pathogen adheres to the intestinal
cells tightly, which hinders its recognition by the immune system cells. Intestinal diseases are caused
only by the CD strains that produce toxins A or B. This was proven by introducing insertions into the
genes tcdA and tcdB of virulent bacteria, which led to a loss of toxin production and absence of disease
symptoms [4].

Empirical therapy for CDI is effective with regards to approximately 75% of cases, while 25% of
patients with CDI do not respond to antibiotic therapy, and additionally, in approximately 8% of cases
there are relapses. However, the fraction of relapse is impossible to estimate even with modern whole
genome sequencing techniques, due to common environmental contamination [5,6].

As many as 75% of all C. difficile infections (CDI) are associated with hospitalization [6]. HA-CDIs
(healthcare-associated Clostridioides difficile infections) prolong hospitalization and involve additional
costs [7]. Parenteral CDI are very rare and are characterized by high mortality. In a study conducted by
Urban et al., 4129 CD strains were isolated; among which only 24 (0.58%) isolates came from parenteral
sources. Eight strains were isolated from abdominal infection—appendicitis, rectal abscess, or from
people with Crohn's disease. The patients did not have diarrhea. In most cases, CD was obtained as a
part of a polymicrobial flora isolated from wounds, abscesses, blood culture sample, bile sample, and a
blister fluid. The isolates were most often capable of producing toxins and belonged mainly to the PCR
027 ribotype. There is an increasing number of reports of C. difficile-related parenteral infections [8]

Seventy percent of all CDIs are associated with hospitalization. The most significant risk factor
for the development of CDI is taking antibiotics that interfere with the natural intestinal microbiota
and other significant risk factors for CDI are, e.g., surgery and being over 65 years of age. Hospitalized
patients are most exposed to CDI. It is especially true for surgical patients who are taking antibiotics
not only to treat infections but also as perioperative antimicrobial prophylaxis (PAP) for, among others,
the prevention of surgical site infection (SSI). PAP should be administered for operative procedures
that have a high rate of SSls, or when foreign materials are implanted. An antimicrobial agent should
be active against the pathogens most likely to contaminate the surgical site, given in an appropriate
dosage and at an appropriate time. It is of crucial importance to administer the antibiotic for the
shortest possible effective period, to minimize adverse effects, as is the case with CDI [9]. The choice of
antibiotic depends primarily on the type of surgery.

Healthcare-associated CDI (HA-CDI) and community-associated CDI (CA-CDI) might differ,
among others, due to other strains found in their respective environments. Exposure to antibiotic
therapy also varies in hospital vs. the community. Although the binding of proton-pump inhibitors
and nonsteroidal anti-inflammatory drugs to CDI is controversial, there are studies linking these
aspects, especially with regards to CA-CDI [10]. In addition, a study by Na'amnih et al. linked IBD to
an increased risk of developing CDI, which could be associated with altered host microbiota, as well as
an increased permeability of the intestinal mucosa. However, interpretation of the results of this kind
of research should be done cautiously [11].

The aim of the study was to analyze the epidemiology of CDI and antibiotic consumption in
surgical patients of St Luke's Provincial Hospital in Tamow in 2012-2018, to determine the relationship
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between HA-CDI and antibiotic use and, secondly, to uncover a possible link between HAI-CDI/CA-CDI
and seasonality.

2. Materials and Methods

2.1. Settings

Surveillance of CDIs in adult surgical wards was carried out at St Luke's Provincial Hospital,
one of the biggest teaching hospitals in southern Poland. The hospital comprises, among others,
six surgical units—general, oncology, obstetrics, and gynecology (hospitalization of patients giving
birth by caesarean section (surgical patients) as well as others (non-surgical patients)), neurosurgery,
orthopedics and urology. This analysis only concerns the infections with CA-CDI and HA-CDI
etiology, in patients of surgical wards. Results concerning other epidemiological data were already
published [12].

2.2. Definitions

The data were collected in accordance with the methodology provided by the
Healthcare-Associated Infections Surveillance Network (HAI-Net), European Centre for Disease
Prevention and Control (ECDC). In Poland, the coordinator of HAI-Net was the Polish Society of
Hospital Infections, a non-governmental organization. Participation in HAI-Net is voluntary and
confidential. ECDC definitions [13] were used to diagnose new and recurrent infections. A case of
CDI must meet at least one of the following criteria—(1) diarrheal stools or toxic megacolon and a
positive laboratory assay for C. difficile toxin A or B in stools, or a toxin-producing C. difficile organism
detected in stool via culture or other means, e.g., a positive PCR result; or (2) pseudomembranous
colitis revealed by lower gastrointestinal endoscopy; or (3) colonic histopathology characteristic of
C. difficile infection (with or without diarrhea) on a specimen obtained during endoscopy, colectomy,
or autopsy. CA-CDI was defined as a case of CDI with the onset of symptoms (1) outside healthcare
facilities and without discharge from a healthcare facility, within the previous 12 weeks, or (2) on
the day of admission to a healthcare facility, or on the following day, and not being resident in a
healthcare facility within the previous 12 weeks. HA-CDI was defined as a case of CDI with the onset
of symptoms—(1) on day three or later, following admission to a healthcare facility on day one, or (2) in
the community within four weeks of discharge from a healthcare facility (including the current hospital
or a previous stay in any other healthcare facility). The analysis covered the cases of CA-CDI and
HA-CDI that were diagnosed and classified during the patients' stay in hospital, excluding recurrent
cases of CDI. Recurrent CDI cases were defined as CDI cases with a positive C. difficile stool specimen
between two to eight weeks of the last positive specimen [13]. All studied cases were from different
patients, episodes of "recurrent” CDI (28 cases, 14.1% of all cases) were treated as an "outcome" and
were not included in the study.

The basic scope of microbiological diagnostics of materials from patients with symptoms
of gastrointestinal tract infection was established on the basis of our experience from previous
years. All materials were tested for Shigella spp., Salmonella spp., rotavirus, norovirus, adenovirus,
and Clostridioides difficile. CDI was confirmed with the use of C. DIFF QUIK CHEK COMPLETE,
simultaneous detection of C. difficile-sped&c glutamate dehydrogenase (GDH) and toxins A and B,
through enzyme immunoassay (TechLab, Blacksburg, VA, USA); cultures or PCR were not provided,
and the ribotype was not determined [14]. The subjects qualified for the analysis were patients with
both positive GDH and toxin results, without equivocal cases. No gastrointestinal tract infection of
mixed etiology was identified.

2.3. Outcome Measurement Methodology

The following epidemiological measures were applied—the cumulative incidence and the density
incidence. The incidence was calculated by dividing the number of CDI episodes by the number of
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patients admitted; incidence densities were calculated as the number of cases per number of patientdays
X 10,000). The aggregate sum of the number of the defined daily doses (DDD) was in accordance
with the ATC/DDD system of the World Health Organization (Anatomical Therapeutic Chemical
classification system, group "J01") [15]. Only antibiotics for systemic use were taken into account—no
antifungal (J02), antimycobacterial (J04), or antiviral (J05) drugs were included in the analyses. The data
referring to quantities of antibiotics used were expressed in the WHO-recommended defined daily
doses (DDDs) [16]. The results of the analysis of the use of antibiotics were demonstrated using the
DDD/1000 patient-days index. The total pool of antibacterials applied for systemic use (J01) was
dominated by medicaments from only two groups—they constituted 67.5% of the total—and they
were JO1D (other |3-lactam antibiotics—cephalosporins, monobactams, carbapenems, and penems);
and JO1M (fluoroquinolones). Hence, detailed data concerning antibiotic consumption were limited to
the drugs indicated.

In the course of the study, uniform principles of perioperative antibiotic prophylaxis were in force
in the hospital, which were applied, depending on the type of surgery either during the stay in the
operating theatre only or also in the postoperative period for 48 or 72 h (Supplementary Materials).
In the study period, all patients underwent the procedure described in accordance with the principles
given regarding the choice of antibiotics, route and length of administration (the procedure was
not validated).

2.4. Statistical Analysis

For ordinal and nominal variables, Pearson's chi-square test (%2) was used. Linear regression was
carried out, in which the dependent (explained) variable was CDI incidence/10,000 patientdays (pds)
and the independent (explanatory) variable was antibiotic use in DDD/1000 pds; the analysis was done
with the antibiotics divided into groups: J01, JO1M, and JO1D. For statistical analysis of ordinal numbers
or dichotomous data, information on the number and percentage of people was used. The average
median (Me), 95% confidence interval (95% CI), minimum and maximum were calculated. Statistical
significance was assumed at p < 0.05. Statistical analysis of the data was carried out using the SPSS
software (SPSS-Statistical Package for the Social Sciences, STATISTICS 24, Armonk, NY, USA).

2.5. Ethics Approval and Consent to Participate

The use of data was approved by the Bioethics Committee of the Jagiellonian University (No.
KBET 122.6120.118.2016 25.05.2016). All data were anonymized.

3. Results

In the study period, there was a total of 69,580 patients in the surgical wards, the majority of
whom were hospitalized in the obstetrics and gynecology (23.6% of the total) and general surgery
wards (23.1% of the total). The average length of stay (LOS) was significantly dependent on the type
of ward (p < 0.0001) and amounted to 4.8 days, with the shortest LOS of 3.9 days in obstetrics and
gynecology (SD = 4.4 days) and urology, (SD = 6.8 days), and the longest of 6.2 days in the orthopedic
ward (SD = 5.0 days) (Table 1). There was a statistically significant difference between the days of
HA-CDI onset in different surgical patients (F = 4.92, p < 0.0001; Table 1).

In total, 197 cases of CDI were identified, of which 147 (72.4%) were HA-CDI. The most
CA-CDI cases were observed in the general surgery (32.6%) and urology (17%) wards (15 cases each),
the incidence of CA-CDI was 0.7/1000 patients. HA-CDI was diagnosed, on average, on the 14th day of
stay and its incidence was 2/1000 patients (4.4/10,000 pds). The highest percentage of HA-CDI among
all CDI cases was observed in urology, where 83.1% of all cases were HA-CDI, also the highest HA-CDI
incidence was noted in the urology department—0.7% (18.0/10000 pds) (Table 1).

A significant positive correlation in all departments was found between CA-CDI and
HA-CDI (r = 0.943, p < 0.001) and between the number of patients and HA-CDI (r = 0.865, p = 0.012).



Microorganisms 2020,8,810 5 of 10

Table 1. Epidemiology of Clostridioides difficile infections (CDI) in the surgical wards at St Luke's
Provincial Hospital, Tamow, in 2012-2018.

No. of CDI .
Day of -
- No of Cases () Length  HA-CDIs HA?/CDI Incidence of HA-CDI
Hospital Ward - f - - OR95%CI
Patients ofStay  inAll Onset  Per100  Per10,000
HA  CA (days)  CDlIs (%) (SD)  Admissions  pds
General 79
surgery 16,057 31 15 5.01 28.6 14 (9.9) 0.2 3.9 (2.79-22.43)
141
Oncology 4643 16 7 4.09 76.9 20 (15.5) 03 8.4 (4.72-42.23)
Obstetrics and 16,398 4 10 397 92.3 9 (4.4) 0.0 0.6 ref
gynecology
Neurosurgery 12936 10 3 5.34 67.4 26 (29.8) 0.1 14 © 99%'120 11)
) 4.8
Orthopedics 9373 11 1 6.17 69.6 10 (5.0) 0.1 1.9 (153-15.11)
294
Urology 10,173 73 15 3.98 83.1 11 (6.8) 0.7 18.0 (10.75-80.51)
Total/average 69,580 147 51 4.77 74.2 14 (12.9) 0.2 44 n/a

HA—Healthcare-associated, CA—community-associated, HA-CDl—Healthcare-associated-CDI, SD—standard
deviation, and OR—odds ratio.

The peak of HA-CDI incidence was observed in autumn and winter, from October to December,
and additionally from May to July. There was no significant relationship between the occurrence of
CA-CDI in the individual months of the year and HA-CDI, (Phi = 17.968, p = 0.082, Figure 1).

Figure 1. The occurrence of community-acquired CDI (CA-CDI defined by the ECDC) and the
hospital-acquired CDI (HA-CDI, defined by the ECDC) in 2012-2018, at St. Luke Hospital in
Tarnéw, Poland.

During the study period, antibiotic consumption in all wards reached 244,395 DDD and
0.18 DDD/1000 pds; it was the lowest in the neurosurgery ward (0.46 DDD/1000 pds) and the
highest in the urology department (0.84 DDD/1000 pds). The highest proportion of fluoroquinolones
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was observed (group JO1M) in the urology unit, which constituted 49.5% of all antibiotics, while their
average share in the wards under study was 17.8%.

Linear regression for the incidence density of HA-CDI (dependent variable) and the total antibiotic
consumption JOI DDD/1000 pds (independent variable) did not show a straight-line relationship
(F =5.44; p = 0.080; R2 = 0.47; Table 2). Similarly, no rectilinear relationship was found in the analysis
of beta-lactams JO1D (F = 0.079; p = 0.793; R2 = 0.01). For fluoroquinolones JO1M, the result of the
linear regression showed a good fit of the model (F = 42.94, p = 0.003), and the regression coefficient
confirmed the fact that the use of antibiotics from the group JO1M was strongly positively associated
with the HA-CDI incidence density (R2 = 0.915; Table 2).

Table 2. Antibiotic consumption in the surgical wards at St Luke's Provincial Hospital, Tarnow, in
2012-2018, and the correlation of total consumption and consumption of selected groups of antibiotics
and HA-CDI incidence density.

Antibiotics J01 Antibiotics JO1M Antibiotics J01D
Hospital Ward DDD DDD Per1000 pds DDD DDD Per1000 pds DDD DDD PerlOOOpds
Obstetrics and gynecology 49,219 0.66 137 0.00 41,649 0.56
Neurosurgery 36,566 0.46 6485 0.08 19,678 0.24
Orthopedics 35,070 0.51 1591 0.02 14,841 0.22
General surgery 66,329 0.72 13,352 0.15 23,022 0.25
Oncology 18,320 0.76 2708 0.11 8322 0.34
Urology 38,891 0.84 19,247 0.41 13,972 0.30
Total/average 244,395 0.18 43,520 0.03 121,484 0.09
average (SD] n/a 0.7 (0.15) n/a 0.1 (0.15) n/a 0.3 (0.16)
Linear regression, correlation HA-CDI incidence density per 10.000 pds vs. DDD per 1000pds
Beta 0.759 0.956 -0.139
p-value 0.080 0.003 0.793

DDD Consumption of antibacterials for systemic use (J01) expressed in defined daily doses per 1000 patientdays
(pds); J01 antibacterials for systemic use; JO1D other [5-lactam antibiotics—first, second, third, and fourth-generation
cephalosporins, monobactams, carbapenem, and other cephalosporins and penems; JO1M fluoroquinolones; n/a—not
available; Pds—patientdays

4. Discussion

In total, during the study period, a significant proportion of CDI cases were HA-CDI cases,
while the CA-CDI cases accounted for approximately one-fourth of the total. This situation was typical
and was confirmed by other researchers [10]. In fact, our observation that HA-CDIs outnumbered
CA-CDils in surgical patients might not be surprising, as with the exception of general surgery,
one would not expect CA-CDI or any other common infection to be admitted to neurosurgical or
obstetrical wards. Factors that predispose the development of HA-CDI might be divided into two
general categories—host factors and factors that disrupt normal colonic microbiota (antibiotics or
other medications and surgery). Colorectal surgery (with the combination of cefazolin with or
without metronidazole for PAP [10]), in cancer patients is, among others, a documented risk factor
for CDI. According to Aquina et al., the incidence of CDI after colorectal resection was 2.2% [15] and
according to Yeon, itwas 6.8% [17]. In our population, it was about 0.3%. In a multicenter study in
the USA, postoperative CDI occurred in 0.02% of patients treated with radical prostatectomy (with
fluoroquinolones for PAP [10]), 0.23% of those treated with partial or radical nephrectomy and 1.7%
of those treated with radical cystectomy [18]. In our study, this percentage was 0.7%. The risk of
HA-CDI in critically injured trauma patients is also high; according to Lumpkins et al., the incidence
is 3.3% [19]. The incidence of HA-CDI in patients undergoing other types of surgery (with cefazolin
for PAP [10]) is lower, in general surgery (cholecystectomy and appendectomy)—0.5% [20], lumbar
spine surgery—0.1%, [21], and in caesarean section or gynecological procedures it is 0.1-0.2% [22,23].
The present data indicate similar relationships.
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The urology ward is an exception since the incidence here differs significantly from expectations.
In this unit, a very high total consumption of antibiotics significantly affected the CDI incidence.
These were especially fluoroquinolones, which constituted half of all antibiotics, and fluoroquinolones
were also additionally used in the perioperative antibiotic prophylaxis regimen. Additionally, while the
administration of fluoroquinolones in urology during the perioperative antibiotic prophylaxis was
consistent with the literature on the subject, prolonging their use beyond the perioperative period, i.e.,
administration of antibiotics outside the operating room for several days was very controversial [24],

The observed situation of high HA-CDI incidence with increasing duration of antimicrobial
prophylaxis was also reported by other authors. In cardiac surgery, in orthopedic total joint
replacement, as well as colorectal and vascular procedures, higher odds of CDI were significant
in a duration-dependent fashion; on the other hand, extended duration did not lead to additional
SSlI reduction [25]. Additionally, other indications confirmed our hypothesis that the most critical
risk factor for CDI was the use of antibiotics, which disrupted the natural intestinal microbiota [26],
and according to the literature data, the antibiotics that exhibited the greatest risk of being conducive to
the development of C. difficile infections included fluoroquinolones, which were often used in the ward
under study and which increased the risk of developing CDI five-fold [27]. Our studies have confirmed
this relationship indirectly since the high consumption of fluoroquinolones in the urology ward was
associated with a high incidence of CDI. Fortunately, experiences of other authors demonstrated
that it is possible to reverse the trend. According to Turner et al., following the implementation of a
multidisciplinary intervention, including reductions in cefoxitin and fluoroquinolone use, showed a
decrease in CDI incidence from 1.27% in 2016 to 0.91% in 2017 was obtained [28].

On the other hand, the present data were also confirmed by data on CDI epidemiology in Europe
as, according to the 2016 ECDC report, the most common CD ribotype, both in Europe and in Poland,
was RT027 [6,29]. Unfortunately, epidemic ribotype RT027 is associated with multiple antimicrobial
resistance, also to fluoroquinolones [30]. Perhaps, the present data also explain the phenomenon
described by Pituch et al., concerning the very high proportion of ribotype RT027 in Poland, which was
over two-fold higher, 23% vs. 48%, compared to other European data [29]. Currently, fluoroquinolones
remain one of the most frequently administered drugs in the treatment of Polish patients and their
proportion in outpatient treatment grew significantly from 2007 to 2016 and amounted to 6% of the
total antibiotic sales [31].

Unfortunately, no relationship was found between the growth of the number of CA-CDI and
HA-CDI in the second of the two periods of increase in the number of cases, i.e., in spring and summer.
The number of HA-CDI cases grew regardless of the small numbers of CA-CDI. It was particularly
applicable to the urology ward, in which the highest total incidence of HA-CDI was demonstrated.
Therefore, it is not a surprise that the dynamics of the occurrence of CA-CDI were variable, as the
growth in the number of cases of CDI in winter was probably associated with the period of colds and
an increased use of antibiotics in the general population [32]. In the study by Gilca et al., infection with
the influenza virus and RSV (respiratory syncytial virus) affected the CDI, regardless of the antibiotic
prescribed. Similarly, in a study by Barrett et al., a relationship was recorded between an increased
incidence of norovirus and CDI [33]. Additional research is necessary to assess the degree to which
these determinants contribute to the seasonality of CDI.

Itis probable that the high incidence of HA-CDI was also a reflection of a trend characteristic of
Polish hospitals. According to ECDC data, Polish hospitals boast one of the highest CDI incidence
rates. In 2016, in Poland, the median was 1.4 cases/10,000 pds, while for Europe it was only
0.8 cases/10,000 pds [6]. Sadly, this study confirmed these data. According to Krutova et al.,
epidemiology of CDI could be used as an indicator of healthcare quality at hospital, as well as at the
country level [34].

An infection control "bundle™ strategy should be used to successfully reduce HA-CDI [35].
The "bundle" approach should include multifaceted interventions, including antibiotic stewardship,
hand hygiene with soap and water, isolation measures, including contact precautions for patients
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with CDI, and environmental hygiene. For surgery patients, it is very important to also reduce
environmental exposure to CDI through timelier preoperative medical optimization in the outpatient
setting [36] and to apply perioperative antibiotic prophylaxis that employs the most optimal regimen
for the patient.

Limitations of this study were that it lacked knowledge on (i) the strain characteristics, i.e.,
their drug resistance, which might be of importance in determining the level of fluoroquinolone
consumption and the high HA-CDI incidence in the urology ward; (ii) data on the medical history of
patients regarding their outpatient use of antibiotics before hospitalization; and in addition, (iii) the
ribotype was not determined. Only antibiotics for systemic use were taken into account in our study,
excluding antifungal, antimycobacterial, and antiviral. There are no sufficient reasons to conclude that
there was a close relationship between HA-CDI incidence and consumption of these drugs. Only single
reports on this subject were found, e.g., regarding the use of valaciclovir [37] or voriconazole [38].

5. Conclusions

Not only antimicrobial therapy, but also perioperative antibiotic prophylaxis schemes might have
a significant impact on the CDI incidence.

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.eom/2076-2607/8/6/810/sl.
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Abstract: Clostridioides difficile is still one of the most common causes of hospital-acquired infectious
diarrhea (CDI), and the incidence of CDI is one of the indicators that allows conclusions to be derived
on the correctness of antibiotic administration. The objective of this observational study was the
analysis of post-discharge CDI incidence in patients undergoing hip or knee arthroplasty, in order
to specify optimum conditions for the surgical procedures and outpatient postoperative care. One-
year observational study. Public Polish hospitals. Retrospective records for 83,525 surgery patients
having undergone hip or knee arthroplasty were extracted from the Polish National Health Fund
databases. CDI and/or antibiotic prescriptions in the 30 day post-surgery period were expressed
per 1000 surgeries with antibiotic prescription on discharge or in ambulatory care, respectively. The
CDI incidence rate was 34.4 per 10,000 patients, and 7.7 cases per 100,000 post-surgery patient-days.
Patients who were prescribed at least one antibiotic were diagnosed with CDI more often than patients
who had no antibiotic treatment (55.0/1000 patients vs. 1.8/1000 patients). In the multifactorial
analysis, the following factors were significant: being at least 65 years of age, trauma as the cause of
surgery, length of stay over 7 days, HAIs other than CDI and taking beta-lactams and/or quinolones
but not macrolides in the post-discharge period. Postoperative antibiotic prescription in patients
undergoingjoint replacement surgery is the main risk factor for CDI. These observations indicate the

necessity of improvement of infection control programs as the key factor for CDI prevention.

Keywords: Clostridioides difficile; post-discharge surveillance; hip and knee arthroplasties; healthcare-

associated CDI

1. Introduction

Clostridioides difficile is the most frequent cause of nosocomial diarrhea syndrome
with possible severe progression. Recurrence of the disease is associated with higher
health system costs, as well as exposing patients to additional health risks [1]. CDI
{Clostridioides difficile infection) is usually associated with healthcare; however, the num-
ber of community-acquired infections is on the rise. CDIs are most frequently related to
changes in the gut microbiota caused by the administration of antibiotics, and patients
who are elderly, immunocompromised or have undergone surgery are at a greater risk of
developing CDI and recurrent infection [2],

Healthcare-associated infections, considered as some of the most important public
health problems, can be effectively prevented by implementing evidence-based methods
of infection prevention and control. Effective implementation also involves monitoring
of process and outcomes indicators. The incidence of CDI is one of the indicators that

https://www.mdpi.com/joumal/ijerph
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allows conclusions to be derived about the correctness of antibiotic administration, which
is also closely related to the prevention of infections. In Poland, there is no network of
infection surveillance that would bring together many centers, and research in the area
of epidemiology of infections is carried out primarily in single centers. As a result, there
are deficiencies in the practice of infection control, e.g., no post-discharge registration,
ineffective cooperation between clinicians and microbiological laboratories [3,4] or sub-
optimal use of antibiotics [5]. According to the European Centre for Disease Prevention
and Control (ECDC), the CDI incidence in Poland is almost three times higher than the
EU average [6]. In their previous work, the authors have noted the correlations between
antibiotic prophylaxis in urology and CDI [5]. The aim of this study is to find out whether
similar correlations can be observed in orthopedics.

Data covering large groups of patients include, for example, registers and databases
of the public payer for health services in Poland. Analyses of data from the Polish National
Health Fund (NHF) databases, taking into account specific groups of patients or areas
of public health, may constitute a valuable supplement to the results from single-center
studies. The research question of our observational, non-interventional study was: what is
the incidence of post-discharge CDI and how is it associated with different risk factors in
adult surgery patients following hip and knee arthroplasties, compared to patients without
a CDI diagnosis in the 30 days following the surgery?

2. Materials and Methods

Retrospective records for all patients who underwent hip or knee arthroplasties in
2017 were extracted from the Polish NHF (the only public payer in Poland) databases. The
data include only procedures performed within the general health care system. The current
analysis employs data on adults who underwent hip or knee prosthesis surgery, identified
on the basis of the following ICD-9 codes: 81.51-81.55,00.7 or 00.8. We excluded surgeries
performed in people under 18 years old (n = 58). In total, 83,525 cases of hip (HPRO)
and knee (KPRO) arthroplasties were included in the present analysis. The inclusion
criteria were (1) hip or knee prosthesis reimbursed by the NHF and performed between
1 January 2017 and 31 December 2017, and (2) patient age (18 or more years old). The
studied population has previously been described in detail [7].

We used the NHF data on the 192 CDI observed in the 30 day post-discharge period
(hospitalizations, outpatient visits, etc.). We analyzed the demographic (age, place of
residence) and clinical (chronic comorbidities, operated joint: hip/knee) characteristics of
the patients, the number of drug groups prescribed, whether it was a primary or revision
surgery according to the appropriate ICD-9 code, length of hospital stay (LOS), whether
there was a stay in the intensive care unit (ICU), cause of surgery, postoperative infections,
primary/revision surgery, as well as the long-term care after surgery. Patients with these
particular disease entities at the preoperative stage were assessed based on the use of spe-
cific drug groups during a period of one year before the date of the procedure. The criterion
for polytherapy was taking drugs from 5 or more ATC-code groups. Only prescribed drugs
were taken into consideration.

HCA-CDI were diagnosed (with or without microbiological confirmation) and classi-
fied based on the uniform definitions issued by the ECDC, in accordance with the decision
of the European Commission 2002/253/EC laying down case definitions for reporting
communicable diseases to the community network [8]. According to the ECDC, the ori-
gin of a CDI case can be defined as healthcare-associated (HCA-CDI) based on the date
(within 30 days of discharge from a healthcare facility) and location of the onset of CDI
symptoms [9]. A 30 day time span was also employed in relation to post-discharge an-
tibiotic prescription. The sensitivity of post-discharge CDI surveillance and postoperative
follow-up of patients was dependent on the primary care physician and the relationship
between inpatient and outpatient ABX treatment is unknown.
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The post-surgery patient-days were calculated as follows: the number of days between
the operation day and the day of the outpatient visit due to CDI or hospitalization due to
CDI during the 30 day post-operation period.

Antibiotic prescriptions were expressed per 1000 surgery patients with an antibiotic
prescription on discharge from hospital, or in ambulatory care, respectively in the 30 day
post-surgery period using the ATC (Anatomical Therapeutic Chemical) system of the World
Health Organization [10]. Only antibiotics for systemic use were taken into account—no
antifungal (J02), antimycobacterial (J04), or antiviral (JO5) drugs were included in the
analyses. Combination antibiotic therapy was defined as the prescription of two or more
different antibiotics.

This work was approved by the Bioethics Committee of Jagiellonian University (ap-
proval n0.1072.6120.149.2020). The study was based on data gathered during routine
patient care and the analysis did not include any individual participant's data.

3. Statistical Analysis

The incidence of CDI (per 1000 patients) was calculated along with exact binomial
95% confidence intervals (95%Cl), and compared in relation to demographic characteristics,
and the description of the hospitalization index (due to knee or hip arthroplasty), as
well as antibiotic prescriptions in post-hospital period by a Chi-squared test. In addition,
multivariable logistic regression was applied to assess the strength of association between
CDI and the chosen risk factors. The independent variables were chosen based on both
(a) the significance of difference in CDI incidence, and (b) factors that can be related to
CDI incidence based on literature searching and experience. The results are presented
as odds ratios (OR), together with 95% confidence intervals (95% CI). Results with a
p-value < 0.05 were considered statistically significant. All analyses were performed in
IBM SPSS Statistics 26 (PS IMAGO PRO, Predictive Solutions Sp. z 0.0.).

4. Results

In total, there were 192 CDlIs, including 160 cases after HPRO (0.3/1000 patients) and
32 after KPRO (0.1/1000 patients). The CDI incidence rate was 34.4 per 10,000 patients, and
7.7 cases per 100,000 post-surgery patient-days (pds).

Patients who required Combination ABX therapy in the postoperative period suffered
from CDIs significantly more often than patients who did not undergo such therapy, as
follows: 2.8/1000 patients vs. 1.8/1000 patients (Table 1). A similar result was found in
patients operated on due to trauma, in whom 7.9/1000 patients experienced CDIs, com-
pared with those operated on due to degeneration (1.2/1000 patients) or complication
(3.2/1000 patients); most often, CDI concerned a small group of patients not qualified else-
where (reason: others, 6.7/1000 patients). However, in patients admitted in an emergency,
post-discharge CDI was diagnosed significantly more often (4.6/1000 patients) than in
patients admitted for scheduled procedures (1.7/1000 patients) (Table 1).

Table 1. Clostridioides difficile infection incidence in relation to patient and operation characteristics.

Incidence
L Total, No. of CDI
Characteristics of the Study Group (95% CI) Per p-Value
N = 83,525 Cases !
1000 Patients
Female 52,624 129 2.5 (2.0-2.9)
Sex 0.229
Male 30,901 63 2.0 (1.6-2.6)
<65 27,855 28 1.0 (0.7-1.5)
Age <0.001
>=65 years 55,670 164 2.9 (2.5-3.4)
Place of Yes 48,583 111 2.3 (1.8-2.9)

. . 0.944
residence-city * No 34,657 80 2.3 (1.9-2.8)
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Table 1. Cont.
-, Total, No. of CDI Incidence
Characteristics of the Study Group (95% CI) Per p-Value
N = 83,525 Cases !
1000 Patients
Scheduled 66,222 112 1.2 (0.9-1.5)
Admission mode <0.001
Emergency 17,149 79 6.5 (5.4-7.9)
Degeneration 66,227 79 1.2 (0.9-1.5)
Injury 11,967 94 7.9 (6.4-9.6)
Cause of surgery <0.001
Complications 4736 15 3.2 (1.8-5.2)
Other 595 4 6.7 (1.8-17.1)
Hip 56,068 160 2.9 (2.4-S.3)
Joint operated on <0.001
Knee 27,457 32 1.2 (0.8-1.6)
Primary 78,388 175 2.2 (1.9-2.6)
Surgery 0.119
Revision 5137 17 3.3 (1.9-5.3)
ICU during the 1st No 83,056 171 2.1 (1.8-2.4) 0001
- . . <0.
hospitalization Yes 469 21 44.8 (27.9-67.6)
Prolonged No 66,009 119 1.8 (1.5-2.2)
. <0.001
hospitalization Yes 17,501 72 4.1 (3.2-5.2)
No 79,994 181 2.3 (1.9-2.6)
ABXs on discharge 0.301
Yes 3531 11 3.1 (1.6-5.6)
Combination ABX No 40,214 71 1.8 (1.4r-2.2)
x 0.002
therapy Yes 43,311 121 2.8 (2.3-3.3)
Long-term No 82,818 181 2.2 (1.9-2.5) 0001
. <0.
postoperative care Yes 707 11 15.6 (7.8-27.7)

* more than the third quartile of stay, no data for 285 patients; ** Combination antibiotic therapy was defined as
the prescription of two or more different antibiotics; ABX—antibiotic; ICU—intensive care unit.

The median stay in hospital for CDI cases was 7 days. This result is in the third
guartile of patients without CDI. Significantly more often, CDI occurred in patients from
a small group requiring hospitalization in the ICU, as follows: 44.8/1000 patients vs.
2.1/1000 patients among non-ICU patients (Table 1). Also, patients who required long-
term care after discharge were infected more often than patients who did not receive such
care, as follows: 15.6/1000 vs. 2.2/1000 patients (Table 1).

A total of 3531 people received a prescription of antibiotics on discharge. The incidence
in this group was 3.1/1000 patients and was not significantly higher than for the patients
who were not prescribed an antibiotic (2.3/1000) (Table 1).

Significantly more frequently, CDI occurred in patients with other healthcare-associated
infections in the post-discharge period; the incidence rate in this group was 27/1000 patients.
Of all studied surgical patients, 763 were prescribed at least one antibiotic in outpa-
tient care in the 30 day postoperative period (Table 2), and in these patients, more often
than in patients without antibiotic treatment, CDI was diagnosed (55.0/1000 patients vs.
1.8/1000 patients) (Table 2).The incidence of CDI increased with the number of prescrip-
tions filled; the incidence with one prescription was 53.9/1000 patients, and with more
than one prescription, 57.8 /1000 patients (Table 2).

The incidence of post-discharge CDI associated with antibiotic treatment was signifi-
cantly dependent on the class of the antibiotic; the highest incidence was associated with
other beta-lactams (97.0/1000 patients), beta-lactams, penicillins (58.8/1000 patients) and
quinolones (45.5/1000 patients) (Table 2).
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Table 2. Antibiotic prescriptions in the post-discharge period in ambulatory care.

Characteristics of the Total,
Study Group N= 83,525 *
No 82,762
ABX prescriptions
Yes 763
No 81,765
Non-CDI HAI
Yes 1760
No 82,762
Number oTABX 1 538
prescriptions
>1 225
JO1C, beta-lactams, No 83,320
penicillins Yes 205
JO1D, other No 83,391
beta-lactams Yes 134
No 83,424
JO1F, macrolides
Yes 101
No 83,217
JO1M, quinolones
Yes 308
No 83,365
JOI, others
Yes 160

Number
of Cases

150
42
144
48
150
29
13
180
12
179
13

188

178
14
184

8

Incidence (95% CI)
Per 1000 Patients

1.8 (1.5-2.1)
55.0 (40.0-73.7)
1.8 (1.5-2.1)
27.3 (20.2-36.0)
1.8 (1.5-2.1)
53.9 (36.4-76.5)
57.8 (31.1-96.8)
2.2 (1.9-2.5)
58.5 (30.6-100.0)
2.1 (1.8-2.5)
97 (52.7-160.2)
2.3 (1.9-2.6)
39.6 (10.9-98.3)
2.1 (1.8-2.5)
45.5 (25.1-75.1)
2.2 (1.9-2.5)
50 (21.8-96.1)

50f 10

p-Value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

* no data for 15 patients, ABX—antibiotic, CDI—Clostridioides difficile infections, HAl—healthcare associated

infections. J01, others antibacterial for systematic use.

In the multifactorial analysis, the following factors were found to be significant: age
over 65 years of age, stay in the intensive care unit, trauma as the cause of surgery, length
of stay over 7 days, HAIs other than CDI and taking beta-lactams and other beta-lactams
and/or quinolones JO1M, but not macrolides, in the post-discharge period (Table 3).

Table 3. Multivariable analysis of the influence of the studied factors on the incidence of CDI.

Study Group
Man
Age > 65 years
multimorbidity
JO1C, beta-lactams, penicillins
JO1D, other beta-lactams
JO1F, macrolides
JO1M, quinolones
JO1, other antibacterial for systematic use
Long-term care after discharge
Knee surgery
ICU
Revision
HAI (not with C. difficile)

Cause of surgery, degeneration (ref.)

OR
0.98
1.78
1.05
4.18
6.41
2.69
2.80
3.17
2.55
0.82
13.17
0.85
3.58

95%ClI
0.71-1.34
1.16-2.73
0.72-1.55
2.04-8.57
3.15-13.02
0.88-8.24
1.42-5.54
1.39-7.25
1.32-4.93
0.53-1.27
7.95-21.81
0.23-3.14
2.15-5.94
Ref

0.901
0.008
0.791
<0.001
<0.001
0.084
0.003
0.006
0.005
0.374
<0.001
0.810
<0.001
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Table 3. Cont.
Study Group OR 95%ClI =)
other 2.53 0.77-8.35 0.128
complications 1.71 0.43-6.89 0.448
injury 3.44 2.37-4.98 <0.001
Hospitalization for more than 7 days 1.62 1.19-2.2 0.002

OR—odds ratio, 95%CI—95% confidence interval, p—probability value, ICU—intensive care unit, HAl—healthcare
associated infections.

5. Discussion

This study demonstrates that the risk of the occurrence of CDI is closely associated
with both factors independent of the course of medical care, such as age or need for surgery
due to an injury, and factors directly related to the healthcare system, such as the need to
treat HAIs or the use of antibiotics in such patients.

The fact that the risk of CDI increases with age and with deteriorating general condi-
tion, when patients require long-term care, has been confirmed by other authors [11,12].
Antimicrobials are some of the most commonly prescribed medications in long-term care
settings. Therefore, it is not surprising that Clostridium difficile associated diarrhea is com-
mon in older residents. CDI has been identified as the most frequent cause of non-epidemic
acute diarrhea in long-term care facilities (LTCF) [13]. In our study, people over the age
of 65 were diagnosed with CDI three times more often than younger people, and patients
requiring long-term care following surgery were eight times more prone to it than people
who did not require such care. Additionally, people who underwent combination antibiotic
therapy suffered from CDI twice as often than patients who did not undergo polytherapy.
Patients who requires constant care often suffer from many diseases and usually have a
weakened immune system, altered gut microbiota or other related severe pathologies. The
study by Donskey et al. suggests that asymptomatic carriage and CDI among the LTCF
residents contribute to the transmission of C. difficile in both LTCF and in hospital during
admissions to the unit. There is a need for greater emphasis on infection control measures
and the management of antimicrobial drugs in LTCF [14].

A study by Weber et al. demonstrated that antibiotics are prescribed more often
to LTCF patients, which may be associated with an increased risk of poor outcomes in
the post-discharge period [15]. Also, insufficient post-discharge care caused by poor
communication with patients and/or improper conveying of information between hospital
medical staff and caregivers may result in an increased probability of adverse events and
pre-hospitalization [16].

Perioperative proceedings, especially a prolonged stay and the need for an ICU stay,
were found to be of great significance. The percentage of people with CDI increased with
prolonged hospital stays; similar results were obtained by Hung et al. [17], CDI is one of
the most important causes of hospital-acquired infections in intensive care units (ICU) [18],
which may be related to the amount of antibiotics prescribed there; approximately 70%
of ICU patients are prescribed antibiotics [19]. Also, increasing duration of antimicrobial
prophylaxis is associated with higher odds of CDI. These findings highlight the idea that
stewardship efforts to limit the duration of prophylaxis have the potential to reduce adverse
events without increasing SSI [20]. A similar phenomenon has been observed by the authors
with regard to another patient population, i.e., subjects requiring urogenital procedures,
in which, on the basis of regression coefficients, a positive correlation was demonstrated
between the use of fluoroquinolones and the HA-CDI incidence rate [5].

The relationship between the class of antibiotics prescribed and the incidence of CDI
has been debated for several years. The antibiotics associated with the highest risk of
developing CDI include the following: clindamycin, fluoroquinolones, cephalosporins, and
carbapenems [21], Knecht et al. showed that different antibiotic classes (cephalosporins,
ampicillin/sulbactam and quinolones) affect the gut microbiota similarly at the RNA level
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but differently at the DNA level, and this explains why several different antibiotics are
associated with similar intestinal problems [22].

However, a significant outcome of our study was the fact that the need for an-
tibiotic treatment of infections is a significant risk of CDI, as well as the occurrence of
another infection.

This observation has practical implications for infection prevention and control in Poland
and is consistent with the results of other studies in which higher rates of incidence of surgical
site infections were observed following operations associated with implantation of both knee
and hip joints. Ziolkowski et al. found incidences of SSls after hip and knee arthroplasty
surgeries of 5.8% and 5.4%, respectively (2013-2015), while the average rates reported in the
HAI-Net SSI ECDC program for 2015 were 1.1% and 0.6%, respectively [23,24].

Observation of risk factors for infection has been carried out in over 39,000 patients
undergoing primary hip or knee arthroplasty; the data came from a large database of the
American College of Surgeons National Surgical Quality Improvement Program [25]. In
this study, the frequency of CDI incidents in the 30 day postoperative period was 0.10%
(95% CI, 0.07-0.13%). The independent preoperative and procedural risk factors were
older age, functional dependence, preoperative anemia, hypertension, and hip arthroplasty.
Postoperative risk factors included urinary tract infection, sepsis, and the development of
any infection.

For many years, a relationship has been known to exist between a reduction in gastric
acidity and the risk of Clostridioides difficile infection and the development of pseudomem-
branous enterocolitis, especially with concurrent antibiotic therapy. This relationship is
visible with histamine 2 receptor antagonist treatment, but with proton pump inhibitors
(PPIs), this association is much greater [26]. A meta-analysis of 23 studies involving approx-
imately 300,000 patients demonstrated that PPI treatment increases the risk of developing
this infection by nearly 65% [27]. Modification of the gut microbiota composition, associated
with PPI treatment, also promotes the development of small intestinal bacterial overgrowth
syndrome (SIBO). A meta-analysis of 19 studies encompassing over 7000 patients found
that this risk grows by around 70% [28]. Of other drugs of potential relevance to CDI
infection, a meta-analysis by Furuya-Kanamori et al. demonstrated the importance of
exposure to corticosteroids [29]. Unfortunately, the methodology of our study makes it
impossible to verify the importance of the application of particular groups of drugs for the
occurrence of CDI.

Our results have several important implications for clinical practice in Poland, es-
pecially for the area of infection control. Multimorbidity in the preoperative period and
beta-lactams or quinolones prescription within 30 days of discharge from hospitals are
associated with increased CDI rates. Thus, our observation confirms the necessity of im-
plementing effective antimicrobial stewardship programs in Polish hospitals, as well as
continuous education for physicians working in the community sector, since according
to several recent studies on antimicrobial consumption in Poland this is not optimal [30].
Additionally, another HAI-other than CDI-in the post-discharge period is associated with
a higher risk of CDI, which is directly related to the ineffectiveness of infection control
programs, lack of post-discharge surveillance in surgical patients, or difficulties with access
to proper microbiological diagnostics in Polish hospitals. We have also shown that a stay in
long-term care facilities after discharge is associated with higher CDI incidence, and the
HALT-3 project revealed problems with infection control and antibiotic consumption in
these settings in Poland [31].

The use of fluoroquinolones, due to their numerous side effects, should be limited to
situations where there are no other therapeutic options available. Furthermore, according
to a European Medicines Agency alert from 2018, in the elderly, quinolones should be
used with special caution [32]. At present in Poland, quinolones are prescribed most
frequently; they make up more than 40% of all antibiotic prescriptions. Unfortunately, there
are concerns regarding the growth of fluoroquinolone prescriptions in Poland in recent
years, as a percentage of the total antibiotic consumption [31].
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There are also limitations to the presented results. Firstly, this was an observational
study. The reason for prescribing antibiotics is unknown, as the available data relates only
to the sale of drugs, not the consumption. Secondly, the level of CDI diagnostics is unknown
(only clinical signs or performed diagnostic tests and their type). The role of proton pump
inhibitors in the risk of CDI has not been analyzed, and information about perioperative
antibiotic prophylaxis and its duration are unknown. In addition, the source of the data also
makes it impossible to determine whether post-surgery inpatient and outpatient antibiotics
were prescribed only for patients with confirmed infections. However, the value of our
analysis is its pioneering nature, and the results indicate areas of surgical care that require
more thorough research and intervention.

6. Conclusions

In Poland the CDI incidence rate is 34.4 cases per 10,000 patients, and 7.7 per 100,000 post-
surgery pds. Multivariable analysis of risk factors for CDI up to 30 days after hospitalization
shows that various factors influence the risk of developing CDI; among these factors are
another healthcare-associated infection in the post-discharge period and antibiotic prescription
within 30 days of discharge. These observations, together with the results of other studies in
this area in Poland, indicate the necessity of improvement of infection control programs as the
key factor for prevention of C. difficile, as well as continuous education for physicians working
mainly in ambulatory care and the community.
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Abstract: Background: The most important pathomechanism of Clostridioides difficile infections (CDI)

is post-antibiotic intestinal dysbiosis. CDI affects both ambulatory and hospital patients. Aim:
The objective of the study was to analyze the possibility of utilizing databases from the European

Centre for Disease Prevention and Control subject to surveillance for the purpose of identifying areas
that require intervention with respect to public health. Methods: The analysis encompassed data
concerning CDI incidence and antibiotic consumption expressed as defined daily doses (DDD) and
quality indicators for antimicrobial-consumption involving both ambulatory and hospital patients in
2016. Results: In 2016, in the European Union countries, total antibiotic consumption in hospital and
outpatient treatment amounted to 20.4 DDD (SD 7.89, range 11.04-39.69); in ambulatory treatment
using average of ten times more antibiotics than hospitals. In total, 44.9% of antibiotics used in
outpatient procedures were broad-spectrum antibiotics. We have found a significant relationship
between the quality of antibiotics and their consumption: The more broad-spectrum antibiotics
prescribed, the higher the sales of antibiotics both in the community sector and in total. CDI incidence
did not statistically significantly correlate with the remaining factors analyzed on a country-wide
level. Conclusion: Antibiotic consumption and the CDI incidence may depend on many national
variables associated with local systems of healthcare organization and financing. Their interpretation

in international comparisons does not give clear-cut answers and requires caution.

Keywords: Clostridioides difficile; healthcare-associated infections; antibiotic consumption; statistical
methods of data classification

1. Introduction

Clostridioides difficile is the most significant pathogen responsible for antibiotic-related diarrhea,
and the most critical exposure factor is the consumption of antibiotics that disrupt the gut microbiota [1].
The antibiotics associated with the highest risk of development of Clostridioides difficile infections
(CDI) are clindamycin, beta-lactams and fluoroquinolones [2]. CDI may affect both hospital and
ambulatory patients. However, it is not easy to distinguish CA-CDI (community-associated CDI) from
CDI acquired in the hospital (HA-CDI, healthcare-associated CDI). If symptoms of CDI appear after 48

h from admission to the hospital or in the period of four weeks after discharge from a medical facility,
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the infection is classified as HA-CDI. On the other hand, CA-CDI are infections in non-hospitalized
patients in the past 12 weeks and/or symptoms of infection that occurred less than 48 hours from
admission to the hospital [3]. Hypervirulent strain NAP1 (North American Pulsed Field Type 1), also
known as B1I/NAAP1/027 or ribotype PCR 027, caused an increase in morbidity and mortality in Europe
and throughout the world [4]. Strain 027 has increased resistance to antibiotics, and it produces more
spores and toxins A and B and the binary toxin [5]. It should be noted that, regardless of the origin of
the strain (HA-CDI or CA-CDI), it is the most commonly encountered (22.9%) ribotype in Europe [6]
and in Poland [7].

Antibiotic stewardship limits exposure to CDI in hospitals; hence, according to Barlam et al.,
one of the elements of the Antibiotic Stewardship Program is, on the one hand, application of data on
CDI incidence as a measure of exposure to CDI, and on the other hand, monitoring antibiotic use as
measured by the Defined Daily Dose (DDD)—a technical unit of measurement of drug consumption,
defined by the World Health Organization (WHO) [8,9]. Many of the literature reports, e.g., from Great
Britain [10], confirm the above thesis.

Indicators to measure the quality of antimicrobial stewardship in primary care and, secondly, in
hospitals were developed and validated by the European Surveillance of Antimicrobial Consumption
program [11]. One of them is the ratio of the consumption of broad-spectrum antibiotics: combination
of penicillins, including beta-lactamase inhibitor, second- and third-generation cephalosporins,
lincosamides and streptogramins (JO1(CR+DC+DD+(F-FAO01))) to the consumption of narrow-spectrum
antibiotic: beta-lactamase-sensitive penicillins, first-generation cephalosporins and macrolides
(JO1(CE+DB+FAO0L)).

The objective of the study was to analyze the possibility of utilizing aggregate data concerning
CDI incidence and antibiotic consumption at the national level, for the purpose of identifying areas

that require intervention at the level of public health.

2. Materials and Methods

The statistical analysis was prepared, using publicly available data from the European Centre for
Disease Prevention and Control for 2016:

1. Concerning antibiotic consumption based on:

a. Antimicrobial consumption database (ESAC-Net), fluoroquinolones, beta lactams, macrolides,
lincosamides and streptogramins expressed as DDD per 1000 inhabitants and per day were taken into
consideration, the DDD is defined as the assumed average maintenance dose per day for a drug used
for its main indication in adults.

b. The Quality indicator for antibiotic consumption in the community according to
ECDC methodology was defined as the ratio of the consumption of broad-spectrum antibiotic
(JO1(CR+DC+DD+(F-FAO01))) to the consumption of narrow-spectrum antibiotic (JO1(CE+DB+FAO01));
consumption of antibiotics was compared for hospitals and outpatient care; data from The European
Surveillance System—TESSy, provided by (Austria, Belgium, Croatia, Estonia, Finland, France,
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Malta, Netherlands, Poland, Slovenia, Spain and
UK-Scotland) and released by ECDC (https://ecdc.europa.eu/en/antimicrobial-consumption/database/
rates-country, https://www.ecdc.europa.eu/en/antimicrobial-consumption/database/qualityindicators).

2. concerning CDI epidemiology based on surveillance data collected by the ECDC
Healthcare-Associated Infections surveillance Network (HAI-Net), in 71.5% hospital surveillance
periods, the reported diagnostic practices followed ESCMID recommendations [6].

Quantitative evaluation of the measured variables employed basic statistical measures, i.e., mean,
standard deviation, and minimum and maximum values. In order to verify the statistical significance
of relationships between antibiotic consumption in ambulatory and hospital care expressed in DDD
(defined daily dose) per 1000 inhabitants and per day and CDI incidence and/or incidence density in

2016, Pearson's correlation coefficients were used. The selection of parametric significance tests was
dictated by the fact that the measured variables have probability density distributions converging to
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the Gaussian distribution. In order to determine the predictive model with 95% confidence, the least
squares model was developed. These models were done for variables exhibiting significant correlations,
€., community and total consumption of antibacterials (Anatomical Therapeutic Chemical, ATC
group JO1) for systemic use in the hospital/community sector and consumption of other beta-lactam
antibacterials (ATC group JO1D) for systemic use in the hospital/community sector. All statistical tests

were calculated at 95% statistical confidence interval, i.e., at the level of significance of alpha = 0.05.

3. Results

The mean antibiotic consumption involving in-hospital and ambulatory treatment amounted
to 20.4 DDD (SD 7.89, range 11.04-39.69); outpatient care employed 10 times more antibiotics than
hospitals: 18.6 DDD vs. 1.9 DDD. Discrepancies between in-hospital and ambulatory antibiotic usage
were 9.8 times higher: 18.6 DDD vs. 1.9 DDD, the discrepancy was particularly high for lincosamides
and streptogramins (ATC group JO1F): 20.3 times more: 3.04 DDD (ambulatory) vs. 0.15 DDD (hospital)
(Table 1). This observation does not apply CDI incidence density rate in community-associated and

healthcare-associated CDI, in community is 2.9 times smaller, respectively: 0.81 and 2.38.

Table 1. Descriptive statistics of the measured variables: consumption of antibiotics in outpatient and
hospital care expressed in DDD * per 1000 inhabitants and per day and CDI incidence density in 2016
based on [6,12] for all of the included European countries.

Antimicrobial Consumption and CDI Epidemiology Mean (SD) Range (min; max)
Hospital 1.9 (0.51) (0.9;3.1)
Consumption of antibacterials (ATC group JO1) for )
systemic use in the hospital/community sector Community 18.6 (7.55) (9.9;37.4)
Total 20.4 (7.89) (11.0; 39.7)
Hospital 0.2 (0.08) (0.1;0.4)
Consumption of quinolones (ATC group JO1M) for .
systemic use in the hospital/community sector Community 1.5(0.78) (05;28)
Total 1.7 (0.84) (0.6;3.2)
Consumption of other beta-lactam antibacterials (ATC Hospital 0.5 (0.20) (0.2;0.8)
group J01D) for systemic use in the Community 1.9 (1.76) 0.0;7.7)
hospital/community sector
Total 2.4 (1.85) (0.3;8.3)
Consumption of macrolides, lincosamides and Hospital 0.2 (0.07) (0.1;0.3)
streptogramins (ATC group JO1F) for systemic use in the Community 3.0 (1.42) (0.8;6.9)
hospital/community sector
Total 3.2 (1.44) (0.9;7.1)
Quality indicator.s for a.ntibiotic consumption in the Broad/narrow 44.90 (57.17) (0.5: 208.5)
community (primary care sector) **
Hospital 3.7 (2.80) (1.6;12.9)
Mean CDI incidence density (per 10,000 pds) Community 0.9 (0.45) (0.0;1.9)
Total 4.6 (3.05) (2.5;14.8)

*DDD: defined daily dose; ** defined as the ratio of the consumption of broad-spectrum (J0O1(CR+DC+DD+(F-FA01)))
to the consumption of narrow-spectrum penicillins, cephalosporins and macrolides (JO1(CE+DB+FA01)); CDlI,
Clostridioides difficile infection; pds patient-days; SD, standard deviation.

In total, 44.9% of antibiotics used in outpatient care were broad-spectrum antibiotics. A significant
relationship was found between the quality of antibiotics prescribed and their consumption (p < 0.001).
The more broad-spectrum antibiotics, other beta-lactams (ATC group JO1D) for systemic use prescribed,
the higher the sales of antibiotics both in total (r = 0.746; p < 0.01) and in community sector (r = 0.782;
p < 0.01) (Figure 1).

Mean CDI incidence density was 4.6 cases/10,000 patient-days (pds), higher in hospital sector
than in community: 3.7 vs. 0.9. CDI incidence, both in total and divided into HA-CDI vs. CA-CDI, did
not statistically significantly correlate with the remaining factors analyzed.

There is no significant relationship between the antibiotics consumption and CDI incidence rate.

Though not significant, there is near-significant association (p = 0.053) between hospital use of “other
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beta-lactams’ and HA-CDI—as expected, this class includes carbapenems, which are the single highest

group of antibiotics conferring CDI risk (Table 2).
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In Poland, the proportion of antibiotics in outpatient settings was 16.3 times higher than in the
hospital environment, and it was one of the highest among the countries studied. Despite the lack of a
trend in international analysis, in Poland, very high antibiotic consumption was found: 27.0 DDD in
community and 1.79 DDD in hospital sector, as well as increased CDI incidence—one of the highest

among the countries studied (7.6/10,000 pds) (Table S1, Supplementary Materials).

4. Discussion

One of the strongest CDI predictors is the use of antibiotics. This is confirmed by the present
data in relation to Poland, in which both antibiotic consumption and CDI incidence were among the
highest and the latter was more than two times higher than the average for Europe: 7.6 vs. 3.2/10,000

pds. Unfortunately, in Poland, in 2007-2016, outpatient care saw a significant increase in the total
sales of antibiotics, by 8.3%; it was also true for the consumption of the group of antibiotics whose

relationship with CDI is the strongest, i.e., fluoroquinolones, by 13.5% [13]. The growing consumption
of fluoroquinolones is very worrying, especially in view of the British reports that clearly show
the necessary direction of change—they associate restricting fluoroquinolone prescribing with the
decline in CDI incidence. Antimicrobial stewardship should be a central component of CDI control
programs [10] in hospital and in the ambulatory sector.

In hospital care, the departments with particularly high antibiotic consumption are intensive
care units (ICUs). A single-center study from a Polish ICU, in which the consumption of antibiotics
amounted to a very high level of 1913 DDD/1000 pds, with an alarming CDI incidence, 10.6/10,000
pds, and additionally a simultaneous exceptionally high and disturbing prevalence of high-resistance
strains was found [14]. However, the above example was not an exception: A multi-center study in
Polish ICUs indicated consumption of antibiotics at an average level of 1520 DDD/1000 pds (ranging
from 620 to 3960 DDD/1000 pds). These data were significantly higher than analogous rates recorded
in, e.g., Germany, 1305 (463-2216), or Sweden, 1147 (605-2134 DDD/1000 pds) [15-17]. What is also
worrying in Polish ICUs is the high contribution of carbapenems (17%) and quinolones (14%, the second
antibiotic class) that was found, while it is precisely the proportion of broad-spectrum antibiotics and
fluoroquinolones in the total antibiotic consumption that constitutes a parameter evaluating the quality
of prescribing antibiotics [17].

Other departments in which CDI poses a problem are surgical wards, where, on the one hand,
perioperative antibiotic prophylaxis is applied, including, e.g., fluoroquinolones in urology, and in
the treatment of healthcare-associated infections, including surgical site infections, broad-spectrum
antibiotics are used [18]. According to Abdelsattar et al., the incidence (microbiologically confirmed
CDI) in patients after general, vascular or gynecological surgery in the USA was estimated at 0.1-2.6%,
depending on the type of the procedure [19]. The incidence of CDI among Polish patients after
neurosurgical operations was similar: 0.1% [20].

One of the elements of a comprehensive program of antibiotic management at the hospital level
is the evaluation of their consumption and cost analysis covering both the costs of purchasing and
administering the antibiotic and the remaining infection treatment costs [21,22]. Many studies confirm
the relationship between the effective implementation of the hospital antibiotic policy, a reduction
in antibiotic consumption and a decrease in CDI incidence [8,16,23], which was not corroborated
through analysis of aggregate data at the European level. However, the method in these studies
varies—especially the measurement of the consumption of antibiotics. In the majority of countries,
ECDC summary reports are based on sales data and the DDD is referred to 1000 people per day. As
demonstrated in research at the hospital level, pharmacy data concerning the issuing of antibiotics
differ significantly from those presenting actual use [22,24]. Probably, a better denominator would
be a narrower population (e.g., person-days of hospitalization or the number of admissions to a
particular ward), as is the case in many HAI surveillance programs, in which the so-called target
surveillance is carried out. Itis likely that methodological approach plays a key role here and perhaps

this is the reason behind the fact that the analysis of data presented in ECDC reports on antibiotic
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consumption and CDI incidence showed no significant relationships. Moreover, there is likely to be
variability in CDI diagnosis among European countries that can greatly affect CDI incidence rates
or detection of CDI. According to the ECDC report, only 71% surveillance were prepared by using
the full ESCMID-recommended diagnostic algorithms. Meanwhile 29% surveillance performed CDI
diagnosis with GDH (glutamate dehydrogenase), confirmation with NAAT (Nucleic acid test) or GDH,
confirmation with toxigenic culture, NAAT alone, or with toxin detection, confirmation with NAAT or
toxigenic culture, toxigenic culture alone, EIA for toxins alone, stool cytotoxicity assay alone [6].

Regardless of the problem of research methodology limitations indicated in this study, the
introduction of a sensible antibiotic policy in many of the countries studied seems to be a necessity.
For Polish hospitals, it might prove to be a considerable challenge. Poland, as one of the Central
and Eastern European countries, represents an example of a poorly functioning epidemiological
surveillance system, which was demonstrated by Ider et al. on the example of healthcare-associated
infection (HAI) surveillance, since in the countries of the post-Soviet bloc, there is a problem of weak
commitment and insufficient resources, especially regarding the staff, lack of specialist knowledge and
unsatisfactory publication of data on HAI epidemiology [25].

The present data indicate that interventions concerning surveillance of antibiotic consumption
have to encompass not only hospitals but also physicians in outpatient care, since a significant portion
of the antibiotic market involves ambulatory patients [26]; in Poland, it was over 16 time greater.
In the Polish outpatient treatment conditions, two independent aspects will probably be a major
challenge as regards antibiotic policy: poor access to rapid diagnostic tests (cassette or test strips) or
full microbiological diagnostics and to basic health care. In Poland, the number of physicians per
1000 inhabitants is the lowest in Europe and amounts to 2.3, with the European average of 3.6 [27],
which probably contributes directly to both increased consumption of antibiotics and to their irrational
prescribing. It should be emphasized that the sale of antibiotics in the community is much higher than
in hospitals: It was 16 times greater. Moreover, the results presented significantly point to another vital
element necessary in the implementation of rational antimicrobial stewardship in ambulatory care:
The problem is not only the total use of antibiotics, but in particular, the application of broad-spectrum
antibiotics, since the elevated percentage concerning this group of antimicrobials is closely correlated
with high total sales of antibiotics. Hence, it seems particularly important to enhance not only the
activities around appropriate antibiotic prescribing and use in the pre- and post-graduate training
of physicians, but also to introduce limitations in antibiotic prescribing in ambulatory care, e.g., a
basic list of medicines with reference prices and a supplementary list which includes more expensive

medicines or other solutions.

5. Limitations

The 2016 CDI data of HAI-Net are not fully representative; the collection of incidence data on
CDI at European level started on 1 January 2016. Several countries have not submitted data at all
(e.g., Germany and UK-England) or data from 1-4 hospitals only (e.g., Austria, Greece, Italy, Latvia,
Netherlands and Spain). Some countries have submitted data from a larger number of hospitals (e.g.,
France, Belgium, Poland, Hungary and Slovakia). The ESAC-Net, the source of data on antibiotic
consumption, has been running for many years nowv; it is a well-established surveillance. Due to the
above issue, no valid conclusions can be derived directly from the comparative results of the study

(antibiotic consumption vs. CDI incidence).

6. Conclusions

Antibiotic consumption and the CDI incidence may depend on many national variables associated
with local systems of healthcare organization and financing. Their interpretation in international
comparisons requires caution. It is also a confirmation that looking for solutions to problems as

universal as CDI prevention and control necessitates detailed descriptions of the local situation and
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taking into account local conditions and limitations. Aggregate data concerning antibioticconsumption

at the national level do not lend themselves to detailed analyses as regards CDI.

Supplementary Materials: The following are available online at http://www.mdpi.com/2079-6382/9/3/127/s1.
Table S1: Healthcare-associated (HA) CDI, community-associated (CA) CDI, antibiotic consumption in
hospital/community sector and quality indicators for antibiotic consumption in the community (primary care
sector), 2016, the included European countries.
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