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Impact of Novel Coronavirus Infection
on the Course and Prognosis of Cirrhosis

Albina G. Ismailova”, Roman V. Maslennikov, Maria S. Zharkova, Vladimir T. Ivashkin

I.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: to investigate the impact of COVID-19 on the course and prognosis of cirrhosis.

Materials and methods. This was a cohort study in patients with cirrhosis. We included patients with cirrhosis who
underwent a medical examination at our center between September 2019 and March 2020. We determined which
of these patients were infected with COVID-19, died of COVID-19, or died of cirrhosis complications within the fol-
low-up period from April 2020 to September 2021. Thereafter, we conducted a second medical examination of these
surviving patients with cirrhosis in September to December 2021.

Results. Among the 226 patients included in the study, 57 had COVID-19, among which 19 patients who died of
the disease. Acute-on-chronic liver failure (ACLF) developed in 16 (28.1 %) patients with cirrhosis and COVID-19,
13 (81.3 %) of whom died. One of the COVID-19 survivors eventually died of liver decompensation. Twenty patients
who did not have COVID-19 died of complications of cirrhosis (ACLF) during the follow-up period. The mortality rate in
patients who were infected with COVID-19 was higher than that in patients who were not infected (35.1 % vs. 14.2 %;
p=0.001). COVID-19 was an independent risk factor for death in patients with cirrhosis. No liver-specific factors pre-
disposing to COVID-19 infection were identified. A more impaired liver function in the pre-pandemic medical exam-
ination was a predisposing factor for death in patients who had COVID-19. Patients who died of COVID-19 had better
liver function in the pre-pandemic medical examination than patients without COVID-19 who died of complications
of cirrhosis during the follow-up period. The liver-related mortality rate and the incidence of liver decompensation or
bleeding from esophageal varices during the follow-up period were not significantly different between patients who
recovered from COVID-19 and patients with cirrhosis who did not have COVID-19. Among the analyzed survivors, no
significant changes were found in the main indicators of liver function after the follow-up period between patients
with and without COVID-19, except for the prothrombin index, which was higher in patients after COVID-19.
Conclusion. COVID-19 worsens the prognosis of patients with cirrhosis but does not substantially affect the course
of cirrhosis after the recovery from this infection.
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BnusHue HOBOM KOPOHABUPYCHOU UHPEKLIMN HA TeYEeHUue
M NPOrHO3 UMppoO3a nevyeHun

A.T. icmaunosa’, P.B. MacneHnHukoB, M.C. XXapkosa, B.T. MBaLukumH

®raA0Y BO «[Nepsbiti MockoBCkuii rocynapCTBEHHbI MEANLMHCKUE yHuBepcuTeT um. U.M. CeveHoBa» MuHucTepcTaa
3apaBooxpaHeHusi Poccuiickori @enepavumm (CeuyeHoBckuii YHusepcuteT), Mocksa, Poccurickas ®enepaums

Llenb uccnepoBaHus: nayyeHuve BamsaHus COVID-19 Ha TedeHmne 1 NPOrHo3 uMppo3a neyveHu.

Martepuanbl U meToabl. B faHHOE KOrOpTHOE MCCNef0oBaHME ObNM BKIIOYEHBI MAUWEHTHI C LIUPPO30M MEYEHN,
npoxoauBLLUne MeguumMHcKoe obcnenosaHune B nepuop ¢ ceHTaopsa 2019 no mapt 2020 r. Beio onpeneneHo, KTo
13 9TUX NaumeHToB O6bin MHdMumpoaH COVID-19, ymep ot COVID-19 nnmn ocnoxxHeHui umppo3a neyveHn B TeyeHne
nepuona HabnoaeHus (¢ anpens 2020 no ceHTsa6pb 2021 r.). [lanee B ceHTa6pe — gekabpe 2021 r. 6bi10 NpoBene-
HO MOBTOPHOE MEeaULIMHCKOE 06CNefoBaHME BKIIOYEHHbIX BbKMBLUMX NMALYEHTOB.

PesynbraTbl. Cpean 226 BkJIIOYEHHbIX NaUMeHToB Y 57 6bin BeiiBrieH COVID-19, B Tom ymcne 19 naumeHToB ymepnn
oT 310l 60o51e3HN. OcTpasa Ha GOoHE XPOHNYECKO NeYeHoYHasa HegocTaTtouHocTb (OXIMH) pasBunacb y 16 (28,1 %)
nauMeHToB ¢ uMppo3om neveHn n COVID-19, 13 (81,3 %) u3 koTopbix ymepnan. OamH 13 BebkmeLuvx nocne COVID-19
naumMeHToB B UTOre yMep OT AeKoMMneHcaunmn GyHKUMM neveHn. JgaaLaTte naumMeHToB, y KOTopbix He 6b1o0 COVID-19,
YMEpPJIN OT OCNOXHEHUIN unppo3a nedveHn (OXIMH) B TeyeHne nepuona HabnoaeHns. YpoBeHb CMEPTHOCTU Yy na-
LMEHTOB, NHUUMpOBaHHbLIX COVID-19, 6bin BbilLe, YEM Y HE NepeHecLunx 3To 3abonesaHue (35,1 % vs. 14,2 %;
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p=0,001). COVID-19 6bi11 He3aBUCUMbIM AKTOPOM PUCKa CMEPTU Y MaLMEHTOB C LMPPO30M neveHn. Cneundunye-
CKUX [151 MOpaXeHus neveHn hbakTopoBs, npeapacronaraLLmx K 3apaxeHuto COVID-19, BbisiBneHo He 6bino. bonee
3HauyuTesIbHble HapyLleHUs GYHKUUK NedYeHn Npu MeauumMHCKOM obcnenoBaHn nepes naHaemmen ouinm dakto-
pOM pucka cMepTu nauneHToB, nepedoneswinx COVID-19. MauneHTsl, ymepLume ot COVID-19, umenn coctosiHme
GYHKLUMN NeYeHn npu MeguuUMHCKOM obcnenoBaHnn nepen naHaeMuen nydile, 4em naumeHTbl, KoTopble YMepsu
OT OCJIOXKHEHWI LMPpPO3a NevyeHn B TeHeHne nepuoaa HabnoaeHns. CMepTHOCTb U3-3a AeKOoMMNeHcaunmn GyHKLMm
neyvyeHn, 4acToTa AEKOMMNEHCALMN MEYEHN U KPOBOTEYEHMI U3 BAPUKO3HO PACLUMPEHHbIX BEH MULLLEEBOAA B TEYEHME
nepvona HabnioaeHMs CyLLLECTBEHHO HE OTIMYaNMCh MexXay nauneHTamu, BbiagoposesLummm oT COVID-19, n nauu-
€HTaMu C LLMPPO30M NeYeHU, y KOTOPbIE HE MEPEHOCUN 3Ty MHeKLMIO. Cpeam BbDKMBLLUVIX HE BbIABAEHO 3HAYNUMOW
pPasHULpbI B 3HAYEHNM OCHOBHbIX NoKadaTenen GyHKLMN NeYeHn Mexay naumeHTamMmm, NepeHeCLUVIMUN U HE MEPEHEC-
wnmm COVID-19, 3a uckno4eHnemM NnpoTpoMOUHOBOI0 MHAEKCA, KOTOPLIV ObiN Bhille y naumeHToB nocne COVID-19.
3akniovyeHue. COVID-19 yxyauwiaet nporHoO3 nauyeHToB C LMPPO30M MEYEHU, HO HE OKa3blBAET CYLLECTBEHHOrO

BINAHNS HA TEYEHME LMPPO3a NEeYEHN NOC/E BbI3AOPOBAEHNS OT 3TOM MHMEKLNN.
Kniouesbie cnosa: COVID-19, SARS-CoV-2, KopoOHaBMpYyC, NeYeHb, LIMPPO3 NeYeHun, NPorHos
KoHdnukT HTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMNNKTA UHTEPECOB.

Ana untupoBaHusa: Vicmaunosa A.l., MacneHHukoB P.B., Xapkosa M.C., NeawknH B.T. BnusHne HOBOW KOPOHABUPYCHOM UH-
dekuMn Ha TeYeHe 1 NPOrHO3 LmMppo3a rneyeHn. POCCUICKMIA XypHan raCTPO3HTEPOSIONMK, renaTonornm, KononpoKTONIormn.
2023;33(6):65-80. https://doi.org/10.22416/1382-4376-2023-33-6-65-80

Introduction

Cirrhosis is a risk factor for an unfavorable
course of coronavirus disease (COVID-19). Patients
with cirrhosis are more likely to have a severe
course of the disease, to be hospitalized [1], and
to have a poor prognosis [2—6]. The liver is one of
the targets of COVID-19, resulting in the develop-
ment of inflammation, thrombosis, vasculitis, and
drug-induced and other damage to the organ [7—11].
According to a meta-analysis study, alterations in
the results of biochemical liver tests were observed
in almost 50 % of patients with COVID-19 in the
general population and were associated with more
severe disease and a higher risk of death [12]. Liver
cells express more receptors for severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) in
cirrhosis than normal liver cells, and this is more
pronounced in decompensated cirrhosis than in com-
pensated cirrhosis [13]. These receptors were report-
ed to be expressed in large amounts in hepatocyte
progenitor cells responsible for liver regeneration in
cirrhosis [14]. The mortality rate of patients with
cirrhosis has increased during the COVID-19 pan-
demic [15]. A previous study reported no significant
difference in mortality between COVID-19-infected
and uninfected hospitalized patients with cirrhosis;
however, only 37 patients with COVID-19 and cir-
rhosis were analyzed in this study [16]. Conversely,
an analysis of mortality during the first 2.5 months
of the pandemic among US veterans with cirrhosis
showed that the mortality rate was higher in pa-
tients who were infected with COVID-19 than in
those who were not infected [17]. Thus, the impact
of COVID-19 on the overall prognosis of patients
with cirrhosis remains unclear.

The aim of the study: to assess how COVID-19
affects the course and prognosis of a general co-
hort of patients with cirrhosis during a long-term
follow-up.

Materials and methods

This cohort study was approved by the eth-
ics committee of Sechenov University (Protocol
No. 20-21 dated 18.11.2021) and was conducted
in accordance with the Helsinki Declaration of the
World Medical Association.

This study included patients with cirrhosis who
were residents of Moscow; underwent a medical
examination at the Clinic for Internal Diseases,
Gastroenterology, and Hepatology of Sechenov
University between September 2019 and March 2020
(before the pandemic); were not liver transplant re-
cipients; and were alive as of April 1, 2020 (the be-
ginning of the COVID-19 pandemic in Russia). The
patients were divided into two cohorts: those who
were infected with COVID-19 during the follow-up
period (April 2020 to September 2021) and those
who were not infected.

The diagnosis of cirrhosis was established on the
basis of biopsy findings or a combination of clinical,
laboratory, and instrumental findings. All patients
received standard-of-care treatment for cirrhosis ac-
cording to etiology and complications [18, 19].

A COVID-19 case was defined as a positive
PCR test result for SARS-CoV-2 in oropharyngeal
or nasopharyngeal swab samples and the presence
of symptoms or signs of COVID-19 (e. g., fever,
weakness, cough, shortness of breath, anosmia, and
ageusia).

The primary outcome was death from all causes
during the follow-up period. The secondary out-
comes were the incidence of liver decompensation
or bleeding from esophageal varices during the ob-
servation period and changes in liver function indi-
cators (e. g., Child — Pugh Score) during the ob-
servation period (first observation point — between
September 2019 and March 2020; second observa-
tion point — between September and December
2021) in surviving patients.
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Data on COVID-19 cases, patient death and
its cause, and complications of cirrhosis were ob-
tained from the Unified Medical Information and
Analytical System, which collects almost all medi-
cal information of Moscow residents.

Statistical —analysis was performed with
STATISTICA 10 software (StatSoft Inc., USA).
The data were represented as median [interquartile
range|. The difference between continuous variables
was assessed with Mann — Whitney test. Fisher’s
exact test was used to assess the difference between
categorical variables. Survival was assessed using
the Kaplan — Meier estimator and Cox test. A Cox
regression model was used to assess the influence of
factors on patient survival and hazard ratio (HR).
P-value < 0.05 was considered significant.

Results

Among the 226 patients with cirrhosis included
in the study, 57 were infected with COVID-19 dur-
ing the follow-up period. Of these patients, 19 died
of COVID-19 and one died of liver decompensa-
tion that occurred after recovering from COVID-19.
Among 169 patients with cirrhosis who did not have

COVID-19, 24 died during the follow-up period
(Fig. 1, Table 1): 20 died of acute-on-chronic liver
failure (ACLF), two died of complications of con-
comitant cancer, one patient died of heart failure,
and one person died of alcohol intoxication. The
mortality rate was higher in patients who were in-
fected with COVID-19 than in those who were not
(35.1 % vs. 14.2 %; p = 0.001). This was true for
patients with compensated (Child — Pugh Class
A; 23.3 % vs. 4.5 %; p = 0.006) and decompensated
(Child — Pugh Class B or C; 44.4 % vs. 24.7 %;
p = 0.046) cirrhosis in the pre-pandemic medical
examination.

COVID-19 was an independent determinant
of death in patients with cirrhosis (Table 2).

Among patients with cirrhosis, COVID-19
was mild in 20 (35.1 %) cases, moderate —
in 12 (21.1 %) cases, and severe — in 25 (43.8 %)
cases. Of patients with cirrhosis who had COVID-19,
33 (57.9 %) required hospitalization, including
20 (35.1 %) who needed intensive care unit admis-
sion. A third of group of patients with cirrhosis
who had COVID-19 required mechanical ventila-
tion, and all these patients died. The most com-
mon COVID-19 symptoms were fever, shortness of

Patients included in the study with cirrhosis who underwent a medical examination between September 2019
and March 2020 and were alive as of April 1, 2020

Bowedwue 8 uccnedosaHue rnayueHmal ¢ YUppo3oM redeHu, npowedwue meduyuHckoe obcriedosaHue 8 nepuod
¢ ceHmsbps 2019 no mapm 2020 e. u xueble no cocmosiHuto Ha 1 anpens 2020 e.

n =226

Infected with COVID-19 during the follow-up period
(April 2020 to September 2021)

UHebuyuposaHHble COVID-19 & nepuod HabrnodeHus
(c anpensi 2020 o ceHmsi6pb 2021 e.)

n=57

Not infected with COVID-19 during the follow-up period
(April 2020 to September 2021)
He uHebuyuposaHHbie COVID-19 e nepuod HabnodeHus:
(c anpensi 2020 no ceHmsbpb 2021 2.)

v

Died during the follow-up period
Ymepriu e nepuod HabnodeHUs:
n=20

v v

Died after recovering
from COVID-19

Ymepnu rnocne
8b1300p0OBIIeHUS]
om COVID-19

n=1

Died of COVID-19
Ymepnu om COVID-19
n=19

n=169
v

Died during the follow-up period
Ymeprniu 8 nepuod HabnodeHUs1
n=24

Medical examination at the end of 2021
MeduuuHckoe obcriedosaHue 8 KoHue 2021 a.
n=27

Medical examination at the end of 2021
MeduuyuHckoe obcriedosaHue 8 koHue 2021 a.
n=34

Figure 1. Study flowchart

PucyHOK 1. IlotokoBas JnarpaMMa HUCCJaeJ0BaHNA
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Table 1. Main indicators of liver function in patients with cirrhosis in the pre-pandemic medical

examination

Ta6.auua 1. OcHoBHbIE TIOKa3aTean (DYHKIMU MedeHr Y OOJbHBIX IUPPO30M IeUeHH TIPU MeTUTTHH-

CKOM OéC]IE‘IIOBaHI/H/I J0 IIaHnaeMunmn

COVID-19 group

Non-COVID group

68

Senas nevenounas snuepanonamus (cmenemnv 1—2), n (%)

Parameter / Iloxazameas 05@17;119 Ges Ig’ge’;‘;)_19 p
(n = 57) (n = 169)

gggbgg;fﬂem 59 [52—68] 56 [46—64] 0.029
Body mass i‘;ﬂf’;eﬁg’/ L 28.1[25.2-34.0] | 27.0[22.8-30.2] | 0.164
i 27/30 74/95 0.375
Etiology of cirrhosis, n (%)
Amuonozus wupposa, n (%)

Zilci?glz%lfll(;iila\;ze%gflzse%f: neuenu 23 (40.4 %) 63 (37.3 %)

emaGocen actomuposnas GO nevern 2(3.5 %) 8 (4.7 %)

2;%235;&2?5?2;2%@1772 235 %) 7(41%)

epeanon S toaanzum £G.0%) 161057

epeinosd Cxreppsp o Kosanzum 3(3.3%) AR =0

i%ZCHbld ondmum B 1(1.8 %) 7 (4.1 %)

?ug;/cnbzd onamum C 15 (26.3 %) 34 (20.1 %)

mixed =~ 5 (8.8 %) 26 (15.4 %)

ggﬁrd;nj :;ul;(;\ggmuaﬂ 235 %) 5 (3.0%)
lcl}Iliicladﬂ; LIPallegﬂ%aS cgrenbm 5= © =] U
Koo 0 unepne. Qaisda — Tyor AVBLCon " W/iE+ 1 S e || 0P
Béiie,ﬁiiﬁ%liﬁgim" ;/()7) 18 (31.6 %) 30 (17.8 %) 0.024
S semaenmue odpaseuus, 1 (%) 2E8 % HOGH) 0.378
Romsconan sbompmmeants Gonow nsomnzs n (57)| 235 %) ) 0.594
g;ﬁ%iﬁf@m;c&(a/)n (%) 1 (1.8 %) 4 (2.4 %) 0.628
Bt pacuspente sen upoosa (cmenens D, n(57) | 13 263 %) wEsT | e
Esophageal varices (Grade 2—3), n (%)
Bapuxo3noe pacwupenue een nuueeo0d 22 (38.8 %) 46 (27.2 %) 0.075
(cmenenv 2—3), n (%)
;;555;%% ;ijggggagzgegégsh’; %/0} 10 (17.5 %) 27 (16.0 %) 0.463
i e C e () | DGAW D77 | 0
Mg sorrntin opasonas, 1 (%) ) 2U36%) | 0415
Overt hepatic encephalopathy (Grade 1—2), n (%) 16 (28.1 %) 43 (25.4 %) 0.409
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Continuation of Table 1. Main indicators of liver function in patients with cirrhosis in the pre-

pandemic medical examination

IIpoodonxenue ma6.auyspt 1. OcHoBHbIE OKA3aTeMN (PYHKINY TTeUeHN Y OOTbHBIX IIPPO30M MeYeHN

pU MEeIUIIMHCKOM 06CTeJOBAaHUU [0 MaHIeMUN

ﬁiziif,i; Z}Q) 24 (421 %) 72 (42.4 %) 0.537
222;‘;15 g?};ﬁ;}gﬁ(g}y ) 13 (22.8 %) 39 (23.1 %) 0.562
ﬁz;lflf; }S’ﬁi‘;ﬁg}g’j’(f){%) 11 (19.3 %) 33 (19.5 %) 0.569
g;ii%%%;fgi&j,109;2’55% L 4.1 [3.8-4.6] 42137481 | 0.838
EZ%%%%S}ZJ,1891C§% o 2.6 [1.8-3.6] 2.9[2.0-4.0] | 0.146
JLI%I(}}ZZC%‘%Z R 1.310.9-1.9] 1.2[0.9-1.9] | 0.765
?%;?(EZ’M o o 114 [66—145] 109 [73-162] | 0.580
%E;EE Lf‘gj}wl;joge/lg g/L 71.9 [68.5-76.2] | 73.5[67.7—76.9] | 0.552
iﬁfb‘g; jjizufg}f;l g/L 37.0 [33.3-39.9] | 37.9[32.3-41.6] | 0.300
%egaf;l;‘gjfln‘f;ylg‘;zlnjn;%}lg}ﬂ 28.3 [17.5-41.4] | 25.9[16.9-45.8] | 0.966
Isfggjffllogige;flu%ngbf“j’mﬂ%;l{}ﬂ 1.1 [6.1-16.6] 8.9[57-21.71 | 0.700
%?gi;)gn%gugﬁj;’uﬁaem, % 0 e =64 79 [IEfl=ss] U879
ggggggg;‘éf/;ﬂ 3.0 [2.2-3.7] 2.8[2.2-3.4] | 0.241
%;f;;}n;f;;mjn% [t 80 [68—96] 80 [70—94] 0.939
Ef%re‘j;‘;oj{‘mz?gﬁ 18.0 [11.4-23.9] | 17.8 [12.1-26.5] | 0.465
Alaine aminirnseres U7 sz | o | oms
doputale amioirtorse UL s | s | o
Gamma shtam| confose /L nme | wman | o
?&5‘}222 af;h‘c’;ggl;za;; Sg/ o 244 [202-372] 270 [193-384] | 0.947
%‘3222;2;%;;"3 aU]{}E o 5118 [3203—6947] | 5090 [3116-7176] | 0.983
231;2;61:;5;3};;;? o 14.2 [13.2-16.6] | 13.9 [11.7-16.0] | 0.147

Note: * (hereinafter in the table), interquartile range is given in square brackets.

ITpumeuanue: * (3nechp u panee B Tabiuie) — B KBaJPaTHbIX CKOOKAaX HPUBEACH MEKKBAPTU/IbHBII pasMax.

breath, and dry cough. The extreme (maximum or
minimum) values of laboratory parameters in pa-
tients with cirrhosis and COVID-19 are shown
in Table 3. Among patients with cirrhosis who
had COVID-19, pulmonary embolism occurred
in two (3.5 %) patients, hepatorenal syndrome —
in 2 (3.5 %), bleeding from esophageal varices — in
2 (3.5 %), and systemic bacterial infection (with
the pathogen detected in blood) — in 5 (8.8 %)
patients. ACLF developed in 16 (28.1 %) patients
with cirrhosis and COVID-19, 13 (81.3 %) of whom
died. Among patients with cirrhosis who died of

COVID-19, those who developed ACLF accounted
for 64.8 %.

Patients with cirrhosis who were infected with
COVID-19 were more likely to have diabetes and
to be older than those who were not. No significant
differences were found in other comorbidities and
in the results of liver function tests in the pre-pan-
demic medical examination between patients with
cirrhosis who had COVID-19 and those who did
not have COVID-19 (Table 1).

Patients with cirrhosis who died of COVID-19
had lower RBC count and serum albumin and
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Table 2. Predictors of death in patients with liver cirrhosis during the observation period
Tab6auua 2. 1peaukropbl cMepTH GOJBHBIX IUPPO30OM TIEYEHH 3a TEPUO HAGJIIOICHIIST

Factor / ITpeduxmop

Hazard ration
p OmnocumenvHoulili pUcK

COVID-19 0.024 2.11 (95 % CI: 1.10—4.05)
Age / Bospacm 0.002 1.05 (95 % CI: 1.02—1.09)
Diabetes mellitus / Caxapnoiii duabem 0.209

Malignant neoplasm / 3.z0xauecmeentoe nosoobpasosanue 0.007 4.44 (95 % CI: 1.50—13.2)

Pre-pandemic medical examination data / Janumnsie meduuuncrkozo ocmompa 0o nandemuu

Serum albumin / Azebymun 0.364
Total serum bilirubin / O6uwui 6urupybun 0.503
Prothrombin index / I[Tpompombunoswui undexc 0.171
Alanine aminotransferase / Ananunamunompancgepasa 0.863
Aspartate aminotransferase / Acnapmamamunompancgpepasa 0.863
Hepatic encephalopathy / ITeuenounas snuegaronamus 0.289
Ascites grade / Cmenensv acyuma 0.002 1.80 (95 % CI: 1.25—2.58)

Table 3. Symptoms of COVID-19 and minimum/maximum laboratory values during COVID-19

infection in patients with cirrhosis (n = 57)

Ta6auua 3. Cumnrompr COVID-19 u MuHMMasbHble, MaKCUMaJIbHbIE JTa00OPaTOPHbIE MOKA3aTeN
Bo BpeMsi COVID-19 y naiuentoB ¢ uupposoM nevern (n = 57)

Symptoms / Cumnmomoi

Number of patients, n (%)
Koauuecmeo navuenmos, n (% )

Fever / Jluxopadka

57 (100.0 %)

Dry cough / Cyxou xawen

28 (49.1 %)

Cough with sputum / Kawenv ¢ moxpomou 8 (14.0 %)

Rhinorrhea / Hacmopx 7(12.3 %)

Sore throat / Boaw 6 zopae 9 (15.8 %)

Shortness of breath / Odvuuka 25 (43.9 %)

Anosmia / ITomeps ob6onsnus 3(5.3%)

Ageusia / [lomeps exyca 2 (3.5 %)

Diarrhea / [Juapes 2 (3.5 %)

Minimum laboratory valuesduring having
Number of patients COVID-19*
Parameter / IToxasamenw Koauuecmeo Munumaavnvie 3nauenus
navyuenmoe 1a6opamophbLx noxasameeti 60 épems
COVID-19*

Gamma glutamyl transferase, U/L

Tamma-znymamurmpancepepaza, ME/ 1 e {9 |[25—123]

Lymphocytes, x 10° cell /L B

Junchouyumot, x 10° xn./ 2 31 0.5[0.3-1.0]

Platelets, x 109 cell /L

Tpomboyumot, * 10°xu./ 1 33 67 [32-90]

Serum total protein, g/L

Ob6uguii 6eaox, 2/ 1 23 56.5 [48.0—64.8]

Serum albumin, g/L

AnvGymun, 2/ 18 26.5 [23.0—30.0]

Neutrophils, x 10° cell /L

Heumpogunv, x 10° xa./n 31 4.4[2.2-9.9]

C-reactive protein, mg/L _

C-peaxmuenviti 6enox, M2/ 1 3 2.0 L3510

Alanine aminotransferase, U/L

Ananunamurompancehepasza, ME/ 1 iE 4 [29—st]

Aspartate aminotransferase, U/L

Acnapmamamunompancgpepasza, ME/ 33 73 [43-97]

Gamma glutamyl transferase, U/L

Tamma-znymamurmpancepepaza, ME/ n 8 66 [32—99]

Hlenounas docdaraza, ME/ -

Alkaline phosphatase, U/L e 109 [93-188]
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Continuation of Table 3. Symptoms of COVID-19 and minimum,/maximum laboratory values
during COVID-19 infection in patients with cirrhosis (n = 57)

Hpodonxkenue mabauynst 3. Cumnrombr COVID-19 n MuHNMAa bHBIE, MaKCUMATbHbBIE JTab0opaTOp-
Hble okasaresnn Bo BpeMsa COVID-19 y mamuentos ¢ uupposoM nedenn (n = 57)

Dubpumnozen, 2/ 1

Serum creatinine, pmol /L

Kpeamunun, mxmorn/ 1 33 100 [71-132]
Total serum bilirubin, pmol /L

Obuguti 6urupybun, MKMOIL,/ 1L 27 55.2[15.0-83.0]
Fibrinogen, g/ 21 3.7 [2.5—4.6]

D-dimer, ng/mL

D-oumep, ne/mn 18

1288 [745—3865]

Lactate dehydrogenase, U/L

Jlakxmamdezudpozenaza, ME/ 1 15

750 [329—1314]

Note: * (hereinafter in the table), interquartile range is given in square brackets.
Hpumeuanue: * (3nech u gajnee B Tabauie) — B KBAAPATHBIX CKOOKAX MPHUBEAEH MEKKBAPTHJIBHBII pa3Max.

cholinesterase levels; higher serum levels of direct
bilirubin, aspartate aminotransferase, and gamma-
glutamyl transpeptidase; higher Child — Pugh
scores; and more severe ascites in the pre-pandemic
medical examination than those who were alive af-
ter COVID-19 at the end of the follow-up period
(the only patient who died of cirrhosis decompen-
sation after recovering from COVID-19 was ex-
cluded from this analysis) (Table 4). Among these
results, only a reduced serum albumin level was
an independent predictor of death from COVID-19
(HR = 0.92; 95 % CI: 0.86—0.98; p = 0.017). The
mortality rate in patients with COVID-19 who had
hypoalbuminemia in the pre-pandemic medical ex-
amination was 52.9 %, whereas it was only 25.0 %
in those with normal albumin levels (p = 0.042).
Moreover, all patients who had normal albumin lev-
els during the pre-pandemic medical examination
and died of COVID-19 developed hypoalbuminemia
before death. In contrast, among patients with nor-
mal baseline albumin levels who recovered from
COVID-19, only one patient had hypoalbuminemia
during the COVID-19 infection.

Patients with cirrhosis who died of COVID-19
during the follow-up period had better liver func-
tion (based on the Child — Pugh scale) in the pre-
pandemic medical examination than those who died
of cirrhosis complications during the same period
(Table 5).

The liver-related mortality rate (7.2 % vs. 4.2 %
per patient-years; p = 0.509), incidence of liver de-
compensation (0.26 vs. 0.24 per patient-years; p =
0.497), and incidence of bleeding from esophageal
varices (0.00 vs. 0.08 per patient-years; p = 0.192)
during the follow-up period were not significant-
ly different between patients who recovered from
COVID-19 and patients with cirrhosis who did not
have COVID-19.

We invited all surviving patients to attend an
express medical examination in September 2021.
Among them, 27 patients who recovered from

COVID-19 (post-COVID-19 group; the character-
istics of COVID-19 in these patients are present-
ed in Table 6) and 34 patients who did not have
COVID-19 (non-COVID-19 group) responded to
the invitation. The rest of the patients declined
owing to fear of COVID-19 infection or for other
reasons. No significant differences between these
groups of patients were observed in sex distribu-
tion, age, etiology of cirrhosis, and values of liver
function indicators in the pre-pandemic medical
examination (Table 7). The time interval between
the two medical examinations was 23.8 [22.1—25.8]
months in the post-COVID-19 group and 23.2
[19.4—24.5] months in the non-COVID-19 group
(p = 0.068). The second medical examination was
performed at an average of 8.4 [3.1—13.3] months
after COVID-19 infection in the post-COVID-19
group. At the time of the second medical examina-
tion (end of 2021), the indicators of liver function
showed no significant differences between the post-
COVID-19 and non-COVID-19 groups, except for
the prothrombin index, which was higher in the
post-COVID-19 group than in the non-COVID-19
group (Table 7).

Discussion

The presence of cirrhosis is a predisposing factor
for an unfavorable course of COVID-19 [1]. Several
factors have been found to predict death in patients
with cirrhosis who had COVID-19, including poor
liver function [2]. However, COVID-19 itself im-
pairs liver function and this liver dysfunction is
associated with a poor prognosis even in patients
without pre-existing liver disease [7—11]. Thus, the
examination of liver function in patients with cir-
rhosis who had been infected with COVID-19, as
performed in previous studies [2—6], cannot estab-
lish the liver function status before COVID-19, as
it has already been altered by the infection. Thus,
previous studies have not analyzed how pre-existing
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Table 4. Main liver function tests during pre-pandemic medical examination in patients with cir-
rhosis who subsequently died from COVID-19 or survived COVID-19

Ta6auua 4. OcHoBHble TOKaszaTean (QYHKIUU TMEYEHH BO BPEMsl MEIUIMHCKOrO 06cCe0BaHus
JI0 TIAHJEMWUN y TIAIlMeHTOB C IIMPPO30M, B aasibHelimeM yMepmux or COVID-19 wim BBIKMBIINX TIOCTE

72

COVID-19

Died Survivors
from COVID-19 of COVID-19
Parameter / Iloxasamens Ymepau Boiokuau p
om COVID-19 nocae COVID-19
(n=19) (n=37)
Age, years _7T —
Bospacm, aem 63 [57—71] 59 [49—67] 0.113
Body mass index, kg,/m?
I e e i 28.0 [24.8—30.1] 28.2 [25.5—34.0] 0.644
Males/Females
Moot sKenuuro 11/8 19/18 0.390
Etiology of cirrhosis, n (%)
Amuonozus yupposa, n (%)
alcoholic liver disease o 9
aANK020NbHASL 60SI3Hb NeYeHu 8 (42.1 %) 14 (37.8 %)
metabolically associated fatty liver disease .
MEMAb0IULECKU-ACCOUUUPOBAHHAS 0JIe3Hb NeUeHU v 2(5.4 %)
autoimmune hepatitis 0 2(5.4 %)
AYMOUMMYHHBLU 2eNATRUM e
primary biliary cholangitis o o
nepPeUUHbIL OULUADHBIL XOJLAHZUM 3 (15.8 %) 1@27%)
primary sclerosing cholangitis o o
NEePEUUHBLL CKACPOSIUPYIOULUL XOJAHZUM 2 (10.5 %) 1(2.7 %) ———
HBV o
supycHoli zenamum B 0 1(2.7 %)
HCV o °
supycuoli zenamum C 3 (15.8 %) 12 (32.4 %)
mixed g 9
CMeWannas 2 (10.5 %) 3 (8.1 %)
other and unkown 9 .
dpyeas u Heu3gecmnas 1(5.3%) 12.7%)
Child — Pugh Score
ITxara Yaunrda — Ivio ale Lol v [5=71 Ui
Class according to Child — Pugh Scale, A/B + C, n
Kanaccot no wxane Yavinda — Ilvio, A/B + C, n 7/5+17 22/11+4 0088
Diabetes mellitus, 7 (%) 0 0
Cawpmond duabom. (%) 6 (31.6 %) 12 (32.4 %) 0.598
Malignant neoplasms, n (%) 0 0
3aoxauecmeennvie oopazosanus, n (%) 165.3 %) 1Q2.7%) 0989
Chronic obstructive pulmonary disease, n (%) 0 0
Xponuueckas o6cmpyxmusnas 6onesnv nezkux, n (%) 1(5.3%) 127 %) 0.5
Bronchial asthma, 7 (%) g
Bponxuarvnas acmma, n (%) v 1@.7%) B
Esophageal varices (Grade 1), n (%) 0 0
Bapuxosnoe pacuupenue een nuuesoda (cmenens 1), n (%) 5 (318 %) 9 (243 %) 0.391
Esophageal varices (Grade 2—3), n (%)
Ba/auic03H06 pacwupenue éen nuujecoda (cmenenv 2—3), 7 (36.8 %) 15 (40.5 %) 0.511
n(%)
Ligation of esophageal varices, n (%) 0 o
Juzuposanue sen nuwesoda, n (%) 6 (31.6 %) 4 (10.8 %) B0
History of bleeding from esophageal varices, n (%) o
Kposomeuenue us een nuwesoda ¢ anammnese, n (%) v 3 (8.1 %) 20
Minimal hepatic encephalopathy, 7 (%) o o
Munumanvnas neuenounasn snueparonamus, n (%) 21(26.3%) 4005 %) e
Overt hepatic encephalopathy (Grade 1—2), n (%) g 9
SAenas neuenounas snvegpanonamus (cmenens 1—2), n (%) 5 (26.3 %) 10 (27.0 %) B
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Continuation of Table 4. Main liver function tests during pre-pandemic medical examination in
patients with cirrhosis who subsequently died from COVID-19 or survived COVID-19

IIpodonxkenue madauuwpt 4. OcHoBHBIE NOKazatenn (YyHKIUU MeYeHW BO BPEMST MEIMIIMHCKOTO
o0cJie/oBaHus [0 TAHAEMUN Yy TAIMEHTOB ¢ IUPPO30oM, B fasbHelimem ymepimx ot COVID-19 uin BbI-

sxuBnx mnocie COVID-19

ﬁi%fnsj 2%7)) 11 (57.9 %) 13 (35.1 %) 0.090
s ??,22?;}2/3(,{)(7) 4(21.0 %) 9 (24.3 %) 0.532
e ??&2%23;313’3(,{)(7) 7 (36.8 %) 4(10.8 %) 0.027
g;i,%%ﬁ%{s’f,é?f,ﬁl’f%L 3.9 [3.2—4.1] 4413.9-48] | 0.010
E‘;%‘;,%%f D 2.4[2.0-3.5] 2.6[1.4-3.6] | 0.675
/Lﬂﬂ}(})l},%c%e; R 1.2 [0.8-1.6] 1.3[1.0-1.9] | 0.499
T mts, ~in/ 119 [80—159] 102 [64—144] | 0.446
%5;2;%3}3:{"5?2’ /L 73.3[65.2—77.4] | 71.7[68.5-74.9] | 0.484
iir,}lé;,fizu?}rﬁl g/L 35.7[31.2-36.3] | 38.3[35.6-41.8] | 0.014
%%rﬁ; ‘gt;}n',’;ly‘g‘;';mjn;ﬁg}g}ﬂ 32.7 [22.6-55.6] | 26.2[14.8-35.0] | 0.098
,Sf;;i;logige;}mb,jgg;‘,f“;mﬁj;;j{},, 13.9 [10.0—26.9] 9.5[6.0-14.2] | 0.036
%?gi;)gn%gugﬁj;’uﬁaem, % 70 [54-87] 74 [68-83] 0.530
222;352;;5/;,1 3.1 [2.1-3.7] 2.9[2.2-35] | 0.990
%e,,r;l;?nf,f;,?“j;fj%g‘;o),{ L 82 [68—88] 78 [68—101] 0.726
%ﬂﬁ%gﬁ&?jﬁﬁ 19.2 [12.1—24.2] | 17.2[10.6—23.3] | 0.418
e ot ason, ME/1 43 [25-59] 30 [22-41] | 0.109
A e oaocr, ME,/ 7 60 [42-99] 59 [33-55] | 0.029
P o omisn, ME/ 1 121 [68-225] 48 [32-110] | 0.043
?&iﬁ,ﬂﬂg&h%ggﬁ‘;g/ i 268 [223—562] 242 [192-334] | 0.110
%%25@;%;22}@5; i 3200 [2962-3951] | 5708 [4606-7031] | 0.003
Zﬂfﬂf;ﬁ;ﬂfgﬁ? on 145 [13.1=15.2] | 14.0 [13.5-17.0] | 0.882

Note: * (hereinafter in the table), interquartile range is given in square brackets.
Ipumeuanue: * (3nech n fanee B Tabanie) — B KBAPATHBIX CKOOKAX MPHUBEIEH MEKKBAPTUIBHBIN PasMax.

cirrhosis-associated liver dysfunction is associated
with the risk of COVID-19 and the risk of death
from this disease. Addressing this issue was one of
the goals of our study.

Ideally, assessment of liver function in patients
with cirrhosis would take into account data ob-
tained immediately before the onset of COVID-19
disease; however, in most cases this was not pos-
sible. Therefore, we collected the data of patients
who underwent a medical examination in our clin-
ic 7 months before the onset of the pandemic and

followed up these patients during the three main
waves of COVID-19 in Moscow.

We found no liver-dependent factors predispos-
ing to COVID-19 infection.

COVID-19 in patients with cirrhosis was often
severe and associated with a high mortality rate, as
described in previous studies [2—4]. Among the in-
dicators of cirrhosis-related liver dysfunction, only
decreased serum albumin level was an independent
predictor of death from COVID-19 in our study.
In another study, patients without cirrhosis who
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Table 5. Main liver function tests during pre-pandemic medical examination in patients who
subsequently died from COVID-19 and in those who died from complications of cirrhosis

Ta6auua 5. OcHoBHble MOKazaTen GYHKINN TEYEHN TTPH MEAUTITHCKOM 00CIeTOBAaHNHN 0 TTAHIeMUT
y maiueHToB, BrocaenctBun ymMepmux or COVID-19 u ot ocioskHeHUit TIppo3a medenn

Died Died from cirrhosis
from COVID-19 complications
Ymepau
Parameter / IToxasamenw Ymepau e P
om COVID-19 uuppo3a
(=) (n = 20)
Age, years o
Bospacm, aem 63 [57—71] 67 [58—74] 0.967
Body mass index, kg/m?
Hndexc macce mena, k) m? 28.0 [24.8—30.1] 26.4 [23.9—28.1] 0.470
Males/Females
Myxuunv/ 2Kenuuno 11/8 11/9 0556
Etiology of cirrhosis, n (%)
Amuonozus yupposa, n (%)
alcoholic liver disease
ANK0201bHAS 60Le3Hb NeUeHl 8 (42.1 %) 14 (70.0 %)
metabolically associated fatty liver disease o
MEMAb 0ULECKU-ACCOUUUPOBANHAS OONe3Hb NeUeHU 0 1(5.0 %)
autoimmune hepatitis 0 0
nepeuuHbIl OULUADHBLI XOAHZUM
primary biliary cholangitis 9 9
nepeutHbItl OUIUAPHOLLU XOJAHZUTN 3 (15.8 %) 3 (15.0 %)
primary sclerosing cholangitis 9
NePEUUHDBIL CKACPOSUPYIOULUL XOIAHZUM 2 (10.5 %) v = IS
HBV 0 0
Bupycnowi zenamum B
HCV °
Bupycuwvwi zenamum C 3(15.8 %) v
mixed o °
Creldas 2 (10.5 %) 2 (10.0 %)
other and unkown o
Opyeas U HeU3GeCMHAS 1(5.3%) 0
Child — Pugh Score
IIxana Yaiunoa — Ilvio 816-10] 107[8=41] 01035
Class according to Child — Pugh Scale, A/B + C, n
Kanaccor no wxane Yaiinda — oo, A/B + C, n 7/5+7 176+ 13 0.018
Diabetes mellitus, 7 (%) 9 9
Cazxapwoti duabem, n (%) 6 (31.6 %) 5(25.0 %) 0.460
Malignant neoplasms, 7 (%) o 0
Buoxauecmeennvie oopasosanus, n (%) 1(5.3%) 2(10.0 %) 0.520
Chronic obstructive pulmonary disease, n (%) 9 9
Xponuueckas obcmpyxmuenas 6oaesmn aeexux, n (%) 16.3%) 3 (15.0 %) Unsi2
Bronchial asthma, n (%) 0 0 _
Bponxuanonas acmma, n (%)
Esophageal varices (Grade 1), n (%)
Ba/)uicosuoe pacuwupenue éen nuwesoda (cmenens 1), 6 (31.6 %) 6 (30.0 %) 0.594
n (%o
Esophageal varices (Grade 2—3), n (%)
Baxau:comoe pacwupenue eer nuwesoda (cmenenv 2—3), 7 (36.8 %) 9 (45.0 %) 0.424
n(%)
Ligation of esophageal varices, n (%) 0 0
Juzuposanue sen nuwesoda, n (%) 6 (31.6 %) 2 (10.0 %) UL
History of bleeding from esophageal varices, n (%) 9
Kposomeuenue us éen nuwesoda ¢ anamnese, n (%) L 16.07%) 0519
Minimal hepatic encephalopathy, n (%) 0 0
Mununarvras newenounas snueparonamus, n (%) 5 (26.3 %) 2 (10.0 %) 0, 2
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Continuation of Table 5. Main liver function tests during pre-pandemic medical examination in
patients who subsequently died from COVID-19 and in those who died from complications of cirrhosis

IIpodonxenue mabauuspt 5. OctoBhble MOKazaTesn GYHKIMI EY€HN TIPH MEAUIIMHCKOM 00C/Ie10Ba-
HUW /10 TAaHJeMUN Y TTAINeHToB, BriocaecTBiur yMeprmx of COVID-19 u oT ocsoxHeHu# 1uppo3a medeHn

s Z}Q) 11 (57.9 %) 17 (85.0 %) 0.063
fadtes tomade . 8 ) 4(21.0 %) 5(25.0 %) 0.535
Yoo }?;;%3;313’3(;)(7) 7 (36.8 %) 12 (60.0 %) 0.130
B e e 10 reTn 3.9 [3.2-4.1] 3.7 [3.2-4.2] 0.729
}NI‘;‘;ZEZ‘;%};LS}WTS%‘@%.L/]Z 2.4 [2.0-3.5] 3.2 [2.4-3.9] 0.244
e ren /s 1.2[0.8-1.6] 11008-1.6] | 0.752
T S 119 [80—159] 99 [62—145] 0.341
%egm;(gj}m%of}i;’ g/L 73.3 [65.2—77.4] 67.9 [62.2-75.1] | 0.105
/Sl‘jlrb‘lélz;iz?gli/‘}; g/L 35.7[31.2-36.3] | 31.5[27.0-36.1] | 0.377
%52;2;%}1&%%2%5%% o 32.7[22.6-55.6] | 54.9[32.9-95.9] | 0.021
Isf;;jnnoglge;flf;lylgﬁ‘nﬁ%’% o 13.9 [10.0-26.9] 22.4 [15.6-41.4] | 0.028
?;g?nﬁgnlggngﬁel;,uﬁaem, % 70 [54-87] S7 [53-67T 0.143
gzlggggggéf/}/ﬂ 3.1 [2.1-3.7] 2.3 [1.6-3.0] 0.049
%e;:;?n;fjflm;fm [u 82 [68—88] 84 [69-97] 0.593
Eﬁg‘j&gojxﬂﬁgﬁjﬁ 4.8 [4.5-5.9] 5.3 [4.7-6.8] 0.379
2\%222a%;gg;g;ﬂ%@%gg/&yﬂ 19.2 [12.1-24.2] 21.7 [14.2-26.7] | 0.471
Aspartate aminiraesse UL sl | mpes | oo
Gamma dtam ez, UL wiam | siow | oms
?&1;31(;22 a%h%;% 3}2/ AE/n 121 [68—225] 121 [47—392] 0.729
%flggjgtn‘jggwaI(}E /ﬂ 268 [223—562] 338 [258—512] 0.613
f}j};ﬂ;‘? Cleejl’eg;g; Kjf‘ . 3200 [2962—3951] 2742 [2474—4151] | 0.633
g[gfeﬁcc‘;g;;ifﬁmc“ 14.5 [13.1-15.2] 14.8 [128.8—16.0] | 0.764

Note: * (hereinafter in the table), interquartile range is given in square brackets.
Ipumeuanue: * (3neco n panee B Tabanie) — B KBAJAPATHBIX CKOOKAX MPUBEIECH MEKKBAPTHIBHBIN pasMax.

had hypoalbuminemia at the time of hospitalization
for COVID-19 had a poor prognosis [20]. In our
study, all patients who had normal albumin levels
during the pre-pandemic medical examination and
died of COVID-19 developed hypoalbuminemia be-
fore death. In contrast, among patients with nor-
mal baseline albumin levels who recovered from
COVID-19, only one patient developed hypoalbu-
minemia during the COVID-19 infection. Previous
studies have reported that albumin can bind and

neutralize the coronavirus spike protein [20] and
downregulates the expression of ACE2 (the target
receptor of COVID-19) [21]. The deficiency in cir-
culating albumin in patients with Child — Pugh
class B and C cirrhosis and the reduced ability of
the liver to form new albumin molecules to replace
those used to neutralize coronavirus proteins in pa-
tients with Child — Pugh class A cirrhosis are pos-
sible reasons for the high mortality rate in patients
with cirrhosis who were infected with COVID-19.
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Table 6. Symptoms of COVID-19 and minimum,/maximum laboratory values during COVID-19
infection in patients with cirrhosis who recovered from COVID-19 and in whom changes in liver
function values were assessed in the study (n = 27)

Ta6auua 6. Cuvmnrombr COVID-19 1 MuHHMasbHble, MaKCUMaJIbHbIe 3HAYEHUST JaGOPATOPHBIX T10-
kazaresieil ipu wHGekmn COVID-19 y naimeHToB ¢ UPpo30oM Tedenn, (QyHKIUS eYeHn KOTOPBIX ObLTa
onenena nocue neperecennoro COVID-19 (n = 27)

Course of COVID-19 / Teuenue COVID-19

Mild course / Jlezkoe meuenue

14 (51.9 %)

Ocmpas na gpore xponuueckoli neweHouHas HedoCmamouHoCmy

Moderate course / Cpedneti maxecmu 8 (29.6 %)
Severe course / Tsxenoe meuenue 5(18.5 %)
Hospitalization / F'ocnumanusayus 11 (40.7 %)
Admission in the intensive care unit ) 1(3.7 %)
TCocnumanusayus 6 omoesenue uHMeHCUSHOU Mepanuu

Mechanical ventilation / ITompe6uocmo ¢ HBJI 0
Acute-on-chronic liver failure 2 (7.4 %)

Symptoms / Cumnmomwi

Fever / Jluxopadka

Dry cough / Cyxou xawenv

15 (55.6 %)

Cough with sputum / Kawenv ¢ moxpomou 4 (14.8 %)
Rhinorrhea / Hacmopk 6 (22.2 %)
Sore throat / Boaw 6 zopae 6 (22.2 %)
Shortness of breath / Odwwika 9 (33.3 %)
Anosmia / I[Tomepsi 060HsHUS. 3(11.1 %)
Ageusia / [lomeps exyca 2(7.4 %)
Diarrhea / Juapes 1 (3.7 %)

Minimum laboratory valuesduring having COVID-19*
Munumanavhole 3nauenus aabopamopusvix noxazameaneii 6o epems COVID-19*

Hemoglobin, g/L
Temoenobum, 2/ 1

113 [96—132]

Lymphocytes, x 10° cell /L

Anvbymun, 2/ 1

Jumpovyumot, x 10° 1.,/ 0.6 [0.4-0.8]
Platelets, x 10°cell /L

Tpomboyumot, x 10° K./ 74 [41-93]
Serum total protein, g/L

Obuwuii 6enox, 2/ 1 59 [57-69]
Serum albumin, g/L 30 [30—34]

Maximum laboratory valuesduring having COVID-19
Maxcumanvtovie 3nauenus raéopamopnovix nokazameaei 6o épemss COVID-19

Neutrophils, x 109 cell /L

Obuguti burupybun, MKMOIL/ 1L

Heiumpogunot, x 10° xn./ 1 2.5 [1.7-6.8]
g:;‘zzzcézzg%rzgge?e’ﬂlgfﬁ/tz/ g 20 [11-29]
Anamanunompanciepdsd. ME/ o 27 [22-44]
Aemamasusompneepase, ME/ 1 43 [36-63]
Kpeammns movamnn 82 [63-99]
Total serum bilirubin, pmol /L 15 [14-34]

Note: * (hereinafter in the table), interquartile range is given in square brackets.

Ipumeuanue: * (3nech n nanee B Tabaune) — B KBaAPaTHBIX CKOOKAX MPUBEAEH MEKKBaPTHIBHBII pa3Max.
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Table 7. Changes in the values of the main indicators of liver function in patients with cirrhosis
between the pre-pandemic medical examination and the examination at the end of 2021
Ta6auua 7. CpaBHeHNe 3HAYEHUIT OCHOBHBIX TTOKazaTeseil (byHKIUU TledeHn y GOJbHBIX ITHPPO3OM

meveHn A0 maHgeMuu n B Kouie 2021 r.

Patients with cir- . . .
rhosis who survived Patients with cirrho- ) .
g sis who did not have p (difference p (difference
after COVID-19
Mauuenmot COVID-19 between between
¢ uupposom Hayuenmot the groups the groups
Parameter / Moxasame.n e ¢ uupposon, at the PPME) | at the E2021)
nepexuau Komopuvie He ume.u (pa3nuua (pasnuua
COVID-19 COVID-19 Mmexdy epyn- Mmexdy epyn-
(n=27) (n=34) namu neped namu Ha Kouey,
PPME | E2021 | PPME | E2021 | "onderued) 2028z
A0 K2021 A0 K2021
Child — Pugh Score 5 6 6 6
[xana Yainda — oo [5-71 | [5-7] [5-8] [5-8] U342 0485
Class according to
Child — Pugh Scale,
A/B+C, n 18/7 +2119/8+0 | 18/10 + 6 | 19/12 + 3 0.206 0.186
Kaaccor no wxane
Yainda — Ilvio, A/B+ C, n
Hepatic encephalopathy,
n (% 8 8 15 13 0.186 0.403
IHeuenounas (29.6 %) | (29.6 %) | (44.1 %) | (38.2 %) ’ ’
snuecparonamus, n (%)
Ascites, n (%) 8 8 17 17
Acuum, 0 (%) (29.6 %) | (29.6 %) | (50.0 %) | (50.0 %) Dt 00
Ascites (Grade 1), n (%) 7 6 13 8 0.230 0617
Acyum (cmenenv 1), n (%) | (25.9 %) | (22.2 %) | (38.2 %) (23.5 %) : :
Ascites (Grade 2—3), n (%) 1 9 4 9
Acyum (cmeners 23, GB7%) | Td% | 11.8%) | (26.5%) 0.231 0.053
Serum total protein, g/L 72 69 72 69
Obuguil 6enok, 2/ 1 [69—76] | [67—75] | [68—76] | [65—72] 0.561 0.518
Serum albumin, g/L 39 38 38 38
Anvbymun, 2/ 1 [36-42] | [35-43] | [32-41] | [32—44] 0.459 WA
Serulr} total bilirubin, . - - -
umol /L
Obuguii GunupyGun, [15-31] | [14-29] | [14—47] | [15-36] 0.647 0.994
MKMONL/ L
[Ipsimoii 6unupyO6uH,
MKMOJIb,/ T 7 7 7 7 0.777 0.650
Serum direct bilirubin, [6—12] [5—13] [5—19] [4—12] : :
umol/ L
Prothrombin index, % 75 82 71 68 0.313 0.003
ITpompombunosoii undexc, % | [68—84] | [76—86] [62—83] [59—82] : :
Serum creatinine, umol /L 82 82 81 84 0.908 0.403
Kpeamunun, mxmonv/ 1 [67—102] | [63—93] [69—96] [67—98] : :
Alanine aminotransferase,
U/L 34 31 42 22 0.278 0.053
Ananunamunompancgepasa, | [25—44] | [22—52] [27—51] [19—-32] ’ ’
ME/
Aspartate aminotransferase,

L 39 42 54 34 0.061 0.467
Acnapmamamnunompancge- [33—62] | [28—53] [36—89] [29—41] : :
pasa, ME/ 1
Splenic length, cm 13.9 14.2 14.9 15.0
Jlnuna ceaesenxu, c [129-160] | [12.8-16.5]| [12.9-16.7] | [12.0-17.0] 0.453 0.935

General information about analyzed patients by groups
Ob6uwasa ungpopmauus 06 anarusupyemvix navueHmax no pyYynnam
Age, years . .
Bospacm, zem 59 [51-67] 57 [44—67] 0.228
Males,/Females
Myscsusne/ FKenugunsi 13/14 11,/23 0.161
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Continuation of Table 7. Changes in the values of the main indicators of liver function in patients
with cirrhosis between the pre-pandemic medical examination and the examination at the end of 2021

IIpoodonxenue mabauyot 7. CpaBHeHne 3HAYEHIN OCHOBHBIX TMOKa3aresieil (GyHKIMN medeHn y GoJib-
HBIX IIMPPO30M TIeYeHW [0 maHaeMnu u B Konie 2021 r.

Etiology of cirrhosis, n (%)
Amuonozus yupposa, n (%)

alcoholic liver disease
anK0200HaAs 601e31Hb
neuenu

7(25.9 %)

10 (29.4 %)

metabolically associated
fatty liver disease

Memab 0IUUeCKU-ACCOUULU-
posannas 601e31b neveHu

2(7.4 %)

1(2.9 %)

autoimmune hepatitis

AYMOUMMYHHBLU 2enaAmum 2(7.4 %)

primary biliary cholangitis
nepeutHvLll OUIUAPHOLI
Xoaanzum

1 (3.7 %)

5 (14.7 %)

primary sclerosing
cholangitis

nepsuUHbLIL CKAEPOSUPYIO-
WUl Xoaanzum

1 (3.7 %)

>0.050

HBV
supycuolil zenamum B

1(3.7 %)

0

HCV

supycnwvui zenamum C 10 (37.0 %)

8 (23.5 %)

mixed .
cMeuannas 3(11.1 %)

6 (17.6 %)

other and unkown 0
Opyeas u Heu38ecmuas

4(11.8 %)

Diabetes mellitus, n (%)

Caxapnoui duabem, n (%) 10 (37.0 %)

6 (17.6 %) 0.079

Malignant neoplasms, n (%)
310Kauecmeenivie
obpasosanus, n (%)

1(3.7 %)

0 0.443

Note: PPME — pre-pandemic medical examination; E2021 — an the end of 2021; * (hereinafter in the table), interquartile

range is given in square brackets.

Hpumeuanue: 10 — no mangemun; K2021 — B konue 2021 r.; * (3mech u nanee B TaGauie) — B KBaPaTHBIX CKOOKAX MPHUBE/IEH

MHTepKBaHTMJlebI[‘/Jl WHTEpBaJI.

In our study, the pre-pandemic liver function
was better in patients who died of COVID-19
than in those who died of complications of cir-
rhosis. COVID-19 infection was found to be
an independent risk factor for death in patients
with cirrhosis. Thus, COVID-19 is an important
cause of death in patients with cirrhosis, who
might have better survival chances without the
pandemic.

A previous study showed that there was no
significant difference in prognosis between hos-
pitalized cirrhosis patients with and without
COVID-19 [16]. However, the hospitalization of
a patient with cirrhosis itself is associated with a
poor prognosis. In our study, we evaluated all pa-
tients with cirrhosis, both hospitalized and non-
hospitalized. The prognosis of cirrhosis patients
with COVID-19 was significantly worse than that
of those who did not have it in this case.

Our study showed that COVID-19 worsens
the prognosis of patients with cirrhosis and that

hypoalbuminemia is the main predictor of death
in these patients. This is in agreement with previ-
ously published data [2—6]. However, in contrast
to previous studies, we assessed the impact of
baseline (before the COVID-19 pandemic) liver
function in patients with cirrhosis on the outcome
of COVID-19, which is one of the strengths of
our study.

The second strength of our study is that it is
the first study to assess how COVID-19 affects
liver function in surviving patients with cirrho-
sis. We found that recovery from COVID-19
had no significant effect on most indicators of
liver function, except for the prothrombin in-
dex, which was higher in patients who had the
infection. This may be a manifestation of the pro-
coagulant status that is observed in COVID-19
[22] and post-COVID-19 syndrome [23].

A limitation of this study was that we were
unable to examine all surviving patients at
the end of the follow-up period, as many of
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them refused to visit our clinic owing to fear
of COVID-19 infection or for other reasons.
Nevertheless, we were able to collect data from
sufficiently large groups of patients who showed
no significant differences in the pre-pandemic lev-
els of liver function indicators.
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