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RESUMEN

COVID-19 es una enfermedad multisistémica, que cursa principalmente con
manifestaciones respiratorias. Las alteraciones hepaticas son frecuentes, pero con
impacto variable, este estudio tiene el objetivo de evaluar la prevalencia de la
afectacion hepatica en la admision, asi como evaluar su asociacion con la severidad

y mortalidad en pacientes hospitalizados con COVID-19.

Fueron formados dos grupos: el grupo transaminasas alteradas (TALT) y el
grupo severidad de la COVID-19 (SC19). El grupo TALT basados en AST y/o ALT =
41 U/l, fue dividido en positivo y negativo; el grupo SC19, basado en PaO2/FiO2 <
300 mmHg, fue dividido en severa y no severa. Entre cada subgrupo fueron
comparadas: las caracteristicas clinicas, examenes de laboratorio y desenlaces
finales. Los pacientes TALT positivos eran mas jovenes (p=0.001), con menor
prevalencia de pacientes de diabetes mellitus e hipertension, aunque la mayoria
presento hepatopatia previa (p=0.017), con marcadores inflamatorios mas elevados,
mayor proporcion de COVID-19 severa (p<0.001) y estancia hospitalaria mas
prolongada (p=0.009). Analisis multivariado, mostré que el sexo masculino (p=0.007),
la presencia de hepatopatia previa (p=0.015) y bilirrubina total aumentada (p<0.001)
fueron factores independientes de transaminasas alteradas en la admision. En el
grupo SC19, los factores pronédsticos fueron: edad mayor de 60 afos (p=0.001),
diabetes mellitus (p=0.001) y linfopenia (p<0.001), asi como leucocitos (p<0.001),
proteina c reactiva (p<0.001) y dimero D aumentados (p<0.001). La prevalencia de
las transaminasas alteradas fue superior al 50% (p=0.001) y se correlacioné con la
severidad de la enfermedad (p=0.004). Los pacientes mayores de 60 afios tuvieron
un riesgo aumentado de mortalidad (p<0.001). En conclusion, los pacientes con

COVID-19 tienen una alta prevalencia de transaminasas alteradas en la admisién,



que se correlacionan con la severidad de la enfermedad y podrian ser consideradas

como marcadores pronosticos para estratificar su riesgo.

Palabras-llave: Higado, COVID-19, COVID-19 severa, enzimas hepaticas alteradas.



RESUMO

COVID-19 é uma doenga multissistémica que cursa principalmente com
manifestagdes respiratorias. Uma vez que anormalidades hepaticas sdo comuns na
doenga aguda, mas com impacto variavel, este estudo visa avaliar a prevaléncia do
envolvimento hepatico na admiss&o sobre a severidade e mortalidade da COVID-19

em pacientes hospitalizados.

Foram formados dois grupos: o grupo transaminases alteradas (TALT) e o
grupo severidade da COVID-19 (SC19). O grupo TALT, baseado em AST e/ou ALT =
41U/, foi dividido positivo e negativo; o grupo SC19, baseado no PaO2/FiO2 < 300
mmHg, foi dividido em severa e n&o severa. Entre cada subgrupo as caracteristicas
clinicas, exames de laboratorio e desfechos foram comparadas. Los pacientes TALT
positivos eram mais novos (p=0,001), com menor prevaléncia de diabetes e
hipertensdo, entretanto com presenga de doenga hepatica prévia (p=0,017),
marcadores inflamatérios mais altos, maior propor¢cdo de COVID-19 severa e
permanéncia hospitalar mais longa (p=0,009). Analise multivariada mostrou que o
sexo masculino (p=0,007), a presenga de hepatopatia prévia (p=0,015) e a bilirrubina
total elevada foram fatores independentes para transaminases alteradas (p<0,001).
No grupo SC19, os fatores prognosticos foram: idade acima de 60 anos (p=0,001),
diabetes mellitus (p=0,001) e linfopenia (p<0,001), assim como leucécitos (p<0,001),
proteina c reativa (p<0,001) e dimero D aumentados (p<0,001). A prevaléncia de
transaminases elevadas foi superior a 50% (p = 0,001) e correlacionou-se com a
severidade da doenga (p=0,004). Os pacientes acima de 60 anos tiveram risco
aumentado de mortalidade (p<0,001). Em concluséo, pacientes com COVID-19 tém

alta prevaléncia de transaminases elevadas na admiss&o, que se correlacionam a



severidade da doenga e poderiam ser consideradas marcadores progndsticos para

estratificar seu risco.

Palavras-chave: Figado, SARS-CoV-2, COVID-19, COVID-19 severa, enzimas

hepaticas alteradas.
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ABSTRACT

COVID-19 is a multisystemic disease, primarily presenting with respiratory
manifestations. As liver abnormalities are frequent but lead to uncertain outcomes, the
objective of this study is determinate the prevalence of liver involvement as well as

evaluate its effects on severity and mortality in hospitalized patients with COVID-19.

Two groups were performed: the altered transaminase group (TALT) and the
COVID-19 severity group (SC19). The TALT group, based on AST and/or ALT = 41
U/l, was divided into severe and no severe. Clinical characteristics, laboratory and
outcomes were compared. TALT positive patients were younger patients (p=0.001),
with less diabetes and hypertension, although most presented previous liver disease
(p=0.017), higher inflammatory markers and number of severe COVID-19 cases, with
longer hospital stay (p=0.009) in comparison to TALT negative patients. Multivariate
analysis showed that male gender (p=0.007), the presence of previous liver disease
(p=0.015) and high total bilirubin (p<0.001) were independent factors for altered
transaminases. In the SC19 group, the independent prognostic factors for severe
COVID-19 were age over 60 years (p=0.001), diabetes mellitus (p=0.001) and
lymphopenia (p<0.001), as well as higher leukocytes (p<0.001), increased c-reactive
protein (p<0.001) and increased D-dimer (p<0.001). The prevalence of elevated
transaminases was greater than 50% (p=0.001) and correlated with disease severity
(p=0.004). Patients over 60 years old had an increased risk of mortality (p<0.001). In
conclusion, patients with COVID-19 have a high prevalence of altered transaminases
on admission, which correlates with disease severity and could be considered as

prognostic markers to stratify their risk.

Keywords: Liver, SARS-CoV-2, COVID-19, severe COVID-19, Altered

transaminases.
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LISTA DE ABREVIATURAS

ALT — Alanina aminotransferasa

AST — Aspartato aminotransferasa

CK - Creatina quinasa

COVID-19 — del inglés coronavirus disease-2019

DM — Diabetes mellitus

ECAZ2 — Enzima convertidora de angiotensina 2

FA — Fosfatasa alcalina

FNT alfa — Factor de necrosis tumoral alfa

GGT — Gamma-glutamil transferasa

INF gamma — Interferon gamma

HTA — Hipertensién arterial

IL2 — Interleucina 2

IL6 — Interleucina 6

IL10 — Interleucina 10

LDH — Lactato deshidrogenasa

MAFLD — Enfermedad de higado graso asociado a disfuncion metabdlica

PCR - Proteina C reactiva

SARS-CoV-2 — del inglés severe acute respiratory syndrome coronavirus

SC19 — COVID-19 severa



TALT — Transaminasas alteradas

UCI — Unidad de cuidados intensivos
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1. INTRODUCCION

COVD-19 sorprendié al mundo y en marzo 2020 se convirtié en una pandemia,
que ha afectado a mas 256, 966 237 millones personas (casos confirmados) y de
estos 5, 151 643 millones murieron por infeccion de SARS-CoV-2 (1), Latinoamérica
es una de las regiones mas afectadas por la pandemia, con datos clinicos escasos.
La identificacion oportuna de pacientes en riesgo de enfermedad severa o muerte en
la admisién, asi como una oportuna intervencion e ingreso a la unidad de cuidados

intensivos (UCI), podrian mejorar el prondstico.

COVID-19 es una enfermedad inducida por el virus SARS-CoV-2, es
multisistémica, sin embargo, afecta principalmente el sistema respiratorio,
manifestandose con una variedad de sintomas tos, fiebre, disnea, anosmia, ageusia;
entre otros sistemas afectados tenemos el cardiovascular, renal, gastrointestinal y
hepatobiliar. Esta enfermedad tiene un espectro heterogéneo desde asintomaticas

hasta falla multiorganica. (2)

En la COVID-19 severa (3), la funcion respiratoria esta comprometida, desde
hipoxemia, y en casos mas severos progresa a sindrome respiratorio agudo, hasta
la falla multiorganica, con gran impacto en el desenlace de la enfermedad,
presentando una alta mortalidad en los pacientes con falla organica (4). Existen
factores que predisponen a la severidad como edad avanzada, sexo masculino,
comorbilidades como la hipertension, diabetes mellitus y enfermedades

cardiovasculares.(5,6)

El higado es un 6rgano vital, con rol importante en la actividad metabdlica. Al

ser afectado se manifiesta con alteracién de las enzimas hepaticas, con diferentes
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patrones: hepatocelular, colestasico o mixto. Las manifestaciones hepaticas durante
el curso del COVID-19 es frecuente y la causa especifica no esta determinada, se le
atribuye al proprio virus SARS-CoV-2, alteraciones inmunoldgicas (respuesta inmune
e hipoxia), hepatotoxicidad y enfermedades hepaticas pre-existentes.(7) El impacto
del COVID-19 en el higado es controversial y podrian, las transaminasas alteradas,

ser factores prondsticos de COVID-19 severa. (8,9)

16



2. REVISION BIBLIOGRAFICA

2.1.COVID-19

SARS-CoV-2 es un virus ARN, la proteina S (spike) es parte de su estructura

y se une a los receptores ECA2 (enzima convertidora de angiotensina 2), facilitando

el ingreso a las células de los diferentes tejidos, como pulmon, corazon, rifidn, tracto

gastrointestinal, higado.(10) Este virus produce COVID-19, enfermedad

multisistémica, con afectacidn principalmente respiratoria, con sintomas variados y un

espectro clinico heterogéneo: asintomatico, leve, moderada, severa y critica

Asintomatica: individuos con prueba virolégica positiva sin sintomas.

Leve: individuos con sintomas como fiebre, tos, astenia, vomitos, diarrea,
anosmia, ageusia. No tienen disnea ni imagenes alteradas.

Moderada: individuos con evidencia de enfermedad respiratoria baja
durante evaluacion clinica o imagen alterada. Quienes tienen saturacion de
oxigeno = 94% al aire libre a nivel del mar.

Severa: individuos que tienen saturacion de oxigeno < 94% al aire libre al
nivel del mar o PaO2/Fi0O2<300, frecuencia respiratoria > 30
respiraciones/minuto, o infiltrado pulmonar > 50%.

Enfermedad critica: individuos que presentan falla respiratoria, shock

séptico, y/o multiple disfuncion organica.(3)

2.2.COVID-19 severa

Cuando el curso clinico progresa a COVID-19 severa puede llevar a falla

multiorganica y muerte. La mortalidad estimada puede alcanzar del 3-7%.(11) La alta

mortalidad ha sido asociada con COVID-19 severa y la excesiva produccion de

citosinas pro-inflamatorias (tormenta inflamatoria)(12)
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Pacientes con edad avanzada, comorbilidades como diabetes mellitus (DM),
hipertension arterial (HTA), enfermedad cardiovascular, obesidad, enfermedad renal

cronica, tienen riesgo incrementado de progresar a COVID-19 severa .(13)

Pacientes con COVID-19 severa han asociado incremento de marcadores
inflamatorios siendo reconocida como la principal la interleucina-6 (IL6). (14,15) Otros
marcadores como la proteina C reactiva (PCR), el lactato deshidrogenasa (LDH) y
linfopenia fueron considerados predictores de severidad.(16-21). Jafarzadeh et al.,
reportaron que la linfopenia podria reforzar la excesiva respuesta inflamatoria (16) asi
como la PCR producida en el higado podria incrementar la inflamacion en este. En
un meta-analisis por Kovalic et al., encontraron asociacién entre COVID-19 severa y
elevaciones de aspartato aminotransferasas (AST), bilirrubina total, albumina
disminuida, asi como una tendencia de elevadas alanino aminotransferasas (ALT)
entre los casos severos. También encontré asociacion con leucocitosis, neutrofilia,
linfopenia, elevada creatina quinasa (CK), elevada lactato deshidrogenasa (LDH) y

elevado tiempo de protrombina.(22)

2.3. Manifestaciones hepaticas de COVID-19
La injuria del higado se manifiesta con alteracion de las pruebas hepaticas: la
lesion hepatocitaria se manifiesta a través de alteracion de las enzimas aspartato
aminotransferasa (AST) y alanina aminotransferasa (ALT), el dafio de la via biliar se
manifiesta con alteracion de fosfatasa alcalina y gamma-glutamil transferasa (GGT),
la alteracidn de la funcion secrecion o sintesis se manifiesta por alteracion de la

Bilirrubina, el tempo de protrombina, la albumina respectivamente.
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2.3.1. Prevalencia de alteraciones hepaticas

La incidencia de enzimas hepaticas alteradas es variable entre los diferentes
estudios, 14 a 76.3% entre los pacientes con COVID-19 (8,23-27) , un rango amplio
debido a los diferentes puntos de corte utilizados como referencias, en los diferentes
estudios. En Latinoamérica, Mendizabal et al. en un estudio multicéntrico prospectivo
con 1611 pacientes reporto la prevalencia de enzimas hepaticas alteradas en 45.2%
, Yy demostro la asociacion con la mortalidad y la severidad de la enfermedad (28). Por
otro lado Marin et al., en un estudio retrospectivo con 1100 pacientes mostraron que
el 75% de los pacientes presentaron enzimas hepaticas alteradas en la admision y
asociacion de éstas con la severidad de la enfermedad (29). Similares hallazgos
fueron reportados en una revision sistematica por Sharma et al., de 12,882 pacientes,
AST estuvo aumentada en 41.1% y ALT en 29.1%, demostrando asociacion con la
severidad de la enfermedad.(9) Las alteraciones de las transaminasas son
generalmente leves.(30) o menos de 5 veces su limite superior (27,31,32). El patrén
hepatocelular fue el predominante, las elevaciones de bilirrubina, FA y GGT fueron
poco frecuentes. La elevacién de bilirrubina fue reportada entre 6 - 7%, de FA entre

4.1- 5% y GGT alteradas entre 17.6-54%. (27,32,33)

2.3.2. Causas de enzimas hepaticas alteradas

Las alteraciones hepaticas con mecanismo fisiopatolégico poco entendido,

esta asociado a muchos factores:

¢ Infeccidn citopatica directa.
El higado expresa receptores de la enzima convertidora de angiotensina
(ECA2) que permite el ingreso del virus a través de la proteina S (spike). (Figura 1),

el colangiocito expresa una cantidad considerablemente superior 59.7% comparado
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al hepatocito 2.6% (Figura 2). La cantidad de receptores que expresa el colangiocito
es similar a la cantidad expresada por pneumocito tipo 2. (34) Sin embargo las
elevaciones de las enzimas tienen un patron hepatocelular, diferente a lo esperado
por la cantidad de receptores que predomina en la via biliar y se esperaria un aumento

mayor de enzimas colestasicas.

Entre los hallazgos histologicos de pacientes infectados con SARS-CoV-2, en
un meta-analisis con 164 pacientes, el mas frecuente hallazgo post mortem fue la
congestion  centrolobulillar, ademas de leve a moderada esteatosis,
predominantemente macrovesicular y centrolobulillar asi como leve a moderado
infiltrado en la zona periportal.(35) En otro meta-analisis realizado por Diaz et al. con
116 pacientes los hallazgos mas frecuentes en pacientes fallecidos fueron esteatosis
hepatica y trombosis vascular, encontrando 19% de microtrombos en el sinusoide
hepatico. También se encontraron inflamacion lobulillar y portal sin embargo, no se
encontraron hallazgos relacionados a la via biliar. (36) Los hallazgos histolégicos son
inespecificos y podrian ser atribuidos a causas secundarias como shock, diabetes
mellitus u obesidad(37). Se mostro infeccion hepatica directa, a través de particulas
de SARS-CoV-2 sin membrana en citoplasma de hepatocitos en 2 pacientes con
enzimas hepaticas alteradas sin confirmarse con PCR para acidos nucleicos virales
dejando la opcidbn que podria deberse a otro origen.(38) Los hallazgos

histopatolégicos se muestran en la figura 3.
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_______________________________________________________________

Organoide Organoide
! SARS-CoV-2 !
Proteina S
YIVIY] * 1Y Y1 * M-
| ECA2 |
" TMPRSS2 Y Y |
| SARS-CoV-2 |
I Replicacion :

_______________________________________________________________

Figura 1 — SARS-CoV-2 y receptores ACE2. En modelos organoides los hepatocitos
y los colangiocitos han mostrado la expresidn necesaria de receptores para permitir
el ingreso de SARS-CoV-2. Adaptado de (2).

———————————————————————————————————————————————————————————————

Higado humano Expresién ECA2

NECA2
en cirrosis

Hepatocitos
. Colangiocitos
. Células sinusoidales
o Células inmunes

_______________________________________________________________

Figura 2 — Expresiéon de receptores en el higado. Se muestra la variabilidad de
expresion vy distribucién de los receptores ECAZ2 en los tipos de células del higado.
Los colangiocitos parecen tener mas grande concentracion de receptores que los
hepatocitos. Adaptado de (2).
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Figura 3 — Espectro de alteraciones patoldgicas del tejido hepatico (en paciente
con COVID-19 post mortem). A) Hepatocitos edematosos B) Colestasis C)
Esteatosis D)Necrosis hepatocelular E)Inflamacién lobulillar F)inflamacién portal
G)Fibrosis H)Dilatacion de los sinusoides, Bars = 50 um (A-D) Adaptado de (37)

e Lesion inmunomediada.

La alteracion de las enzimas hepaticas podria estar asociado al proceso
inflamatorio (lesion endotelial) e/o hipoxia (microtrombos y shock). La infecciéon por
SARS-CoV-2, genera una respuesta inflamatoria con liberacién de citoquinas como
interleucina 6, 2, 10 (IL6, IL2, IL10), factor de necrosis tumoral alfa (FNT alfa) e
interferén gamma (IFN gamma ), con la resolucion de los casos leves, o puede ser
una respuesta exagerada (tormenta inflamatoria) que puede llevar a falla

multiorganica y muerte.(38).

La tormenta inflamatoria es la hiperactivacion de la inmunidad innata en el
contexto de depleccion de células T, caracteristico de los casos severo de COVID-19
que estan asociados a aumento de marcadores inflamatorios, una de las mas

destacadas citosinas es la IL-6 asi como también PCR y LDH.(12) Una respuesta
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inflamatoria importante puede causar citopenias, dafio del tejido hepatico (aumento

de transaminasa y LDH) y coagulopatia (Figura 4).

Los pacientes con COVID-19 severa presentan aumento de las enzimas
hepaticas (33,39) y asocian incremento de marcadores inflamatorios (40,41),
pudiendo estar relacionado a la tormenta inflamatoria que va a llevar a falla de
organos, manifestandose con la alteracion de las enzimas hepaticas. Fu et al., en un
estudio multicéntrico, retrospectivo, mostro asociacion de leucocitosis y PCR

aumentada con enzimas hepaticas alteradas en pacientes con COVID-19.(25)

La IL6 podria tener un importante rol el dirigir al estado de hipercoagulabilidad
tanto en el lecho hepatico como sistémico, a través de dafio inmunoldgico se produce
injuria endotelial con incremento de expresion de niveles incrementado del factor Von
willebrand en el lecho vascular del higado, pudiendo producirse excesiva trombina
que inhibe la fibrindlisis, como consecuencia deposicién de microtrombos y disfuncion
microvascular (42). De 43 biopsias hepaticas realizadas en pacientes con COVID-19
fueron observados microtrombos en 23 (53%), encontrando asociacion con
incremento de transaminasas(43). Sin embargo, en otro estudio se evalud la
activacion coagulacion en los vasos intrahepaticos a través de marcadores como C4d
(activacion del complemento), C5d y CD61(activacion de plaquetas) encontrandose
en el 22%, 0% y 14.8% de las muestras respectivamente, demostrando escasa
activacion de los factores de la coagulacion localmente y de la agregacion plaquetaria.
atribuyéndoles a los eventos vasculares en otros estudios probablemente a

alteraciones de la coagulacion sistémica. (44)
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Figura 4 — Fisiopatologia COVID-19. SARS-CoV-2 entra en las células a través de
la interaccidn de la proteina S (spike) con el receptor de entrada ECA2. Mecanismo
propuesto del dafio celular por SARS-CoV-2: 1) Dafo directo del Virus. 2)Dafio de
células endoteliales y tromboinflamacion. 3)Respuesta inmune desregulada e
inflamacion excesiva causada por la inhibicion de la sefal del Interferon, deplecion
Células T, citosinas proinflamatorias (IL-6 y FNT alfa).ECA2 — Enzima convertidora
de angiotensina 2. Adaptado de (42)

e Hepatotoxicidad

Enzimas hepaticas alteradas en la admision en pacientes con COVID-19,
podria ser causado por farmacos antes de la hospitalizacion, sin embargo,
actualmente no hay un tratamiento especifico por COVID-19. Descripcién de
tratamientos previos de la admision es escasa, ademas condiciones pre-existentes
tendrian influencia también en las alteraciones. Medicamentos usados previos a la

admision, como acetaminofén, antibidticos, corticoides, antivirales, en dosis no
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establecidas e incluso medicamentos no autorizados como profilaxis como

ivermectina, que son potencialmente hepatotoxicos.

Solo los corticoides mostraron reducir la mortalidad (45). Durante la
hospitalizacion son principalmente usados los antibiéticos y los corticoides, en casos
severos con sobreinfecciones, antibidticos de amplio espectro, antifungicos,
antivirales son utilizados, la combinacién de estos podria causar dafo hepatico,
ademas de los medicamentos en investigacion. Un estudio por Cai et al., mostroé que
el uso de lopinavir/ritonavir durante la hospitalizacion tuvo asociacion con el aumento
de enzimas hepaticas. (23) Asi también Yip et al., demostr6 que ademas de
lopinavir/ritonavir, los corticoides estaban asociados con alteracion de las enzimas
hepaticas.(26) Por otro lado en otro estudio se reporté que no habia diferencia con

los farmacos antes de la admision. (32)

¢ Enfermedad hepatica Pre-existente

Las enfermedades hepaticas pre-existentes, tiene una variedad de subgrupos
cada uno con sus propias caracteristicas (enfermedad de higado graso asociado a

disfuncion metabolica [MAFLD], virales, cirrosis) y con diferente prevalencia.

Si la enfermedad hepatica pre-existente tiene un rol en el curso clinico es
controversial. La prevalencia de hepatopatia previa es variable 6.8% - 21% entre los
diferentes estudios.(8,25,28,46). Yadav et al., en una revision sistematica con 2115
pacientes reportd que la prevalencia de hepatopatia previa fue 4%, (virus de hepatitis
B, fue la mas frecuente). Hay estudios que sugieren que pacientes con hepatopatia
cronica son mas susceptibles, y tienen incrementado riesgo de complicaciones y
mortalidad (47—49). Por otro lado, hay estudios que no encontraron asociacion

(46,50). Que subgrupo es mas susceptible, es desconocido.
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Los pacientes con cirrosis tienen disfuncion del sistema inmune, que pueden
predisponer a mayor susceptibilidad a infecciones y generar una respuesta
inflamatoria aberrante (51), se ha demostrado a través en modelos organoides, que
los higados con cirrosis tienen incrementada la expresién de receptores ACE2

comparado con un higado no cirrético(2)

En un estudio multicéntrico por Marjot et al., se demostro que los pacientes con
cirrosis descompensada tienen mayor riesgo de mortalidad comparados con aquellos
sin cirrosis (32% vs 8%) (52). MAFLD, la mas frecuente de las hepatopatias pre-
existentes, tiene un perfil en comun con pacientes con COVID-19 en riesgo: edad
avanzada, diabetes mellitus, hipertensién arterial y riesgo cardiovascular, obesidad
(13). Pacientes con MAFLD, presentan grado de inflamacion cronica (IL 6
aumentada), que compromete el sistema inmune y causa disfuncion endotelial
microvascular (53). En una revision sistematica por Heygi et al., demostré que los
pacientes con MAFLD fue asociado a un riesgo aumentado de COVID-19 severo

comparado con aquellos que no tienen MAFLD.(54)

Si la hepatopatia pre-existente, podria interferir con los hallazgos encontrados:

enzimas hepaticas alteradas, empeorando la funcién hepatica, es controversial.

e Otras causas en pacientes criticos

Pacientes criticos con COVID-19, pueden presentar cambios hemodinamicos
debido a shock, falla cardiaca e/o respiratoria y manifestarse como hepatitis hipoxica.
Durante el shock hay caida de la presion arterial, se reduce la perfusién arterial del
higado, llegando a producir dafio celular. Durante la falla cardiaca ademas de la caida
de presion, puede presentarse congestion venosa hepatica que podria predisponer a

los hepatocitos a mayor hipoxia.(55)
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2.4.Pronéstico de transaminasas alteradas

Es controversial el valor prondstico de las transaminasas alteradas, algunos
estudios demostraron, asociacion con la severidad y complicaciones, (29) asi como
con la mortalidad. (56). En un estudio prospectivo multicéntrico con 1611 pacientes
por Mendizabal et al. reportaron asociacion de las transaminasas alteradas en la
admisién con la severidad y mortalidad. Kovalic et al., en una revision sistematica con
586 pacientes reportaron la asociacion AST elevada con la severidad.(22). En otra
revision sistematica por Yip et al. con 1040 pacientes, reportaron que enzimas
elevadas tuvieron mayor riesgo requerir ventilacion mecanica, admision en la UTl y
mortalidad. (26) De acuerdo con estos resultados, una revisidn sistematica por
Sharma et al. con 12 882 pacientes, encontraron la prevalencia de AST aumentada
en41.1% y ALT en 29.1%, y la asociacion de estas con la severidad de la enfermedad.
(9) Por otro lado hay estudios que mostraron que no hay asociacion con evolucion

clinica torpida.(8,57).
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3. JUSTIFICACION

Latinoamérica es una de las regiones mas afectadas por la pandemia de
COVID-19 y de la cual los datos clinicos son escasos. COVID-19 va mas alla del
sistema respiratorio y tiene impacto en los diferentes sistemas, el higado es afectado
por esta enfermedad sin tener clara la fisiopatologia, a la cual se le atribuye diferentes
factores como lesion por proprio virus, alteracion inmunologica (respuesta inflamatoria
e hipoxia), hepatotoxicidad y/o enfermedad hepatica previa, causando dudas en la
practica clinica y manifestaciones hepaticas poco claras, expresadas con alteracion
de las enzimas hepaticas, con impacto en el curso clinico e resultados finales poco

conocidos.

La finalidad de este estudio es determinar la prevalencia de las enzimas
hepaticas alteradas asi como determinar si hay asociacién con evolucion clinica y

resultados finales em uma grande corte de um hospital geral no sul do Brasil.

28



4. PREGUNTA DE LA INVESTIGACION
¢ Las alteraciones de las enzimas hepaticas en la admision estan asociadas a

mayor severidad, complicaciones y mortalidad, en casos de pacientes con COVID-

197
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5. HIPOTESIS
Las alteraciones de las enzimas hepaticas en la admisién estan asociadas a

mayor severidad, complicaciones y mortalidad en casos de pacientes con COVID-19.
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6. OBJETIVOS
6.1. General

e Evaluar las alteraciones de las enzimas hepaticas desde el punto de vista

clinico en pacientes con COVID-19.

6.2. Especificos

e Determinar la prevalencia de las enzimas hepaticas alteradas en la admision.

e Evaluar los parametros inflamatorios como PCR, LDH, CK y leucocitos y
compararlos entre los grupos.

e Correlacionar las alteraciones hepaticas con la evolucion clinica, severidad de

la enfermedad, mortalidad y estancia hospitalaria.
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Abstract

Background and aims: Coronavirus disease (COVID-19) is a multisystemic disease, primarily
affecting the respiratory system. Liver involvement is frequent during the disease, but the
impact on the clinical curse and outcomes are controversial. The aim was to assess liver
function at the admission and evaluate its effects on severity and mortality in hospitalized
patients with COVID-19.

Methods: this is a retrospective study of hospitalized patients in a tertiary hospital in Brazil,
with PCR confirmed SARS-CoV-2 infection between April and October 2020. 1080 out of
1229 patients had liver enzymes on admission and were divided in two cohorts, based on the
presence or absence of abnormal aminotransferases. Demographic, clinical, laboratory,
imaging, clinical severity, and mortality were evaluated. Patients were followed until discharge
or death.

Results: Median age was 60 years and 51.5% were male. The more frequent comorbidities
were hypertension (51.2%), diabetes (31.6%). Chronic liver disease and cirrhosis were present
in 8.6% and 2.3%, respectively. Abnormal aminotransferases higher than 40 IU/L were present
in 56.9% of patients [mild (1-2 times): 63.9%; moderate (2-5 times):29.8%; severe (>5
times):6.3%]. Patients with abnormal aminotransferases had a higher proportion of severe
COVID-19 cases (59% vs 44%; p=<0.001) than those with normal results. Male gender [RR
1.49,p=0.007], increased total bilirubin [RR 1.18, p<0.001] and chronic liver disease [RR 1.47,
p=0.015] were predictors of abnormal aminotransferases on admission. Patients with abnormal
aminotransferases had a higher risk of disease severity [RR 1.19; p=0.004]. Mortality was
23.6%, and patients above 60 years [RR 2.3, p< 0.001] had higher risk of mortality as well as
increased INR [RR 1.26, p= 0.01] and/or D-dimer [RR1.05, p<0.001]. Our finds no showed

association among abnormal aminotransferases and mortality.
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Conclusions: Elevated aminotransferases are common in COVID-19 hospitalized patients and
were independently correlated with severe COVID-19. Even mild AST or ALT abnormalities

at admission may be a severity prognostic marker.
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Introduction

Coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 surprised the world in the
early 2020 and has become a challenge, remaining unpredictable until now. More than
296.496.809 cases of COVID-19 among them 5.462.631 deaths in the world were reported by

WHO by January 2022. In Brazil, more than 600,000 deaths were reported. [1]

COVID-19 is a multisystemic disease, mainly affecting the respiratory system with a broad
spectrum of disease, from mild to critical, with complications as pulmonary thromboembolism
until multi-organ failure [2,3]. Liver is involved, and several studies reported a wide range of
prevalence of abnormal liver enzymes [4-9]. The exact pathophysiology of liver damage is
unknown, and it is attributed to multiple factors as: a) SARS-CoV-2 liver replication,
b)systemic inflammatory response or hypoxia; c)hepatotoxic drugs, and d) pre-existing
comorbidities [10]. Even liver biopsy available data showed variables histological changes,

suggesting a multiple insult [11,12].

Varying levels of abnormal liver enzymes, most increased transaminases have been associated
with disease severity, complications and mortality in some studies[13,14], although its impact
on clinical course is still controversial [15]. Furthermore, very few studies in Latin America

have addressed this issue.

The aim of present study was to evaluate the prevalence of abnormal liver enzymes on
admission in patients with COVID-19 admitted a tertiary general hospital in South of Brazil,

as well as assess its impact on in-hospital severity and mortality.

35



Patients and methods

Study design

This is a retrospective single-center cohort study analyzing patients admitted between April 1st
and October 31, 2020, at a university hospital in Porto Alegre, Brazil. The study was approved
by the Ethics Committee of the Hospital de Clinicas in Porto Alegre (Project N° 20200340).

Patients were exempted from sign informed consent.

Patients” characteristics

Patients aged = 18 years with nasopharyngeal or oropharyngeal swab samples RT-PCR SARS-

CoV2 positive were enrolled and followed until discharge of hospital, or death.

Cohort characteristics

We collected from electronic medical records the following data: demographics, medical
history, clinical characteristics, admission laboratory [complete blood count, C-reactive
protein, creatine kinase, lactate dehydrogenase, D-dimer, bilirubin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (AP), gamma glutamyl
transpeptidase (GGT), creatinine, international normalized radio (INR) and prothrombin time
(PT)], radiological reports and medication history. COVID-19 therapy, including antibiotic,
antivirals, steroids and others, were evaluated before admission. Lymphopenia was considered
less than 1000 x103/uL [16]. Liver enzymes enabled to separate the cohort into two subgroups
based on AST and/or ALT = 411U/L: abnormal liver enzymes (ALE) and normal liver enzymes
(NLE) [17]. Liver enzymes elevations on admission (AST and/or ALT), were categorized as
mild (<2 times ULN), moderate (2-5 times ULN), and severe (>5 times ULN) as previously

described elsewhere [6,9]
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COVID-19 severity

Severe COVID-19 was defined as a ratio of arterial partial pressure of oxygen to fraction of
inspired oxygen (PaO2/Fi02) < 300 mmHg or organ failure (ventilatory support requirement,
vasoactive drug, or renal substitute therapy with hemodialysis [18]. Patients were categorized

in severe and no severe and compared.

Definitions of comorbidities

Chronic kidney disease and end-stage renal disease were defined as usual [19] and included as
“kidney disease”. Coronary artery disease and congestive heart failure were grouped as
“cardiovascular disease”. Chronic liver disease (CLD) was the presence of at least 6 months
long history of liver damage before the admission. Liver steatosis was defined by liver image
showing hepatic steatosis 3 months before or during hospitalization. MAFLD was defined

accordingly to published criteria. [20]

Outcomes

The main outcomes assessed were COVID-19 severity and mortality during hospitalization.

Statistical analysis

Categorical variables were reported as percentages and comparisons were made using chi-
square test or Fisher’s exact test. Continuous variables were reported as median (minimum -
maximum) or mean with standard deviation, comparisons were made with Student’s t test or
Mann-Whitney U test, according to distribution (Shapiro - Wilk test). P <0.05 was considered
as statical significance. To explore independent factor associated with severe disease and
mortality was performed a univariate analysis including demographic, clinical and laboratory

data. Significant variables were considered to perform a model of multivariate analysis using
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Cox regression in mortality and Poisson regression in disease severity. In the same way were
explored factors associated with abnormal liver enzymes. Multivariate analysis in each case
was adjusted for age >60, sex, hypertension, T2DM and previous history of liver disease. Data
analysis was performed with IBM SPSS Statistics, version 25.0. IBM Corp., Armonk, N.Y .,

USA)

Results

Of 1,508 medical records referring to 1,454 patients, 1,229 were included as showed in a figure
1. Table 1 summarizes demographic and clinical data. Median age was of 60 years, most
patients were male, and comorbidities were common, especially hypertension, obesity, and
diabetes. Chronic liver disease was present in 106 (8.6%) patients. Among COVID-19
symptoms, dyspnea and fever were present in more than 50%. Chest imaging abnormalities
were present in 882 (71.80%). Half of the included patients were admitted to the intensive care
unit (ICU). Liver injury, defined as AST and/or ALT =2 x ULN, and total bilirubin > 2 x ULN
and/or 1.7 = INR), was present in only 1.3%. A significant number of patients received

COVID-19 intended treatment before admission, as demonstrated.

Table 2 shows baseline laboratory on admission. Median AST and ALT were 40 and 36 UI,
respectively, and median bilirubin was 0.5mg/dL. Canalicular enzymes were seldom requested.
Inflammatory markers such as CRP and LDH were usually high, as well as d-dimer. During
hospitalization, antibiotics and steroids were highly prescribed (Table 1). Investigational

products were given to 126 (10.3%), including convalescent plasma therapy and baricitinib.

Characteristics of Patients with Abnormal Liver Enzyme
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Of total 1,229 patients, 1,080 (87.9%) patients had record of AST and/or ALT available on
admission, among whom 614 (56.9%) had abnormal liver enzymes (ALE group). Table 3

details the obtained results, comparing patients with normal and abnormal liver enzymes.

Patients with ALE were younger, male, and had a more frequent history of previous liver
disease. It is noteworthy that inpatients with elevated liver AST and/or ALT, mild elevation
was present in 63.8%, while 29.8% had moderate and 6.36% severe abnormalities. Table 4
displays a Poisson regression of factors associated with abnormal liver enzymes. Inflammatory
markers were higher in ALE patients, as well as were a list of variables, including COVID-19
severity. However, in multivariable analysis only male gender, previous liver disease and
bilirubin were significantly associated as independent risk factors of liver enzymes
abnormalities. ALE patients presented a higher length of stay [9 days (0-94) vs 7.5 days (O -

64), p = 0.009]

Characteristics of Patients with severe COVID-19

Of the total 1,229, 639 (51.9%) patients presented severe COVID-19. Compared with non-

severe disease, they were older, male, and presented more comorbidities (Table 5)

A multivariate analysis confirmed that ALE, age above 60 years old, the presence of diabetes
and some laboratory abnormalities, such as high CRP and d-dimer levels were independently

related to the disease severity. (Figure 2)

Mortality

Factors associated with mortality are presented in table 6. After an adjusted multivariate
analysis, age above 60, coagulation abnormalities and higher d-dimer levels were significantly

associated with it.
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Discussion

This study evaluated a large cohort of patients with COVID-19 admitted to a tertiary hospital,
and demonstrated that even mild AST and ALT abnormalities are predictors of disease severity.
Over half of our cohort (58.6%) presented abnormal liver enzymes on admission; this figure is
within of wide range (14 - 81.7%) reported by others studies that observed abnormal liver
enzymes on admission or during hospitalization. [21-29]. The results’ variability is related to
different liver enzymes cutoffs used and to the significant difference among studied
populations. We considered AST and/or ALT =41, as a marker of liver enzymes abnormality,
in line with others studies. [7,23,25] Having this cutoff as reference we found that ALE on
admission was significantly associated to the COVID-19 severity in a multivariate model. ALE
on admission, may be a manifestation of liver and multisystemic COVID-19 involvement could
lead clumsy evolution with adverse outcomes, as reported by other [7,32-34]. There are few
previous studies in South America suggesting association between ALE and severity disease.
A Brazilian multicenter study included 406 patients with COVID-19 and reported a prevalence
of twice elevated AST and ALT levels (ALEx2) at admission of 14%. Adjusted for age and
sex, in-hospital all-cause mortality was higher in this group than inpatients with lower enzymes
[30]. In the present study we found 29.8% of patients with ALEx2 at admission, but they did
not correlate to COVID-19 severity or mortality. One smaller Latin American study included
298 patients and demonstrated that ALEx2 on admission was independently associated with 1-
week mortality. In addition, patients without ALEx2 at admission who developed 1-week de
novo-ALEx2 (39.8%) presented a higher mortality during the second week[31]. Cai et al.,
reported 76.3% of liver enzymes increment during hospitalization in COVID-19 patients, and
found association with Lopinavir/Ritonavir [7]. In the present study, only 15.87% of patients
presented de novo AST and/or ALT abnormalities during the hospital stay without association

to severity and mortality. However, a little sample size in the sub-analysis limits ours results.
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Severe COVID-19 (SC-19) patients were older (> 60 years old), presented more comorbidities
and higher inflammatory markers, such as leukocytes, CRP, LDH and CPK with lower
lymphocytes similar to some other reports.[41-44] We found higher levels of inflammatory
markers in ALE patients, suggesting SARS-CoV-2 induced inflammatory response could be
related to of liver injury as inflammatory reaction could lead to cytokine storm which is a key
in the severe disease, [39,40]. We also found increased D-dimer as risk factor of SC19, the
same described by some other authors[38,41], and could be unchained by inflammatory
response. We found association among D-dimer and ALE in univariate, although it lost
significance in the multivariate analyze. D-dimer is a hemostatic biomarker, higher levels of
D-dimer indicate that there is fibrin generation and fibrinolysis, in patients with COVID-19

could be extrahepatic origin.[42]

In this study, male gender, CLD and increased total bilirubin were predictors of ALE at
admission. Previous studies reported ACE2 receptors are mediated by androgens, being higher
in men [5]. CLD was reported in 8.6%, similar to the prevalence reported by Hao et al. [24]
but higher than the results of a systematic review (3.6%)[44]. Some reports suggest CLD
increases the risk of complications or mortality. However, we did not find any association here,
the same reported in some studies [44,45], including a meta-analysis of 8,800 patients[45]. On
the other hand, a recent Brazilian study with 1,034 COVID-19 patients showed that CLD is
linked to the mortality. [46]. Moreover, patients with CLD could present higher expression of
ACE2 receptor and could be more susceptible to the virus [10], and Child-Pugh C cirrhotics
have an increased risk of complications and mortality[47,48]. We found that ALE on admission
was associated with SC-19 despite having less diabetes, hypertension and chronic kidney
disease, supporting the prognostic role of liver enzymes. In addition, ALE patients had longer
hospital stay, as we demonstrated here in agreement some studies. [49] A multicenter

retrospective study with 1765 patients in Hubei province, in China, reported an increased
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mortality risk in cases of elevated AST (above 34 U/L) [50], although we did not find it, in line
with some other studies. [24] [15] In the present study, 23.6% of patients died, and patient aged
above 60 years had a higher risk of death [39] These findings are consistent with several studies
[14,51,52] including a Brazilian one [46]. This finding may be related to the physiological
changes of aging. Furthermore, patients with abnormal coagulation with increased INR and
elevated D-dimer at admission also have an increased risk of mortality[41]. Coagulation

disorders might be related to inflammatory storm as well. [53].

This study has some strengths and limitations that should be considered. So far, this is the
largest single centered study in Brazil, conducted at a high-volume University tertiary hospital,
and it is the first solely reporting results from the South Brazil. On the other hand, it was
retrospective, and some data could be incomplete or not recorded, such as medications, alcohol

consumption, body mass index, and canalicular enzymes at admission.

In conclusion, we demonstrated in a large Brazilian cohort that prevalence of abnormal AST
and/or ALT on admission is high (more than 50%) and that mild AST and/or ALT
abnormalities are predictors of high-risk severe COVID-19. Thus, AST and ALT should be
determined on admission and, in case of abnormalities, a careful observation of clinical curse

is advocate.

Abbreviations: ALT: alanine aminotransferase, AST: aspartate aminotransferase, ALB:
albumin; AHT: arterial hypertension, ALP: alkaline phosphatase, COVID-19: coronavirus
disease-2019, CI: confidence interval, CK: Creatine kinase, CRP: c-reactive protein, CLD:
chronic liver disease, DM: diabetes mellitus, FLD: fatty liver disease, ICU: intensive care unit,
LDH: lactic dehydrogenase, LYM: lymphocyte, NEUT: neutrophil, OR: odds ratio,RR:
relative risk, SARS-CoV-2: severe acute respiratory syndrome coronavirus,SD: standard

deviation, TB: Total bilirubin.
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Figure 1: Patient’s inclusion scheme.
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Figure 2: Factors associated with severe COVID-19.
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Table 1. Demographics characteristics of patients with

COVID-19

Study population: 1229 patients with

COVID-19 n N° (%)

Age, median (minimum - maximum) 1229 60 (18-102)
Age above 60 1229 615 (50)
Age below 60 1229 614 (50)
Gender

Male 1229 633 (51.5)
Female 1229 596 (48.5)
Comorbidities

Hypertension 1227 629 (51.2)
Diabetes 1227 388 (31.6)
Obesity 981 428(34.8)
Cardiovascular disease 1227 209 (17)
Kidney chronic disease 1227 97(7.9)
Chronic liver disease 194 106(8.6)
MAFLD 171 47 (3.8)
Cirrhosis 1227 28(2.3)
Clinical symptoms

Dyspnea 1208 781(63.5)
Fever 1208 653 (53.1)
Cough 1208 191 (15.5)
Myalgia 1208 270 (22.0)
Diarrhea 1208 218 (17.7)
Abdominal pain 1208 51 (4.1)
Nausea and vomiting 1208 140 (11.4)
Anorexia 1208 107 (8.7)
Anosmia 1208 166 (13.5)
Ageusia 1208 100 (8.1)
Chest imaging

Ground glass pattern 1164 883 (71.8)
Uniilateral consolidation pattern 1164 47 (3.8)
Bilateral consolidation pattern 1164 54 (4.4)
No lesions 1164 180 (14.6)
Complications

Liver injury 1080 16 (1.3%)
Pulmonary thromboembolism 263 77 (6.3)
Extrapulmonary thrombosis 263 39(3.2)
Severe COVID-19 1229 639 (52.0)
Oxygen support 1229 952 (77.5)
ICU admission 1229 615 (50.0)
Mechanical ventilation 1229 441 (35.9)
Hemodialysis support 1229 203 (16.5)
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Vasoactive drugs support
ECMO support
Scores ICU
APACHE
SAPS3
SOFA
Treatment before admission
Antibiotic therapy
Antiviral therapy
Steroids therapy
Others therapies
Treatment in hospital
Antibiotics
Antiviral therapy
Steroids
Other
Hospital stay
Emergency
Hospitalization
ICU
Total hospital stay
Clinical evolution
Discharge
Transfer
Death

1229
1229

561
555
477

810
810
810
810

1229
1229
1229
1229

1229
1229
1229
1229

1229
1229
1229

437 (35.6)
11 (0.9)

11(0-33)
58 (27 - 145)
5(1-16)

492 (40)
64 (5.2)
124 (10.1)
26 (2.1)

1016 (82.7)
167 (13.6)
785 (63.9)
264 (21.5)

0(0-5)

5(0 - 169)
10 (0 - 94)
8(0-176)

802 (65.3)
137 (11.1)
290 (23.6)

Abbreviations: COVID-19, coronavirus disease 2019; ICU,
intensive care unit; MAFLD, metabolic dysfuntion associated

fatty liver disease;
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Table 2. Admission laboratory test of patients with COVID-19.

Tests in study population

Hematology
WBC (x 10°%/L)
Neutrophils (x 10%/L)
Lymphocytes (x 10%/L)
Lymphopenia (<1000)
Platelets (x 10%/L)
Biochemical
AST at admission (U/L)
ALT at admission (U/L)
AST|ALT 241 at admission
AST
ALT

AST Highest hospitalization (U/L)
ALT Highest hospitalization (U/L)

Total bilirubin (mg/dL)
TB >1.2 (mg/dL)

ALP (U/L)

GGT (U/L)

Albumin (g/dL)

Creatinine (mg/dL)
Inflammation

CRP (mg/L)

LDH (U/L)

CK (U/L)
Coagulation

TP (s)

INR

D-dimer (ug/mL)

reference

values

150 - 450

<41
<41

03-1.2

40 - 150
<59
3.5-5.2

<5
15-220

13
1
<0.5

N° patients
tested

1196
1192
1192
687

1188

1074
1082

604
613
1126
1131
1027
61
88
46
150
1183

1086
956
953

1052
1040

Value, median
(minimum-maximum)

7.78 (1.47 - 40.01)
6.05 (0.24 - 35.21)
0.90 (0.04 - 9.44)
0.65 (0.04 - 0.99)
211 (9-722)

40 (8 - 1992)
36 (5 - 1665)

57 (19 - 1992)

56 (6 - 1665)

43 (8 -27 087)

42 (5 - 5588)
0.5(0.3-6.1)
1.8(1.3-6.1)
95.5 (38 - 564)

95 (10 -1163)
3.18 (+0.69)

0.97 (0.37 - 16.85)

103.8 (1 - 487)
374.5 (1.80 - 9 920)
98 (4.7-18 178)

1.09 (1 - 6.22)
1.05 (0.19 - 20)

Abbreviations: ALT, alanine aminotransferase; ALP, alkalina phosphatase; AST, aspartate
aminotransferase; CK, creatine kinasa; CRP, C-reactive protein; GGT, gamma-glutamyl
transferase; INR, international normalizated ratio; LDH, lactate dehydrogenase; WBC: White
blood cells.
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Table 3. Clinical characteristics, laboratory on admission, among patients with abnormal liver enzymes and normal liver enzymes and among severe and no severe COVID-19

All patients

All patients with liver enzymes

COVID-19, No (%)

Liver enzymes

No severe COVID-19 Severe COVID-19 Normal liver Abnormal liver
(NSC19) (SC19) p-value enzymes (NLE) enzymes (ALE)
Clinical characteristics n (n=1229) (n=590) (n=639) g (n=1080) (n=466) (n=614) p-value?

Age, median (minimum - maximum) 1229 60 (18-102) 54 (18-95) 63 (19-102) <0.001 59(19-102) 62.5(19-102) 57 (19 -94) 0.001

Age above 60 1229 615 (50) 238 (40.3) 377 (59.0)* 538 (49.8) 265 (56.9)* 273 (44.5)

Age below 60 1229 614 (50) 352 (59.7)* 262 (41.0) <0.001 542 (50.2) 201 (43.1) 341 (55.5)* <0.001
Gender

Male 1229 633 (51.5) 279 (47.3) 354 (55.4)* 559 (51.8) 210 (45.1) 349 (56.8)*

Female 1229 596 (48.5) 311 (52.7)* 285 (44.6) 0.005 521 (48.2) 256 (54.9)* 265 (43.2) <0.001
Comorbidities

Hypertension 1227 629 (51.2) 257 (43.6) 372 (58.4)* <0.001 561 (52.0) 259 (55.6)* 302 (49.2) 0.046

Diabetes 1227 388 (31.6) 142 (24.1) 246 (38.6)* <0.001 339(31.4) 177 (38.0)* 162 (26.4) <0.001

Kidney chronic disease 1227 97(7.9) 40 (6.8) 57 (8.9) 0.193  77(7.1) 48 (10.3)* 29 (4.7) 0.001

Chronic liver disease 194 106(8.6) 48 (52.7) 58 (56.3) 0.724  91(8.42) 33 (45.8) 58 (65.9)* 0.017

MAFLD 171 47 (3.8) 26 (31.0) 21 (24.1) 0.408  42(3.9) 14 (22.6) 28 (36.4) 0.116

Cirrhosis 1227 28(2.3) 10 (1.7) 18 (2.8) 0.257  21(1.94) 6(1.3) 15 (2.4) 0.253
Complications

Pulmonary embolism 263 77(6.3) 15 (18.8) 62 (33.9)* 0.02 69 (6.39) 25(27.8) 44 (29.1) 0.937

Extrapulmonar thromboembolism 263 39 (3.2) 1(7.7) 38 (46.3)* 0.02 36 (3.33) 9(42.9) 27 (42.9) 1.00

Severe COVID-19 569 (100) 207 (44.4) 362 (59.0) <0.001
Clinical evolution

Discharge 1229 802 (65.3) 532 (90.2)* 270 (42.3) 705 (65.3) 326 (70.0)* 379 (61.7)

Dead 1229 290 (23.6) 0(0.00) 290 (45.4)* 250 (23.1) 87 (18.7) 163 (26.5)*

Transfer 1229 137(11.1) 58 (9.8) 79 (12.4) 0.001* 125 (11.6) 53 (11.4) 72 (11.7) 0.007
Laboratory findings, value, median (minimum - maximum)
Hematology

WBC (x 109/L) 1196 7.78(1.47-40.01) 6.75(1.81-34.51) 9.03(1.47-40.01) <0.001 7.81(1.81-40.01) 7.43(2.06-34.97) 8.22(1.81-40.1) <0.001

Neutrophils (x 109/L) 1192 6.05(0.24-35.21) 4.91(0.24-29.64) 7.37(0.53-35.21) <0.001 6.11(0.24-35.21) 5.57(0.45-26.93) 6.52(0.24-35.1) <0.001

Lymphocytes (x 109/L) 1192 0.90(0.04-9.44)  1.11(0.07 - 9.50) 0.75 (0.04 - 6.69) <0.001 0.55(0.04-9.5) 0.95(0.13-4.02) 0.87()0.04-9.5) 0.096

Lymphopenia (<1000) 687 0.65(0.04-0.99) 0.71(0.06-0.99)  0.5(0.04-0.9) <0.001 0.63 (0.04-0.99) 0.64(0.13-0.99)  0.62 (0.04-0.99) 0.548
Platelets (x 10%/L) 1188 211(9-722) 204 (20 - 722) 218 (9 - 685) 0.179  213(9-713) 209.5 (22 - 643) 217 (9 - 713) 0.254

57



Biochemical

AST admission (U/L) 1074 40 (8 - 1992) 35.5(8-314) 44 (9 - 1992) <0.001 52.5(22-581) 27 (8 - 40) 57 (19 - 1992) <0.001
ALT admission (U/L) 1082 36 (5 - 1665) 35 (5 - 518) 37 (6 - 1665) 0.095 51.5(6-518) 22 (5 - 40) 56 (6 - 1665) <0.001
Total bilirubin (mg/dL) 1027 0.5(0.3-6.1) 0.5 (0.3-6.10) 0.5 (0.3 - 5.80) 0.017 0.6(0.3-2.4) 0.4(0.3-2.8) 0.5(0.3-6.1) <0.001
TB > 1.2 (mg/dL) No (%) 59 (5.9) 12 (2.8) 47 (8.1) 0.001
ALP (U/L) 88  95.5(38-564) 90 (45 - 564) 96.5 (38 - 492) 0.729 93 (45 -492) 84 (38 - 492) 117 (45 - 564) 0.003
GGT (U/L) 46 95(10-1163) 109 (10 -744) 80 (26 - 1163) 0.991 134 (18-1163) 53 (10 - 1163) 159 (17 - 144) 0.015
Albumin (g/dL) 150 3.18 (+0.69) 3.55 (+0.59) 2.88 (+0.64) <0.001b 3.20 (£ 0.70) 3.4 (£ 0.63) 3.07 (+0.74) 0.023b
AST|ALT 241 No (%) 614 614 (100) 252 (49.3) 362 (63.6) <0.001
AST>41 (U/L) 604 57 (19-1992) 53 (23 -314) 59 (19 - 1992) <0.001
ALT241 (U/L) 613 56 (6 - 1665) 59 (6-518) 52 (11 - 1665) 0.001
Inflammation
CRP (mg/L) 1086 103.8 (1 - 487) 65.7 (1-374.1) 140 (1 - 487) <0.001 105.8(1-487) 89.1 (1 - 487) 120.35 (1 - 444) <0.001
LDH (U/L) 956 374.5(1.80-9920) 307 (1.98 - 1018) 464 (1.80 - 9920) <0.001 374(1.80-9920) 296(1.88-999)  448(3.17-9920) <0.001
CK (U/L) 953 98(4.7-18178)  83(8-10203) 117 (4.70-18178) <0.001 101 (4.70-16981) 80 (4.7 - 1487) 121(8.45-16972)  <0.001
Coagulation
INR 1052 1.09 (1-6.22) 1.06 (1-3) 1.13 (1-6.22) <0.001 1.09(1-6.22) 1.08 (1-3.14) 1.10 (1 - 6.00) 0.032
D-dimer (ug/mL) 1040 1.05 (0.19 - 20) 0.76 (0.19 - 20) 1.45 (0.19 - 20) <0.001 1.03(0.19 - 20) 0.9 (0.19 - 20.0) 1.15 (0.19 - 20.0) <0.001
Hospital stay
Total stay 1229 8(0-176) 5(0-64) 14 (0 - 176) <0.001 8(0-94) 7.5 (0 - 64) 9(0-94) 0.009

Abbreviations: ALT, alanine aminotransferase; ALP, alkalina phosphatase; AST, aspartate aminotransferase;
CK, creatine kinasa; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; GGT, gamma-glutamyl
transferase; INR, international normalizated ratio; LDH, lactate dehydrogenase; MAFLD, metabolic dysfuntion
associated fatty liver disease; SOFA, sequential organ failure asseszment; WBC: White blood cells.

a:Chi-square test was used for comparisons of categorical variables, and
Mann-Whitney U test was used for comparisons of continuos asimmetric

variables.

b:Srudent's T-test was used for comparisons of continuos simmetriv

variables
*: adjusted
residuals
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Table 4. Poisson Regression of factor associates with abnormal liver enzymes

Univariate Multivariate
Patient characteristics and findings RR (95% Cl) p-value RR (95% Cl) p - value
Clinical characteistics and comorbidities
Male gender 1.23 (1.10-1.37)  <.001 1.49 (1.12-1.99) 0.007
Chronic liver disease 1.51 (1.10-2.06) 0.01 1.47 (1.08-2.01) 0.015
Severe COVID-19 1.29 (1.16-1.44) <.001
Laboratory findings
Hematology
White blood cells (x 10°/L) 1.02 (1.01-1.03) <.001
Total bilirrubin (mg/dL) 1.27 (1.17-1.37)  <.001 1.18 (1.09-1.27) <.001
Inflammatory markers
CRP (mg/dL) 1.001 (1.001-1.002) <.001
LDH (U/L) 1.00 (1.00-1.00)  0.001
CK (U/L) 1.00 (1.00-1.00)  <.001
Coagulation
INR 1.14 (1.07-1.21) <.001
D-dimer (ug/mL) 1.02 (1.02-1.01) <.001

Abbreviations: CK, creatine kinasa; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; INR,
international normalizated ratio; LDH, lactate dehydrogenase; WBC: White blood cells.




Table 5. Poisson Regression of factor associates with severe COVID-19

Univariate Multivariate
Patient characteristics and findings RR (95% Cl) p-value RR (95% Cl) p - value
Clinical characteistics
Age above 60 years 1.44 (1.29-1.61) <.001 1.22 (1.09-1.37) 0.001
Male gender 1.17 (1.05-1.30) 0.005
Comorbidities
Diabetes 1.36 (1.23-1.51) <.001 1.21 (1.08 -1.35) 0.001
Hypertension 1.34 (1.20-1.49) <.001
Complications
Pulmonary tromboembolism 1.24 (1.06-1.44) 0.006
Laboratory findings
Hematology
White blood cells (x 10%/L) 1.04 (1.03-1.05) <001  1.03 (1.02-1.04) <0.001
Lymphopenia (<1000 x 10%/L) 1.69 (1.49-1.92) <001 151 (1.32-1.72) <0.001
Biochemical
AST and/or ALT 241 (U/L) 1.33  (1.18-1.50) <001  1.19 (1.06-1.34) 0.004
Total bilirrubin (mg/dL) 1.16 (1.05-1.28) 0.003
Inflammatory markers
CRP (mg/dL) 1.003 (1.003-1.004) <.001  1.002 (1.001-1.002) <0.001
LDH (U/L) 1.00 (1.00- 1.00) <.001
CK (U/L) 1.00 (1.00- 1.00) <.001
Coagulation
INR 1.28 (1.19-1.37) <.001
D-dimer (ug/mL) 1.04 (1.04-1.05) <001  1.01 (1.006-1.021) <0.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinasa; CRP, C-
reactive protein; INR, international normalizated ratio; LDH, lactate dehydrogenase; WBC: White blood cells.
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Table 6. Cox Regression of factor associates with mortality in patients with COVID-19

Univariate Multivariate
Patient characteristics and findings HR (95% Cl) p-value HR (95% Cl) p - value
Clinical characteistics
2.3
Age above 60 years 2.62 (2.00-3.42) <.001 4 (1.73-3.16) <.001
Male gender 0.92 (0.73-1.16) 0.5
Comorbidities
Diabetes 1.21 (0.96-1.53) 0.11
Hypertension 1.16 (0.92-1.47) 0.22
Chronic liver disease 1.15 (0.67-1.97) 0.62
Complications
34.1
Severe COVID-19 5 (9.76 -119.28) <.001
Pulmonary tromboembolism 1.12 ‘ (0.73-1.73) 0.59
Laboratory findings
Hemalogy
White blood cells (x 10°/L) 1.04 (1.03-1.06) <.001
Lymphopenia (<1000 x 10°/L) 1.38 (1.05-1.81) 0.02
Biochemical
AST (U/L) 1.00 (1.00 - 1.00) 0.033
ALT (U/L) 1.00 (1.00 - 1.00) 0.08
AST 241 (U/L) 1.20 (0.93-1.55) 0.17
ALT 241 (U/L) 0.84 (0.65-1.08) 0.18
AST and/or ALT 241 (U/L) 1.12  (0.86 - 1.45) 0.40
AST Highest hospitalization (U/L) 1.00 (1.00-1.00) 0.19
ALT Highest hospitalization (U/L) 1.00 (1.00-1.00) 0.56
Total bilirrubin (mg/dL) 1.18 (0.94-1.49) 0.18
Inflammatory markers
CRP (mg/dL) 1.00 (1.00 - 1.00) 0.002
LDH (U/L) 1.00 (1.00 - 1.00) 0.48
CK (U/L) 1.00 (1.00 - 1.00) 0.49
Coagulation
1.2
INR 1.06 (1.04-1.08) <001 6 (1.05-1.52) 0.013
1.0
D-dimer (ug/mL) 1.05 (1.04-1.08) <001 5  (1.03-1.07) <.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinasa; COVID-
19, coronavirus disease 2019; CRP, C-reactive protein; INR, international normalizated ratio; LDH, lactate

dehydrogenase; WBC: White blood cells.
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8. CONCLUSIONES

Las manifestaciones hepaticas son frecuentes y son las transaminasas
alteradas las mas relevantes.

Las transaminasas alteradas tienen una prevalencia de mas del 50%, siendo
predominantemente leves.

Los parametros inflamatorios estan mas elevados en el grupo de las
transaminasas alteradas sin llegar a correlacionarse.

Las transaminsas alteradas se correlacionan con la severidad de la
enfermedad, podrian ser considerados marcadores pronosticos en la practica
clinica para estratificar el riesgo del paciente en la admisioén y contribuir con un

mejor pronaostico.
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9. CONSIDERACIONES FINALES

Como consideraciones finales, vamos a citar los puntos positivos y algunas

limitaciones del presente estudio.

Este estudio cuenta con una muestra amplia (1229 pacientes), registrados en
un base de datos detallada, dandole la capacidad a nuestros hallazgos de
representar una verdadera relacion entre las enzimas hepaticas alteradas y la
severidad de la enfermedad. (validez interna). Latinoamérica es una de las
regiones mas afectadas, y pocos estudios sobre el impacto de COVID-19 en el
higado han sido publicados, este seria sélo la cuarta publicacibn con una
poblacion de mas de 1000 pacientes en Latinoamérica, y la segunda en Brasil
con mas de 1000 pacientes.

Dentro de las limitaciones tenemos que es un estudio retrospectivo con algunos
datos incompletos o no registrados en las historias clinicas como peso, el
consumo de alcohol fue registrado como antecedente sin especificar la
cantidad; la FA, GGT y albumina no fueron evaluadas a pesar de haber reportes
con alteraciones importantes de GGT durante el curso clinico, asi como
reportes de colangiopatia prolongada importante como consecuencia de
COVID-19, esto se debe a que fueron solicitadas en menos del 10% de la
muestra. Se conto con algunas ecografias abdominales y tomografias de torax
con alguna parte de higado para evaluar esteatosis hepatica, que, junto con el
peso, diabetes son importantes para estimar la prevalencia de MAFLD,
pudiendo ser subestimada la prevalencia de esta; asi también el tratamiento
antes de la hospitalizacion podria causar alteraciones hepaticas y solo se

encontraron registros parciales.

63



Algunos pacientes fueron incluidos en protocolos de investigacion de
tratamiento, cuyos resultados estan pendientes y podrian haber afectado
alguno de los resultados.

Se evaluaron las transaminasas en la admision, esta pendiente el analisis de
la variacién de estas durante la hospitalizacion, asi como el valor maximo de
las transaminasas alcanzadas durante el periodo de hospitalizacién que
podrian traer otras informaciones.

No contamos con biopsias hepaticas, limitandose la correlacion clinico
patolégica, uno de los objetivos del estudio considerados al inicio: realizar
biopsia a los casos de COVID-19 severa con mala evolucion y fallecieran, no

fue posible concretarlo por diversos factores tanto logisticos como éticos.
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10.PERSPECTIVAS

Multiples variantes de SARS-CoV-2 estan circulando actualmente en el mundo;
la variante predominante en Brasil al inicio del 2021 fue P.1, durante el periodo
de Febrero — Abril, el numero de casos de pacientes con COVID-19 y las
complicaciones hepaticas aumentaron. En el Hospital de Clinicas de Porto
Alegre fueron hospitalizados mas de 1000 casos de pacientes COVID-19 en
s6lo 3 meses llegando a saturar la capacidad del hospital. Sila variante P.1 de
SARS-CoV-2 podria asociar cambios en la morbilidad y mortalidad es lo que se
va evaluar en una segunda fase.

Con este estudio obtuvimos el perfil del paciente que tiene enzimas hepaticas
alteradas en la admision y los factores asociados a un riesgo aumentado de
presentarlas. Teniendo como base estos resultados podremos compararlos
con los del segundo periodo, responderemos preguntas como si el perfil del
paciente ha cambiado, si las alteraciones hepaticas tienen una mayor
prevalencia y evaluaremos el impacto en el curso clinico y desenlaces finales.
El protocolo de investigacion aprobado para realizar el presente estudio tiene
autorizacion para utilizar muestras seroldgicas de la poblacién considerada;
dichas muestras se encuentran almacenadas en el BIOBANCO de COVID-19
del Hospital de Clinicas de Porto Alegre. En una segunda fase se evaluaran los
marcadores inflamatorios (interleucinas) de ambas poblaciones (primer vy
segundo periodo) para compararlos y determinar si la inflamacion es mayor
entre los pacientes con COVID-19 severa y si existe correlacion con la

alteracion de las transaminasas.
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