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Does mass management of chronic
hepatitis C protect the Egyptian population
against fulminant coronavirus disease-2019?
“Postulating a hypothesis”
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Abstract
Coronavirus disease (COVID-19) is caused by the pathogenic virus severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Egypt has launched a national treatment program to provide a cure for Egyptian patients infected with
hepatitis C virus (HCV). A common mechanism is shared between both the anticipated and unexpected aspects of
COVID-19. The activity of the renin-angiotensin system (RAS) is intrinsically high in the lungs, which is a major source
of ACE and hence a significant site of systemic synthesis of Ang II. Angiotensin-converting enzyme 2 (ACE2) is the
cellular receptor for SARS-CoV-2, the etiological agent of the COVID-19 disease. ACE-2 and its angiotensin 1–7 (Ang
1–7) product, which acts on the Mas oncogene receptor, have been shown to play a protective role in fibrogenesis
and inflammation of many organs, including the liver and lung. Antiviral treatment with interferon (IFN) in conjunction with ribavirin in patients with chronic hepatitis C reduces serum ACE activity and indirectly affects liver parenchyma fibrogenesis. The antifibrotic activity of sofosbuvir plus daclatasvir (SOF/DAC) is independent of its antiviral
action. Elimination of HCV infection by DAA therapy in patients with chronic hepatitis C could improve natural killer
(NK) activity by increasing the frequency of CD 16+ CD 56+ NK cells. COVID-19 individuals exhibit enhanced platelet activation and aggregation, as well as platelet-monocyte aggregation, which is linked to coagulative disorders.
Lower systemic inflammation and enhanced hepatic synthesis of both pro- and anti-coagulant factors were noticed
soon after antiviral therapy. In order to protect against the severity of COVID-19, treatment of chronic hepatitis C has
been observed as a possible key as a prophylaxis beside the vaccine and should be tested for evidence or rejection of
observation.
Keywords: COVID-19, Hepatitis C, DAAs, RAS, NK cells, Coagulopathy, Prophylaxis
Introduction
Many intensivists (consultants and heads of COVID-19
isolation ICUs) interested in COVID-19 research and
management observed during 1st and 2nd wave of epidemic that while chronic hepatitis C virus (HCV) is
endemic in Egypt and WHO reported that it is one of
the risk factors for severe COVID 19, the admission of
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these populations is very low and of low severity in ICUs
even they have well-known risk factors like hypertension,
diabetes, obesity, malignancy, and smoking and many
healthcare workers who were previously treated with
hepatitis C antivirals recorded their exposure to COVID19 patients at their infectivity period without catching the
disease and in the following sequences, the summarized
scientific context to find the explanation has been established; particularly, we found that those who received
direct antiviral treatment for treatment of hepatitis C
look like immunized against COVID-19. I hypothesize
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that Modulation of the RAS by the chronic hepatitis C
virus treatment either by (Daclatasvir and Sofosbuvir),
(Daclatasvir and Sofosbuvir plus Ribavirin), or (Ribavirin and Interferon) protocols together with restoration of
NK cell effector functions and lowering systemic inflammation and enhanced hepatic synthesis of both pro- and
anti-coagulant factors could give an explanation to the
low incidence of COVID-19 among Egyptian population and can help in the management of the epidemic and
will help Egypt’s herd immunity to grow more quickly. In
addition, it may play a role in COVID 19 prophylaxis.

Evidence synthesis for the hypothesis
The coronavirus disease-2019 (COVID-19) is not a simple viral pneumonia with the numerous unusual pathophysiological, biochemical, and hematological effects
having been described. Of particular interest is the interaction of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and the renin-angiotensin system
(RAS) via angiotensin-converting enzyme-2 (ACE-2),
the receptor used by the SARS-CoV-2 to gain access to
cells. This interaction could trigger an explanation for the
several unusual clinical findings observed in COVID-19
[1]. A common mechanism is shared between both the
anticipated and unexpected aspects of COVID-19: silent
hypoxia, atypical acute respiratory distress syndrome
(ARDS), stroke, loss of smell, myocarditis, and elevated
mortality in the elderly, in men, in African Americans,
and in obesity, diabetes, and cancer patients. All bear
the fingerprints of the imbalance of the renin-angiotensin system (RAS), indicating that the common culprit is
RAS [2]. We also add our daily and continuous observation and explanation as regards the role of anti-hepatitis
C medications to protect hepatic patients to this theory.
The RAS (Fig. 1) [3] comprises a carefully balanced and
controlled cascade of hormones and receptors involving
multiple organ systems. Angiotensinogen, continuously
released from the liver into the circulation, is cleaved
to angiotensin I (AngI) by renin which is released from
the kidney. AngI catalyzed by angiotensin-converting
enzyme (ACE) located on vascular endothelium, and
most abundantly found in lung tissue to produce the
active end product angiotensin II (AngII). AngII acts
mainly via angiotensin 1 (AT1) receptors. The activation
of this AngII/AT1 classic pathway leads to a number of
unfavorable effects. It results not only in the well-known
vasoconstrictive effects, but also a host of potentially
detrimental effects on the endothelium, inflammation,
vascular permeability facilitating pulmonary edema, and
coagulation [4–7].
There is also a protective RAS pathway as AngI is converted to Ang (1–9) and AngII converted to Ang (1–7)
by ACE-2. Ang (1–7) primarily exerts effects on the MAS
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receptors causing vasodilation, natriuresis, diuresis, antiproliferative, and anti-inflammatory effects. This pathway
is the so-called RAS protective pathway [5, 6] which may
be suppressed in COVID-19 leading to overstimulation
of the classic pathway with adverse cardiovascular and
respiratory effects, hypercoagulation, endothelial dysfunction, inflammation, and insulin resistance [1].
The AngII/AT1 axis of the RAS system plays role in the
development of fibrotic diseases, while the other counter components, ACE-2/Ang1–7/Mas axis, have shown
potential protective effects in organ fibrosis [1, 8]. Thus,
stimulating this protective arm of RAS would be a prophylactic or treatment option for liver and lung fibrosis.
In both animal and human studies, angiotensin-converting enzyme inhibitors and angiotensin receptor
blockers slow the progression of fibrosis. In a bile duct
ligation mouse model, ACE-2 supplementation prevents
liver fibrosis [9].
Chronic HCV Interferon-associated antiviral therapy
(IFN) with ribavirin has been reported to decrease serum
ACE activity and indirectly affect liver parenchyma fibrogenesis. Ribavirin also exerts an immunomodulatory
action of the host to the virus by shifting a Th2 response
in favor of a Th1 phenotype. Th2 response and production of type 2 cytokines such as IL-4, IL-5, and IL-10
stimulate the humoral response which enhances immunity toward the virus [10]. In addition, their sustained
virologic response (SVR) was shown in a study by Marcellin and colleagues with a mean follow-up of 4 years,
showing 96% undetectable serum HCV RNA [11]. So, it
can act as a prophylaxis in our epidemic.
Ribavirin also demonstrated an inhibitory effect on
the enzyme TMPRSS2. TMPRSS2 is a membrane protease for the priming of ACE2, which is a critical step for
SARS-CoV-2 fusion [12].
Highly effective direct-acting antivirals (DAAs)—
daclatasvir and sofosbuvir (SOF/DAC)—have recently
been used for HCV elimination. The antifibrotic activity of SOF/DAC is independent of its antiviral action.
The molecular events associated with this effect were
the downregulation of tumor necrosis factor alpha/
nuclear factor kappa-light-chain-enhancer of activated B cells (TNF-α/NF-κB) signaling pathway and
induction of B-cell lymphoma 2 (Bcl-2) [13]. Observational clinical data support the potential of anti-TNF
therapies as a treatment for COVID-19. Data from the
SECURE-IBD registry suggest that when patients with
inflammatory bowel disease develop COVID-19, those
on anti-TNF therapies do just as well and possibly better than those on alternative agents. It was found that
anti-TNF therapy was inversely related to the composite outcome of death or hospital admission for COVID19. A functional renin/angiotensin system (RAS) in the
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Fig. 1 Overview of the renin-angiotensin system. MAP, mean arterial blood pressure; AT, angiotensin; ACE, angiotensin-converting enzyme; AMPA,
aminopeptidase A; AMPM, aminopeptidase M; *, ACE is present mainly in lung capillaries, although it can also be found in the plasma and vascular
beds of other organs, such as the kidneys, brain, heart, and skeletal muscle

target cell is necessary for the induction of alveolar epithelial cells (AEC) apoptosis by TNF-alpha. TNF-alpha
exposure increased Ang II concentration [14, 15].
DAAs for HCV infection have resulted in high rates
of sustained virologic response (SVR) following 8 to
24 weeks of treatment. In the IMPACT study, virologic
response to simeprevir, sofosbuvir, and daclatasvir was
durable over 3 years and all patients who reached the
3-year follow-up time point maintained SVR [16].
Another factor which strengthens the protection is
the relation between management of hepatitis C and
natural killer (NK) cells. In patients with chronic hepatitis C, eliminating HCV infection with DAA therapy
could increase NK activity by increasing the frequency
of NK cells and of CD 16+ CD 56+ NK cells [17]. NK

cells are a type of innate immune cell that acts as a first
line of defense against acute infections and cancer, as
well as controlling the adaptive immune response [18].
Natural killer cells play a central role in maintaining
immune homeostasis, which is crucial when facing
the challenge of a novel pathogen. Preliminary studies in COVID-19 patients with serious disease suggest
a reduction in NK cell number and function leading to
a decrease in infected and activated cell clearance and
unchecked increase in tissue-damaging inflammation.
Restoration of NK cell effector functions has the potential to correct the delicate immune balance needed for
successful SARS-CoV-2 infection clearance [19]. Furthermore, according to Bao et al., natural killer cells can
be used as a universal COVID-19 treatment [20].
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When SARSCoV-2 infects endothelial cells via ACE2,
this receptor is internalized and downregulated, preventing it from functioning normally. The buildup of angiotensin II would result in an increase in prothrombotic
signaling as a result of this downregulation (Ang II) [21].
SARS-CoV-2 interacts with platelets and megakaryocytes
via an ACE2-independent mechanism, and this interaction may influence alternative receptor expression linked
to COVID-19 coagulation dysfunction [22]. COVID19 individuals exhibit enhanced platelet activation and
aggregation, as well as platelet-monocyte aggregation,
which is linked to coagulative disorders [23], which
emphasizes platelets’ crucial role in SARS-CoV-2 infection and immunopathology [24]. Alterations of primary
hemostasis (platelet adhesion, activation, and aggregation) have been liked to chronic HCV-induced liver cirrhosis, with platelet hypofunction being more noticeable
in the early stages of the disease compared to the later
ones [25].
The effect of DAAs on coagulopathy in patients with
HCV-related cirrhosis was investigated in a prospective
study utilizing thrombomodulin-modified thrombin generation test; SVR is associated with a significant decrease
of in vitro hypercoagulability. This effect, which was
likely due to lower systemic inflammation and enhanced
hepatic synthesis of both pro- and anti-coagulant factors, was noticed soon after antiviral therapy ended and
lasted for up to a year [26]. Patients who do not have
their hypercoagulability reversed following DAAs are at a
higher risk of problems [27].
Egypt has the highest prevalence of hepatitis C virus
(HCV) worldwide, with a prevalence rate of 21.9% in
1995–1996 among adults [28]. Antibody prevalence
among adults aged 15–59 years was 14.7% in 2009 and
10.0% in 2015, according to the Egyptian Demographic
and Health Surveys (EDHS) [29].
Since 2007, care for HCV in Egypt has been one of the
top national priorities. Egypt has launched a national
treatment program intending to provide cure for Egyptian HCV-infected patients. Mass HCV treatment program had started using pegylated interferon and ribavirin
between 2007 and 2014. In May 2016, the World Health
Assembly set targets for the elimination of viral hepatitis, including reaching 90% diagnosis, 80% treatment coverage, and a 65% reduction in related mortality by 2030
[30]. The Egyptian National Committee for the Control of
Viral Hepatitis did its best to provide DAAs to Egyptian
HCV patients [31]. Planning started in May 2018 with the
goals of the Ministry of Health were to screen everyone
18 years of age or older in Egypt with a target population
of 62.5 million within 1 year and to provide treatment
to all those with HCV viremia. All patients were treated
with sofosbuvir (400 mg daily) plus daclatasvir (60 mg
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daily) with or without ribavirin for duration of 12 or 24
weeks, depending on the presence or absence of cirrhosis and the stage of cirrhosis. Of the target population,
49,630,319 persons (79.4%) participated spontaneously
in the screening between October 1, 2018, and April 30,
2019 [32].
Between 2010 and 2014, the number of confirmed
cases of acute viral hepatitis C infection in the USA
rose by more than 2.5 times. According to recent epidemiologic surveys, at least 4.6 million people have tested
positive for HCV antibodies, and around 3.5 million are
currently infected with the virus [33]. HCV infection is
now the most common blood-borne viral infection in
the USA, killing more people than HIV and being the
primary cause of cirrhosis, liver cancer, liver failure, and
liver-related deaths [34].
Although HCV is one of the risk factors listed by
WHO for severe COVID-19, existing literature of a case
series of 5700 COVID-19 patients in multiple hospitals
in the New York City area identified only <0.1% of these
patients have infections [35].
Nassar et al. studied the characteristics, outcomes, and
risk factors for inhospital death of critically ill patients
with COVID-19 pneumonia admitted to Cairo University
Hospitals in Egypt, where chronic liver disease patients
had the lowest incidence of all comorbidities, with zero
mortality [36]. A retrospective study identifying risk factors of patients requiring ICU admission during hospital
stay was collected from Ain Shams University IsolationHospital which records low incidence of ward admission
with Zero ICU admission [37]. Other supportive findings
were also found in several Egyptian centers [38–40]. A
study by Negm et al. (NCT04757272) with unpublished
results (pending publishing) on hospitalized critically
ill 1053 COVID-19 patients supported the explanation
of the current hypothesis, where patients treated with
DAAs had well-documented favorable outcomes between
chronic hepatitis C patients.
Pre-existing metabolic cirrhosis appears to be associated with greater mortality among COVID-19 patients,
whereas HCV antibodies in hepatitis C patients may
indicate “safety” against COVID-19 was a trial of explanation by a previous study [41]. We totally agree with the
observation but not with the explanation as just infection is not a protection and even actually may be one of
the risk factors for severity as in vivo platelet activation
is thought to be caused directly by HCV-induced inflammatory and immunological processes in the liver tissues
[42].
These observations and explanations were the initiators
to perform an investigation hypothesizing that modulation of RAS by the chronic hepatitis C virus treatment
either by daclatasvir and sofosbuvir, daclatasvir and
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sofosbuvir plus ribavirin, or ribavirin and interferon protocols which usually followed by hepatitis B vaccine with
the restoration of natural killer(NK) cells plays together
with coagulation balance a role in COVID-19 prophylaxis
and may give the protection against severe COVID-19
among these populations in Egypt and may play a role
beside vaccination for better eradication of the epidemic.

Declarations

Conclusions
The low incidence and severity of COVID-19 among
chronic liver disease patients admitted to Egyptian hospitals might be explained by the mass management of
chronic hepatitis C in Egypt. Understanding the mechanisms may help in better characterization of the disease
and investigating possible therapeutic options. Intervention studies are needed to prove the effectiveness
of DAAs as a prophylaxis for COVID 19. We will see if
our findings will help Egypt’s herd immunity grow more
quickly together with the current vaccination.
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