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Abstract

BACKGROUND

The impact caused by the Coronavirus disease 2019 (COVID-19) in the population has
been demonstrated at several levels. We previously reported alterations in the
consumption habits of the Portuguese population. However, we did not investigate
how this population was affected concerning access to services mainly related to

healthcare. Despite not being among the most frequent comorbidities, liver injury is

common in COVID-19-infected individuals.

AIM
In this paper, we (1) review the impact of COVID-19 on the healthcare system, (2)
examine the relationship between liver diseases and COVID-19 in infected individuals,

and (3) investigate the situation in the Portuguese population concerning these topics.

METHODS

For our purposes, we made a literature review using specific keywords.

RESULTS

The COVID-19 infection is frequently associated with liver damage. However, liver
injury in COVID-19-positive individuals is a multifactor-mediated effect, and therefore,
it remains unclear whether changes in liver laboratory tests are associated with a worse

prognosis in Portuguese people infected with COVID-19.

CONCLUSION
We concluded that COVID- 19 have impact in health care systems in Portugal and in
other countries; the combination between COVID-19 with liver injury is common.

Previous liver damage may represent a risk factor that worsens the prognosis in

individuals with COVID- 19.
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Core Tip: This review analyzes how COVID-19 affected health care and clinical practice
in Portugal and the possible causes of l'ﬁer injury in COVID-19-infected individuals,
including the direct effect of SARS-CoV-2 on the liver, drug-induced liver injury, and

how preexisting liver diseases affect the treatment of COVID-19.

INTRODUCTION

The Coronavirus disease 2019 (COVID-19) caused by the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) is usually characterized by cough, headache,
fever, muscle pain, general weakness, difficulty breathing, fatigue, and loss of taste and
smell [1, 2]. More severe cases may present pneumonia with fever, cough, dyspnea, and
respiratory failure [1, 2].

These symptoms may be aggravated by preexisting health conditions or comorbidities,
which have been addressed in studies on the clinical characteristics and outcomes of
COVID-19-positive individuals [2-4] published since the official declaration of the
pandemic outbreak of COVID-19 on March 11, 2020 [5].

Some of the most frequent comorbidities described in these studies are hypertension,
diabetes mellitus, chronic obstructive pulmonary disease, cardiovascular, chronic
kidney disease and cancer [2-4]. In addition, despite not being among the most frequent
comorbidities, the pathologies associated with the liver are hardly ever missing from
the list of preexisting health conditions in COVID-19-infected individuals [6]. For
example, a study that associated comorbidities with COVID-19 severity and

hospitalization found that, concerning liver diseases, and similarly to other studies [7,




8], individuals with previous hepatic disorders (HD) were at a higher risk of developing
symptoms when infected with COVID-19 [9].

In Portugal, several studies have also focused on characterizing the clinical
manifestations and outcomes of COVID-19 [10-13], and some others have synthesized
the clinical manifestations of COVID-19, for example, in the gastrointestinal system [14],
in organs like the lungs, heart, kidney, and brain [15] or target specific population like
children [

However, to date and to the best of our knowledge, only one study has been published
with a review of the impact of COVID-19 on the liver in the Portuguese population
since 2020 [17]. Data on individuals infected with COVID-19 who were also living with
liver diseases, and the implications and outcomes of this co-occurrence of health
problems in the Portuguese population is ostensibly scarce. Likewise, the alterations in
the healthcare system due to the pandemic and their association with COVID-19 and
liver diseases have received little attention. Therefore, in this study, by reviewing the
available research, we aimed to study the incidence of preexisting liver-associated
diseases and liver injuries induced by COVID-19 in adult persons infected with the new
COVID-19 in Portugal, investigate the relationship of COVID-19 with liver diseases. On
the other hand, we also purpose to analyze how the COVID-19 pandemic affected
access to the healthcare system, and reflect on how societies should prepare for the
others pandemic crisis in the future, thus contributing to the general and clinical body

of knowledge on this topic.

MATERIALS AND METHODS
LITERATURE SEARCH

The protocol used in this review included the following elements: (1) research objective
as specified in the introduction, (2) eligibility criteria, (3) search strategy and selection of
studies, (4) ethical considerations, (5) quality assessment, and (6) data extraction and
analysis.

Eligibility criteria, data extraction and analysis




All the studies assessed in this review comply with the following inclusion criteria
established beforehand by the authors: (a) studies reporting original research published
in Portuguese or English, (b) targeting the Portuguese adult population, ie., 18 years
old or older (c) from any period since the official diagnosis of the first case of COVID-19
in Portugal, on March 2, 2020 [18] (d) reporting any liver-associated clinical
manifestation or outcome.

Any study that (a) was duplicated, (b) was not an original research article, i.e.,, was a
case report, a conference article or an abstract- only article, a comment, a letter or
editorial, an expert opinion, efc., (c) was not the final and definite publication of the
article (pre-print or accepted stage of the editorial process), or (d) did not have data or
did not refer to liver-associated diseases, were excluded.

First, the authors discussed the keywords to be used in the search, agreeing upon the
following string and operators: ["Portugal" or "Portuguese patients" AND "COVID" OR
"'SARS-CoV-2" OR "coronavirus" AND 'liver" or "hepatic condition" OR '"chronic
hepatitis" AND "clinical manifestations" OR "outcomes" AND "COVID-19 treatment"] to
be found either in the titles, abstracts, or keywords of the articles.

The analysis began with a search of the literature available using the software Publish or
Perish [19] to survey the databases PubMed, Scopus, CrossRef, Google Scholar, and Web of
Science. Any study containing the string and operators mentioned before, either in the
title or the abstract, was to be examined. The search was carried out on June 17, 2022,
and the results of the search were exported to an Excel table.

A two-stage approach was used to assess the retrieved studies. First, only the titles and
abstracts were scanned to determine eligibility according to the research objective and
criteria. Second, the full texts of the selected papers were read and thoroughly analyzed.
All the authors participated in these analyses.

Additionally, several other sources were examined to develop and elaborate on the
results obtained. Some of these sources are other papers on the main topics of this
review and the Portuguese National Health System (NHS), which was consulted for

official information on COVID-19 and the health services at the time of the pandemic.




This study reports the review of published original research articles. Each assessed
study addressed ethical specifications and approvals required by deontological
practices and the law to be carried out and published. We did not recruit participants or
request any information on any individual. Therefore, no formal consent or approval
from any ethics committee was required.

The design of the protocol included meetings to discuss procedures and results. Cases
of disagreement between the reviewers would have been resolved by resorting to two
other independent researchers in the field. However, a consensus was reached about
the studies to be included and excluded and the results of the analyses.

Likewise, all studies considered in this review were assessed methodologically to
determine if biases were minimized or excluded. Finally, all the results are reported

narratively and using tables.

RESULTS

We retrieved 804 articles from the database search. Of those, 8 articles were duplicated
and, therefore, eliminated. Then, the title and abstract of the 796 studies selected were
screened, and 748 articles were excluded for (a) not referring to Portugal (n = 747) and
(b) not having the full text of the article available (n = 1) (Figure 1).

The remaining articles (n = 48) were equally distributed among the authors to assess
inclusion criteria. Of those, 42 articles were excluded for (a) not referring to the liver but
rather covering comorbidities in the Portuguese population related to areas such as the
cardiovascular system [20], kidney pathologies [13], respiratory system [10, 21], mental
health in the elderly [22], and a survey to parents on the use of healthcare services
during the COVID-19 pandemic [23] (n = 27); (b) due to lack of information to verify if
the inclusion criteria were met (n = 11); (c) not referring to data related to the liver or
COVID-19 (n = 3); and (d) referring to data on the liver but not under COVID-19

conditions (n = 1).




Finally, the studies that complied with the inclusion criteria were 6. Figure 1 shows the
selection process flowchart, and the reviewed articles' characteristics are described in
Table 2 of the section: Liver diseases and COVID-19 in Portuguese individuals.

COVID-19, HEALTHCARE AND CLINICAL PRACTICE IN PORTUGAL

COVID-19 has greatly affected the Portuguese population's life, modifying lifestyle,
especially consumption habits [24]. Socialization with friends and family was reduced
due to measures such as social distancing and restriction of access to many public
services adopted to break the COVID-19 transmission chains. In Portugal, the National
Health Service also enforced the suspension of all elective and non-urgent health care
[25]. This measure had long-term consequences such as an impact on the waiting lists
for hospital medical specialties for first evaluation or other complex
procedures/treatments (for example, surgeries and physiotherapy). During that period,
all laboratories were exclusively dedicated to testing for COVID-19, reducing non-
urgent activities, and re-organizing their tasks.

Primary health services were also impacted, and many appointments were canceled or
modified. A Portuguese study by Vieira, and collaborators [26] investigated all medical
appointments carried out in a primary care unit in the central region of Portugal, from
March 1 to July 31, 2020, and in the same period of 2019 and 2018. The authors observed
that, contrary to what was expected, there was an increase (about 14% when compared
with 2018 and 4% when compared with 2019) in the number of medical appointments
in 2020 compared with the same period of 2018 and 2019. However, most of these
appointments were teleconsultations performed by e-mail or phone compared with
previous years (71.6% in 2020, 42.6% in 2019, and 35.2% in 2018). On the other hand,
there was also a decrease in most follow-up and routine appointments and an
increment in psychiatric diagnoses, mainly anxiety-related disorders [26]. Although this
study demonstrated that the total number of medical appointments increased in 2020,
mostly due to teleconsultations, this increase may not have reflected the general
situation in other primary health units across the country. One reason for this

hypothesis is that the central region in Portugal was the less affected by the COVID-19




pandemic in the period when the study was performed. If the same study had been
replicated in the north region, the results would have been different. Data from the
National Health System revealed that in March of 2020, a reduction of 16% in speciality
medical appointments in public hospitals was observed compared with the same period
of 2019. This negative variation was even greater in the following months, April and
May, when it increased to 25% and 31%, respectively [27]. The first specialty medical
appointment in the hospital was also reduced in these months in 2020 when compared
with 2019. However, telemedicine appointments (not face-to-face appointments)
increased [27]. The number of scheduled and urgent surgeries also decreased in these
months by 15%, 38%, and 32% compared with March, April, and May of 2019,
respectively. The emergency episodes arriving at the hospital were also reduced during
this period [28].

When the data from January to July 2019 and 2020 were compared, a reduction in face-
to-face appointments, an increase in telemedicine, and a reduction in medical tests were
observed. Regarding the latter, pathological anatomy tests decreased by 36%, and tests
concerning surgery medical specialties, which may study the liver, decreased by 32%
(27].

More face-to-face nursing consultations occurred in 2019 compared with 2020, and the
same was observed regarding face-to-face medical consultations. However, regarding
cancer screening, in 2020 compared with 2019, fewer women got mammographies in the
previous 2 years, fewer women updated their Pap smears, and fewer individuals got
their colorectal cancer screening [29].

Portugal was not the only country whose health services were affected by the COVID-
19 pandemic. Other European and non-European countries also suffered adjustments
and had similar results to those observed in Portugal in primary care health services
during COVID-19 [30]. In this regard, some authors propose lessons on the COVID-19
pandemic for primary care professionals worldwide [31]. The main aspects these
authors consider essential for health services to learn and adapt are (1) rapidly changing

and innovating by redirecting patient flow like primary care was able to do; (2)




maintaining access to primary care and managing all health problems that impact the
local population; (3) collecting and disseminating information that is sufficiently fitted
for the purpose [31].

The alterations in the operation of laboratories were studied mainly in the laboratories
dedicated to diagnosing malignant pathologies.

In the cytopathology laboratories of 23 countries (including Portugal), the number of
samples analyzed during 2020 compared with the same period of 2019 was reduced by
453% [32]. While the number of samples from the cervicovaginal tract, thyroid, and
anorectal region decreased significantly, the percentage of samples from the urinary
tract, serous cavities, breast, lymph nodes, respiratory tract, salivary glands, central
nervous system, gastrointestinal tract, pancreas, liver, and biliary tract increased [32].
Also, lab facilities were adapted to work in COVID-19-free environments. Glasbey and
colleagues [** compared hospitals with and without COVID-19-free surgical pathways
to investigate if implementing these pathways could be associated with lower
postoperative pulmonary complication rates. This study demonstrated that COVID-19-
free surgical pathways should be established within available resources to prgyide safer
elective cancer surgery during current and future COVID-19 outbreaks. As health
providers resume elective cancer surgery, they should prevent harm by investing in

dedicated COVID-19-free surgical pathways tailored to local resources [33].

COVID-19 AND LIVER DISEASES

The SARS-CoV-2 infection is frequently associated with acute liver injury (ALI),
evidenced by increased transaminases in individuals with and without prior liver
disease. Elevated transaminases affected up to 50% of SARS-CoV-2 infected subjects
and correlated with the severity of the disease [34].

The elevation of transaminase during COVID-19 is mostly mild and reversible (ie., <5
times higher than the normal limit). Severe ALI is uncommon, occurring in 0.1% on

admission and 2% during hospitalization, with alanine aminotransferase (ALT) values




20 times higher than the normal limit. These individuals had abnormal liver tests before
ing hospitalized [35].

ALI reflected by increased transaminases and bilirubin was related to disease severity
and poor outcome of COVID-19 [36]. Increases in gamma glutamyl Emsferase (YGT)
and alkaline phosphatase (AP), which are also liver-related enzymes, are less observed
and found more frequently in the later course of the disease. In contrast, moderate
increases in aspartate aminotransferase (AST), ALT, and bilirubin are very common
features in COVID-19 [37].

Cholangiopathy, which is al or extensive damage to bile ducts due to an impaired
blood supply, has been reported as a late complication of severe COVID-19, and some
persons have developed progressive biliary injury and liver failure [38, 39]. In a study
with 2047 patients hospitalized for COVID-19, 12 (~0.58%) with severe COVID-19
developed a syndrgme of cholangiopathy characterized by cholestasis and biliary tract
abnormalities [38]. The mean time from COVID-19 diagnosis to cholangiopathy was 118
days. Imaging findings included inflammation, beading, stricturing, and dilation of the
biliary tree.
Angiotensin-converting enzyme 2 (ACE2) receptor and the SARS-CoV-2 co-receptor
transmembrane serine protease 2 (TMPRSS2) seem to be the key host receptors for this
virus and are expressed on diverse liver cells such as_hepatocytes, immune cells,
cholangiocytes as well as liver progenitor cells. The levels of ACE2 are very low in liver
cells, accounting for 2.6% of the total number of cells, but highly expressed in bile duct
cells (59.7%) [40] (see figure 2).

The liver may undergo several injuries during the COVID-19 infection period.
According to several authors, these aggressions may result from 1) direct virus attack
on the different types of liver cells, 2) a magnified immune response (cytokine storm),
and 3) toxicity of the drugs used to treat COVID-19 infection symptoms. Whether one
or the sum of these insults contribute to liver disruption has yet to be clarified. The

‘cytokine storm” that occurs in COVID-19 infection is common to other viral infections

and involves a massive acute phase reaction that results from the release of huge




amounts of proinflammatory cytokines, interleukin 1 (IL-1), tumor necrosis factor

(TNEF), and interleukin 6 (IL-6) as well as, an increased concentration of C reactive
protein (CRP) and ferritin. The bulk of these cytokines is released by macrophages and
monocytes, assumed to be the main players of the ‘cytokine storm” that occurs in SARS-
CoV-2infection [41, 42] (see figure 2).

Whether individuals with chronic liver disease (CLD) are more susceptible to COVID-
19 is uncertain. CLD, in the absence of immunosuppressive therapy, is not known to be
associated with an increased risk of acquiring COVID-19 [36]. However, the liver may
be susceptible to the SARS-CoV-2 virus because of ACE2 receptors in the biliary and
E\rer epithelial cells [40].

Data have suggested that preexisting liver disease was associated with worse outcomes
in individuals with COVID-19. In a study of 2780 persons with COVID-19, those with
CLD (n = 250) had higher rates of mortality as compared with those without liver
disease (12 vs 4 percent; risk ratio [RR] 2.8, 95%CI 1.9-4.0) [9, 43, 44]. Similarly, a
research carried out in Bangladesh on the relation of comorbidities, the severity of
COVID-19 and hospitalization found that 43.6% of the individuals with hepatic
disorders (n = 39 in a sample of 1025) had more serious, i.e., moderate to severe,
symptoms of COVID-19 [9]; and in another study in the same country on the relation of
comorbidities and health outcomes in COVID-19-positive persons, the authors
concluded that several comorbidities, including liver diseases, influence the severity of
outcomes and fatality in these individuals [6].
Subsequently, a large French retrospective cohort of >259000 individuals with COVID-
19, including >15000 with preexisting CLD, demonstrated that those with
decompensated cirrhosis were at an increased adjusted risk for COVID-19 mortality

5].

Acute-on-chronic liver failure (ACLF) is also well recognized, being reported in up to
12%-50% of people with decompensated cirrhosis and COVID-19. Although acute
hepatic malfunction induced by the COVID-19 virus may aggravate decompensated

cirrhosis, in most cases, this liver aggravation did not contribute to the death of




individuals, which occurred mostly due to respiratory failure (71%), followed by liver-

related complications (19%) [44].

HEPATIC CONDITIONS AFFECTING COVID-19 TREATMENT

Chronic l'ﬁer disease is considered a serious problem worldwide. Liver injuries like
cirrhosis, chronic viral hepatitis, alcohol- related liver disease, non-alcoholic fatty liver
disease, and autoimmune hepatitis affect approximately 50 thousand people in
Portugal, most of which are still undiagnosed [46]. Therefore, it is important to carefully
evaluate how different existing liver diseases influence liver damage in persons with
COVID-19 [47, 48].

Individuals with chronic hepatitis B (CHB) treated with nucleoside analogs for long
periods are in a phase of immune tolerance. Therefore, the virus that causes hepatitis is
inhibited. However, when infected with SARS-CoV-2, they can suffer severe liver injury
[48].

Previous studies [47, 48] have shown that for persons with hepatitis B undergoing
antiviral therapy, stopping drug administration may lead to reactivation and replication
of hepatitis B virus (HBV) after treatment against SARS-CoV-2 infection is done. It has
also been previously reported [47, 48] that CHB patients infected with COVID-19 may

take longer to clear the virus from their bodies. Zha and collaboratores [49] found a

correlation between chronic HBV infection and the time required_to eliminate SARS-
CoV-2 from the individual. This association may have to do with T-cell dysfunction in
people with chronic HBV infection fighting other viruses, but the link between them
requires future investigations.

Other clinical studies have noted that the combination of lopinavir and ritonavir in the
treatment of individuals infected with the SARS-CoV-2 virus may increase liver damage
in those with hepatitis B or hepatitis C [47], so the use of these drugs in the treatment of
COVID-19 may promote or worsen liver injury in people with preexisting liver disease

[47, 48].




Another risk factor that may be related to disease severity and mortality and is common
in persons with COVID-19 is dysfunction in the immune system [47_48]. In persons
with autoimmune hepatitis who have been infected with COVID-19, special attention
should be paid to the effect of glucocorticoid administration on the prognosis of the
disease [47, 50]. Considering the high level of ACE2 receptor expression in bile duct
cells, individuals with cholangitis infected with COVID-19 may see their cholesﬁsis
worsen, resulting in increased levels of AP and yGT [48]. Moreover, persons with
cirrhosis and liver cancer with systemic immunodeficiency might be more susceptible
to SARS- CoV- 2 infection, as their immune function is relatively lower [47, 50].

For individuals with COVID-19 and with a mildly abnormal liver function,
administration of anti-inflammatory and hepatoprotective drugs is generally not
required [48]. Still, if necessary, the initial disease should be treated with antiviral and
supportive drugs that inhibit viral replica&'on, reduce inflammation, and enhance
immunity. Additionally, the pre-emptive application of liver-protective and liver
enzyme-lowering drugs is not recommended [47].

In people with COVID-19 and acute liver damage, the clinicians should analyze and
judge the most probable cause of livna injury and then take the appropriate action [47,
48]. Routinely, these persons should be treated with anti-inflammatory,
hepatoprotective  drugs, and jaundice-reducing agents such as polyene
phosphatidylcholine, glycyrrhizic acid, bicyclol and vitamin E [48]. In critically ill
patients, the therapy should be chosen according to liver function injury, the types of
drugs administered should not be more than two, and the dosage should not be too
high to avoi(Hvorsening liver damage and drug interactions [49].

In persons with COVID-19 suspected of having liver damage caused by drugs,
stopping, or reducing the amount of the drug should be considered. Besides that, liver
function indicators should be closely monitored to prevent acute liver failure [47, 48]. In
individuals with critical and severe COVID- 19 disease with liver damage, respiratory
and circulatory support should be reinforced since the clinical status should be caused

by cytokine storms and microcirculation ischemia and hypoxia [47]. If necessary,




extracorporeal membrane oxygenation should be performed to improve the blood
oxygen saturation of patients [47].

In this way, control and prevention of the inflammatory response in the early phase of
the disease not only helps to reduce nonspecific inflammation in the liver but also
prevents the occurrence of a systemic inflammatory response as a way to mitigate the
likelihood of mild disease developing into severe or critical illness [47, 48].

The main drugs used to treat COVID-19 in individuals with severe or strong symptoms,

i.e., hydroxychloroquine [51, 52], lopinavir/ritonavir [53], and remdesivir [54-58], have

adverse effects in the liver (see Table 1). Such effects limit the use of these drugs in
persons with previous liver diseases who may experience an aggravation of COVID-19

symptoms (as explained before).

HVER DISEASES AND COVID-19 IN PORTUGUESE INDIVIDUALS

The impact of SARS-CoV-2 infection on the liver and the hypothesis that having liver
injury may represent a risk factor for the worsening of COVID-19 prognosis have been
addressed by several authors [47, 48, 59].

In Portugal, an epidemiological study by Tenreiro and colaborators [¢0, in a sample of

35,117 individuals with COVID-19, demonstrated that the risk of hospitalization

increases with the presence of comorbidities and that preexisting pathologies, such as
chronic liver diseases, are associated with a worsening prognosis of people with
COVID-19 (Table 2). In agreement, Froes (2020) [61] and Peixoto (2021) [62], observed
that the presence of concurrent comorbidities is significantly associated with negative
outcomes when the person is infected with COVID-19 (Table 2).

In the different studies carried out (Table 2), it was also possible to observe that in the
Portuguese population, the risk of hospitalization and lethality by COVID-19 in infected
individuals is higher inp males and increases with age [60-64]. Furthermore, Musa [6%]
also noted that people at high risk of severe COVID-19 are generally older and/or have
associated complications such as diabetes, hypertension, cardiovascular disease, and

liver disease.




However, the existing literature has shown contradictory data. Although ane reports
have shown that persons with comorbidities, such as liver failure, had longer
hospitalization lengths and were at a higher risk of progressing to severe disease [58,
66], which is ig line with the data found in Portuguese individuals, other studies have
demonstrated that the COVID-19-related liver injuries are usually temporary and mild,
with minor clinical significance [59, 67].

Liver biochemical indicators, mainly shown by abnormal ALT and AST levels
complemented by a slight increase in total bilirubin levels and prolonged prothrombin
time, have also been used as a predictor of the severity and prognosis of COVID- 19
patients [47, 59, 68, 69].

In a study performed by Guan and collaboratorg_(2020) [68], which included 1099
patients, elevated AST levels were observed in 18.2% of patients with non-severe
disease and 39.4% of patients with severe disease. In addition, the proportion of
abnormal ALT in severe cases (28.1%) was higher than in mild cases (19.8%) [68]. Other
studies, however, have found different results. Wang [0l and Wu 50 reported no
significant differences in liver function tests when comparing severe and
mild/moderate patients.

In Portuguese literature, ere is still scarce information regarding the global etiology of
preexisting liver disease in individuals with COVID-19.

Garrido and their team [5, in a study of 317 individuals COVID-19-positive at the

University Hospital Center of Porto, observed that at the time of hospitalization, 50.3%
of patients had abnormal changes in liver enzymes, with 41.5% showing elevated levels
of aminotransferases. AST and AP were associated with the severity of COVID-19
infection, intensive care unit (ICU) admission, and increased mortality. In contrast, ALT
and yGT were associated with patient admission to the ICU [59].

In the same study, the authors report that of the 14 patients with chronic liver disease,
21.4% had a critical level of COVID-19, the average duration of disease was 36.6 days,
hospitalization 11.5 days, and mortality 28.6%, increasing to 66.7% in patients with liver

cirrhosis [39].




Portugal participated in the European study from the European Hematology
Association Survey (EPICOVIDEHA) that aimed to investigate the characteristics of
hematological malignancies in individuals developing COVID-19 and analyzed
predictors of mortality [71]. The authors concluded that increased age, active disease,
chronic cardiopathy, liver disease, renal impairment, smoking history, and intensive
care units were significantly associated with higher mortality [71].

Recently, we published a study on the Portuguese population, with more than 2000
participants, reporting the medical and legal implications of COVID-19 in life habits
[24]. We observed that the subjects increased alcohol consumption, a change that can
contribute to liver diseases. On the other hand, we also analyzed all participants'
comorbidities, and none indicated having a liver disease (unpublished results). It is
possible that in some cases, the individuals do not even know they have a liver
malfunction, or the liver disease is discovered after the COVID-19 infection and
treatment.

However, as concluded in other reports [58, 59, 68], remains unclear whether these
changes in laboratory tests are associated with a worse prognosis in individuals with
COVID-19 because the cause of these alterations could be explained by several factors
like the virus or the percussn of a severe inflammatory response from a liver injury
such as hypoxic hepatitis, drug toxicity, immune response and alterations in gut

vascular barrier and microbiota [47, 48, 59].

DISCUSSION

We surveyed a number of databases and screened several papers to review the clinical
manifestations and outcomes of Portuguese individuals with COVID-19 and liver
injury. However, only 6 studies reported original observational and retrospective
research on the Portuguese adult population concerning liver-associated clinical
manifestations or outcomes and COVID-19.

Because of the relatively small number of articles analyzed in this review, further

studies were considered to develop and elaborate on the results obtained. Data from the




Portuguese National Health System on COVID-19 was also included. In this second
round of literature search we found information about the implications of COVID-19 in
the healthcare and therefore, we broaden the scope of this review although this was not
initially planned.

We examined topics essential to understanding the relationship between COVID-19,
liver injury, and patients’ clinical outcomes. We discussed (1) how COVID-19 affected
health care and clinical practice in Portugal; (2) the relationship between COVID-19 and
liver diseases; (3) hepatic conditions that affect the treatment of COVID-19, and (4) what
is known regarding liver diseases and COVID-19 in Portuguese individuals.

Our results demonstrated the implication of the COVID-19 pandemic in Portugal's
health care and clinical practice. We observed that the number of face-to-face
consultations decreased during the pandemic, specifically, during the first semester, of
2020, compared with the same period of the last 2 years (2018/2019). However, virtual
medical assistance, i.e., medical and nurse teleconsultations, increased. Besides these
changes in medical appointments, we also observed adjustments in the activity of
diagnostic laboratories. A European study involving Portugal demonstrated that the
percentage of analyzed samples increased during the pandemic, specifically from the
liver, urinary tract, serous cavities, breast, lymph nodes, respiratory tract, and others.
On the contrary, the percentage of analyzed samples of the cervicovaginal tract, thyroid,
and anorectal region decreased [32].

While exploring the role of liver injury and COVID-19, we observed that the COVID-19
infection affects liver activity, changing the enzymatic activity [37]. These enzymatic
alterations were observed in half of the infected individuals [34]. On the other hand,
preexisting liver disease was associated with worse outcomes in persons with COVID-
19. For this reason, in Portugal, having a liver disease (chronic disease) was enough to
be included in priority groups for vaccination during the first campaign of the
Portuguese National Health System.

The liver and COVID-19 are interrelated. On the one hand, liver function affects

COVID-19 status. On the other hand, drugs such as lopinavir, ritonavir,




hydroxychloroquine, and remdesivir, used to treat COVID-19, may cause adverse
effects on the liver, and affect its function (see Table 2).

According to our search, the clinical outcome in Portuguese individuals with COVID-19
was aggravated by liver injury, old age, and other comorbidities leading to treatment in

intensive care and increased mortality.

CONCLUSION

COVID-19 was a pandemic that had many implications in people’s health, life quality,
and lifestyle but also in the access to public or “social” services, such as, primary
healthcare services. The global dimension of COVID-19 consequences is almost
unmeasurable. However, our lives have changed and these alterations may be
permanent. Not so much time ago, before the COVID-19 pandemic, teleconsultations
were unthinkable. During the pandemic telemedicine became a form of access to
medical assistance. Furthermore, all health systems had to adapt during COVID-19,
prioritizing healthcare. According to this evidence we concluded that societies should
define strategies to be implemented during pandemic situations to ensure that all
individuals have guaranteed access to health care (see figure 3). In Portugal, we
observed that the alterations that occurred in the healthcare system during the
pandemic seem to have been effective to the provide care to the population.

Concerning the relationship between liver diseases and the COVID-19 infection, we
conclude that the infection by COVID-19 may alter the function of the liver. The
worsening of the COVID-19 status depends on the age of the individuals and the
presence of other comorbidities, albeit the papers analyzed in this review do not discuss
if the liver function is age-dependent. Moreover, the drugs used to treat COVID-19

have adverse effects on the liver and affect the liver function.
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Research background




The infection by COVID-19 may be asymptomatic or cause mild to severe symptoms
and be exacerbated by preexisting health conditions like liver diseases. However, the
relation between hepatic diseases and the effect and prognosis of COVID-19-infected

individuals is unclear, and information concerning the Portuguese population is scarce.

Research motivation
Understanding how hepatic disorders may have been affected by COVID-19 and how

this infection impacted the Portuguese healthcare system.

Research objectives
To investigate the association between COVID-19 and liver diseases and their impact on

the prognosis of patients and explore the effect of COVID-19 on healthcare systems.

Research methods

Revision of literature.

Research results

People with liver diseases who were COVID-19-positive had a worse prognosis than
individuals without hepatic diseases.

Due to COVID-19, most countries altered the normal activity of healthcare systems,

increasing teleconsultations.

Research conclusions

The interaction between liver diseases and COVID-19 in people's prognosis is unclear
but there is evidence of its existence.

As observed in other countries, the normal activity of the national healthcare system in

Portugal was modified due to the pandemic situation created by COVID-19.

Research perspectives




To promote the development of studies about the interaction and relation between liver
diseases and COVID-19 and generate critical thinking about how healthcare systems

should function in case of a pandemic.
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