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3. Wykaz stosowanych skréotow:

ACE2 (ang. angiotensin converting enzyme 2) — enzym konwertujgcy angiotensyne 2
ARDS (ang. acute respiratory distress syndrome) — zespo6t ostrej niewydolnosci
oddechowej

CDI (ang. Clostridioides difficile infection) — infekcja Clostridioides difficile

CKD (ang. cardiovascular disease) — choroba sercowo — naczyniowa

COVID-19 (ang. Coronavirus disease 2019) — ostra choroba zakazna uktadu
oddechowego wywotana zakazeniem SARS-CoV-2

CRS (ang. cytokine release syndrome) — zespét uwalniania cytokin

CXCL10 (ang. C-X-C motif chemokine ligand 10) — biatko 10 indukowane
interferonem gamma

DIC (ang. disseminated intravascular coagulation) — zespot rozsianego wykrzepiania
wewnatrznaczyniowego

ECMO (ang. extra corporeal membrane oxygenation) — pozaustrojowa oksygenacja
membranowa

G-CSF (ang. granulocyte colony — stimulating factor) — czynnik stymulujgcy tworzenie
kolonii granulocytéw

HIV (ang. human immunodeficiency virus) — wirus ludzkiego nabytego niedoboru
odpornosci

IBD (ang. inflammatory bowel diseases) — nieswoiste choroby zapalne jelit

ICU (ang. Intensive Care Unit) — oddziat intensywnej terapii

Il (ang. interleukin) — interleukina

MCP1 (ang. monocyte chemoattractant protein 1) — biatko 1 chemoatraktanta
monocytow

MERS-CoV (ang. Middle East respiratory syndrome) — koronawirus zespotu
oddechowego Bliskiego Wschodu

MIPla (ang. macrophage inflammatory protein 1a) — biatko zapalne makrofagoéw la
MOD (ang. multiple organ dysfunction) — niewydolnos¢ wielonarzgdowa

Mpro (ang. main protease SARS-CoV-2) — gtbwna proteaza cysteinowa SARS-CoV-2
NAP1 (ang. North American Pulse Field Type 1) — Clostridioides difficile szczep NAP1
PPI (ang. proton Pomp Inhibitor) — inhibior pompy protonowe;

PRR (ang. pattern recognition receptors) — receptory rozpoznajgce wzorce



RNA (ang. ribonucleid acid) — kwasu rybonukleinowy

RT-PCR (ang. real time polymerase chain reaction) — reakcja tarnncuchowa polimerazy
W czasie rzeczywistym

SARS-CoV (ang. severe acute respiratory syndrome coronavirus) — koronawirus
zespotu ostrej niewydolnosci oddechowej

SARS-CoV-2 (ang. severe acute respiratory syndrome coronavirus 2) — koronawirus
2 ciezkiego ostrego zespotu oddechowego

SCFA (ang. short chain fatty acids) — krotkotancuchowe kwasy ttuszczowe

TNF a (ang. tumor necrosis factor a) — czynnik martwicy nowotworow o

TMPRSS (ang. transmembrane protease serine) - transbtonowa proteaza serynowa



4. Streszczenie w jezyku polskim:

~Wpltyw objawoéw brzusznych na przebieg kliniczny zakazenia wirusem SARS-CoV-2".

Cel pracy:

Gtownym celem badania byto okreslenie czestos$ci wystepowanie objawéw
brzusznych (definiowanych jako wystepowanie bolu brzucha, biegunki, nudnosci,
wymiotéw oraz braku apetytu) posrod pacjentow hospitalizowanych z powodu COVID-
19. Zbadano wptyw objawéw z przewodu pokarmowego na przebieg COVID-19 z
uwzglednieniem czasu ich wystgpienia oraz ich ewentualny zwigzek z lekami

stosowanymi w leczeniu SARS-CoV-2.

Pacjenci i metody:

Jest to jednoos$rodkowe, retrospektywne badanie kliniczne, do ktérego
witgczono 441 pacjentow w wieku 18 lat i starszych z potwierdzonym zakazeniem
SARS-CoV-2, hospitalizowanych w okresie od 15 marca do 15 czerwca 2020 r. w
Centralnym Szpitalu Klinicznym Ministerstwa Spraw Wewnetrznych i Administracji w
Warszawie. Rozpoznanie zostatlo postawione na podstawie oOowczesnie
obowigzujgcego standardu tj. pozytywnego wyniku testu odwrotnej transkryptazy
reakcji tancuchowej polimerazy (geny docelowe: RdRp, E i N) dla SARS-CoV-2 w
wymazach z nosogardzieli.

Wyniki:

Wystepowanie objawdw brzusznych (Gl) stwierdzono u 255 (57,8%) pacjentow
hospitalizowanych z powodu zakazenia SARS-CoV-2. Objawy GI definiowano jako
wystepowanie bolu brzucha, biegunki, nudnosci, wymiotéw oraz braku apetytu.
Najczestszym objawem byt brak apetytu, ktéry odnotowano w 124 (48,6%)
przypadkach. Inne objawy Zzotgdkowo-jelitowe, takie jak biegunka zaobserwowano u
109 (42,7%), bdl brzucha u 95 (37,3%), wymioty u 37 (14,5%) i nudnosci u 32 (12,5%)

pacjentow.

Rozktad pfci byt podobny w obu grupach tj. 49,4% kobiet w grupie z objawami



z przewodu pokarmowego (grupa badawcza) vs 48,4% w grupie bez objawow z
przewodu pokarmowego (grupa kontrolna); p=0,083. Pacjenci z objawami Gl byli
znamiennie starsi, tj. 68,44 lat vs 64,45 lat w grupie kontrolnej; p=0,02 i posiadali

istotnie wiecej chorob wspdétistniejgcych 91,0% vs 82,3%; p=0,007.

Kohorte podzielono na dwie grupy: 142 (32,2%) pacjentéw, u ktérych objawy Gl
wystgpity przed przyjeciem do szpitala oraz 113 (25,62%) pacjentow, u ktorych

wystgpity podczas hospitalizaciji.

W grupie 142 pacjentow (32,2%), u ktérych objawy Gl wystgpity przed
przyjeciem do szpitala w poréwnaniu z pacjentami bez objawéw Gl, zaobserwowano
istotne statystycznie zmniejszenie dtugosci pobytu (LOS), tj. 15 dni vs. 17 dni; p=0,04;
zmniejszenie czestosci pobytow na Oddziale Intensywnej Terapii (ICU) tj. 16,9% vs
26,8%; p=0,02 i mniejsze ryzyko koniecznosci zastosowania wentylacji mechanicznej
14,1% vs 23,4%; p=0,02. Nie stwierdzono istotnosci statystycznej w zakresie
Smiertelnosci w grupie pacjentéw z objawami Gl przed przyjeciem do szpitala, tj. 53
(37,3%) vs u bezobjawowych tj. 95 (31,8%); p=0,24. Rozkfad ptci, wiek, choroby
wspotistniejgce, stosowanie inhibitorow pompy protonowej (PPI), czestos¢ infekcji
Clostridioides difficile (CDI) nie byty czynnikiem ryzyka wystgpienia objawéw ze strony
przewodu pokarmowego przed hospitalizacjg. W grupie pacjentow z objawami Gl
przed przyjeciem do szpitala najczestszym objawem byt brak apetytu u 84 (19,9%),
nastepnie kolejno bél brzucha u 70 (15,9%), biegunka u 60 (13,6%), wymioty u 11
(2,5%) i nudnosci u 10 (2,2%) pacjentéw.

113 (25,62%) pacjentéw, u ktérych podczas pobytu w szpitalu wystgpity objawy
Gl (w poréwnaniu z pacjentami bez objawéw) miato statystycznie istotnie dtuzszy LOS,
tji. 21 dni vs. 15 dni; p=0,0001, czesciej wymagali pobytu na ICU, tj. 38,1% vs 18,6%;
p=0,0003, czesciej wymagali zastosowania wentylacji mechanicznej, tj. 32,7% vs
16,2%; p<0,001 oraz o wiele czesciej chorowali na CDI, tj. 22,1% vs 7,0%; p=0,0001.
Nie odnotowano znamiennosci statystycznej w zakresie $Smiertelnosci wsrod
pacjentow z objawami Gl podczas pobytu vs. grupy bezobjawowej, tj. odpowiednio 46
(40,1%) vs 102 (31,1%); p=0,06. Wiek, czestos¢ CDI, niektore leki stosowane w
leczeniu COVID-19 (antybiotyki, azytromycyna, antybiotyki inne niz azytromycyna oraz
lopinawir + rytonawir) byly czynnikami ryzyka wystgpienia objawow Gl podczas
hospitalizacji. Pte¢, choroby wspotistniejgce, PPl i stosowanie chlorochiny nie byty

czynnikami ryzyka wystgpienia objawow ze strony przewodu pokarmowego podczas
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hospitalizacji. W grupie pacjentow z Gl podczas hospitalizacji najczestszym objawem
byta biegunka — obecna w 49 (11,1%) przypadkach, nastepnie kolejno brak apetytu u
40 (9,1%), wymioty u 26 (5,9%), bdl brzucha u 25 (5,7%) oraz nudnosci u 22 (5,0%)

pacjentow.

Zadziwiajgco, pomimo izolacji chorych i stosowania sprzetu ochronnego przez
personel medycznego u 48 (10,9%) pacjentéw stwierdzono infekcje Clostridioides
difficile. Wiek, czas hospitalizacji, leczenie antybiotykami innymi niz azytromycyna,
niektére choroby wspdtistniejgce (choroby sercowo-naczyniowe, przewlekta choroba
nerek i choroby ukfadu nerwowego) oraz wystgpienie objawdw brzusznych podczas
hospitalizacji stanowity czynniki ryzyka CDI. Wszystkie zmienne miaty istotny, ale staby
efekt (Cramer V=0,1-0,3). Antybiotyki stosowano w leczeniu az u 354 pacjentéw
(80,3%) z COVID-19, w tym 42 (87,5%) z CDI i 312 (79,4%) bez CDI (V=0,06; p=0,18).
Nie zaobserwowano znamiennosci statystycznej w przypadku stosowania
azytromycyny — zastosowano jg tgcznie u 214 pacjentéw (48,5%), w tym 28 (58,3%) z
CDI i 186 (47,3%) bez CDI (V=0,07; p=0,15). U 300 chorych (68%) podawano
antybiotyki inne niz azytromycyna — czesciej u osob z CDI (39 [81,3%]), niz bez CDI
(261 [66,4%)]), (V=0,1; p=0,037).

Odnotowano niemal dwukrotny wzrost zuzycia antybiotykéw, definiowany jako
dobowe spozycie antybiotykdéw na 100 osobodni hospitalizacji z 57,2 przed pandemig
do 105 w czasie pandemii. Ze wzgledu na brak danych na temat dziatania lekéw
stosowanych w COVID-19 zbadano réwniez wptyw chlorochiny i lopinawiru +
ritonawiru, ktére w poczatkowym okresie pandemii byty rekomendowane przez Polskie
Towarzystwo Epidemiologdéw i Lekarzy Choréb Zakaznych, nie wykazujgc ich zwigzku
z CDI.

Parametry, ktére roznity sie miedzy pacjentami z COVID-19 oraz z CDI a
pacjentami bez CDI, zostaty uwzglednione jako predyktory w wieloczynnikowym
modelu regresji logistycznej, gdzie obecnos¢ CDI potraktowano jako zmienng wyniku.
Istotnymi zmiennymi w modelu byty czas hospitalizacji (p=0,01), pobyt na Oddziale
Intensywnej Terapii (ICU) (p=0,006) oraz wystgpienie objawow brzusznych podczas
hospitalizacji (p=0,001). Wydtuzenie czasu hospitalizacji o jedng dobe zwigkszato
ryzyko CDI az 0 3% (OR 1,03; 95% CI 1,01-1,05). Interesujgcy pozostawat fakt, ze u
pacjentow przebywajgcych na ICU ryzyko CDI byto o 76% nizsze (OR 0,24; 95% CI

0,08-0,61), ale 3,4-krotnie wyzsze u pacjentdw z objawami brzusznymi podczas
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hospitalizacji (OR 3,38; 95% CI 1,71- 6.72). Pozostate zmienne byly nieistotne w
modelu. Ocena modelu za pomocg testu chi2 potwierdzita, ze wszystkie zmienne
tagcznie byly istotne (p=0,001). Wspdtczynnik R2 Nagelkerke byt niski (22%), co
wskazywato na obecnos$¢ innych nieocenianych zmiennych, ktore miaty wptyw na
czestos¢ wystepowania CDI u pacjentow z zakazeniem SARS-CoV-2. Dodatkowa
ocena testem dopasowania Hosmera—Lemeshowa (p=0,13) potwierdzita dobre

dopasowanie modelu do danych.

Podczas pandemii COVID-19 w poréwnaniu do okresu sprzed jej poczagtku
nastgpit istotny wzrost czestosci wystepowania CDI: 10,9% (48 przypadkéw CDI wsrod
441 pacjentéw) w porownaniu z 2,6% (77 przypadkow CDI wsrod 2961 pacjentow);
p<0,0001. Poréwnanie czestosci wystepowania CDI przed i podczas pandemii COVID-
19 wykazato istotny zwigzek pomiedzy wystepowaniem zakazenia SARS-CoV-2 a
ptcig, stosowaniem antybiotykdw, wystepowaniem przewlektej choroby nerek oraz
wystepowaniem choréb ukfadu nerwowego u pacjentow z CDI. Mezczyzni z
zakazeniem SARS-CoV-2 byli czesciej dotknieci CDI niz przed pandemig (45,8% vs
28,6%; V=0,18; p=0,049). Antybiotyki przyjmowato 87,5% pacjentéw z CDI
zakazonych SARS-CoV-2 w poréwnaniu z 67,5% pacjentéw z CDI przed pandemig
(V=0,22; p=0,012). Nie stwierdzono istotnych roznic pod wzgledem wieku, czasu
hospitalizacji i czestosci stosowania inhibitora pompy protonowej (PPIl) miedzy
pacjentami zakazonymi SARS-CoV-2 z CDI a leczonymi przed pandemig. Przewlekta
choroba nerek i choroba uktadu nerwowego wystepowaty czesciej u pacjentéw z CDI
zakazonych SARS-CoV-2 niz u tych z CDI przed pandemia. Jednocze$nie wykazano
silniejszy wptyw choroby uktadu nerwowego (31,3% vs 15,6%; V=0,19; p=0,038) niz
przewlektej choroby nerek (11,7% vs 39,6%; V=0,33; p<0,001). Nie potwierdzono
istotnego zwigzku miedzy CDI u pacjentéow z zakazeniem SARS-CoV-2 a chorymi na

CDI przed pandemig w zakresie innych choréb wspdtistniejgcych.

Podsumowanie i wnioski:

Objawy Gl w przebiegu COVID-19, ktore pojawity sie przed przyjeciem do
szpitala, korelujg z fagodniejszym przebiegiem choroby. Odwrotnie objawy Gl, ktore
pojawity sie podczas hospitalizacji, korelujg z ciezszym przebiegiem COVID-19.
Niektore leki jak antybiotyki i lopinawir + rytonawir istotnie korelowaty z objawami

podczas hospitalizacji i pogorszeniem przebiegu choroby. Korelacja nie oznacza
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jednak zwigzku przyczynowego, co z pewnoscig wymaga dalszych badan i moze stac
sie uzyteczne w stratyfikacji ciezkosci przebiegu pacjentow z COVID-19. Wigczenie
objawéw ze strony przewodu pokarmowego (szczegdlnie w aspekcie czasu ich
wystgpienia) do modeli predykcyjnych choroby wydaje sie obiecujgce. W grupie
pacjentow, u ktorych podczas pobytu rozwijajg sie objawy zotadkowo-jelitowe, nalezy
zwrdci¢ uwage na leczenie towarzyszace.

Ponadto w badaniu stwierdzono istotny wzrost czestosci wystepowania CDI
posrod hospitalizowanych pacjentow podczas pandemii w porownaniu z okresem
przed pandemig. Powszechne stosowanie antybiotykow stanowito istotny czynnik
ryzyka CDI. Zwigzane z leczeniem bgdz z samg infekcjg SARS-CoV-2 zaburzenia
mikrobioty jelitowej mogg by¢ wyjasnieniem zwiekszonej czestotliwosci wystepowania
CDI. W zwigzku z istotnym wzrostem zachorowalnosci na CDI, potrzebne sg
rygorystyczne programy zarzgdzania antybiotykami i dalsze badania nad zmianami
mikrobiomu jelitowego w COVID-19. Pojawienie sie objawdw Gl podczas hospitalizacii
moze by¢ istotnym sygnatem rozwoju CDI. Klinicysci powinni by¢é swiadomi ryzyka
koinfekcji i zachowac czujnosé — przestrzeganie protokotow przesiewowych badan w

kierunku CDI podczas pandemii ma kluczowe znaczenie.

Gtéwne wnioski z badania:

1. Objawy brzuszne to czesta manifestacja COVID-19, ktdéra wystepowata u
57,8% pacjentow.

2. U pacjentéw z COVID-19, u ktérych objawy brzuszne wystgpity przed
przyjeciem do szpitala przebieg choroby byt tagodniejszy, w poréwnaniu do
pacjentow, u ktorych objawy te wystgpity podczas hospitalizacji. Kluczowym
wydaje sie by¢ stosowanie niektérych lekow, w szczegolnosci antybiotykow,
ktorych stosowanie powinno by¢ ograniczone.

3. U 10,9% pacjentow stwierdzono infekcje Clostridioides difficile, dla ktorej
gtbwnym czynnikiem ryzyka byto powszechne stosowanie antybiotykdéw. Nie
stwierdzono, aby inne leki stosowane w COVID-19 miaty istotny wptyw na

rozwoj choroby.
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5. Streszczenie w jezyku angielskim:

“Impact of gastrointestinal symptoms on the clinical course of SARS-CoV-2 infection”

Aim:

The main aim of the study was to determine the frequency of gastrointestinal
(GI) symptoms (defined as abdominal pain, diarrhea, nausea, vomiting and loss of
appetite) among 441 patients hospitalized for COVID-19. The influence of Gl
symptoms on the course of COVID-19 was examined, taking into consideration the
time of their occurrence and their possible relationship with drugs used in the treatment
of SARS-CoV-2.

Patients and methods:

It is a single-center, retrospective study, which included 441 patients, 18 years
of age and older with confirmed SARS-CoV-2 infection, hospitalized from March 15%
to June 15™M, 2020 at the Central Clinical Hospital of the Ministry of the Interior and
Administration. The diagnosis was made on the basis of the applicable standard, i.e. a
positive result of the reverse transcriptase test — polymerase chain reaction (target

genes: RdRp, E and N) for SARS-CoV-2 in nasopharyngeal swabs.

Results:

Among 441 hospitalized COVID-19 patients, 255 (57,8%) had Gl symptoms.
The most common symptom was lack of appetite, which was reported in 124 (48,6%)
cases. Other Gl symptoms such as diarrhea were observed in 109 (42,7%), abdominal
pain in 95 (37,3%), vomiting in 37 (14,5%) and nausea in 32 (12,5%) patients. The
gender distribution was similar in both groups, 49,4% of women in the group with Gl
symptoms (research group) vs. 48,4% in the group without Gl symptoms (control
group); p=0,083. Patients with GI symptoms were significantly older, i.e. 68,44 years
vSs. 64,45 years in the control group; p=0.02 and had significantly more comorbidities
91,0% vs 82,3%; p=0,007.

The cohort was divided into two groups: 142 (32,2%) patients who experienced
Gl symptoms before admission to hospital and 113 (25,62%) patients who experienced

Gl symptoms during hospitalization.
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In the group of 142 patients (32,2%) who experienced Gl symptoms before
admission to the hospital versus patients without Gl symptoms, a statistically
significant reduction in the length of stay (LOS) was observed, i.e. 15 days vs. 17 days;
p=0,04, reduction in the frequency of stays in the Intensive Care Unit, i.e. 16,9% vs
26,8%; p=0.02 and lower demand for mechanical ventilation 14,1% vs 23,4%; p=0,02.
No statistical significance was found for mortality among patients with Gl symptoms
before admission to hospital, i.e. 53 (37,3%) vs in asymptomatic patients, i.e. 95
(31,8%); p=0,24. Sex distribution, age, comorbidities, used proton pump inhibitors
(PP1), CDI incidence were not a risk factor for GI symptoms before hospitalization. In
the group of patients with GI symptoms before admission to the hospital, the most
common symptom was lack of appetite in 84 (19,9%), followed by abdominal pain in
70 (15,9%), diarrhea in 60 (13,6%), vomiting in 11 (2,5%) and nausea in 10 (2,2%)
cases.

113 (25,62%) patients who experienced Gl symptoms during their stay in
hospital (compared to patients without symptoms) had a statistically significantly longer
duration of hospital stay (LOS), i.e. 21 days vs 15 days; p=0,0001, more frequent visits
to the Intensive Care Unit, i.e. 38,1% vs 18,6%; p=0,0003, greater need for mechanical
ventilation, i.e. 32,7% vs 16,2%; p<0,001 and more frequent occurrence of CDI, i.e.
22,1% vs 7,0%; p=0,0001. Mortality was not statistically significant among patients with
gastrointestinal symptoms during the stay vs. the asymptomatic group, i.e. 46 (40,1%)
vs 102 (31,1%), respectively; p=0,06. Age, CDI frequency, some specific drugs used
in the treatment of COVID-19 (antibiotics, azithromycin, antibiotics other than
azithromycin and lopinavir + ritonavir) were risk factors for gastrointestinal symptoms
during hospitalization. Gender, comorbidities, PPI, and chloroquine use were not risk
factors for Gl symptoms during hospitalization. In the group of patients with
gastrointestinal symptoms during hospitalization, the most common was diarrhea -
present in 49 (11,1%) cases, followed by lack of appetite in 40 (9,1%), vomiting in 26
(5,9%), abdominal pain in 25 (5,7%) and nausea in 22 (5,0%).

Of 441 patients hospitalized for COVID-19, 48 patients (10,9%) developed
Clostridioides difficile infection. Age, hospitalization time, treatment with antibiotics
other than azithromycin, certain comorbidities (cardiovascular disease, chronic kidney
disease, and nervous system disease), and the appearance of abdominal symptoms
during hospitalization were all risk factors for CDI. All variables had a significant but
weak effect (Cramer V=0,1-0,3). Antibiotics were used to treat 354 patients (80,3%)
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with COVID-19, including 42 (87,5%) with CDI and 312 (79,4%) without CDI (V=0,06,
p=0,18). Surprisingly, no statistical significance was observed for the use of
azithromycin - it was used in a total of 214 patients (48,5%), including 28 (58,3%) with
CDI and 186 (47,3%) without CDI (V=0,07, p=0,15). In 300 patients (68%), antibiotics
other than azithromycin were administered - more often in patients with CDI (39
[81,3%]) than without CDI (261 [66,4%)]), (V=0,1; p=0,037). There was an increase in
antibiotic use, defined as daily antibiotic consumption per 100 person per days of
hospitalization, from 57,2 before the pandemic to 105 during the pandemic. Due to the
lack of data on the effects of drugs used in COVID-19, the effects of chloroquine and
lopinavir + ritonavir were also tested, which in the initial period of the pandemic were
recommended by the Polish Society of Epidemiologists and Doctors of Infectious
Diseases, and | have proved that they did not affect the development of CDI.

Parameters that differed between COVID-19 patients with CDI and patients
without CDI were included as predictors in the multivariate logistic regression model
with CDI as the outcome variable. Significant variables in the model were
hospitalization time (p=0,01), stay in the intensive care unit (ICU) (p=0,006), and
occurrence of abdominal symptoms during hospitalization (p=0,001). One day
prolongation of hospitalization increased the risk of CDI by 3% (OR 1,03; 95% CI 1,01—
1,05). Surprisingly, in ICU patients the CDI risk was 76% lower (OR 0,24; 95% CI 0,08—
0,61), and 3,4 times higher in patients with abdominal symptoms during hospitalization
(OR 3, 38; 95% CI 1,71- 6,72). The other variables were irrelevant in the model. The
evaluation of the model using the chi2 test confirmed that all variables were significant
together (p=0,001). Nagelkerke's R2 ratio was low (22%), indicating the presence of
other unassessed variables that influenced the incidence of CDI in patients with SARS-
CoV-2 infection. Additional evaluation with the Hosmer-Lemeshow fit test (p=0,13)
confirmed the good fit of the model to the data.

During the COVID-19 pandemic, compared to the pre-pandemic period, the
incidence of CDI increased significantly: 10,9% (48 CDI cases out of 441 patients)
versus 2,6% (77 CDI cases out of 2,961 patients); p<0,0001. Comparison of the
incidence of CDI before and during the COVID-19 pandemic showed a significant
relationship between the incidence of SARS-CoV-2 infection and gender, the use of
antibiotics, the incidence of chronic kidney disease, and the incidence of nervous
system disease in patients with CDI. Men with SARS-CoV-2 infection were more likely
to suffer from CDI than before the pandemic (45,8% vs 28,6%; V=0,18; p=0,049).
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Antibiotics were taken by 87,5% of CDI patients infected with SARS-CoV-2 compared
with 67,5% of CDI patients before the pandemic (V=0,22; p=0,012). There were no
significant differences in age, hospitalization time, and frequency of proton pump
inhibitor (PPI) use between SARS-CoV-2 infected patients with CDI and those treated
before the pandemic. Chronic kidney and nervous system disease was more common
in CDI patients infected with SARS-CoV-2 than in CDI patients before the pandemic,
with a stronger impact on nervous system disease (31,3% vs 15,6%) V=0,19; p=0,038
for chronic kidney disease and 11,7% vs 39,6%; V=0,33; p<0,001 for diseases of the
nervous system). A significant association between CDI in patients with SARS-CoV-2
infection and patients with CDI prior to the pandemic of other comorbidities has not

been established.

Summary and Conclusions:

Symptoms of GI during COVID-19 that appeared before admission to the
hospital correlate with a reduced severity of the disease. Conversely, Gl symptoms
that appear during hospitalization correlate with a more severe course of COVID-19.
Certain drugs, such as antibiotics and lopinavir-ritonavir, significantly correlated with
symptoms during hospitalization and with disease worsening. Given that this
correlation is not a causal relationship, this requires further research and may be useful
in stratifying the severity of COVID-19 patients. However, the inclusion of
gastrointestinal symptoms (before and during hospitalization) in disease severity
prediction models appears to be promising. However, in the group of patients who
develop gastrointestinal symptoms during their stay, attention should be paid to
concomitant treatment.

The study found a significant increase in the incidence of CDI among
hospitalized patients during the pandemic compared to the pre-pandemic period. The
widespread use of antibiotics was a significant risk factor for CDI, although its effect
was weak. Treatment-related or SARS-CoV-2 infection related disturbances of the gut
microbiota may explain the increased incidence of CDI. As the incidence of CDI is
rising significantly, stringent antibiotic management programs and further research into
changes in the gut microbiome to COVID-19 are needed. The appearance of Gl
symptoms during hospitalization may be a significant signal of the development of CDI.
Clinicians should be aware of the risks of co-infection and be vigilant - adherence to

CDI screening protocols during a pandemic is of utmost importance.
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The main conclusions of the study:

. Abdominal symptoms are a frequent manifestation of COVID-19, they occurred
in 57,8% of patients with SARS-CoV-2 infection.

. Patients with COVID-19 who developed abdominal symptoms before admission
to the hospital had a milder course of the disease compared to patients who
developed these symptoms during hospitalization. The use of certain
medications, in particular antibiotics, seems to be of key importance, and should
be limited as they are associated with worsening of COVID-19; one of the
reasons may be changes in the gut microbiome.

. Clostridioides difficile infection was diagnosed in 10,9% of patients, for which
the use of antibiotics was the main risk factor. Other drugs used in COVID-19
have not been found to influence the development of the disease. Disturbances
in the gut microbiota caused by the extensive use of antibiotics may have

contributed to the increased incidence of CDI.
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6. Wstep

6.1. SARS-CoV-2i choroba COVID-19.

Koronawirus zespotu ciezkiej ostrej niewydolnosci oddechowej 2 (SARS-CoV-
2) to wysoce zakazny patogen, ktéry pojawit sie pod koniec 2019 r. i spowodowat
pandemie ostrej choroby uktadu oddechowego o nazwie choroba koronawirusowa
2019 (COVID-19), ktéra zagrozita ludzkosci na catym Swiecie [1].

Koronawirusy nalezg do zréznicowanej grupy wirusow infekujgcych wiele
réznych zwierzat i ludzi, powodujg infekcje uktadu oddechowego, ktéra moze mieé
ciezki, a nawet zagrazajgcy zyciu przebieg. W latach 2002 i 2012, dwa wysoko
patogenne koronawirusy pochodzenia odzwierzecego, koronawirus zespotu ostrej
niewydolnosci oddechowej (SARS-CoV) i koronawirus zespotu oddechowego
Bliskiego Wschodu (MERS-CoV) pojawity sie u ludzi i powodowaty Smiertelng chorobe
uktadu oddechowego [2]. Od tamtego momentu koronawirusy staty sie nowy problem
zdrowotnym XXI wieku.

Pod koniec 2019 r. w miescie Wuhan w Chinach pojawit sie nowy koronawirus
oznaczony jako SARS-CoV-2, ktéry powodowat zapalenia ptuc, czasem prowadzgce
do ciezkiej niewydolnosci oddechowej i zgonu. Choroba koronawirusowa 2019
(COVID-19), bedgca wysoce zakazng, szybko rozprzestrzenita sie na catym swiecie.
Zdecydowanie przewyzszyta ilosciowo SARS i MERS zaréwno pod wzgledem liczby
zarazonych osob, jak i zasiegu przestrzennego obszaréw epidemicznych. Trwajgca
pandemia COVID-19 stanowi nadzwyczajne zagrozenie dla zdrowia publicznego na
Swiecie.

Postepowanie diagnostyczne polega na stwierdzeniu obecnosci kwasu
rybonukleinowego (RNA) SARS-CoV-2 w reakcji fancuchowej polimerazy w czasie
rzeczywistym (RT-PCR), ktéry moze zosta¢ wykonany na podstawie wymazu nosowo
— gardiowego. Tanszg i szybszg w wykonaniu alternatywg mogg byC testy
antygenowe. Mozliwe jest rowniez wykonanie badania diagnostycznego z probki krwi,
czyli przy uzyciu przeciwciat w surowicy krwi, jednak ta metoda daje fatszywe
pozytywne wyniki, nawet jesli wirus nie jest juz obecny w organizmie [3].

COVID-19 to choroba uktadu oddechowego o szerokim spektrum objawow.
Choroba przebiega w rézny sposéb, w 81% jest on tagodny, w 14% ciezki, a u 5%
chorych krytyczny. Do najczestszych objawow nalezy: gorgczka (83-99%), kaszel

19



(59-82%) i zmeczenie (44—70%) [4-6]. Mozliwe sposoby transmisji SARS-CoV-2 to
kontakt bezposredni, kropelkowy, przenoszony drogg powietrzng fekalno — oralny,
przenoszony przez krew, z matki na dziecko oraz ze zwierzecia na cztowieka [6].
Zakazenie SARS-CoV-2 powoduje przede wszystkim chorobe uktadu oddechowego,
jednakze u niektérych oséb zakazonych wirusem objawy nigdy nie wystepujg. Objawy
zotadkowo-jelitowe, takie jak nudnosci, wymioty, biegunka i bdl brzucha, zostaty
uznane za wazne i czeste objawy COVID-19 [2,4-6].

Do innych objawow wystepujacych w COVID-19 naleza:

1. Utrata zapachu lub smaku. Utrata wechu lub smaku — bez uczucia
zatkanego nosa — jest czestym wczesnym objawem COVID-19. Badania
sugerujg, ze wiekszos¢ zmian w zapachu i smaku czesto ustepuje w ciggu
30 dni. Jednak u niektérych oso6b umiarkowane lub powazne zmiany w
zapachu i smaku mogg utrzymywac sie przez 60 dni lub diuzej.

2. Zmiany skorne. Najczestsze zmiany skorne zwigzane z tagodnym do
ciezkiego COVID-19 obejmujg ptaska, czerwong wysypke pokrytg matymi
guzkami, gtdbwnie na palcach rak i nog (,palce COVID”) oraz pokrzywke.
,Palce COVID” wydajg sie byC szczegodlnie czeste u dzieci i mtodszych
dorostych. Obrzek lub przebarwienia mogg pojawic sie na jednym lub kilku
palcach. Mogg réwniez wystgpi¢ pecherze, swedzenie, szorstkos¢ skory, bol
lub bolesne wypukte guzki. Pod skorg moze pojawic sie niewielka ilos¢ ropy.
Objawy moga trwac od 10 do 14 dni lub dtuzej, nawet do kilku miesiecy.

3. Jakosciowe zaburzenia $wiadomosci. Szczegdlnie czesto wystepuje u osob
w wieku podesztym, gdzie nierzadko pozostajg jednym objawem, ktory
wigzany jest z wyjgtkowo ztym rokowaniem.

4. Zaburzenia narzgdu wzroku. Zaczerwienienie oka, jako wyraz zapalenie
spojowek moze by¢ objawem COVID-19. Badania sugerujg, ze najczestsze
problemy z oczami zwigzane z COVID-19 to nadwrazliwos¢ na swiatto, bol i

swedzenie oczu [7].

Nie ma swoistego leczenia przeciwwirusowego, szczepienie przeciwko COVID-
19 pozostaje kluczowe w aspekcie zapobiegania ciezkiej chorobie. Leczenie ma
charakter objawowy, a tlenoterapia jest pierwszym krokiem w leczeniu niewydolnosci
oddechowej. Lekami, ktére poczgtkowo stosowano w leczeniu COVID-19, byty

chlorochina, hydroksychlorochina, azytromycyna oraz lopinawir + ritonawir. Zalecane
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jest réwniez stosowanie antykoagulantéw w celu zapobiegania powiktaniom
zakrzepowo - zatorowym. Inhibitory pewnych szlakéw zapalnych, takie jak tocilizumab,
anakinra i acalabrutinib, wydajg sie by¢ skuteczne. Obecnie dwa leki sg zarejstrowane
do stosowania u pacjentow z COVID-19 w lecznictwie ambulatoryjnym. Molnupirawir
to inhibitor wirusowej polimerazy RNA (wirostatyk, hamuje replikacje wirusa SARS-
CoV-2). Podawany jest w postaci proleku metabolizowanego do analogu cytydyny
(analog nukleozydowy), ale jego dziatanie jest ograniczone do poczgtkowej fazy
COVID-19, kiedy to wystepuje intensywna replikacja SARS-CoV-2 [8]. Drugi lek,
Paxlovid, zawiera dwie substancje czynne: PF-07321332 i rytonawir. Ta pierwsza to
inhibitor gtéwnej proteazy Mpro SARS-CoV-2, enzymu niezbednego do replikaciji.
Podobnie dziata rytonawir, ktéry jest starszym lekiem stosowanym przy zakazeniach
wirusem HIV. Oba leki znamiennie zmniejszajg ryzyko ciezkiego przebiegu choroby i
co za tym idzie hospitalizacji lub $mierci, jesli zostang podane w ciggu kilku dni od
wystgpienia pierwszych objawéw COVID-19 [9]. Ponadto obiecujgce wydaje sie
zastosowanie przeciwciat pobranych z krwi wyleczonych oséb [10]. W przypadku
pacjentow z objawami dysfunkcji wielonarzgdowej (MOD) z oporng hipoksemig

konieczna moze by¢ pozaustrojowa oksygenacja krwi (ECMO) [11].

6.2 Etiopatogeneza objawoéw brzusznych w COVID-19.

6.2.1. Receptor konwertazy angiotensyny 2 (ACE2).

SARS-CoV-2 jest wirusem otoczkowym zawierajgcym genom pod postacig nici
RNA. Jak podaje Zhou i wsp. SARS-CoV-2 jest w 90% zblizony budowg do SARS-
CoV. Oba wirusy wykorzystujg enzym konwertujgcy angiotensyne 2 (ACE2) jako
receptor wejscia do komorki gospodarza [12].

Koronawirusy posiadajg cztery biatka strukturalne: otoczke, Dbtone,
nukleokapsyd oraz kolce. Biatko kolczaste tworzy duze wypustki na powierzchni
wirusa, dajgc wyglad korony i stad pochodzi ich nazwa. Wrap i wsp. udokumentowali,
ze SARS-CoV-2 ma ~10 do 20-krotnie wyzsze powinowactwo do ACE2 w poréwnaniu
z SARS-CoV, co moze ttumaczy¢ przyczyne wiekszej zakaznosci [13].

Xiao i wsp. udowodnili, ze ACE2 wystepuje na wielu komérkach przewodu
pokarmowego m. in. na powierzchni komoérek nabtonka przetyku, btony sluzowej

zofgdka, enterocytach i kolonocytach [14]. Gu i wsp. oraz Chai i wsp. postulowali
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rowniez mozliwos¢ uszkodzenia watroby zwigzanego z obecnoscig ACE2 na
cholangiocytach [15,16].

Zou i wsp. powigzali ekspresje ACE2 w réznych narzgdach z ich potencjalnym
ryzykiem zakazenia SARS-CoV-2. Tkanki wysokiego ryzyka zdefiniowano jako
zawierajgce typy komorek z udziatem >1% ekspresji ACEZ2 i zaliczono do tej kategorii:
dolne drogi oddechowe (2%), ptuca (>1%), serce (>7,5%), jelito krete (30 %), przetyk
(>1%), nerki (4%) i pecherz (2,4%) [17]. W publikacji Luo i wsp. oraz Gu i wsp.
przedstawiono, ze izolowane objawy brzuszne u 10% pacjentow zakazonych SARS-
CoV-2 mogg poprzedzac typowy obraz COVID-19 [15,18]. Moze by¢ to zwigzane z
faktem, ze receptor wystepuje w nawet wiekszej ilosci w przewodzie pokarmowym,
anizeli w tkankach uktadu oddechowego, co zostato przedstawione w pracach Harmer
i wsp., Monteleone i wsp. oraz Du i wsp. [19-21].

Zhou i wsp., ktérzy odkryli, ze SARS-CoV-2 ma wysokie powinowactwo do
ACE2 oraz, ze nie infekuje, tych komoérek, ktére nie wykazujg jego ekspresji [12].
Wyniki kolejnych badahn m. in. Huang i wsp. oraz Hoffmann i wsp. wskazywaty rowniez
na kluczowg role transbtonowej proteazy serynowej (TMPRSS), ktora lokalizuje sie w
wiekszosci przypadkdw na tych samych komorkach, ktére wykazujg wysoka ekspresije
ACE2 [22,23]. TMPRSS, podobnie jak ACE2 oddziatuje z wirusowg transbtonowg
glikoproteing kolcow (biatko S) regulujgc ciecie biatka S i powodujgc fuzje btony SARS-
CoV-2 z komorkg gospodarza [23].

W badaniach histopatologicznych, pobranych podczas badain endoskopowych
u pacjentdow zakazonych SARS-CoV-2 Livanos i wsp. nie stwierdzili istotnych
odchylen, z wyjatkiem obecnych sporadycznie w badaniu histopatologicznym
naciekéw limfo — plazmatycznych zwigzanych z obrzekiem srédmigzszowym btony
Sluzowej przetyku, zotgdka, dwunastnicy, jelita cienkiego i jelita grubego. Jednak
barwienia immunofluorescencyjne wykazywaty ekspresje wirusowego biatka
nukleokapsydu i ACE2, co potwierdza obecnos¢ wirusa w badanych tkankach [24].

Majgc na uwadze fakt, ze wirus atakuje komorki z wysokg ekspresjg ACE2
obecne w przewodzie pokarmowym powstaje pytanie na temat patofizjologicznego
podtoza objawow brzusznych w COVID-19. Zhou i wsp. sugerowali, ze sg one
spowodowane zaburzeniami osi jelito — mdzg. Hipotetyzowali, ze obecny w komaérkach
przewodu pokarmowego SARS-CoV-2 indukujgc ich apoptoze, powoduje zwigkszenie
przepuszczalnosci bariery jelitowej, co moze prowadzi¢ do zwiekszonej ekspozyciji

o$rodkowego uktadu nerwowego na szkodliwe metabolity syntetyzowane w swietle jelit
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[12]. Inne wyjasnienie postulowane przez Gu i wsp. podaje, ze wystepowanie objawow
brzusznych moze wigzaé sie z uposledzeniem homeostazy jelitowej, co wigze sie ze
zmniejszeniem ekspresji ACE2 [15]. Podobnie jak ma to miejsce w ukfadzie
oddechowym, gdzie zmniejszenie ekspresji ACE2 w ptucach, wydaje sie posredniczy¢
w uszkodzeniu tkanek.

W celu lepszego zrozumienia dziatania SARS-CoV-2 w jelitach warto zwrdcic
uwage na badanie przeprowadzone u pacjentéw z nieswoistymi chorobami zapalnymi
jelit (IBD), w ktorych rowniez moze dochodzi do zmniejszenie ekspresji ACE2.
Krzysztof i wsp. wykazali, ze ekspresja ACE2 w zapaleniu dystalnego odcinka jelita
kretego w przebiegu choroby Lesniowskiego - Crohna byta o 60% nizsza niz u os6b
zdrowych [25]. Podobne wyniki przedstawit Burgueno i wsp., ktérzy badali pacjentéw
z IBD i potwierdzili, ze ACE2 i TMPRSS ulegaty obfitej ekspresji w jelicie kretym i
okreznicy. Jednak zapalenie koreluje ze znaczng redukcjg nabtonkowego ACE2 [26].

Funkcja petniona przez ACE2 w przewodzie pokarmowym nadal nie jest do
konca poznana i z pewnoscig wymaga dalszych badan. Z dotychczasowych
przeprowadzonych badan jak podaje Hashimoto i wsp. wynika, ze ACE2 reguluje
homeostaze jelitowg aminokwasow, moduluje mikrobiote jelitowg i wptywa na
ekspresje peptydow przeciwdrobnoustrojowych [27]. Uposledzenie tej regulacji moze

zatem powodowac pojawienie sie objawow brzusznych.

6.2.2. Burza cytokinowa.

Termin zespot uwalniania cytokin (CRS), bardziej znany jako burza cytokin, jest
uzywany do opisania nieprawidtowego i/lub nadmiernego wydzielania mediatoréow
wtornego do zwigzanego z nim zdarzenia immunopatologicznego, ktére wystepuje w
trakcie ciezkich zakazen bakteryjnych i wirusowych. CRS wigze sie z nadmierng
odpowiedzig prozapalng i nieskutecznym mechanizmem kontroli przez uktad
przeciwzapalny, prowadzgcym do uszkodzenia tkanek [28].

Ludzki uktad odpornosciowy odgrywa zasadniczg role w eliminacji czynnikow
zakaznych, takich jak grypa i koronawirusy, poprzez rekrutacje leukocytow i uwalnianie
cytokin. Ograniczona 1 dobrze zharmonizowana stymulacja odpowiedzi
immunologicznych jest zwykle pierwszym mechanizmem dziatania organizmu, ktory
buduje obrone przed jakagkolwiek infekcjg wirusowg [29]. Niemniej jednak

nieuregulowane i nadmiernie nasilona odpowiedZz immunologiczne mogg zmieniac
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funkcje immunologiczng, prowadzgc do uszkodzenia tkanek i niewydolnosci wielu
narzadow.

Gu i wsp. postulowat, ze wytwarzanie réznych cytokin, ktére powodujg burze
cytokinowg u pacjentow z SARS-CoV-2, powoduje urazy immunopatogenne. Dlatego
skuteczne obnizenie poziomu cytokin prozapalnych u pacjentéw z ciezkim COVID-19
ma kluczowe znaczenie w zapobieganiu dalszemu pogorszeniu stanu ich zdrowia [30].

Hojyo i wsp. potwierdzili, ze w trakcie infekcji SARS-CoV-2 dochodzi do
aktywacji komorek nabtonka pecherzykow ptucnych, makrofagéw i krgzgcych we krwi
monocyty przez receptory Toll-like, ktore nalezg do grupy receptoréw rozpoznajgcych
wzorce (PRR). Dzieki pamieci immunologicznej rozpoznajg zagrozenie i nastepnie
wytwarzajg duzg ilos¢ zapalnych cytokin i chemokin, ktére przyciggajg jeszcze wiece;j
komérek odpornosciowych, w szczegdlnosci monocyty i limfocyty T, powodujgc tym
samym masywne zapalenie ptuc [31]. Xu i wsp. przedstawili wyniki sekcji zwtok
pacjentow z COVID-19, w ktérych stwierdzono w ptucach srédmigzszowe
jednojgdrzaste nacieki zapalne zdominowane przez limfocyty oraz ciezkg limfopenie
we krwi obwodowej [32]. Co wiecej Qin i wsp. przedstawili, ze pacjenci z COVID-19
majg rowniez nizszy poziom regulatorowych limfocytow T, ktdre sg wyrazniej obnizone
w przypadkach ciezkich zakazen [33]. Huang i wsp. udowodnili, ze pacjenci
hospitalizowani z powodu ciezkiego przebiegu COVID-19 wykazywali wysokie
stezenie cytokin prozapalnych tj. IL-2, IL-7, IL-10, IL-18, G-CSF, TNF, CXCL10, MCP1
i MIP1a w surowicy, co potwierdza, ze COVID-19 moze by¢ zwigzany ze zjawiskiem
burzy cytokinowej [34].

Odkrycia te doprowadzity do hipotezy, ze gtéwng przyczyng smierci COVID-19
jest wynikajacy z burzy cytokinowej zespot ostrej niewydolnosci oddechowej (ARDS).
Merad i wsp. oraz Levi i wsp. zauwazyli, ze wykrzepianie wewnatrznaczyniowe (DIC)
byto jedng z przyczyn uszkodzen wielonarzgdowych, w ktorych posredniczg gtéwnie
cytokiny zapalne, w szczegodlnosci IL-6 [35,36]. Ponadto u pacjentow, u ktérych
stwierdzono niewydolno$¢ wielonarzadowg (MOD) stwierdzano réwniez obecno$é
licznych mikrozakrzepow zlokalizowanych w ptucach, konczynach gérnych i dolnych,
mozgu, sercu, harzgdach przewodu pokarmowego i nerkach, co przedstawili w swoich
badaniach Liu i wsp. oraz Tang i wsp. [37,38]. Park i wsp. jako inng przyczyne
niewydolnosci wielonarzgdowej uznali apoptoze komorki indukowang przez jej
zakazenie SARS-CoV-2, co prowadzi do przecieku naczyniowego i indukuje efekt
cytopatyczny [39].
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Wydaje sie zatem, ze nasilenie choroby lub Smiertelnos¢ moze rowniez wynika¢
z burzy cytokin, w tym ARDS wywotanego wirusowg infekcjg ptuc, ktéra odpowiada za
niewydolnos¢ wielonarzgdowg. Nadmiernie wydzielanie mediatoréw zapalnych moze
prowadzi¢ do nadmiernej przepuszczalnosci naczyn i stymulowa¢ komorki srodbtonka
z ekspresjg ACE2 w tetnicach i zytach, ktére wraz z czgsteczkami wirusa powodujg

zapalenie ogolnoustrojowe.

6.2.3. Zaburzenia mikrobiomu jelitowego.

Zuo i wsp. zbadali mikrobiom jelitowy u pacjentéw z SARS-CoV-2. U pacjentéw
z COVID-19 stwierdzono zwiekszenie ilosci bakterii oportunistycznych i zmniejszenie
korzystnych komensali. Nawet po wyzdrowieniu pacjentow dysbioza utrzymywata sie
dalej. Znaczna ilos¢ stwierdzonych bakterii oportunistycznych: rodzaju Coprobacillus
oraz Clostridium ramnosum i Clostridium hathewayi pozytywnie Kkorelowata z
ciezkoscig przebiegu COVID-19 [40].

W 2012 roku w Looft i wsp. na modelu mysim przedstawili, ze usuniecie
niektorych bakterii jelitowych po zastosowaniu antybiotyku prowadzi do zwiekszonej
podatnosci ptuc na zakazenie wirusem grypy, co moze potwierdzaé zwigzek dysbiozy
z gorszym przebiegiem COVID-19 [41]. Istotny moze pozostawaé rowniez wptyw
niektorych drobnoustrojow na btonnik pokarmowy i jego metabolity. Trompette i wsp.
potwierdzili, ze dysbioza jelitowa wywotuje zmniejszenie stezenia krétkotarnncuchowych
kwasoéw ttuszczowych (SCFA), ktére wykazujg protekcyjny wptyw w zapaleniu ptuc
[42].

Potwierdzajgc istotny zwigzek infekcji ptuc z mikrobiomem jeltowym, wykazano,
ze wiele probiotykéw poprawia lub tagodzi stany chorobowe ptuc. Te probiotyki dziatajg
poprzez modulacje ukfadu odpornosciowego. Feleszko i wsp. wykazat na mysich
modelach, Zze wprowadzenie bakterii probiotycznych, takich jak Lactobacillus
rhamnosus, Bifidobacterium lactis i Bifidobacterium breve, moze zmniejsza¢ reakcje
zapalng [43].

Poniewaz mikrobiota jelitowa podlega dynamicznym zmianom i byc¢
modulowana przez diete, konieczne jest wdrozenie spersonalizowanych strategii
zywieniowych jako uzupetnienia obecnych rutynowych terapii. Za zasadne wydaje sie
jej profilowanie poprzez interwencje pro- i prebiotyczng, co moze to poprawic i

przyspieszy¢ powrot do zdrowia u pacjentow.
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6.2.4. Infekcja Clostridioides difficile.

Clostridioides difficile jest Gram-dodatnig, beztlenowg i majgcg zdolnosé
tworzenia przetrwalnikéw bakterig, ktérg po raz pierwszy zidentyfikowano w 1935 roku.
Najczestszg drogg transmisji jest droga fekalno — oralna. Na poczgtku XXI wieku
zaobserwowano wzrost zachorowalnosci na CDI z powodu szybko
rozprzestrzeniajgcego sie szczepu NAP1 (North American Pulse Field Type 1), inaczej
znanego jako rybotyp 027 Ilub B1/NAP1/027. Szczep B1/NAP1/027 jest
hiperwirulentny, charakteryzuje sie zwiekszong zdolnoscig do tworzenia zarodnikéw,
wysokg opornoscig na fluorochinolony i o wiele czesciej powoduje zakazenia o ciezkim
przebiegu klinicznym [44].

CDI jest gtdwng przyczyng biegunki zwigzanej z antybiotykami. Odpowiada za
15-25% wszystkich przypadkow, przy znacznym wzroscie liczby przypadkéw w XXI
wieku jak podaje Depestel i wsp. [45].

CDI sg znacznie czestsze u pacjentow z czynnikami ryzyka, takimi jak:
antybiotykoterapia, wiek powyzej 65 lat, hospitalizacja dtuzej niz 4 tygodnie lub pobyt
w placéwce dlugoterminowej opieki medycznej, choroby wspofistniejgce, choroby
zwigzane ze stosowaniem immunosupresji lub chemioterapii, stosowanie inhibitorow
pompy protonowej. Do przewlektych chordb i stanéw, ktére nalezy rozpatrywac w
aspekcie czynnikow ryzyka CDI nalezg: przewlekia choroba nerek, dializoterapia,
mukowiscydoza, cukrzyca, udar, niedozywienie, alkoholizm, przewlekta niewydolnosé
serca, przewlekta choroba ptuc, pierwotne i wtérne zaburzenia odpornosci — w tym
HIV, nowotwory i nieswoiste choroby zapalne jelit. Praktycznie kazdy stosowany
antybiotyk moze by¢ czynnikiem ryzyka rozwoju CDI [44].

Czynniki ryzyka ciezkiego przebiegu COVID-19 i CDI sg podobne, nalezg do
nich m. in. wiek powyzej 65 roku zycia, pobyt w szpitalu oraz niektére choroby
wspotistniejgce jak np. choroba nowotworowa czy obecny niedobdr odpornosci
[44,46]. W poczatkowym okresie pandemii nie stwierdzono badan dotyczgcych
wspotwystepowania COVID-19 i CDI. W opublikowanym przez Sandhu i wsp. liScie
badawczym przedstawiono 9 przypadkéw CDI wspotwystepujgcego z COVID-19.
Badacze przedstawili wzrost CDI z 3.32/10,000 pacjento-dnia w okresie przed
pandemig do 3.6/10,000 pacjento-dnia w okresie COVID-19. Srednia wieku pacjentéw
wynosita 75 lat, a w wiekszosci przypadkow stosowano antybiotykoterapie. W

podsumowaniu autorzy podkreslajg znaczgcy wptyw podesztego wieku pacjentéw oraz
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powszechne stosowanie antybiotykéw, jako typowe czynniki ryzyka CDI posrod
pacjentow hospitalizowanych z powodu COVID-19 [47].

Nasze odkrycie dot. zwiekszenie czestosci CDI u pacjentéw z SARS-CoV-2 byto
jednym z pierwszych takich doniesien na swiecie. W opublikowanym z podobnego
okresu badaniu Ponce — Alonco i wsp. przedstawiano sprzeczne wyniki [48]. Natomiast
Luo i wsp. wykazali podobng, jak w naszej pracy czestos¢ wystepowania CDI posrod
pacjentow z SARS-CoV-2 [49]. Za oczywiste nalezy przyja¢, ze powszechne
stosowanie koniecznych srodkow ochrony osobistej (fartuchow i rekawiczek), mogto
przyczyni¢ sie do zmniejszenia transmisji i zmniejszenia zachorowalnosci na CDI. Z
drugiej jednak strony nalezy przytoczy¢ wyniki badan przeprowadzonych przed
pandemig przez Mitchell i wsp. oraz McDonald i wsp., ktére jednoznacznie nie
potwierdzity wptywu poprawy jakosci procedur sprzatania szpitala lub izolacji chorych
na zmniejszenie ilosci CDI [50,51].

W retrospektywnej analizie kohorty z Nowego Jorku, opisanej przez Luo i wsp.,
stwierdzono tendencje do wyzszej ilosci wynikdw pozytywnych w kierunku CDI,
pomimo wykonania mniejszej ilosci testow w poréwnaniu z okresem sprzed pandemii.
Jak podajg autorzy w limitacjach swojej pracy byto to spowodowane hipotezg, ze
obecno$¢ m.in. biegunki moze by¢ manifestacjg COVID-19 [46]. Podobnie dane
przedstawiono w raporcie z Madrytu, gdzie odnotowano spadek o 9,8% liczby
wykonywanych badan w kierunku CDI [48]. Mozna spekulowac, ze powszechna
obecnos$¢ objawow brzusznych w COVID-19 oraz niedobor personelu medycznego

spowodowata, ze CDI nie zostato uwzgledniane w diagnostyce réznicowe;j.

6.2.5. Powiktania polekowe.

Do potencjalnych przyczyn odpowiadajgcych za wystepowanie objawow
brzusznych w przebiegu COVID-19 mogg by¢ réwniez leki stosowane w leczeniu tej
infekcji. Podczas stosowania m. in. azytromycyny czy lopinawiru + rytonawiru czesto
obserwuje sie obecnos¢ biegunki, bélu brzucha i nudnosci, co podkreslano w
badaniach Molina i wsp. oraz Cao i wsp. [52,53]. W badaniu Cortegiani i wsp.
przedstawiono, ze leczenie hydroksychloroching i chloroching rzadko powoduje
dolegliwosci brzuszne i majg one wybitnie tagodny oraz przejsciowy charakter [54].
Lesley i wsp. przedstawili dowody na hepatotoksyczne dziatanie tocilizumabu
(rekombinowane humanizowane przeciwciato monoklonalne przeciwko ludzkiemu

receptorowi IL-6), natomiast Grein i wsp. wykazali, ze podobne dziatanie niepozgdane
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mogg wystgpi¢ w trakcie terapii remdesiwirem (analog nukleotydu hamujgcy
polimeraze RNA) [55,56].

Aspekt wystepowania objawow brzusznych jako powiktan terapii leczenia
COVID-19 wydaje nie mie¢ az tak znamiennego wptywu na ich wystepowanie.
Potwierdza to fakt, ze objawy brzuszne u pacjentéw z SARS-CoV-2 wystepowaty
przed przyjeciem do szpitala, czyli przed wigczeniem leczenia lub czasem nawet
wyprzedzaty pojawienie sie objawéw typowych dla COVID-19. W naszej pracy
dokonano analizy czynnikow ryzyka objawdw brzusznych w aspekcie czasu ich
wystgpienia. Udowodniono, ze objawy brzusznej, ktore wystgpity w trakcie pobytu w
szpitalu majg zwigzek z niektérymi lekami stosowanymi podczas leczenia COVID-19
m. in. antybiotyki oraz lopinawir + rytonawir, oraz z czestoscig CDI, co jest istotnie
zwigzane z powszechnym stosowaniem antybiotykéw. Odwrotne wyniki zostaty
przedstawiony w pracy Wan i wsp., ktérzy wykazali, ze czesto$¢ wystepowania
biegunek w przebiegu choroby nie byla zwigzana ze stosowaniem lekdéw

przeciwwirusowych i antybiotykow [57].

6.3. Uzasadnienie potaczenia publikacji w jeden cykl.

Cykl publikacji sktada sie z trzech czesci: dwoéch prac oryginalnych dot. objawéw
brzusznych i ich wptywu na przebieg klinicznych COVID-19 w aspekcie czasu ich
wystgpienia oraz czynnikow ryzyka infekcji Clostridioides difficile u pacjentow z SARS-
CoV-2 oraz z pracy poglgdowej dot. potencjalnych mechanizméw powstawania
objawéw brzusznych. Grupa 441 pacjentow z SARS-CoV-2, ktéra hospitalizowana
byta Centralnym Szpitalu Klinicznym Ministerstwa Spraw Wewnetrznych i Administracji
w dniach od 15 marca do 15 czerwca 2020 roku stanowi kohorte w obu pracach
oryginalnych. W trakcie obserwacji kohorty u 255 (57,8%) pacjentéw obserwowano
objawy brzuszne, ktére wystepowaty w réznym czasie tj. przed lub w trakcie
hospitalizacji, co stato sie podstawg do stworzenia pierwszej publikacji. Stwierdzono,
ze u 48 (10,9%) pacjentéw z biegunkg ma infekcje Clostridioides difficile, co byto
podstawg do wszczecia drugiej pracy w celu analiza czynnikow ryzyka CDI. Praca
pogladowa stanowi natomiast podsumowanie dotychczasowych teorii na temat
powstawania objawéw brzusznych w COVID-19.

Wyniki badania potwierdzajg zréznicowang etiologie wystepowania objawéw Gl
w COVID-19. Wystepowania objawow Gl w przebiegu COVID-19 jest z pewnoscig

jednag z manifestacji tej choroby. Kluczowa pozostaje kwestia lekow stosowanych w
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leczeniu COVID-19 i koinfekcji bakteryjnych. We wnioskach nalezy podkresli¢
konieczno$¢ ograniczenia stosowania antybiotykéw w COVID-19 i stworzenia lub
przestrzegania juz istniejgcych protokotéw leczenia w celu ograniczenia mozliwych

powiktan.

7. Zatozenia i cel pracy.

Gtownym zatozeniem pracy byta analiza wptywu objawow brzusznych na
przebieg COVID-19. Z uwagi na rézny czas ich wystepowania kohorte podzielono na
grupe, u ktérej objawy wystgpity przed przyjeciem do szpitala lub w trakcie
hospitalizacji. Nastepnie z uwagi na znaczny odsetek CDI posrdéd grupy pacjentow
zadecydowano o przeprowadzeniu analizy czynnikow ryzyka tej choroby w trakcie
COVID-19.

8. Materiat i metody:

Jest to jednoosrodkowe, retrospektywne badanie kliniczne, do ktorego
wigczono 441 pacjentdéw z potwierdzonym zakazeniem SARS-CoV-2, ktorzy byli
hospitalizowani w Centralnym Szpitalu Klinicznym Ministerstwa Spraw Wewnetrznych
i Administracji w dniach od 15 marca do 15 czerwca 2020 roku. Kryterium do wigczenia
do badania byt wiek pacjentow powyzej 18 roku zycia oraz potwierdzony wynik SARS-
CoV-2. Rozpoznanie to zostato postawione na podstawie obowigzujgcego standardu
tj. pozytywnego wyniku testu odwrotnej transkryptazy — reakcji tancuchowej polimerazy
(geny docelowe: RdRp, E i N) dla SARS-CoV-2 w wymazach z nosogardzieli.

Badanie sktadato sie z dwdch czesci:

l. W pierwszej czesci badania oceniono wplyw wystepowania objawow
brzusznych na przebieg kliniczny COVID-19 w zaleznos$ci od czasu ich
wystgpienia tj. przed lub w trakcie hospitalizacji z powodu choroby.

I. W drugiej czesci pracy oceniono czestos¢ infekcji Clostridioides difficile,
jej czynniki ryzyka oraz za pomocg modelu wieloczynnikowej regresji
logistycznej czynniki ryzyka w poroéwnaniu do kohorty pacjentéw
hospitalizowanych przed COVID-19.
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9. Podsumowanie i wnioski:

1)

2)

3)

4)

5)

Objawy brzuszne nalezg do czestych manifestacji COVID-19, w badanej
kohorcie stwierdzono, ze wystepowaty u 57,8%.

Wystepowanie objawdw brzusznych przed hospitalizacjg wydaje sie mieé
protekcyjny wptyw na przebieg COVID-19, natomiast ich pojawienie sie
podczas pobytu w szpitalu wigzato sie z gorszym rokowaniem pacjentow.
Stwierdzono zwigzek pomiedzy wystepowanie objawow brzusznych w trakcie
pobytu w szpitalu, a niektorymi lekami stosowanymi w COVID-19 (antybiotyki
oraz lopinawir + rytonawir)

W badaniu wykazano ponad czterokrotny wzrost zachorowalnosci na infekcje
Clostridioides difficile u pacjentéw z COVID-19 w poréwnaniu do okresu sprzed
pandemii.

Wystepowanie objawoéw brzusznych w przebiegu COVID-19 oraz istotne
zwiekszenie czestosci infekcji Clostridioides difficile mogto by¢ spowodowane
zmianami mikrobioty jelitowej, do ktérych prawdopodobnie przyczynito sie

szerokie stosowanie antybiotykow.
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Abstract

Introduction: Gastreintestinal (GI) symptoms can be considered as a manifestation of coronavirus disease 2019 (COVID-19).

Aim: Our study analysed Gl symptoms depending on their occurrence, and their possible causes and impact on the course
of COVID-19.

Material and methods: A retrospective, single-centre assessment of the frequency, risk factors, and impact of Gl symptoms
in 441 patients with COVID-19.

Results: A statistically significant reduction in the length of stay (LOS) (15 days vs. 17 days; p = 0.04), intensive care unit
admission (ICU) (16.9% vs. 26.8%; p = 0.02), and need for mechanical ventilation (14.1% vs. 23.4%; p = 0.02) in the group who
had experienced Gl symptoms before hospitalization was noticed. For comparison, patients who developed Gl symptoms during
hospitalization had statistically significantly longer LOS (21 days vs. 15 days; p = 0.0001), were more frequently admitted to the
ICU (38.1% vs. 18.6%; p = 0.0003), and had a higher need for mechanical ventilation (32.7% vs. 16.2%,; p < 0.001). Risk factors
for Gl symptoms during hospitalization in COVID-19 patients included age, Clostridioides difficile infection, and receiving certain
treatment (antibiotics and lopinavir + ritonavir).

Conclusions: The Gl symptoms that developed before admission to hospital correlated with reduced severity of the course
of COVID-19. However, in the group of patients who developed Gl symptoms during hospitalization, attention should be paid
to concomitant treatment. The use of antibiotics should be limited because they are associated with the deterioration of the
course of COVID-19; one of the reasons might be changes in the intestinal microbiome.

enzyme 2 (ACE2) receptor, disturbances in the intestinal
microbiome, the theory of cytokine storm, and drug-re-
lated complications.

Introduction
The most common symptoms of the coronavirus

disease 2019 (COVID-19) are fever (83-99%), cough
(59-82%), and fatigue (44-70%) [1-3]. However, gas-
trointestinal (GI) symptoms such as nausea, vomiting,
diarrhoea, lack of appetite, and abdominal pain are also
important features of COVID-19 [4, 5]. The most com-
mon is diarrhoea (13%), followed by nausea or vomiting
(10%), and abdominal pain [6, 7].

There are many theories regarding the pathogen-
esis of Gl symptoms during COVID-19, which include:
affinity of SARS-CoV-2 for the angiotensin-converting

The relationship with the presentation of Gl symp-
toms can be explained by the fact that SARS-CoV-2
has a high affinity for the ACE2 receptor (a significant
amount of which is found in the cells of the gastro-
intestinal tract), and perhaps that is why the genetic
material of the virus is present in the stool of COVID-19
patients [7-9]. It was found that the genetic material of
SARS-CoV-2 present in the cells of the gastrointestinal
epithelium causes impairment of its function or even
destruction, which may manifest itself in Gl symptoms,
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such as diarrhoea [10]. Gl symptoms also occurred in
the course of the acute respiratory syndrome corona-
virus (SARS-CoV) and the Middle East respiratory syn-
drome coronavirus (MERS-CoV) [11-13]. Finally, the
presence of SARS-CoV-2 in human enterocytes was
confirmed in in-vitro studies, which seems to confirm
the above hypothesis [14].

A particular association between Gl symptoms
with high levels of Interleukin (IL) 6 (IL-6), IL-8, and
IL-10 has been reported in patients with poor prognosis,
who were admitted to the ICU due to respiratory fail-
ure [15-18]. The significantly increased concentration
of pro-inflammatory cytokines such as IL-1, IL-6, IL-18,
tumor necrosis factor-a (TNF-a), and interferon, which
takes place in the “cytokine storm”, causes the mobili-
zation of some cells of the immune system. The action
of neutrophils, macrophages, and T lymphocytes results
in the destruction of the vascular barrier and hence the
destruction of the epithelium in the gastrointestinal
tract and other organs such as the lungs. Because of
time, the whole process leads to multi-organ failure.

Another hypothesis of the occurrence of Gl symp-
toms concerns disturbances of the gut microbiome. In
the work of Zuo et al. COVID-19 patients showed sig-
nificant variations in the composition of the gut micro-
biome, characterized by an increase in opportunistic
pathogens and a decrease in the number of beneficial
commensals during hospitalization. This probably con-
tributes to an increase in the permeability of the in-
testinal barrier, generates inflammation, and leads to
damage to the epithelium in the gastrointestinal tract,
which causes Gl symptoms such as abdominal pain
and diarrhoea. The number of Coprobacillus, Clostrid-
ium ramosum, and Clostridium hathewayi at the be-
ginning of hospitalization correlated with the severity
of COVID-19. On the other hand, Alistipes onderdonkii,
Faecalibacterium prausnitzii, Bacteroides dorei, Bacte-
roides thetaiotaomicron, Bacteroides massiliensis, and
Bacteroides ovatus were the main bacterial species
showing a negative correlation with the intensity of
COVID-19. In addition, downregulation of ACE2 expres-
sion in the intestine of mice showed a significant in-
verse correlation with the faecal SARS-CoV-2 viraemia
in COVID-19 patients [19].

There is no specific antiviral treatment recommend-
ed for COVID-19. Therapy is mainly symptomatic, and
oxygen is the first step in managing respiratory distress.
During the first wave of the pandemic, chloroquine, hy-
droxychloroquine, and lopinavir + ritonavir were used
in COVID-19 treatment. Inflammation inhibitors like to-
cilizumab, bamlanivimab + etesevimab, casirivimab +
imsevimab also appear to be effective [20]. The use of
glucocorticosteroids and anticoagulants gained impor-
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tance after publication of the RECOVERY trial [21, 22].
Moreover, the treatment of bacterial coinfections in the
course of COVID-19 involves antibiotics, which were of-
ten used in over 70% of patients [23]. The extensive use
of antibiotics is a risk factor for the occurrence of Clos-
tridioides difficile infection (CDI) [24]. Due to the high
use of antibiotics in COVID-19, an increased incidence
of CDI has been observed [25].

The impact of GI symptoms in COVID-19 patients
on their prognosis is not clearly defined. Currently
available data are basically contradictory; Gl symptoms
may correlate with deterioration or improved patient’s
prognosis [26—28]. There are no studies available that
analyse the prognosis of COVID-19 patients and factors
depending on the time of Gl symptoms.

On 16 March 2020, the Central Clinical Hospital of
the Ministry of Interior and Administration in Warsaw
was transformed into a place only for the care of pa-
tients with COVID-19. As many as 57.8% of patients
presented with Gl symptoms, which was an extremely
large number compared to other studies. Due to their
frequent occurrence, we decided to perform an analysis
of those symptoms depending on the time of their pre-
sentation, i.e. before admission to hospital and during
hospitalization.

Aim

We analysed retrospectively the frequency of gas-
trointestinal symptoms in the group that presented
with these symptoms before admission and during
the stay. Both groups were screened for the course of
the disease, including length of stay (LOS), need for in-
tensive care unit (ICU) admission, need for mechanical
ventilation, and mortality. We analysed potential risk

factors for their occurrence, such as drugs used during
COVID-19 or CDI.

Material and methods

We conducted a retrospective analysis of risk fac-
tors and the impact of gastrointestinal symptoms on
a cohort of 441 patients with confirmed SARS-CoV-2
infection, who were hospitalized between 16 March
and 15 June 2020 at the Central Clinical Hospital of
the Ministry of the Interior and Administration in War-
saw. Patients enrolled in the study were 18 years of
age or older. The cohort was divided into 2 groups: pa-
tients who had developed Gl symptoms before admis-
sion and patients who developed GI symptoms during
hospitalization. Gl symptoms were recorded based on
patients’ interviews. Glucocorticosteroid use was not
analysed because it was introduced into guidelines on
the treatment of COVID-19 in Poland after the studied
period.
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We included all hospitalized patients over the afore-
mentioned period; no patient was excluded from the
study.

The main purpose of the article was to assess the
incidence, risk factors, and effect of GI symptoms on
the course of COVID-19 depending on the time of symp-
tom onset (before and during hospitalization).

Statistical analysis

Statistical analysis was conducted with the use of
Statistica software, version 13.0 (https://www.statsoft.
pl/). Nominal variables were presented as n (% fre-
quency of group), while continuous variables as mean
(SD) or median (Q1; Q3), depending on the normality
of data distribution. Data normality was verified using
the Shapiro-Wilk test and based on visual assessment
of histograms. Groups were compared with y? test for
dichotomous variables and with £-test or Mann-Whitney
U test for continuous variables, as appropriate. All tests
were 2-sided, with p = 0.05 considered significant.

Bioethical considerations

The study protocol was approved by the Bioethics
Committee of the Central Clinical Hospital of the Min-
istry of the Interior and Administration in Warsaw. The
researchers analysed anonymized data.

Results

A total of 441 hospitalized patients with COVID-19
were included. Among them, 255 (57.8%) presented

Table I. Prevalence of individual Gl symptoms in the
COVID-19 patients (cases); general population (n = 441)

Parameter N (%)

Gastrointestinal symptoms: 255 (57.8)
Abdominal pain 95 (37.3)
Diarrhoea 109 (42.7)
Nausea 32 (12.5)
Vomiting 37 (14.5)
Lack of appetite 124 (48.6)

No gastrointestinal symptoms 186 (42.2)

Gl symptoms. The most common symptom was lack
of appetite, which was reported in 124 (48.6%) cases.
Other Gl symptoms like diarrhoea were observed in
109 (42.7%), abdominal pain in 95 (37.3%), vomiting
in 37 (14.5%), and nausea in 32 (12.5%) cases. The dis-
tribution of sex was similar in both groups: 49.4% fe-
males in the group with Gl symptoms (cases) vs. 48.4%
in the group without GI symptoms (controls); p = 0.083.
Patients were significantly older: 68.44 years vs. 64.45
years in controls; p = 0.02 and had significantly more
comorbidities: 91.0% vs. 82.3%; p = 0.007, respectively
(Tables | and I1).

The cohort was divided into 2 groups: 142 (32.2%)
patients who had developed Gl symptoms before ad-
mission and 113 (25.62%) patients who developed Gl
symptoms during hospitalization (Table II).

In the group of 142 (32.2%) patients who had de-
veloped Gl symptoms prior to admission to hospital vs.

Table II. Study cohort, presence of Gl symptoms, and risk analysis

Characteristics All No abdominal Abdominal P-value

(n = 441) symptoms symptoms

(n = 186) (n = 255)

Sex, female, n (%) 216 (49.0) 90 (48.4) 126 (49.4) 0.83
Age [years] mean (SD) 66.76 (18.4) 64.45 (20.48) 68.44 (16.62) 0.02
Hospitalization [days] median (Q1; Q3) 18 (10.00; 24.00) 15.00 (9.00; 22.00) 17.00 (10.00; 25.00) 01
Comorbid diseases, n (%) 385 (87.3) 153 (82.3) 232 (91.0) 0.007
Need for mechanical ventilation, n (%) 90 (20.4) 33(17.7) 57 (22.4) 0.24
Stay in the ICU, n (%) 104 (23.6) 37 (19.9) 67 (26.3) ol
Mortality, n (%) 148 (33.6) 49 (26.3) 99 (38.8) 0.006
CDI, n (%) 48 (10.9) 6(3.2) 42 (16.5) < 0,001
PPl use, i (%) 197 (44.7) 66 (35.5) 131 (51.3) < 0.001
Any antibiotic used, n (%) 354 (80.3) 133 (71.5) 221 (86.7) < 0.001
Azithromycin use, n (%) 214 (48.5) 83 (44.6) 131 (51.4) 0.16
Other antibiotic than azithromycin used, r (%) 300 (68.0) 111 (59.7) 189 (74.1) 0.001
Chloroguine use, n (%) 321 (72.8) 132 (71.0) 189 (74.1) 0.46
Lopinavir and ritonavir use, n (%) 60 (13.6) 19 (10.2) 41(9.3) 0.08
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Table IIl. Onset of abdominal symptoms before hospitalizations vs. no abdominal symptoms

Characteristic All Start of abdominal No abdominal P-value
(n = 441) symptoms before symptoms before
hospitalization hospitalization
(n=142) (n=299)
Sex, female, n (%) 216 (49.0) 69 (48.6) 147 (49.2) 0.91
Age [years] mean (SD) 66.76 (18.4) 67.13 (17.6) 66.58 (18.84) 0.77
Comorbid disease, n (%) 385 (87.3) 129 (90.8) 256 (85.6) 0.12
Hospitalization [days] median (Q1; Q3) 18 (10.00; 24.00) 15.00 (10:00; 20.00)  17.00 (10.00; 25.00) 0.04
ICU stay, n (%) 104 (23.6) 24 (16.9) 80 (26.8) 0.02
Need for mechanical ventilation, n (%) 90 (20.4) 20 (14.1) 70 (23.4) 0.02
Mortality, n (%) 148 (33.6) 53 (37.3) 95 (31.8) 0.24
DI, 1 (%) 48 (10.9) 17 (12.0) 31(10.4) 0.61
PP use, n (%) 197 (44.7) 72 (50.7) 125 (41.8) 0.08

Table IV. Group of patients with Gl symptoms before
admission to hospital vs. no Gl symptoms; general
population (n = 441)

Parameter N (%)

Gastrointestinal symptoms before admission: 151(34.2)
Abdominal pain 70 (15.9)
Diarrhoea 60 (13.6)
Nausea 10 (2.2)
Vorniting 11 (2.5)
Lack of appetite 84 (19.9)

No gastrointestinal symptoms before admission 290 (65.8)

patients without Gl symptoms, we observed a statis-
tically significant reduction in the LOS: 15 days vs. 17
days; p = 0.04, a reduction in the frequency of stays in
the ICU: 16.9% vs. 26.8%; p = 0.02, and a lower need
for mechanical ventilation: 14.1% vs. 23.4%; p = 0.02,
respectively. No statistical significance was noted for
mortality among patients with Gl symptoms prior to
admission to hospital, i.e. 53 (37.3%) vs. asymptomatic
groups, i.e. 95 (31.8%); p = 0.24. Sex distribution, age,
comorbid diseases, proton pump inhibitors (PPI) used,
and frequency of CDI were not risk factors for the pre-
sentation of Gl symptoms before hospitalization (Ta-
ble Il). In the group of patients with Gl symptoms before
admission to hospital, the most common symptom was
lack of appetite in 84 (19.9%), followed by abdominal
pain in 70 (15.9%), diarrhoea in 60 (13.6%), vomiting
in 11 (2.5%), and nausea in 10 (2.2%) cases (Table IV).
As many as 113 (25.62%) patients who developed
Gl symptoms during their hospital stay (vs. patients
without Gl symptoms) had statistically significantly
longer LOS, i.e. 21 days vs. 15 days; p = 0.0001, more
frequent ICU stays, i.e. 38.1% vs. 18.6%; p = 0.0003,
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a higher need for mechanical ventilation, i.e. 32.7% vs.
16.2%; p < 0.001, and a more frequent incidence of CDI,
i.e.22.1% vs. 7.0%; p = 0.0001, respectively. No statisti-
cal significance was noted for mortality among patients
with Gl symptoms during their stay vs. asymptomatic
groups, i.e. 46 (40.1%) vs. 102 (31.1%), respectively;
p = 0.06. Age, frequency of CDI, and some specific drugs
for COVID-19 treatment (any antibiotics, azithromycin,
antibiotics other than azithromycin and lopinavir +
ritonavir) were risk factors for the presentation of Gl
symptoms during hospitalization. Sex, comorbid dis-
eases, PPI, and chloroquine use were not risk factors
for presenting with Gl symptoms during hospitalization
(Table V). In the group of patients with Gl symptoms
during hospitalization, the most common was diar-
rhoea, present in 49 (11.1%) cases, followed by lack of
appetite in 40 (9.1%), vomiting in 26 (5.9%), abdominal
pain in 25 (5.7%), and nausea in 22 (5.0%) (Table V1).

Discussion

As a COVID-dedicated hospital with the highest lev-
el of reference, we dealt with a group of patients who
were in advanced age and had many comorbidities. In
the other analysed studies, the cohorts were younger,
which makes our analysis much more difficult, because
advanced age is an independent deteriorating prognos-
tic factor in COVID-19 [28]. The mean age of our group
of patients was 66.76 years, compared to the mean age
in the study by Cheung et al. at 45.1 years, Livanos et al.
at 60.5 years, and Pan et al. at 52.9 years [6, 28, 29].

Another unfavourable prognostic factor in COVID-19
is the presence of comorbidities [30, 31]. In our study,
over 87.3% of patients had at least 1 comorbid disease,
which is quite typical for elderly patients. In more than
half of the younger cohort from the study of Cheung
et al., comorbidities were not analysed, which could be
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Table V. Onset of abdominal symptoms during hospitalizations vs. no abdominal symptoms

Characteristics All Start of abdominal No abdominal P-value
(n = 441) symptoms during symptoms during
hospitalization hospitalization
(n=113) (n=328)
Sex, female, nt (%) 216 (49.0) 57 (50.4) 159 (48.5) 0.72
Age [years] mean (SD) 66.76 (18.4) 70 (15.25) 65.61(19.3) 0.03
Hospitalization [days] median (Q1; Q3) 18 (10.00; 24.00) 21.00 (10.0; 32.00) 15.00 (9.00; 21.25) 0.0001
Need for mechanical ventilation, n (%) 90 (20.4) 37 (32.7) 53 (16.2) < 0.001
ICU stay, n (%) 104 (23.6) 43 (38,1) 61 (18.6) 0.0003
Mortality, n (%) 148 (33.6) 46 (40.1) 102 (31.1) 0.06
CDI, n (%) 48 (10.9) 25 (22.1) 23 (7.0) 0.0001
Comorbid disease, n (%) 385 (87.3) 103 (91.2) 282 (86.0) 0.15
PPl use, n (%) 197 (44.7) 59 (52.2) 138 (42.1) 0.06
Any antibiotic used, n (%) 354 (80.3) 104 (92.0) 250 (76.2) 0.0002
Azithromycin use, n (%) 214 (48.5) 68 (60.2) 146 (44.5) 0.004
Other antibiotic used, n (%) 300 (68.0) 92 (81.4) 208 (63.4) 0.0004
Chloroquine, n (%) 321(72.8) 90 (79.6) 231 (70.4) 0.06
Lopinavir and ritonavir, n (%) 60 (13.6) 24 (21.2) 36 (11.0) 0.006

due to the fact that patients of such a young age were
not burdened with typical chronic diseases, e.g. diseases
of the cardiovascular and respiratory systems. In oth-
er analysed studies, the number of comorbidities was
clearly lower. In the study by Livanos et al, only 16.3% of
patients had comorbidities, and in the study by Pan et al.
it was almost half (49.99%) of the cohort [6, 28, 29].

Lack of appetite was the most common Gl symptom
in our study, which occurred in 124 (48.6%) cases. As
a highly non-specific symptom, it was not analysed in
the study by Livanos et al. or Pan et al. Cheung et al.
also found that anorexia was the most common symp-
tom in the cohort with Gl symptoms. It was present
in 26.8%, which is almost half the frequency found in
our cohort. The evidently greater lack of appetite in our
cohort could be associated with a significantly higher
age of patients and a greater number of comorbidities
[6, 28, 29]. These factors, along with severe COVID-19
course that required hospitalization, could reduce ap-
petite, especially considering the mechanism of inflam-
mation and the so-called “cytokine storm”, with a high
number of inflammatory mediators inversely correlating
with appetite [31].

Diarrhoea, which is defined as more than 3 bowel
movements a day, was also a common symptom among
COVID-19 patients. Our study found it in 42.7% of pa-
tients. A much lower rate of diarrhoea in the Cheun et al.
study, i.e. 12.5% of patients, may suggest that the
symptom was overlooked in the early stages of the
pandemic. When the battle against COVID-19 began,

Table V1. Group of patients with Gl symptoms
during hospitalization vs. no Gl symptoms; general
population (n = 441)

Parameter N (%)
Gastrointestinal symptoms during 162 (36.7)
hospitalization

Abdominal pain 25 (5.7)
Diarrhoea 49 (11.1)
Nausea 22 (5.0)
Vomiting 26 (5.9)
Lack of appetite 40 (9.1)
No gastrointestinal symptoms before 279 (63.3)

admission

doctors focused primarily on fighting acute respiratory
failure. This was also cited as a limitation in this work.
A similar number of patients with diarrhoea was re-
ported on by Livanos et al. (39%) and Pan et al. (34%),
where the cohort patients were of relatively similar age
and had fewer comorbidities [6, 28, 29]. The occurrence
of diarrhoea in patients with COVID-19 may be related
to the use of the ACE2 receptor by SARS-CoV-2. The en-
try of SARS-CoV-2 into the host cell is mediated by the
interaction between the encapsulated viral spike pro-
tein and the host receptor, consisting of ACE2. Mouse
models show that the presence of ACE2 alterations is
associated with colitis, suggesting that virus activity
may cause enzyme modifications, increasing the sus-
ceptibility to intestinal inflammation and diarrhoea [32].

Gastroenterology Review
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Moreover, the aspect of disturbing the intestinal micro-
biota in the formation of diarrhoea is emphasized. In
the publication of Zuo et al., patients with SARS-CoV-2
infection were found to have significant changes in
their gut microbiome compared with controls, charac-
terized by enrichment of opportunistic pathogens and
depletion of beneficial commensals [19].

Abdominal pain, defined as a non-specific subjec-
tive symptom characterized by pain localized in the
abdominal cavity, occurred in 37.3% of patients in our
study. In a study by Livanos et al. abdominal pain was
not reported. This symptom was a rare occurrence in
the study by Pan et al., being present in 1.9% of pa-
tients, but was more frequent, i.e. present in 9.2% of
patients, in the study by Cheung et al. [6, 28, 29].

Vomiting and nausea are other important, although
non-specific gastrointestinal symptoms. In our study,
vomiting occurred in 14.5% and nausea in 12.5% of
cases. A similar rate of nausea and vomiting, i.e. 10.2%,
was found in the study by Cheung et al. In the study by
Pan et al. only vomiting was analysed, with the rate of
3.9%, which was relatively small. A similar rate of vom-
iting was found in the study by Livanos et al,, i.e. 13%,
while nausea was found in more than 25% [6, 28, 29].

The results of our study on the occurrence of Gl
symptoms before hospitalization confirm the conclu-
sions of the study by Livanos et al. because it is evident
that the presence of Gl symptoms before hospitalization
correlates with improved course of the disease, partic-
ularly shown by shorter LOS, and reduced need for me-
chanical ventilation or stay in the ICU. In the study by
Livanos et al., 47% of patients reported Gl symptoms. In
our study, Gl symptoms occurred much more often, i.e.
in 57.8% of the entire cohort. The researchers did not
take into consideration symptoms such as abdominal
pain and lack of appetite, which may have contributed
to the lower incidence of Gl symptoms. The presence
of diarrhoea (39% vs. 42.7%, respectively) and vomit-
ing (13% vs. 12.5%, respectively) was similar. There was
a difference in the incidence of nausea (25% vs. 12.5%,
respectively); in the study by Livanos et al., it occurred
twice as often. The group presenting the Gl symptoms
was younger than ours, i.e. 61 years vs. 68.44 years, re-
spectively. The biggest difference between the cohorts
was in the distribution of comorbidities. In the study by
Livanos et al. only 16.3% of patients with Gl symptoms
had comorbidities, as compared to 91% of patients in
our study. It is worth emphasizing that the Central Clini-
cal Hospital of the Ministry of the Interior and Adminis-
tration in Warsaw had the highest referential degree, so
it hospitalized the most difficult cases with the highest
number of comorbidities, which required the most spe-
cialized care. In the study by Livanos et al., the group
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with Gl symptoms had a significantly lower mortality
as compared to the group from our study, i.e. 15.7%
vs. 38.8%, respectively. The authors concluded that GI
symptoms remain significantly correlated with better
COVID-19 outcomes. The lower mortality in their study
certainly resulted from the younger age of the patients,
and above all from the fact that they had significantly
fewer comorbidities. An external validation cohort fur-
ther confirmed decreased mortality in COVID-19 patients
with Gl symptoms. In the second validation cohort, the
presence of Gl symptoms was used to predict reduced
disease severity and mortality. During short-term fol-
low-up there was a significantly lower rate of death.
The inclusion of 3 independent cohorts totalling 1163
patients enhanced the strength and validity of their
findings. Furthermore, their model to predict COVID-19
severity and mortality was improved by the inclusion
of GI symptoms suggesting that intestinal parameters
should be considered in initial assessments and strat-
ification of COVID-19 patients. These data suggest the
potential for tissue-specific response to SARS-CoV-2 and
the potential for attenuation of viral pathogenicity by
the Gl tract. Compared to our study, the 3 cohorts from
the Livanos et al. study were younger and had fewer co-
morbidities, which contributed to a significant reduction
in the severity of the disease, and thus mortality. It was
also emphasized that the attenuation of SARS-CoV-2
by the Gl tract could significantly improve the disease
course and reduce mortality. The findings from our study
are similar for the group who presented with Gl symp-
toms before admission to hospital [28].

On the other hand, our results concerning the oc-
currence of Gl symptoms during hospitalization show
an evidently worse course of the disease, defined by
prolonged LOS, and increased need for mechanical
ventilation and for ICU stay. The presence of those Gl
symptoms significantly correlates with some drugs used
during COVID-19 treatment (antibiotics and lopinavir +
ritonavir) and with the frequency of CDI, which is sig-
nificantly associated with the widespread use of anti-
biotics [24, 25]

In the study by Pan et al., 204 patients with
COVID-19 from 3 hospitals in Hubei were enrolled. The
mean age was 52.9 years, which is much lower than
in our cohort (68.44 years). As many as 50.5% of their
patients had Gl symptoms, vs. 57.8% according to our
results. Lack of appetite occurred in 78.6% of cases,
which was higher than in our cohort (48.6%). Diarrhoea
was reported less frequently than in our study, i.e. in
34% vs. 42.7% of cases, respectively. Abdominal pain
(1.9% vs. 37.3%, respectively) and vomiting (3.9% vs.
14.5%, respectively) were reported less frequently as
compared to our study. The authors excluded the lack of
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appetite in analysis, because according to them it was
not specific for the Gl tract. There were 18.6% of cases
with Gl symptoms after the lack of appetite was exclud-
ed. As compared to our study, the lack of appetite was
also the most common symptom. Its exclusion seems
justified because the reason for its occurrence may be
related to the “cytokine storm”, patient’s age, or num-
ber of comorbidities. In their study, Pan et al. analysed
contact history, comorbidities (respiratory, digestive,
cardiovascular, nervous, endocrine system diseases, and
malignant tumour), medical treatment after admission
(antibiotic, antifungal, antiviral treatment, glucocortico-
steroids, nebulized interferon, and intravenous immuno-
globulin), and clinical outcome (duration of hospitaliza-
tion, stay in the ICU, discharge from hospital, or death).
The study group was younger compared to our cohort
and had fewer comorbidities. No statistical significance
was demonstrated in the Gl symptoms group for co-
morbidities, medical treatment, or clinical outcome. In
our study, the outcome of COVID-19 infection varied in
both groups, and significant differences were noted in
LOS, stay in the ICU, and need for mechanical ventila-
tion. Mortality was higher in our study (38.8%) as com-
pared to the study by Pan et al. (18.45%), which could
be related to the lower age of their cohort and fewer
comorbidities. There was more widespread antibiotic
treatment in our group than in the Pan ef al. study, but
they did not analyse the incidence of CDI due to the
high rate of antibiotic use [29].

In the meta-analysis by Cheung et al., among 4243
patients with COVID-19 from 6 countries, all Gl symp-
toms (including loss of appetite, nausea and vomit-
ing, diarrhoea, or abdominal pain) were observed in
17.6% of patients, which is much less when compared
to our results. Loss of appetite was the most common
Gl symptom (26.8%), followed by diarrhoea (12.5%),
nausea and vomiting (10.2%), and abdominal pain or
discomfort (9.2%). The Gl symptoms may have been
overlooked at the beginning of the outbreak, especially
in the study from Wuhan, because China was the first
country to develop COVID-19, and this may have con-
tributed to underestimated Gl symptoms in previous
studies. Cheung et al. concluded that patients with Gl
symptoms had a more severe disease course compared
to the asymptomatic group (17.1% vs. 11.8%, respec-
tively). In our study, there were 57.8% of Gl symptoms
compared to 17.6% in the meta-analysis by Cheung,
who admits in his study’s limitations that these symp-
toms may have been underreported in some studies,
which may lead to a lower pooled prevalence rate [6].

The strength of our study is a cohort treated in
a uniform way from one centre and one geographical
region. Another important feature is the analysis of

drugs used during hospitalization based on electronic
patient charts. Our study has also several limitations.
First, the study is retrospective in nature, and risk fac-
tors for the severe/critical type of COVID-19 were iden-
tified according to patients’ data on admission. Second,
we did not look for SARS-CoV-2 RNA in stool samples,
despite over 50% of viral RNA being detected in the fae-
ces according to another study. Third, we analysed only
hospitalized patients; therefore, mostly patients with
severe COVID-19 were included in the analysis.

The data published until now on the presentation
of Gl symptoms in COVID-19 are very interesting. There
are many discrepancies concerning their impact on the
course of the disease, with most studies showing a neg-
ative impact on COVID-19 course and mortality. So far,
these studies have not analysed other possible factors
related to GI symptoms. Our work confirms Gl symp-
toms as a manifestation of COVID-19. We analysed Gl
symptoms depending on the time of their onset and
tried to elucidate risk factors for the development of Gl
symptoms during hospitalization. It turned out that an-
tibiotics and lopinavir-ritonavir significantly correlated
with symptoms during hospitalization and a worsened
course of the disease. We understand that correlation
does not mean causation, but we think that the fact
that the time of occurrence of Gl symptoms correlates
with COVID-19 severity requires further research on
the mechanisms behind it and can be useful for pa-
tient stratification. The fact that certain medications
correlate with Gl symptoms during hospitalization is
also thought- and hypothesis-provoking and requires
further elucidation.

Conclusions

The Gl symptoms that developed prior to admis-
sion to hospital correlate with a reduced severity of the
disease course; conversely, Gl symptoms that devel-
op during hospitalization correlate with a more sever
COVID-19 course. Certainly, more in-depth research is
required. However, inclusion of Gl symptoms (before
and during hospitalization) in disease severity predic-
tion models seems promising. On the other hand, in
the group of patients who develop Gl symptoms during
their stay, attention should be paid to concomitant
medication.
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ABSTRACT

iNTRoDucTION  The use of antibiotics and possibility of microbiota disruption during the coronavirus
disease 2019 (COVID-19) pandemic have raised questions about the incidence of Clostridioides difficile
infection (CDI).

oBJECTIVES  This study aimed to assess the frequency of and risk factors for CDI in patients with COVID-19.
PATIENTS AND METHODS  We conducted a retrospective, single-center evaluation study on the frequency
of and risk factors for CDI in patients with COVID-19 and in the prepandemic era. The analysis included
441 patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and 2961 pa-
tients hospitalized before the pandemic.

RESULTS A significant increase in the incidence of CDI was noted during the COVID-19 pandemic
compared with the prepandemic period: 10.9% versus 2.6%, P <0.001. Risk factors for CDI in patients
with COVID-19 included: age, length of hospital stay, occurrence of diarrhea during hospitalization, use
of antibiotics other than azithromycin, and coexistence of nervous system disease or chronic kidney
disease—all of these factos had a weak association with CDI development. The multivariable logistic
regression model indicated other unassessed variables that had an impact on the CDI incidence rate.
concLusions  We observed a higher incidence of CDI in patients with COVID-19. Antibiotic therapy
was a relevant risk factor for CDI, although its effect was weak. Other drugs used during the pandemic
were not found to have an impact on disease development. Possible causes of CDI may include fecal
microbiota disruption by SARS-CoV-2 infection, but further research is needed to validate this hypothesis.

INTRODUCTION On March 11, 2020, the World
Health Organization announced a pandemic
caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)."* The most
common symptoms of coronavirus disease
2019 (COVID-19) caused by SARS-CoV-2 in-
clude fever (83%-99%), cough (59%-82%), fa-
tigue (44%-70%), and diarrhea (2%-50%).**
The diagnosis of COVID-19 is established
by detecting SARS-CoV-2 RNA in a reverse

transcription—polymerase chain reaction test.
The treatment of COVID-19 is mainly symp-
tomatic and based on international research
and guidelines.”* Recommended drugs include
chloroquine, hydroxychloroquine, azithromycin,
and lopinavir / ritonavir.® The use of tocilizum-
ab and remdesivir can be considered in severely
ill patients.""'" As the rates of bacterial coinfec-
tions are high, empiric antibiotic therapy is of-
ten necessary.’ It has been estimated that over
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WHAT'S NEW?

The present paper is, to our knowledge, the first one to reveal a significant
increase in the incidence of Clostridioides difficile infection in hospitalized
patients during the coronavirus disease 2019 (COVID-19) pandemic. Antibi-
otic therapy was found to be a relevant risk factor, although the effect was
weak. Other drugs used at the time of the pandemic, such as chloroquine
or lopinavir/ritonavir, did not show any impact on disease incidence. Apart
from widespread antibiotic use, altered microbiota, which might be directly
affected by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
can constitute another possible reason for disease development.
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70% of patients with COVID-19 have been treat-
ed with antibiotics.!

Frail elderly individuals with multiple comor-
bidities are most severly affected by COVID-19."*
The extensive use of broad-spectrum antibiot-
ics in a predisposed population raises ques-
tions about the occurrence of Clostridioides diffi-
cile infection (CDI). Fecal microbiota disruption
caused by SARS-CoV-2 infection (the alterations
are associated with SARS-CoV-2 fecal levels and
COVID-19 severity) might constitute another cru-
cial risk factor for CDI.'* As diarrhea is a symptom
of both CDI and COVID-19, the problem might
sometimes be overlooked.

On March 16, 2020, Central Clinical Hospital
of the Ministry of the Interior and Administra-
tion in Warsaw, Poland, was turned into a single-
-purpose hospital dedicated solely to caring for
patients with COVID-19. Patients with con-
firmed SARS-CoV-2 infection were hospitalized
between March 15 and June 15, 2020. Accord-
ing to 2009 European Society of Clinical Micro-
biology and Infectious Diseases guidelines, each
hospitalized patient with acute diarrhea (defined
as 3 or more loose stools within 24 hours) was
tested for CDI. In this study, we aimed to ana-
lyze the incidence of CDI in the population of
hospitalized patients with COVID-19 and com-
pare it with the respective figures for the hospi-
talized population from 2019, the year preced-
ing the pandemic.

PATIENTS AND METHODS We conducted a ret-
rospective, single-center analysis of the fre-
quency of CDI among 441 consecutive patients
aged 18 years and older who had confirmed
COVID-19 and were hospitalized between March
15 and June 15, 2020 in the Department of In-
ternal Medicine and Gastroenterology with In-
flammatory Bowel Disease Unit, Central Clini-
cal Hospital of the Ministry of the Interior and
Administration in Warsaw, Poland. The diag-
nosis of COVID-19 was confirmed by the posi-
tive result of reverse transcriptase-polymerase
chain reaction test (gene targets: RdRp, E, and
N) for SARS-CoV-2 in a nasopharyngeal swab
specimen.

Every patient with acute diarrhea (defined as
3 or more loose stools within 24 hours) was eval-
uated for CDI (240 out of 441 patients met this
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criterion). The diagnosis was established based on
initial enzyme immunoassay screening for gluta-
mate dehydrogenase antigen and toxins A and B;
selective anaerobic culture was performed when
necessary.

The group of patients with COVID-19 and con-
firmed CDI was then compared with a prepan-
demic cohort with CDI. That group consisted of
2961 consecutive patients aged 18 years or old-
er, hospitalized between January and December
2019 in the Department of Internal Medicine and
Gastroenterology with Inflammatory Bowel Dis-
ease Unit of the same hospital. The 2 study groups
could be compared, since, according to a large Eu-
ropean study, CDI is not a seasonal disease'” and
we included all patients hospitalized in a given
period of time, living in the same geographical
region, and treated in a single center offering pa-
tients the same standard of care and testing strat-
egy, a predictable range of services, and identical
antimicrobial stewardship programs. We excluded
from the analysis all patients with inflammatory
bowel diseases, as the rate of CDI is known to be
higher in that population.'® We ran a special in-
flammatory bowel disease subunit where numer-
ous severely ill patients were hospitalized and, on
the other hand, many single-day hospitalizations
occurred (eg, for biologic treatment), all of which
ended during the pandemic. Therefore, the in-
clusion of those patients would make the study
groups incomparable. Apart from single-day hos-
pitalizations, 3 other patients were excluded.

The primary study endpoint was to assess
the frequency of and risk factors for CDI in pa-
tients with COVID-19. The secondary endpoint
was to compare the frequency of and risk factors
for CDI between patients treated before the pan-
demic and those with COVID-19 who were hospi-
talized in our hospital as well as to assess the ef-
fects of drugs used during the COVID-19 pandem-
ic on the frequency of CDL

Statistical analysis Statistical analysis was
conducted with the use of the R package, ver-
sion 3.5.4 (R project, Vienna, Austria). Nomi-
nal variables were presented as number (per-
centage), whereas continuous variables, as mean
(SD) or median (interquartile range), depend-
ing on distribution. The normality of distribu-
tion was verified with the Shapiro—Wilk test and
based on the visual assessment of histograms.
The study groups were compared with the x? test
or the Fisher exact test for dichotomous vari-
ables, and with the t test or the Mann—-Whitney
test for continuous variables, as appropriate.
The effect size was evaluated with Cramer V for
dichotomous variables, and with a mean or me-
dian difference with 95% CI for continuous vari-
ables. Additional analysis (multivariable logis-
tic regression) was performed to identify a com-
bination of parameters predicting CDI in pa-
tients with COVID-19. Variables that significant-
ly differed between the study groups based on
the results of the analysis described above were



included in the models as predictors. As logistic
regression was used, model coefficients were pre-
sented as log odds. For ease of interpretation, log
odds were exponentiated into odds ratios (ORs),
so that when the continuous predictor increased
by a single unit or a dichotomous predictor was
present, the expected risk in the outcome vari-
able was described as odds (percentage). Model
validation included the ¥? test, Nagelkerke R? co-
efficient, and the Hosmer-Lemeshow goodness-
-of-fit test. All tests were 2-tailed, with ot = 0.05.

Ethics The study protocol was approved by
the Bioethics Committee of the Central Clini-
cal Hospital of the Ministry of the Interior and
Administration in Warsaw, Poland. Anonymized
data were analyzed.

RESULTS There was a significant increase in
the incidence of CDI during the COVID-19 pan-
demic compared with the prepandemic period:
10.9% (48 cases of CDI among 441 patients) ver-
sus 2.6% (77 cases of CDI among 2961 patients);
P <0.0001.

Age, hospitalization time, treatment with an-
tibiotics other than azithromycin, some comor-
bidities (cardiovascular disease, chronic kidney
disease [CKD], and nervous system disease),
and onset of abdominal symptoms during hos-
pitalization costituted risk factors for CDI de-
velopment during the COVID-19 pandemic. All
variables had a significant yet weak effect (Cra-
mer V, 0.1-0.3).

Antibiotics were administered in 354 patients
(80.3%) with COVID-19, including 42 (87.5%)
with CDI and 312 (79.4%) without CDI (V = 0.06,
P =0.18). Surprisingly, no effect of azithromycin
was observed—it was used in a total of 214 pa-
tients (48.5%), including 28 (58.3%) with CDI
and 186 (47.3%) without CDI (V= 0.07, P = 0.15).
Antibiotics other than azithromycin were admin-
istered in 300 patients (68%)—more frequent-
ly in those with CDI (39 [81.3%]) than in those
without CDI (261 [66.4%]), (V = 0.1, P = 0.037).
There was an increase in antibiotic use, expressed
as daily antibiotic intake per 100 person-days of
hospitalization, from 57.2 before the pandemic
to 105 during the pandemic. Due to the lack of
data on the effects of drugs used in COVID-19,
the effects of chloroquine and lopinavir / ritona-
vir were also examined. We showed that they did
not impact the development of CDIL Detailed data
are presented in TABLE 1.

Parameters that differed between COVID-19 pa-
tients with CDI and those without were included
as predictors in a multivariable logistic regression
model with CDI as the outcome variable. Hospi-
talization time (P = 0.01), stay in an intensive
care unit (ICU) (P = 0.006), and onset of abdom-
inal symptoms during hospitalization (P = 0.001)
represented significant variables in the model.
Prolongation of hospitalization time by a single
day increased the risk of CDI by 3% (OR, 1.03;
95% (I, 1.01-1.05). In patients staying in the ICU,

the risk of CDI was 76% lower (OR, 0.24; 95% CI,
0.08-0.61), while it was 3.4-fold higher in pa-
tients with abdominal symptom onset during
hospitalization (OR, 3.38; 95% CI, 1.71-6.72).
Other variables were nonsignificant in the mod-
el (taeLE 2). Model evaluation with the use of
the x? test confirmed that all variables were joint-
ly significant (P = 0.001). The R? Nagelkerke coef-
ficient was low (22%), which indicated the pres-
ence of other unassessed variables that had an im-
pact on the occurrence rate of CDI in patients with
SARS-CoV-2 infection. An additional assessment
with the Hosmer-Lemeshow goodness-of-fit test
(P = 0.13) confirmed the good fit of the model to
the data.

The comparison of CDI incidence before and
during the COVID-19 pandemic showed a sig-
nificant relationship between the occurrence of
SARS-CoV-2 infection and sex, antibiotic use,
the presence of CKD, and the presence of ner-
vous system disease in patients with CDI. Men
with SARS-CoV-2 infection were more frequently
affected by CDI than before the pandemic (45.8%
vs 28.6%; V = 0.18; P = 0.049). Antibiotics were
taken by 87.5% of SARS-CoV-2-infected patients
with CDI vs 67.5% of patients with CDI before
the pandemic (V = 0.22; P = 0.012). There was no
significant difference in terms of age, hospitaliza-
tion time, and frequency of proton pump inhibitor
(PPI) use between SARS-CoV-2-infected patients
with CDI and those treated before the pandemic.
Chronic kidney disease and nervous system dis-
ease were more frequent in SARS-CoV-2-infected
patients with CDI than in those with CDI be-
fore the pandemic, with a stronger effect for ner-
vous system disease (31.3% vs 15.6%; V = 0.19;
P =0.038 for CKD and 11.7% vs 39.6%; V = 0.33;
P <0.001 for nervous system disease). No signif-
icant relationship was confirmed between CDI in
patients with SARS-CoV-2 infection and those
with CDI before the pandemic in terms of oth-
er comorbidities. Detailed data are presented in
TABLE 3.

DISCUSSION  Clostridioides difficile is an anaer-
obic gram-positive bacterium that forms spores
capable of causing colitis. It is most commonly
detected in the elderly hospitalized individuals
or in those with a positive history of antibiotic
use. An increased number of CDI cases has been
observed in recent years in younger patients af-
ter transplant, with inflammatory bowel disease,
with immunodeficiency, and in those on dialy-
sis.'” The discovery of a new hypervirulent strain
of Clostridioides, called NAP1/B1/027, has been
associated with an increase in CDI frequency
and posed a significant burden on the healthcare
system over the past 10 years. According to data
published in the last decade, the annual cost of
treating CDI in the United States ranges between
436 million and 3 billion dollars.'® Similarly to
other authors, we wondered about the impact
of the COVID-19 pandemic on the CDI rate, as
some of risk factors for both diseases are similar
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TAELE 1  Risk factors for Clostridioides difficife infection in patients with coronavirus disease 2019

Variable All (n = 441) With CDI (n = 48) Without CDI (n = 393)  CramerV or MD (95% Cl)* P value
Age, y, mean (SD) 66.76 (18.43)  74.94 (15.68) 65.76 (18.51) 9.18%(3.7-14.66) 0.001
Hospitalization time, d, median (IQR) 16 (10-24) 21.5(15-33) 15 (9-22) -6.50° (-12 to —4) <0.001
Death 148 (33.6) 16 (33.3) 132 (33.6) 0.01 0.97
Antibiotics Any 354 (80.3) 42 (87.5) 312(79.4) 0.06 0.18
Azithromycin 214 (48.5) 28 (58.3) 186 (47.3) 0.07 0.15
Other than 300 (68) 39(81.3) 261 (66.4) 0.1 0.037
azithromycin
Chloroguine 321 (72.8) 40 (83.3) 281 (71.5) 0.08 0.08
Lopinavir/ritonavir 60 (13.6) 4(8.3) 56 (14.2) 0.05 0.26
PPls 197 (44.7) 26 (54.2) 171 (43.5) 0.07 0.16
Comorbidities 385 (87.3) 46 (95.8) 339(86.3) 0.09 0.1
Cardiovascular disease 269 (61) 36 (75) 233(59.3) 0.1 0.035
Respiratory system disease 61 (13.8) 10(20.8) 51(13) 0.07 0.14
Diabetes 111 (25.2) 16 (33.3) 95 (24.2) 0.07 0.17
Chronic kidney disease 89 (20.2) 15(31.3) 74 (18.8) 0.1 0.043
Nervous system Any 108 (24.5) 19 {39.6) 89 (22.8) 0.12 0.01
disease Dementia 47 (10.6) 10(20.8) 37(9.4) 0.11 0.016
syndrome
Stroke 42 (9.5) 8(16.7) 34(8.7) 0.08 0.07
Epilepsy 16 (3.6) 3(6.3) 13(3.3) 0.05 0.30
Parkinson 6(1.4) 2(42) 4(1) 0.08 0.08
disease
Schizophrenia 6 (1.4) 2(42) 4(1) 0.08 0.08
Other 7(1.6) 0 7(1.8) 0.04 0.35
>1 disease 18 (4.1) 6(12.5) 12(3.1) 0.14 0.002
Cancer 75 (17) 10(20.8) 65 (16.5) 0.04 0.46
Onset of abdominal symptoms before 142 (32.2) 17 (35.4) 125(31.8) 0.02 0.61
hospitalization
Onset of abdominal symptoms during 113 (25.6) 25(52.1) 88 (22.4) 0.21 <0.001

hospitalization

Data are presented as number {percentage) of patients unless otherwise indicated.

a  Groups compared with the y? test or the Fisher exact test for dichotomous variables and with the t test (age) or the Mann—\Whitney test
(hospitalization time)

Abbreviations: CDI, Clostridioides difficile infection; IQR, interquartile range; MD, mean or median difference; PPls, proton pump inhibitors

TABLE 2 Multivariable logistic regression model for Clostridioides difficile infection (advanced age, hospitalization, and immunodefi-
in patients with coronavirus disease 2019 (B coefficient of logistic regression) ciency). Antibiotics are more frequently used in
v . atients with COVID-19 and also a direct altera-
SHArRCIErSte Coetiicient SE Fyae 08 et tpion of microbiota by SARS-CoV-2 has been ob-
Age. y 0.02 0.01 0.13 102 0.99-1.04 served.'*"" A single research letter on 9 CDI cas-
Hospitalization time, d 0.03 0.01 0.01 1.03  1.01-1.05 es has been published recently.’® The study co-
Intensive care unit stay -1.44 052 0.006 024 0.08-0.61 hort from Detroit Medical Center hospitalized
Use of antibiotics other 0.58 0.41 016 179 0.82-4.24 from March 11 to April 22, 2020 included elder-
than azithromycin ly women with SARS-CoV-2 infection. Two oth-
Cardiovascular disease 0.24 041 056 127 058-2.94 er reports’"”' presented contradictory findings:
Chronic kidney disease 0.4 038 023 158 074329  2decreased number of cases anda stable number
Nervous system disease  0.29 035 041 134  0.66-2.66 of cases compared with the prependemic era, re-

spectively. It is possible that the problem of CDI
Onset of abdnrpinal 1.22 0.35 0.001 3.38 1.711-6.72 in patients with COVID-19 is underestimated.
:;:Lpi::ﬁg :t:i: n""g Our study showed, for the first time, that the

incidence of CDI during the current pandemic is
Constant S0 99 <000 - - much higher than before—10.9% versus 2.6%.
There are numerous reasons for this observation:
advanced age of patients, prolonged hospitaliza-
tions, and widespread antibiotic use.

Abbreviations: OR, odds ratio
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TAELE 3 Risk factors for Clostridioides difficile infection before and during coronavirus disease 2019 pandemic

Patients with CDI before the Patients with CDI and SARS-  Cramer V

SARS-CoV-2 pandemic (n =77)  -CoV-2 infection (n = 48) or MD (95% Cl)*
Female sex 81(64.8) 55(71.4) 26 (54.2) 0.18 0.049
Age, y, mean (SD) 72.19(16.89) 70.48 (17.48) 74.94 (15.68) —4.46° 0.15

(—10.58 to 1.66)

Hospitalization, d, median (IQR) 21 (13-31) 19 (12-26) 21.5 (15-33) -2.5°(-8to 1) 0.1
Any antibiotics 94 (75.2) 52 (67.5) 42 (87.5) 0.22 0.012
PPls 58 (46.4) 32 (41.6) 26 (54.2) 0.12 0.17
Comorbidities 115 (92) 69 (89.6) 46 (95.8) 0.1 0.36
Cardiovascular disease 86 (68.8) 50 (64.9) 36 (75) 0.1 0.24
Respiratory system disease 19(15.2) 9(11.7) 10(20.8) 0.12 017
Digestive system disease 40 (32) 22 (28.6) 18 (37.5) 0.09 0.3
Diabetes 36 (28.8) 20 (26) 16 (33.3) 0.08 0.38
Chronic kidney disease 27 (21.6) 12 (15.6) 15(31.3) 0.19 0.038
Nervous system disease 28 (22.4) 9(11.7) 19 (39.6) 0.33 <0.001
Cancer 18 (14.4) 8(104) 10 (20.8) 0.14 0.1

Data presented as number (percentage) of patients unless otherwise indicated.

a Groups compared with the y? test or the Fisher exact test for dichotomous variables and with the t test (age) or the Mann-Whitney test

(hospitalization time)

Abbreviations: see TABLE 1

Several studies have presented data on anti-
biotic use in patients with COVID-19. A single-
-center study from Wuhan, China, has reported
that 94% of critically ill patients received anti-
biotics.?” Another study of 799 moderately-to-
-severely ill patients provided similar numbers:
between 89% and 93% of patients were treated
with antibiotics. In our cohort, antibiotics were
administered in 80.3% of the patients—a low-
er proportion—but there was still an increase
in antibiotic use, expressed as daily antibiotic
intake per 100 person-days of hospitalization,
from 57.2 before the pandemic to 105 during
the pandemic. In our analysis, we considered
all the antibiotics together and also azithro-
myecin separately (as for some time its use was
more widespread due to the unpublished French
data’®) and, surprisingly, we found that it is
antibiotics other than azithromycin that are
mainly associated with CDI development. This
might be due to the fact that azithromycin car-
ries a comparatively lower risk of CDI.?*

Due to the lack of data on the effects of drugs
used for COVID-19, we also examined the ef-
fects of chloroquine and lopinavir/ ritonavir
and showed that they did not impact CDI de-
velopment. Proton pump inhibitor therapy was
not used more often in our cohort that devel-
oped CDI, which is not entirely surprising, as nu-
merous observational studies and meta-analyses
have reported conflicting results regarding the as-
sociation of PPI therapy with the risk of CDI.?**
Glucocorticoids were not included in the anal-
ysis, because, at the time when the study was
conducted (March 15-June 15, 2020), they were
scarcely used for COVID-19 treatment (the re-
sults of the RECOVERY (Randomised Evaluation
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of COVID-19 Therapy) trial were published on
June 17, 2020).2¢

In our multivariable logistic regression model,
hospitalization time (P = 0.01), stay in an ICU (P =
0.006), and onset of abdominal symptoms during
hospitalization (P = 0.001) were associated with
CDI development. Antibiotic use was not related
to CDI development in this model—we suspect
that it was due to the presence of a weak assodi-
ation (V = 0.1 for antibiotics other than azithro-
mycin) and might be an indicator of an unknown
variable associated with CDI. The duration of hos-
pitalization is often reported as a risk factor for
CDL?" so this finding is not surprising. We can-
not explain why ICU stay seems to be a protec-
tive factor—in our view, a confounding factor may
exist here—probably, ICU stays were short, since
it has been known that the prognosis of patients
with COVID-19 who require mechanical ventila-
tion is poor.?® A more liberal CDI testing strate-
gy might be another possible explanation, which
would suggest that the true number of patients
with CDI during the pandemic is even higher.

The clinical manifestations of CDI range from
mild diarrhea to life-threatening fulminant coli-
tis. Patients usually present with leukocytosis,
malaise, abdominal cramping, pain, and watery
diarrhea.” Unfortunately, isolated gastrointesti-
nal symptoms might be present in the course of
COVID-19 in up to 10% of patients.*’ For this rea-
son, sometimes it is difficult to differentiate be-
tween the 2 diseases. Strict protocols for the di-
agnosis of CDI are therefore needed. Our finding
that an onset of abdominal symptoms during hos-
pitalization is a risk factor for CDI seems to be of
importance and might help hospitalists who take
care of patients with COVID-19.
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The evaluation of our model indicated the pres-
ence of other unassessed variables that had an im-
pact on the occurrence rate of CDI in patients with
SARS-CoV-2 infection. The following hypothesis
is, obviously, purely speculative, but it might con-
firm the direct alteration of microbiota by SARS-
-CoV-2 and requires further research. In a pilot
study of 15 patients with COVID-19 compared
with controls, persistent alterations in the fe-
cal microbiome were found during hospitaliza-
tion.'* Yet, another study of 30 patients showed
significantly reduced bacterial diversity, a high-
er relative abundance of opportunistic patho-
gens, and a lower relative abundance of benefi-
cial symbionts,” so the issue of microbial altera-
tions seems fascinating and remains a potential
treatment target in both diseases. Furthermore,
there has been evidence on the role of probiotics
in the treatment of COVID-19. Lactobacilli and
bifidobacteria have shown a promising benefi-
cial effect and their administration might over-
come gut dysbiosis induced by SARS-CoV-2 infec-
tion.’” However, the role of probiotics, although
interesting, remains unproven. Since, according
to guidelines, adjunctive probiotics are not rec-
ommended for CDI treatment,** they were not
used in our cohort of patients.

We also examined whether the factors re-
sponsible for CDI in our study population dur-
ing the pandemic differed from those present in
the prepandemic period. There was no significant
difference in terms of age, hospitalization time, or
frequency of PPI use between patients with CDI
during the SARS-CoV-2 pandemic and those treat-
ed before the pandemic. The most striking differ-
ence was seen in antibiotic use, which is proba-
bly a relevant factor in SARS-CoV-2/CDI coin-
fection. Other factors included nervous system
disease and CKD, of which CKD carries a known
risk of CDL.*’

Strengths and limitations Some limitations of our
study should be acknowledged: lack of character-
istics of a large cohort of prepandemic patients
(although we did obtain the characteristics of
the prepandemic patients with CDI) and different
timespans for the analysis of the 2 study cohorts.
However, as explained above, since (according to
a large European study) CDI is not a seasonal dis-
ease'® and we included all hospitalized patients
in a given time interval, living in the same geo-
graphical region, and treated a single center of-
fering the same standard of care, the same test-
ing strategy, a predictable range of services, and
identical antimicrobial stewardship programs
to all patients, the 2 groups could be compared.
Moreover, the major strength of our study is
the fact that, to our knowledge, it is the first re-
port on a considerably higher rate of CDI in hos-
pitalized patients during the pandemic. Even
though the probability of coinfection has always
been regarded as high and speculated upon,**
the high rate of CDI and SARS-CoV-2 coinfec-
tion has not been confirmed yet. We acknowledge
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that the findings of our study are in contrast to
other recent publications, one of which report-
ed a lower incidence of CDI,?! while another one
showed a similar incidence of CDI*" among pa-
tients with SARS-CoV-2 infection. The universal
use of personal protective equipment, including
gowns and gloves, can account for a lower rate
of CDI coinfection. Unfortunately, studies per-
formed in the prepandemic era did not confirm
that improving hospital cleaning procedures®*
or moving patients to new locations or single
rooms influenced the rate of CDI.*® In our hos-
pital, all preventive measures were implemented,
including personal protective equipment, patient
isolation, visit restrictions, reinforcements, and
continuous education of the cleaning staff, but
the rate of CDI still remained high. Therefore, al-
though we are convinced that our data hold true,
we cannot explain why the results obtained in var-
ious centers vary so considerably. In a retrospec-
tive cohort from New York, described by Luo et
al,?” there was a trend towards a larger percent-
age of positive tests yet a smaller percentage of
tests sent as compared with the prepandemic
era. Similarly, in a report from Madrid,?' there
was a 9.8% reduction in the rate of requests for
CDI tests. One might speculate that, perhaps, as
abdominal symptoms of COVID-19 are common,
in the heat of the pandemic and with the subse-
quent shortage of healthcare staff, CDI was not
often considered in differential diagnosis. Fur-
ther prospective observational data will be need-
ed to solve this conundrum.

Conclusions In this study, we observed a signifi-
cant increase in the incidence of CDI among hos-
pitalized patients during the pandemic compared
with the prepandemic period. The widespread an-
tibiotic use constituted a crucial risk factor for
CDI, although its effect was weak. Direct micro-
biota alteration by SARS-CoV-2 may be anoth-
er possible explanation for the increased CDI
incidence. A question should be raised whether
we are facing an increase in the expected num-
ber of CDI cases. And since the answer might
be positive, strict antibiotic stewardship pro-
grams and further research on microbiota alter-
ation in COVID-19 are needed. The appearance
of abdominal symptoms during hospitalization
might be a relevant signal of CDI development.
Clinicians should be aware of the risk of coin-
fection and remain vigilant—following proto-
cols for CDI screening during the pandemic are
of great importance.
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Abstract

SARS-CoV-2 infection manifests mainly by involving the respiratory system. Due to the presence of abdominal symptoms,
the digestive system is clearly involved in the expression, transmission, and possible pathogenesis of COVID-19. There are many
theories regarding the development of abdominal symptoms, including angiotensin 2 receptor, cytokine storm, and disturbances
of the intestinal microbiome. This paper provides an overview of the most important meta-analyses and publications on gastro-

intestinal symptoms and the gut microbiome in COVID-19.

Introduction

The 2019 coronavirus disease (COVID-19) can be
clinically characterized as a pneumonia that often leads
to respiratory failure; the gastrointestinal (GI) tract is
strongly involved, which translates into the disease’s
manifestation and possible transmission. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) enters
a host cell through a receptor on its surface. This re-
ceptor is the angiotensin-converting enzyme 2 receptor,
which is more numerous in the Gl tract than in the re-
spiratory system [1-3]. The genetic material of the virus
has been detected in stool in up to 50% of patients. It
is possible that an intestinal infection may adversely
affect lung infection through changes in the intestinal
microbiome, the phenomenon of cytokine storm, and
increased intestinal permeability [1, 4-8]. Abdominal
symptoms are common among COVID-19 patients, but
reports regarding their frequency or impact on disease
course are contradictory.

Studies published at the beginning of the pandemic
suggested that Gl symptoms occur in less than 10% of
patients; this was confirmed in the last 2 meta-analyses
[9-13]. However, the results of most studies suggest
that abdominal symptoms are more common - from

30% to 60% [14-17]. The issue of abnormal laborato-
ry test results concerning liver function has also been
raised, estimated to occur in 15% to 50% of cases [9,
12, 13, 15]. The effect of Gl involvement on the severity
of COVID-19 is still unclear [18-21].

Gastrointestinal symptoms

Cheung et al., in their study and meta-analysis of
findings from publications, found that 17.6% of pa-
tients with COVID-19 had GI symptoms. Maoreover, vi-
rus RNA was detected in the stool samples of 48.1%
of patients. Among 25.4% of patients who presented
Gl symptoms, the most common symptom was diar-
rhoea in 22%, followed by abdominal pain/discomfort
in 11.9%, and vomiting in 1.7% of patients. Stool viral
RNA was found in 15.3% of cases, and it was higher
among those with diarrhoea. For the meta-analysis of
all Gl symptoms, Cheung et al. took into consideration
4243 patients with COVID-19 from 60 studies. The
most common symptom, described by 26.8% of the
cohort, was lack of appetite, which is not very specific.
Diarrhoea was the second most common, in 12.5% of
patients, followed by nausea/vomiting in 10.2%, and
abdominal pain/discomfort in 9.2%. Significant hetero-
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geneity was seen for anorexia, nausea/vomiting, and
diarrhoea. Chueng et al. concluded that the actual prev-
alence of any Gl symptoms could be underestimated
because many earlier studies did not report symptoms
other than diarrhoea, and they also pointed to the prob-
ability of faecal transmission. They also showed many
similarities to SARS and MERS infections [22].

In a multicentre cohort study across 9 hospitals in
the United States, a total of 318 patients with con-
firmed COVID-19 were included. Overall, 61.3% of the
patients reported at least 1 Gl symptom on presenta-
tion; the most common were loss of appetite (34.8%),
diarrhoea (33.7%), and nausea (26.4%) [16]. The fre-
guency of Gl symptoms in this study was higher than
in studies from China.

In the largest meta-analysis, which was performed
by Tariq et al., a total of 78 studies with 12,797 patients
were included. Among the Gl symptoms, loss of appe-
tite occurred in 22.3% of the individuals, diarrhoea in
12.4%, nausea/vomiting in 9.0%, and abdominal pain
in 6.2%. Mortality in the group of Gl symptoms was
0.4%, which was similar to the overall mortality (2.1%;
p = 0.15). Significant heterogeneity was reportedin the
diarrhoea and nausea/vomiting. They summarized that
Gl symptoms are seen up in up to 1 in 5 patients with
COVID-19. The highest prevalence was for anorexia,
whereas the other symptoms occurred in up to 10% of
patients. Tariq ef al. concluded that this must be under-
stood with caution because variable follow-up, lack of
uniform criteria for mortality, and lack of adjustment for
confounders would prevent proper estimation of mor-
tality. The amount of diarrhoea and nausea/vomiting
were lower in the studies from China than in studies
conducted outside China, probably due to increasing
knowledge and awareness of the presence of Gl symp-
toms. They pointed out that patients with mild disease
were not admitted to the hospital, which could affect
estimates of symptom prevalence. Also, the exclusion
of this group means that Gl symptoms may beunder-
reported. Moreover, in the included studies there
was no information on Gl-specificlaboratory tests,
endoscopy reports, histopathology reports, or imaging.
The overall mortality was similar to the mortality in
patients with GI symptoms, so there was no uniform
definition for COVID-19-attributable mortality [23].
Standardization is crucial, so the following should be
defined: death due to the infection itself or to comorbid
disease, and the time frame. The systemic review did
not assess the effect of different factors, such as age or
comorbid diseases.

Elmunzer et al. examined the occurrence and in-
fluence of abdominal symptoms on the course of
COVID-19. 1992 patients from 36 centres were included
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in the study. A regression analysis was performed to as-
sess the association between digestive symptoms and
the severity of COVID-19. Of the 1992 patients, 53%
experienced at least 1 Gl symptom at any time during
the disease, the most common ones being diarrhoea
(34%), nausea (27%), vomiting (16%), and abdominal
pain (11%). In 74% of the cases, the Gl symptoms were
mild. After adjusting for potential confounders, the
presence of Gl symptoms at any time (odds ratio (OR)
=0.93; 95% Cl: 0.76-1.15) or liver test abnormalities
on admission (OR = 1.31; 95% Cl: 0.80-2.12) were not
associated independently with mechanical ventilation
or death. In their conclusions, they emphasized that GI
symptoms and liver function test abnormalities were
common, but most were mild and not associated with
a more severe clinical course [24].

The concept of the gut-lung axis in
COVID-19

In the human gut, the existing microbiome consists
of 10** microorganisms, including bacteria, archaea,
viruses, and fungi [25]. Bacteria of the genera Actino-
bacteria, Firmicutes, Proteobacteria, and Bacteroidetes
should dominate the composition of the normal intes-
tinal microbiome [26]. It positively influences various
physiological functions in the human body and exerts
a key role through its protective, trophic, immunomodu-
latory, and metabolic effects. The presence of beneficial
microorganisms in the respiratory tract, mainly in the
lungs, has also been described [27]. Bacteroidetes and
Firmicutes are considered to be the dominant bacteria
in the intestine. A similar relationship has been proven
in the respiratory tract where Bacteroidetes, Firmicutes,
and Proteobacteria are present [28]. The relationship
between the presence of similar strains of bacteria
in the intestine and the lungs is associated with the
exchange between the intestinal microbiota and the
lungs and is defined as the “gut-lung axis” [29]. The fact
that endotoxins and metabolites produced by bacteria
(e.g. during pneumonia) in the bloodstream can induce
changes in the intestinal microbiome suggests that this
axis is bidirectional [30]. A deterioration in the composi-
tion of the intestinal microbiome has been demonstrat-
ed in respiratory infections [31]. The theory that improv-
ing the composition of the gut microbiome may benefit
and reduce inflammation in the lungs seems to be valid.
Current data show that disturbance of the gut micro-
biome during infection with SARS-CoV-2. COVID-19 is
most often pneumonia, which can sometimes lead
to acute respiratory distress syndrome (ARDS) [32].
There are reportsof a role of the gut microbiome in
the pathogenesis of sepsis and ARDS [33]. Additionally,
it is well known that deterioration of the quality of the
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intestinal microbiome, i.e. dysbiosis, may thenbe asso-
ciated with many diseases or may worsen the course of
comorbidities [34].

Gut microbiota in COVID-19

Zuo et al. investigated changes in the intestinal
microbiome of patients with confirmed SARS-CoV-2
infection during hospitalization and assessed the rela-
tionship between the disease severity and the excretion
of viral genetic material in the faeces. They performed
shotgun metagenomic sequencing on faecal samples
from 15 COVID-19 patients. During hospitalization,
samples were taken 2 or 3 times a week. Patients with
SARS-CoV-2 infection had significant changes in their
gut microbiome compared with the controls, character-
ized by an enrichment of opportunistic pathogens and
a depletion of beneficial commensals during hospital-
ization and at all time-points during hospitalization. De-
pleted symbiotes and gut dysbiosis persisted even after
SARS-CoV-2 infection. An abundance of Coprobacillus
spp., Clostridium ramosum, and Clostridium hathewayi
at baseline correlated with the severity of COVID-19;
there is an inverse correlation between the abundance
of Faecalibacterium prausnitzii (an anti-inflammato-
ry bacterium) and theseverity of the disease. During
hospitalization, Bacteroides dorei, Bacteroides thetaio-
taomicron, Bacteroides massiliensis, and Bacteroides
ovatus — which downregulate angiotensin-2-convert-
ing enzyme expression in the gut of mice — inversely
correlated with SARS-CoV-2 burden in patients’ stool
samples. They found permanent changes in the fecal
microbiome during hospitalization compared with the
control group. The changes in the microbiota were as-
sociated with the levels of SARS-CoV-2 and COVID-19 in
the faeces. Moreover, the reduction of ACE2 expression
in the intestines of mice showed a significant inverse
correlation with the viral load of SARS-CoV-2 in the fae-
ces of COVID-19 patients [35].

Probiotics in COVID-19

The response to SARS-CoV-2 infection may be reg-
ulated by the gut microbiome, which is instrumental
in maintaining optimal immune function by preventing
an excessive inflammatory response. Microorganisms
serve as a source of microorganism-associated molec-
ular patterns (MAMPs) as well as pathogen-associated
molecular patterns (PAMPs). Both are recognizable on
host cells by pattern recognition receptors (PRRs), which
include Toll-like receptors (TLRs) and nucleotide bind-
ing receptors [36]. TLRs recognize MAMPS and PAMPs
among other molecules and elicit different immune re-
sponses depending on the cell type: ligand or receptor.
PRR training with expression of innate cells with micro-

bial/non-microbial ligands of the intestine is needed as
a protective mechanism that is independent of adaptive
immunity during secondary infection or pathogen ex-
posure [36]. The metabolites secreted by the gut mi-
crobiota and immunomodulatory signals, which include
short chain fatty acids — such as butyrate, acetate, and
propionate — and secondary bile acids secreted by com-
mensals such as Bifidobacteria spp., bind to their recep-
tors in cells and macrophages, thereby modulating their
metabolism and functions [37]. The introduction of pro-
biotic strains such as Bifidobacterium lactis into healthy
elderly volunteers resulted in a significant increase in
the percentage of mononuclear leukocytes and the an-
ti-tumour activity of NK cells [38]. The composition of
a balanced gut microbiota has a great influence on the
effectiveness of lung immunity [27]. Disturbances in
the gut microbiome due to the widespread use of an-
tibiotics may alsohave a similar effect as that observed
in population studies where the increased use of peni-
cillins, cephalosporins, macrolides, and quinolones cor-
related with an increased risk of lung cancer in humans
[39]. Probiotics have shown good results in improving
inflammation as well as regulating innate immunity via
TLRs and the relevant signalling pathways [40]. Studies
based on a mouse model have shown that Treg cells,
which downregulate allergic response, can beinduced
by the administration of probiotic bacteria such as
Lactobacillus rhamnosus, Bifidobacterium lactis, and Bi-
fidobacterium breve [41]. One conclusion suggests that
modulation of the gut microbiota may affect immunity
during SARS-CoV-2 infection.

ACE-2 receptor in COVID-19

The ACE2 receptor, through which the virus enters
a cell, has many functions in the Gl tract, regulating
intestinal amino acid homeostasis, modulating the in-
testinal microbiome, and influencing the expression
of antimicrobial peptides, among other things [42]. It
has been found that COVID-19 running may reduce the
amount of ACE2 in various tissues, which, as with func-
tional diseases, may cause irritable bowel syndrome,
disorders of the gut microbiome, and micro-inflamma-
tion in the digestive tract, for example [43]. This theory
largely explains the occurrence of ailments such as ab-
dominal pain and diarrhoea. In addition, blocking ACE2
appears to be a potential treatment option for SARS-
CoV-2, and research is currently underway. Among the
new compounds under development is human recombi-
nant soluble ACE-2 (hrs-ACE-2 [APNO1; Apeiron Biolog-
ics, Vienna, Austria]), which has 2 mechanisms of action
that should theoretically be beneficial for COVID-19. The
first is to bind the viral peak protein and thus neutral-
ize SARS-CoV-2, and the second is to minimize dam-
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age to many organs, including the lungs, kidneys, and
heart, due to the unrelenting hyperactivation of the
renin-angiotensin system and increased angiotensin
Il levels. ACE-2 administration for 4-6 h was tested in
89 patients, namely, healthy volunteers in phase | stud-
ies and patients with ARDS in phase Il clinical studies,
with an acceptable safety profile. Moreover, hrs-ACE-2
can reduce the SARS-CoV-2 load 1000 to 5000 times in
in vitro cell culture and modified organoid experiments,
which directly shows that ACE2 can effectively neutral-
ize SARS-CoV-2 [44].

Cytokine storm in COVID-19

The term cytokine release syndrome (CRS), more
commonly known as cytokine storm, is used to de-
scribe the abnormal secretion of mediators and associ-
ated immunopathological events that occur after severe
bacterial and viral infections. CRS is associated with an
excessive pro-inflammatory response and an ineffective
anti-inflammatory control mechanism, leading to tissue
damage. The human immune system plays a pivotal role
in eliminating infectious agents such as influenza and
coronaviruses by recruiting leukocytes and releasing cy-
tokines. The limited and well-harmonized stimulation of
immune responses is usually the body’s first mechanism
of action to build up defence against any viral infection.
Nevertheless, an unregulated and over-exaggerated im-
mune response can alter immune function, leading to
tissue damage and organ failure. Gu et al. postulated
that the production of various cytokines that cause cy-
tokine storms in SARS-CoV-2 patients causes immuno-
pathogenic injuries [45]. Therefore, effectively lowering
the levels of pro-inflammatory cytokines in patients
with severe COVID-19 is crucial in order to prevent the
deterioration of their health. Hojyo et al. confirmed that
during SARS-CoV-2 infection, the alveolar epithelial cells,
macrophages, and circulating monocytes are activated
by TLRs, which are among the larger set of PRRs. Thanks
to their immune memory, they recognize the threat and
then produce a large number of inflammatory cytokines
and chemokines that attract even more immune cells,
especially monocytes and T cells, causing widespread
pneumonia [46]. Xu et al. presented the results of au-
topsies in COVID-19 patients, in which lung-dominated
interstitial mononuclear inflammatory infiltrates and
severe lymphopaenia with hyperactivated T cells in the
peripheral blood were found [47]. Moreover, Qin et al.
demonstrated that COVID-19 patients also had a low-
er level of regulatory T lymphocytes, which were more
clearly lowered in cases of severe infections [48]. Huang
et al. proved that patients hospitalized due to a severe
course of COVID-19 showed high levels of IL-2, IL-7,
IL-10, IL-18, G-CSF, TNF, CXCL10, MCP1, and MIP1a in
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the serum, which confirms that COVID-19 may be asso-
ciated with cytokine storming [10].

These findings have led to the hypothesis that the
main cause of death in COVID-19 is ARDS due to the
cytokine storm. Intravascular coagulation was one of
the causes of multi-organ damage mediated mainly by
inflammatory cytokines, in particular IL-6 [10, 47, 48].
Patients presented multi-organ failure with coagulation
disorders represented by lower platelet counts and in-
creased levels of D-dimers, which were associated with
poor prognosis and could explain the presence of mi-
croclots in the lungs, limbs, brain, heart, Gl organs, and
kidneys. Park et al. recognized cell apoptosis induced by
SARS-CoV-2 infection as another cause of multi-organ
failure, leading to vascular leakage and inducing a cy-
topathic effect on cells [49]. It therefore appears that
disease worsening or mortality may also be due to a cy-
tokine storm, including ARDS, from viral lung infection,
which is responsible for whole-body multi-organ failure.
These inflammatory mediators can also lead to vascular
hyperpermeability and may stimulate ACE2-expressing
endothelial cells in arteries and veins, which together
with viral particles cause systemic inflammation.

Conclusions

We need to understand every possible pathomech-
anism in the course of COVID-19 as soon as possible.
The presence of SARS-CoV-2 RNA in the stool in some
patients, as well as Gl symptoms and disturbances in
the intestinal microbiome, may play an important role in
determining the course of this disease. Medicines used
to treat COVID-19 can also be considered a cause of
Gl symptoms, because azithromycin, lopinavir, and ri-
tonavir often cause side effects of diarrhoea, abdominal
pain, or nausea [50]. Elderly people, immunocompro-
mised patients, and patients with other comorbidities
such as type 2 diabetes mellitus or cardiovascular dis-
orders have a much more severe disease course and
a significantly higher risk of death.

Studies published at the beginning of the pandemic
suggested that GI symptoms occur in less than 10% of
patients [9-13]. However, the results of most studies
suggest that abdominal symptoms are more common,
from 30% to 60% [14-17]. The issue of abnormal liver
function laboratory test results has also been raised,
which is estimated to occur in 15% to 50% of cases [9,
12, 13, 15]. The effect of Gl involvement on the sever-
ity of COVID-19 is still unclear [18-21]. Most studies
to date have reported that the presence of abdominal
symptoms worsens the course of COVID-19. The reports
by Livanos et al. and the extensive work carried out in
North American centres by Elmunzer et al. seem to be
an exception. Livanos et al. postulated a theory based
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on the protective role of Gl symptoms on the course
of COVID-19. The presence of these symptoms atten-
uates SARS-CoV-2 and leads to a lower inflammato-
ry response, which in turn reduces the clinical course
of the disease [51]. Elmunzer et al. concluded that Gl
symptoms and liver test abnormalities were common
in patients hospitalized with COVID-19, but that the
majority were mild and not associated with a more se-
vere clinical course [25]. The current research, howev-
er, requires validation; meta-analyses are necessary to
clearly establish how abdominal symptoms affect the
prognosis of COVID-19 patients.

It is worth noting that in patients with COVID-19,
there are numerous data on disturbances in the gut
microbiome, so there is a possibility that intestinal
dysbiosis may also influence the clinical symptoms of
COVID-19. Many probiotics have been shown to improve
or relieve lung disease by modulating the immune sys-
tem. The best way to modulate it is by following a bal-
anced diet, which should be refined depending on the
patient’s needs. This may improve and accelerate the
recovery of patients, especially elderly or immunocom-
promised people infected with SARS-CoV-2. An effective
nutritional strategy and specific functional food target-
ing the gut microbiome for a specific population group
can significantly improve the prognosis of COVID-19
patients. It certainly requires more careful research that
can help us in the unequal fight against SARS-CoV-2.
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prof. dr hab. n. med. Robert Gil

Z-ca przewodniczgcego:

ks. Dariusz Cempura
Czlonkowie:

prof. dr hab. n. med. Edward Franek
prof. dr hab. n. med. Michal Powolny
prof. dr hab. n. med. Piotr Andziak

dr n. med. Matgorzata Dorobek

prof. dr hab. n. med. Andrzej Rydzewski
prof. dr hab. n. med. Grazyna Rydzewska- Wyszkowska
dr n. med. Jolanta Kotakowska

dr hab. n. o0 zdr. Adam Fronczak

mgr farm. Irena Szoszkiewicz

mec. Jarostaw Kocznur

piel. lic. Bozenna Majewska
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ul.Woloska 137, 02-507 Warszawa
email: komisja. ctykiw cskmswia.pl tel. +48-22-5081681 fax. +48-22-5081881
Przewodnicmcy Komisji: prof. dr hab.n.med. Robert J. Gi]

Kamig) :ad Dedaniami
na Ludziach | Zwierzetach
przy Centralnym Szpitaly Klinicznym MSW 4
w Warszawie
. 02-507 Warszawa, ul. Woloska 137
Informacja o

Posiedzenie Komisji Bioetycznej przy CSK MSWiA w Warszawie w dniu 01.07.2020r.
odbylo sie w tzw. formie hybrydowej. Obecni na sali posiedzenia byli:

® Prof. Robert J. Gj]
®  Mec. Jaroslaw Koczur

Natomiast laczyli si¢ on-line:

Ksigdz Dariusz Cempura

Dr hab.med. Matgorzata Dorobek
Prof. Michat Powolny

Lek.med. Jolanta Kolakowska
Prof. Grazyna Rydzewska

Prof. Andrzej Rydzewski

Dr hab.med. Adam Fronczak
Piel. Bozena Majewska

Glosowanie odbylo sie w oparciu o system internetowy (\\‘\\'w.inlcraankicl\apl)
umozliwiajacy tajne oddawanie gloséw. Wydanie stosownych ankiet dolgczone do aktualnego
posiedzenia.

Prof. Grazyna Rydzewska jako Koordynator swoich Badan wykluczylzﬂq z glosowania

Prze\»{ppd,nig%&- ‘
na L

Centralnen 4
4

Prof. dr hab. n/me 7
Prof. cdr !

1
Komisja Etvki i Nadzoru nad Badaniami na Ludziach i 7w 1erzgtach przy Centralnym Szpitaly Klinicznym MSWiA
ul. Woloska 137, 02-507 Warszawa, t¢] +48-22-5081681, fax +48-22-5081881
email: komisja etyki@ cskmswia p!
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13. Oswiadczenia wspoétautorow publikacji okreslajace indywidualny

wkiad (udziat merytoryczny i procentowy) kazdego z nich w ich
powstanie:

Warszawa, dn. 11 lutego 2022 roku

lek. Konrad LewandowskKi

OSWIADCZENIE

Jako wspotautor pracy pt. ,Gastrointestinal symptoms in patients with coronavirus 2019
(COVID-19) - friend or foe?” o$wiadczam, iz méj wiasny wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie koncepcii, metodyki, zbieranie danych, interpretacii
wynikéw oraz napisanie manuskryptu.

M6j udziat procentowy w przygotowaniu publikacji okreslam jako 75%, obejmowat on:
przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikéw oraz napisanie
manuskryptu.
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Warszawa, dn. 11 lutego 2022 roku

dr n. med. Magdalena Kaniewska

OSWIADCZENIE

Jako wspétautor pracy pt. ,Gastrointestinal symptoms in patients with coronavirus
2019 (COVID-19) — friend or foe?" o$wiadczam, iz mdj wiasny wktad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: zbieranie danych.

M6j udziat procentowy w przygotowaniu publikacji okreslam jako 5%.
Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 75%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikéw

oraz napisanie manuskryptu.

Jednoczesénie wyrazam zgode na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej
lek. Konrad Lewandowski.
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Warszawa, dn. 11 lutego 2022 roku

dr n. med. Mariusz Rosotowski

OSWIADCZENIE

Jako wspétautor pracy pt. ,Gastrointestinal symptoms in patients with coronavirus
2019 (COVID-19) - friend or foe?” oSwiadczam, iz méj wiasny wktad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badar oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie koncepcji i metodyki.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.
Wkiad lek. Konrada Lewandowskiego w powstawanie publikacii okreslam jako 75%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikow
oraz napisanie manuskryptu.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy
doktorskiej lek. Konrada Lewandowskiego.
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Warszawa, dn. 11 lutego 2022 roku

lek. Adam Tworek

OSWIADCZENIE

Jako wspétautor pracy pt. ,Gastrointestinal symptoms in patients with coronavirus
2019 (COVID-19) — friend or foe?” oéwiadczam, iz méj wiasny wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: zbieranie danych.

M6j udziat procentowy w przygotowaniu publikacji okreélam jako 5%.
Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 75%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikow
oraz napisanie manuskryptu.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej
lek. Konrad Lewandowski.
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Warszawa, dn. 11 lutego 2022 roku

prof. dr hab. n. med. Grazyna Rydzewska

OSWIADCZENIE

Jako wspotautor pracy pt. ,Gastrointestinal symptoms in patients with coronavirus
2019 (COVID-19) — friend or foe?” odwiadczam, iz moj wiasny wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie koncepcji, metodyki i nadzér merytoryczny.

M¢éj udziat procentowy w przygotowaniu publikacji okreslam jako 10%.
Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 60%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacje wynikow

oraz napisanie manuskryptu.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy doktorskiej

lek. Konrada Lewandowskiego.
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Warszawa, dn. 11 lutego 2022 roku

lek. Konrad Lewandowski

OSWIADCZENIE

Jako wspotautor pracy pt. ,Clostridioides difficile infection in coronavirus disease 2019
(COVID-19): an underestimated problem?” o$wiadczam, iz m6j wtasny wktad merytoryczny
W przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w
formie publikacji stanowi: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji
wynikéw oraz napisanie manuskryptu.

Méj udziat procentowy w przygotowaniu publikacji okre$lam jako 60 %, obejmowat on:
przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikéw oraz napisanie

manuskryptu.
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Warszawa, dn. 11 lutego 2022 roku

dr n. med. Mariusz Rosotowski

OSWIADCZENIE

Jako wspdtautor pracy pt. ,Clostridioides difficile infection in coronavirus disease 2019
(COVID-19): an underestimated problem?” o$wiadczam, iz moj wiasny wktad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: przygotowanie koncepcji i metodyki.

M¢j udziat procentowy w przygotowaniu publikacji okreslam jako 10%.
Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 60%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacje wynikéw

oraz napisanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie ww. pracy jako czesci rozprawy doktorskiej

lek. Konrada Lewandowskiego.
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Warszawa, dn. 11 lutego 2022 roku

dr n. med. Magdalena Kaniewska

OSWIADCZENIE

Jako wspétautor pracy pt. ,Clostridioides difficile infection in coronavirus disease 2019
(COVID-19): an underestimated problem?” o$wiadczam, iz moj wiasny wktad merytoryczny
W przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w
formie publikacji stanowi: zbieranie danych.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 60%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikéw

oraz napisanie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej
lek. Konrad Lewandowski.
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Warszawa, dn. 11 lutego 2022 roku

lek. Piotr Kucha

OSWIADCZENIE

Jako wspotautor pracy pt. ,Clostridioides difficile infection in coronavirus disease 2019
(COVID-19): an underestimated problem?” o$wiadczam, iz moj wiasny wkiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w
formie publikacji stanowi: zbieranie danych.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 60%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikéw

oraz napisanie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Konrad Lewandowski.
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Warszawa, dn. 11 lutego 2022 roku

mgr Anna Meller

OSWIADCZENIE

Jako wspétautor pracy pt. ,Clostridioides difficile infection in coronavirus disease 2019
(COVID-19): an underestimated problem?” o$wiadczam, iz moéj wiasny wkiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badarn oraz przedstawienie pracy w
formie publikacji stanowi: zbieranie danych.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 60%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikow
oraz napisanie manuskryptu.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej
lek. Konrad Lewandowski.
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Warszawa, dn. 11 lutego 2022 roku

prof. nadzw. dr hab. n. med. Waldemar Wierzba

OSWIADCZENIE

Jako wspétautor pracy pt. , Clostridioides difficile infection in coronavirus disease 2019
(COVID-19): an underestimated problem?” o$wiadczam, iz moj wiasny wktad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w
formie publikacji stanowi: przygotowanie metodyki.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 60%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacje wynikéw

oraz napisanie manuskryptu.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy doktorskiej
lek. Konrada Lewandowskiego.
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Warszawa, dn. 11 lutego 2022 roku

prof. dr hab. n. med. Grazyna Rydzewska

OSWIADCZENIE

Jako wspétautor pracy pt. ,Clostridioides difficile infection in coronavirus disease 2019
(COVID-19): an underestimated problem?” o$wiadczam, iz méj wiasny wktad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w
formie publikacji stanowi: przygotowanie koncepciji, metodyki i nadzér merytoryczny.

M6j udziat procentowy w przygotowaniu publikacji okreslam jako 10%.

Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 60%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacje wynikéw
oraz napisanie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy doktorskiej

lek. Konrada Lewandowskiego.
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Warszawa, dn. 11 lutego 2022 roku

lek. Konrad Lewandowski

OSWIADCZENIE

Jako wspotautor pracy pt. ,Gastrointestinal symptoms in COVID-19" o$wiadczam, iz moj
wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: przygotowanie koncepcji, metodyki,
zbieranie danych, interpretacji wynikéw oraz napisanie manuskryptu.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 80%, obejmowat on:
przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikéw oraz napisanie
manuskryptu.
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Warszawa, dn. 11 lutego 2022 roku

dr n. med. Magdalena Kaniewska

OSWIADCZENIE

Jako wspdtautor pracy pt. ,Gastrointestinal symptoms in COVID-19" o$wiadczam, iz
méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi: zbieranie danych.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 80%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacji wynikow

oraz napisanie manuskryptu.

Jednoczeénie wyrazam zgode na wykorzystanie w/iw pracy jako cze$¢ rozprawy doktorskiej
lek. Konrad Lewandowski.
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Warszawa, dn. 11 lutego 2022 roku

dr n. med. Mariusz Rosotowski

OSWIADCZENIE

Jako wspoétautor pracy pt. ,Gastrointestinal symptoms in COVID-19" o$wiadczam, iz
ma6j wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: przygotowanie koncepciji i metodyki.

MG6j udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 80%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacje wynikéw

oraz napisanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/iw pracy jako cze$ci rozprawy doktorskiej
lek. Konrada Lewandowskiego.

...................................................
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Warszawa, dn. 11 lutego 2022 roku

prof. dr hab. n. med. Grazyna Rydzewska

OSWIADCZENIE

Jako wspétautor pracy pt. ,Gastrointestinal symptoms in COVID-19” oéwiadczam, iz
moj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi: przygotowanie koncepcji, metodyki i
nadzér merytoryczny.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 10%.

Wkiad lek. Konrada Lewandowskiego w powstawanie publikacji okreslam jako 80%,
obejmowat on: przygotowanie koncepcji, metodyki, zbieranie danych, interpretacje wynikow
oraz napisanie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czesci rozprawy doktorskiej
lek. Konrada Lewandowskiego.
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