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Short title: COVID-19 infection and liver damage

What is not yet known on the issue addressed in
the submitted manuscript?

Currently, the infection with the new coronavirus
SARS-CoV-2 is known as a systemic disease that primar-
ily affects the lungs, followed by the heart, kidneys, cen-
tral nervous system and digestive involvement. Severe
forms of COVID-19 infection in children have been rarely
described, whereas the damage degree of the digestive or-
gans and, particularly, of the liver in infected children, as
well as the clinical signs features of digestive disorders in
children have not been sufficiently highlighted.

The research hypothesis

This present article aims to present the clinical mani-
festations of liver damage in children infected with COV-
ID-19, as well as the problems that might interfere with
the management of these patients.

The novelty added by manuscript to the already
published scientific literature

This study proves the presence of digestive symptoms,
particularly of the liver damage in children infected with
the new coronavirus, which shows a diagnostic and thera-

peutic relevance.
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Abstract

Introduction. COVID-19 is currently considered a sys-
temic disease affecting the immune system, primarily, lungs,
heart, central nervous system, kidneys, intestines, liver and
spleen. Impaired liver function and the presence of bio-
chemical changes in liver can be found in approximately
14-53% of adults infected with SARS-CoV-2. Impaired liver
function in patients infected with COVID-19 may occur due
to a direct effect of the virus on hepatocytes, as well as be-
ing secondary to factors such as a systemic inflammatory
response of the infected host, the onset of hypoxia (asso-
ciated with lung damage), multiple organ failure, or due to
abusive treatment using overlapping and hepatotoxic drugs.

The purpose of this article is to describe a clinical case
study regarding the clinical and paraclinical manifestations
of liver damage in a 12-year-old child infected with SARS-
CoV-2, hospitalized at the Municipal Children’s Clinical Hos-
pital ,Valentin Ignatenco”, Republic of Moldova.

Material and methods. The epidemiological, clinical
and paraclinical data were used to highlight this study, fol-
lowed by the conclusions of multidisciplinary specialists,
retrieved from the inpatient medical records of the 12-year-
old child with moderate COVID-19 infection, who was ad-
mitted for emergency treatment.

Results. A 12-year-old patient F. was admitted to the
,Covid-19” subunit, complaining of severe general malaise,
fever up to 39°C, cough, rhinorrhea. The objective clinical
examination revealed hepatomegaly and lack of spleno-
megaly. Laboratory findings determined leukocytosis 15.88
x107/1, neutrophilia 72.2%, lymphopenia 26.1%, increased
ESR (Erythrocyte Sedimentation rate) - 20 mm/h, in-
creased CRP (C-reactive protein) >12.0 mg/l, increased ALT
(alanine aminotransferase) by 16 (50.9-487-764 U/1) val-
ues compared to the normal reference and a 3-fold increase
in AST (aspartate aminotransferase) that is higher than the
normal range (55.8-113- 181 U/1), an increased fibrinogen
- 5.3 g/, increased ferritin - 2834 pmol/l and D-dimer levels
- 762 ng/ml. Hepatomegaly was detected on abdominal ul-
trasound. Covid-19 infection was confirmed by a rapid test
of nasopharyngeal exudate for SARS-CoV-2 antigens.

Conclusions. Patients with the novel coronavirus (COV-
ID-19) show varying degrees of liver dysfunction, especially
those with increased levels of AST and ALT. A question aris-
es within the clinical practice, as whether the liver damage
occurred due to direct viral hepatotoxicity or due to the
drugs used in COVID-19 treatment.
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Introduction

COVID-19 continues to pose a global public health threat.
Epidemiological data indicate that patients suffering from
metabolic disorders and chronic diseases are the most sus-
ceptible to SARS-CoV-2 (severe acute respiratory syndrome
coronavirus). COVID-19 is currently considered a systemic
disease with impaired immune system function that pri-
marily affects the lungs, as well as the heart, kidneys, intes-
tines, liver, and spleen. The particular effect of COVID-19
on the liver remains unclear, changes in liver biochemistry
are common and occur in approximately 14 to 53% [1] of
people infected with SARS-CoV-2. Liver biochemistry disor-
ders are typically characterized by a moderate (1-2 times
higher than normal) increase in serum levels of alanine
aminotransferases (ALT) and aspartate aminotransferases
(AST) [2, 3, 4]. In a study conducted in China, AST/ALT levels
were elevated in 18.2/19.8% of patients with mild disease
and in 39.4/28.1% of patients with severe disease [5]. An-
other small study in China showed similar results: elevated
AST levels in 62% of patients admitted to the Intensive Care
Unit (ICU) compared to 25%, who did not undergo treat-
ment in the ICU [6]. In patients with a subclinical course of
the disease, the AST and ALT levels were increased to 8.7
and 8.9% of patients, respectively [7]. The mechanisms of
liver damage that occur during SARS-CoV-2 infection have
not been clearly defined yet. The main pathogenetic conse-
quences of liver damage include the following:

= direct liver damage due to active replication of the

virus in liver cells with the participation of ACE2 as
receptors for introduction into the cell [8];

*: Ischemic / hypoxic
| i liver damage -

Direct CARS-Cov?2 viral Injury

Reactivation of chronic liver

disease
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= induction of severe hypoxia, which is considered one
of the main causes of ischemic / hypoxic liver dam-
age in COVID-19, followed by acute lung failure and /
or shock. The liver damage is associated with meta-
bolic acidosis, calcium overload, and changes in mito-
chondrial membrane permeability, being commonly
manifested by cytolysis [9, 10];

= immune activation and inflammation caused by cir-
culating cytokines , followed by the cytokine ,storm”
onset and multiple organ failure [11, 12, 13];

= direct hepatotoxicity of the administered drugs [5,
14];

= reactivation of pre-existing chronic liver disease
(such as chronic viral hepatitis B, C and E), as well
as progression to decompensation of liver cirrhosis
[1, 15].

The most common cause of liver damage in COVID-19
is associated with drug-induced toxicity resulting from the
use of etiotropic treatment of SARS-CoV-2 infection accord-
ing to approved clinical protocols and pathogenetic thera-
py for COVID-19 [5, 14]. Drug-induced toxic liver damage
occurs in 10% of all drug-related adverse reactions [16].
There are many drugs with cumulative and hepatotoxic ef-
fects that can damage the liver. Some of them can cause an
asymptomatic increase in liver enzymes, whereas in other
cases, clinical signs may be characteristic of acute hepatitis.
Liver damage may also be caused by the dose of the drug
used (e.g. paracetamol overdose) or may not be dose-re-
lated. Liver toxicity can be induced by some drugs that can
cause liver damage, such as antibiotics, anti-inflammatory
drugs, and antivirals [17].

SIRS

IL-18

Cytokine storm

Drug induced liver injury

Fig. 1. Etiology of liver lesions in patients with COVID-19.

(Source: Rui-Xu Y., Rui-Dan Z,, Jian-Gao F. Etiology and management of liver injury in patients with COVID-19. In: | Gastroenterol 2020 Aug

28;26(32): 4753-4762, modified by the author).



Paracetamol (acetaminophen). Paracetamol is the most
common drug used as an antipyretic and anti-inflammato-
ry drug, being used in medical practice by prescription and
often as self-medication. Paracetamol is considered one of
the most common hepatotoxic drugs with dose-dependent
hepatotoxicity. The drug is safe if administered according to
the dose, starting with body weight at one time or within 24
hours. It is necessary to consider the possibility of the syn-
ergistic effect when combining this drug with other ones,
resulting in cumulative and hepatotoxicity effects. If the
administered dose exceeds, the probability of developing
drug-induced hepatitis sometimes is fulminant, followed by
acute liver failure in 50% of pediatric patients [18].

It is the first antipyretic drug of choice in the treatment
of coronavirus infection [19]. Undesirable side effects of
paracetamol primarily include hepato- and nephrotoxicity.
Toxicity is induced by the formation of metabolites derived
from cysteine and mercapturic acid, which covalently bind
to hepatocyte macromolecules, causing hepatocellular ne-
crosis. When administering therapeutic paracetamol doses
(10-15 mg/kg/ intake, not more than 60 mg/kg per day)
the metabolite is inactivated by endogenous glutathione
and excreted by the kidneys [20, 21]. Possibly, apart from
the direct drug-induced hepatotoxicity, the occurrence of
an idiosyncratic liver damage (immune- mediated) should
be considered and identified separately, the most common
cause being the antibiotic therapy [22].

Antimicrobial drugs Macrolides are widely used as anti-
microbial drugs in children worldwide. Particular attention
should be paid to monitoring their safety and harmfulness.
According to the pharmacological properties of these drugs,
almost all macrolides are hepatotoxic with varying degrees
of severity. However, the doses used in clinical practice are
insufficient for describing a direct hepatotoxic effect of mac-
rolides. The adverse reactions commonly occur in presence
of the following risk factors: high drug doses, genetic pre-
disposition to hepatotoxicity, concomitant use of several
drugs that foster the adverse effect of macrolides, as well
as a present underlying liver disease. Special care should
be given when prescribing potentially hepatotoxic drugs
at highest doses, especially in pediatric patients. Cases of
hepatotoxicity caused by azithromycin and clarithromycin
have been reported in the scientific literature [23].

Anticoagulants may be one of the known causes of po-
tential risk of liver damage [24]. Since the approval of sodi-
um heparin by the Food and Drug Administration (FDA) in
1939, it is still widely used in medical practice for preven-
tion and treatment of thrombosis [25]. The use of heparin
has been associated with several well-documented side ef-
fects. The heparin-induced hepatotoxicity is less common-
ly recognized in clinical practice. Increases in AST and ALT
levels have been frequently reported in the administration
of both sodium heparin and low molecular weight heparins
[26]. Previous clinical trials have shown that transaminase
elevations occur in up to 90% of patients treated with hep-
arin [27, 28]. An increase in the level of transaminases by
more than 3 times from normal values indicates that it oc-
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curs in about 5% of patients receiving unfractionated hep-
arin, and between 5% - 10% of patients administering low
molecular weight heparins [29]. This increase in transam-
inase levels is usually temporary and self-limiting with no
long-term effects.

Therefore, all patients receiving etiotropic and patho-
genetic therapy for COVID-19 need to monitor liver param-
eters prior to following a treatment, throughout the treat-
ment and in the post-COVID follow-up period to prevent se-
vere drug-induced hepatitis in both active and post-COVID
treatment.

Materials and methods

This article reports a clinical case study of a 12-year-old
child, who was admitted to the Municipal Clinical Hospital
for Children ,Valentin Ignatenco” within the Covid-19 unit.
The clinical and paraclinical data were retrieved from the
inpatient medical records (lab findings included CBC, ALT,
AST, total bilirubin and fractions, total protein, prothrom-
bin index, fibrinogen, creatinine, urea, blood glucose, blood
count, CRP, ferritin, D-dimers). According to medical re-
cords, the patient was confirmed with Covid-19 infection by
performing a SARS-CoV-2 Rapid Antigen Test in the naso-
pharynx. Chest X-ray, abdomen ultrasound and check-ups at
the neurologist, gastroenterologist-hepatologist, as well as
at the infectious disease specialist were carried out.

Results and discussions

According to the medical history of the 12-years-old pa-
tient F,, who was in contact with the mother infected with
SARS-CoV-2, the child fell acutely ill on November 10 2021,
experiencing severe malaise, an increase in body tempera-
ture up to 39°C, dry cough, sneezing, and rhinorrhoea. The
mother self-administered antipyretics (ibuprofen combined
with paracetamol) and antibiotics (Ceftriaxone intramuscu-
lar solution), which did not cause a clinical effect. Due to an
increase in the malaise severity and the persistence of the
febrile syndrome, the mother called an ambulance followed
by urgent hospitalization on 10/20/21.

The patient has been monitored with severe psy-
cho-verbal retardation and overweight since the age of one
year. The objective clinical examination findings showed
medium severity of the patient’s overall condition, includ-
ing T - 38.5°C, RF - 20 r/min, RHR (resting heart rate) - 116
bpm, SpO, - 97%, (Sp0, 95% - 94% at 5-6 days, when acute
bilateral pneumonia was confirmed) and BP - 120/80 mm
Hg. Body weight - 67 kg, height - 147 cm, Percentile >97,
BMI - 31 kg/m? (+ 3DS). Pale and clean skin with no rash. No
pathological picture of the mucous membranes and sclera,
as well as a lacking peripheral lymphadenopathy was regis-
tered. Hyperemic pharyngeal isthmus. Free nasal breathing
was observed. On auscultation, severe bilateral pulmonary
respiration, with no rales was revealed. The heart sounds
were clear and rhythmic. The abdomen was soft and pain-
less to the touch; hepatomegaly +2.5-3 cm below the edge
of the right costal arch, with a rounded edge, insensitive and
painless, no ascites and splenomegaly. Physiological transit.
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Laboratory examination revealed the following data (table
1): leukocytosis - 15.88 x10%/1 (on the underlying bilater-
al pneumonia), neutrophilia - 72.2%, lymphopenia - 24%,
increased ESR - 20 mm/h, elevated CRP >12.0 mg/] (on the
underlying acute pneumonia), increase in ALT by 16 (50.9-
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487-764 U/1) compared to the normal references and AST
3 times higher than the norm (55.8 - 113 - 181 U/I), total
bilirubin was normal, elevated fibrinogen - 5.3 g/I, ferritin -
2834 pmol/l and D-dimer levels - 762 ng/ml..

Table 1. Laboratory examination data in dynamics of patient F, a 12-year-old boy.

Data

Lab indices 21.10.21 26.10.21 31.10.21 03.11.21 08.11.21 (aftzegr';%_lday

(Day 2) (Day 7) (Day 12) (Day 15) (Day 20) follow up )
e
f;yﬂrf’scz)tifgi‘;;) 496 491 5.57 5.62 5.15 412
Lo,
oo a0 o)
el ot
](EI\SI]?) -10 mm/h) Y 20 H e 32 ”
CRP, mg/1 negative >12,0 negative negative >21,0 negative
e e e
(Tgtr,al_bzlgr; lr)rilr]nol/l) 4.45 472 6.87 6.08 12.72 6.4
?;IAJ- 450D 433 50.9 4873 764.9 193.7 23
‘(*I\S]TO 45U/ 432 55.8 113.8 181,6 61.7 21
(G;u.lsc?sse S mmol/1) 3.76 6.06 437 457 471 484
‘(J;eza_ 73 mmol/1) 5.52 3.86 6.71 5.49 5.67 -
((:?ieta-tiensi?smol/l) 59,3 81,2 70,6 57,7 64,8 -
Pt 97 ” . - . '
oy | . |
INR 1.03 1.01 1.05 - 1.22 -
(Noto 503 ' 2634 ' ' -
]()I\-]Dll(r)rse_r,sr})go/)ml - 762 - - 0.15

Note: N - normal reference value; ESR - Erythrocyte Sedimentation rate; CRP - C-reactive protein; AIAT - Alanine aminotransferase; AST - Aspartate

aminotransferase; INR - International Normalized Ratio.

The chest X-ray revealed signs characteristic of right
pneumonia, on day 5 of hospital stay, and negative radio-
logical dynamics resulted in a bilateral pneumonia, 6-score
Brexia, and cardiomegaly on day 11 of hospitalization. The
abdominal ultrasound findings were suggestive for an in-
flammatory process in the liver, pancreas and kidneys; the
liver was enlarged, RL = 134 mm, LS = 90 mm, portal vein =

7 mm with regular, clear contour, homogeneous parenchy-
mal structure, increased echogenicity; gallbladder: atypical
shape, fundal bend, dimensions 82 x 36 mm, perennials not
thickened, no calculi; choledochus was not thickened; pan-
creas: increased echogenicity, homogeneous parenchymal
echostructure, dimensions 17 x 16 x 22 mm, with regular
contour, thickened; enlarged spleen with normal echogenic-



ity, homogeneous parenchymal echostructure, dimensions
127 x 46 mm, regular contour; kidneys showed regular,
clear contour, pelvises were not dilated, the calyx system
was bilaterally deformed; bladder with little content, the
walls were not thickened. An accurate diagnosis was car-
ried out, including blood tests negative for HBsAg, negative
total anti-HBcor, and negative anti-HCV. Covid-19 infection
was confirmed by the SARS-CoV-2 Rapid Antigen Test of the
nasopharyngeal exudate. The patient was consulted multi-
disciplinary for infectious diseases, by the gastroenterolo-
gist - hepatologist, pulmonologist and neurologist. Based on
the objective examination data, as well as on the laboratory
and instrumental findings, the following clinical diagnosis
was established: moderate-form COVID-19 infection with
bilateral pneumonia, acute evolution, severe-to-moderate
form. Type 1 acute respiratory failure. Third-degree toxic
hepatitis (based on RUCAM score - 8 points). Severe psy-
cho-verbal retardation. Autism? First-degree acquired obe-
sity (BMI - 31 kg/m?). The child received treatment accord-
ing to the recommendations provided by the national and
international pediatric medical protocols and standards.
Antiviral treatment (Pranogir tab.); intensive symptomatic
treatment: antipyretics (Paracetamol tab. 500 mg x 3 times/
daily, per oral, at temperature =38.5°C); on first 4 days of
hospitalization, bronchodilators (Salbutamol aerosol), pro-
biotics (Subtil caps.), proton pump inhibitors (omeprazole
caps., vitamin therapy). Considering the persistence of fe-
ver, the elevated CRP levels and the negative dynamics of
the chest X-ray (acute pneumonia), a glucocorticoid thera-
py was administered to reduce the inflammatory response,
namely low-dose Dexamethasone 0.2 mg/kg/day for 5
days and antibacterial treatment with macrolides in com-
bination with third-generation cephalosporin (Ceftriaxon
intravenous, Clarithromycin per oral). For the prevention
of venous thromboembolism, basic anticoagulant therapy
was carried out viz. Heparin 100 1U/kg/day subcutaneously
for 9 days under coagulation testing. During treatment, in-
toxication syndrome, febrile syndrome, hypercoagulability,
acute pneumonia and respiratory failure (SpO, 98%) re-
gressed. Another significant challenge arising on the under-
lying treatment was the development of cytolysis syndrome
(table 1), most likely associated with the use of the follow-
ing drugs: paracetamol, heparin, and clarithromycin. More-
over, the unfavorable underlying conditions should also be
considered, such as the first-degree obesity and long-term
steatosis (steatohepatitis), thus referring the patient F. to a
possible risk group for drug hepatotoxicity. Hepatoprotec-
tors like Silymarin tab. per oral, then Essentials caps. per
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oral, and Aminoplasmal Hepa intravenously were adminis-
tered. The child was discharged with improved clinical and
paraclinical features, being indicated to follow the oral ther-
apy with hepatoprotectors, probiotics, enzyme and vitamin
therapy under the control of hepatic transaminases, coagu-
lation and abdominal ultrasound.

Conclusions

The upper digestive system in children is the ,gateway”
for many disease-casing agents, including the coronavirus.
The SARS-VOC-2 virus enters the body through the fae-
cal-oral route, attaching to the epithelial cells of the mucous
membrane of the upper respiratory and digestive tract,
and subsequently spreading to internal tissues and organs.
The interaction of coronavirus with the digestive tract of a
child may lead to consequences, sometimes by a long-term
elimination of SARS-CoV-2 through feces. In some patients,
nausea, vomiting, abdominal pain, diarrhea, and liver dam-
age may be associated with respiratory manifestations. If
chronic diseases of the digestive system (cholecystitis, pan-
creatitis) are recorded in a pediatric patient, they can be re-
activated, clinically showing both respiratory signs and di-
gestive manifestations characteristic of a flare-up period of
a chronic disease. Apart from the toxic effect of coronavirus
on the liver and gastrointestinal tract, patients with COV-
ID-19 also might have frequent and sometimes toxic side
effects due to the complex treatment, as well as synergism
due to drug overlapping. Antibacterial, antiviral, anticoag-
ulant and drugs, especially those with hepatotoxic effects,
can cause toxic side effects due to an overlapping mecha-
nism, inducing toxic hepatitis, colitis, toxic biliary sludge the
phenomenon. Therapeutic approach for Covid-19 infection
in children should be individually-customized based on
clinical indications and dynamic monitoring of the clinical
disease evolution. Although liver damage may be associat-
ed with the viral direct cytopathic effects, the mechanism of
liver damage during SARS-CoV-2 infection requires further
in-depth scientific study.
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