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ABSTRACT

Introduction: Hepatitis C virus (HCV) is a glo-
bal public health crisis. Egypt presents the
highest HCV global prevalence. Recently, three
different HCV screening/testing/therapy pro-
grams were implemented: In 2014 (wave 1),
major decisions on HCV therapy were enacted,
accompanied by a 99% discount for the HCV
therapy sofosbuvir. In 2016 (wave 2), a first
testing program was launched to identify
patients for free treatment. In 2018 (wave 3),
population-wide screening was conducted using
a WHO-prequalified finger prick rapid diagnos-
tic test (RDT) to identify/treat all Egyptians with
HCV. The financial advantages of HCV

screening programs (wave 1–3 results) were
estimated vs a baseline period of limited Egyp-
tian HCV testing/therapeutic intervention
(2008–2014).
Methods: Using published evidence and model-
based estimates from real-world data, we eval-
uated the direct costs of the different HCV
programs, accompanied by a conservative sim-
ulation of major HCV health consequences (i.e.,
liver-related deaths/life years lost) and related
indirect costs. Total economic consequences of
each HCV program were compared to each
other and baseline from a societal perspective.
Future costs and health effects were discounted
by 3.5% per year.
Results: Discounted total costs (in US dollars)
were $1,057 billion (baseline), $913 million
(wave 1), $457 million (wave 2), and $396 mil-
lion (wave 3). Discounted HCV-related life years
lost were 418,000 (baseline), 377,000 (wave 1),
142,000 (wave 2), and 62,000 (wave 3). With
each successive Egyptian HCV screening/test-
ing/therapy wave, total costs and HCV-related
mortality were reduced.
Conclusion: Use of the community-applied,
WHO-prequalified RDT was the most dominant
approach to cost-effectiveness. These results
provide rationale for worldwide scalability of
similar HCV elimination programs.
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Key Summary Points

Why carry out this study?

Hepatitis C virus (HCV) infection effects
an estimated 71 million people
worldwide, with 400,000 deaths annually.
The prevalence of HCV in Egypt is the
highest in the world. The cumulative cost
burden of HCV in Egypt is estimated at
US $89 billion for the years 2015–2030

As a result of this high prevalence and
cost burden, treatment of HCV in Egypt
since 2008 has become one of the top
national priorities and the country
launched various national programs
intending to identify and cure Egyptian
HCV-infected patients

The goal of the present analysis—based
on published epidemiological HCV data,
cost and health economic modeling
analyses, and findings from three different
screening/testing/treatment programs—
was to estimate the impact of Egypt’s
national HCV screening and treatment
efforts on direct, indirect, and total
healthcare costs

What was learned from the study?

The application of a WHO-prequalified
HCV diagnostic test to mass screening,
together with delivery of therapy to
identified patients with HCV, suggests a
likely cost-effective intervention from a
societal perspective, representing the
dominant option compared with other
HCV screening, testing, and therapy
approaches in Egypt between 2008 and
2019. However, as a result of the use of
real-world data, model-based analyses,
and the inherent uncertainty such
methodologies can result in, other
advanced health economic assessments to
confirm the presented conclusions are
appropriate

INTRODUCTION

Hepatitis C is a liver disease caused by the hep-
atitis C virus (HCV) leading to both acute and
chronic hepatitis, with severity ranging from a
mild illness lasting a few weeks to a serious,
lifelong condition that develops into a major
cause of liver cancer [1]. HCV is estimated to
effect 71 million people worldwide, with
400,000 deaths annually, mostly from cirrhosis
and hepatocellular carcinoma (i.e., primary
liver cancer) [1]. Mortality from viral hepatitis
has increased by 22% between 2000 and 2015
despite the fact that HCV can now be effectively
diagnosed and treated, with direct-acting
antivirals (DAA) cure rates of higher than 95%
in 8–12 weeks, representing one of the most
remarkable medical breakthroughs in recent
time [1]. Nevertheless, many of those infected
remain undiagnosed and unaware that there is a
cure for this disease, with an estimated 85% of
HCV-infected individuals unaware of their
infection [2]. Seventy-five percent of these
individuals live in low- and middle-income
countries [3].

The prevalence of HCV infection in Egypt is
the highest in the world [4], mostly attributed
to wide community-based campaigns against
schistosomiasis performed by the Egyptian
Ministry of Health (MOH) from 1950 to 1980
aimed at eradicating this endemic parasitic
infection [5]. However, injections with poorly
sterilized non-disposable needles caused the
largest ever iatrogenic spread of blood-borne
infection [6]. Additionally, approximately
150,000 individuals acquire HCV infection in
Egypt each year primarily through healthcare-
related transmission, which is considered the
primary mode of HCV transmission in Egypt [7].

In 2017, the economic burden of chronic
HCV infection was characterized as tremendous
[8]. Focusing on Egypt specifically, the cumu-
lative cost burden of HCV has been estimated at
US $89 billion for the years 2015–2030 [9]. As a
result of this high prevalence and cost burden,
since 2008, treatment of HCV in Egypt has
become one of the top national priorities, for
which the country launched various national
programs to identify and cure Egyptian HCV-
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infected patients [5]. These initiatives are
described in detail in the ‘‘Methods’’ section.

Given the highly significant clinical and
economic burden of HCV, it is of major interest
for healthcare decision makers to identify cost-
effective programs and interventions for HCV
detection and therapy. Economic evaluations
are typically defined as the comparative analysis
of alternative interventions in terms of both
their costs and consequences [10]. The results of
such evaluations serve public health policy
makers and central Health Technology Assess-
ment bodies to make better informed decisions,
ensuring that limited resources are allocated as
efficiently as possible to improve overall popu-
lation health.

METHODS

The goal of this health economic evaluation is
to estimate the absolute and incremental
impact of Egypt’s national HCV screening and
treatment efforts on direct, indirect, and total
healthcare costs. All amounts are presented in
US dollars (USD). This article is based on previ-
ously conducted studies and does not contain
any new studies with human participants or
animals performed by any of the authors.

There have been several focused attempts to
screen and treat HCV in Egypt: the largest,
defined herein as wave 1, started in 2014; the
second, defined as wave 2, was coordinated in
2016; and the third, defined as wave 3, was
coordinated in 2018.

Prior to wave 1, during the period between
2008 and 2014 (defined as baseline), chronic
HCV-infected patients from Egypt were served
through 26 well-equipped, specialized centers
all over the country for the treatment of viral
hepatitis [11]. The previous standard of care
therapy—combined pegylated interferon and
ribavirin—were supplied for free or at reduced
prices through these centers which succeeded in
treating more than 350,000 patients with this
therapy [11].

During wave 1 in 2014, three decisions were
applied by the Egypt National Committee for
Control of Viral Hepatitis (NCCVH): (1) to dis-
continue the use of sofosbuvir–ribavirin therapy

because of its suboptimal responses; (2) that all
degrees of fibrosis (F0–F4) were included in
therapy without discrimination; and (3) that
new guidelines for therapy include sofosbuvir/
simeprevir treatment for 12 weeks (for which a
99% discount was negotiated by the Egypt
Ministry of Health) [12].

In 2016, during wave 2, the Egyptian Min-
istry of Health began a screening program to
identify patients for free treatment: 6.5 million
individuals were tested for HCV antibodies, and
those who tested positive were evaluated fur-
ther, with 365,000 found to be viremic and
treated for free [5]. Moreover, 1,635,000 Egyp-
tian patients with known HCV were treated,
supported by the simultaneous introduction of
generic sofosbuvir [5].

Finally, in 2018, the Ministry of Health
announced a massive screening effort, defined
as wave 3, which began on October 1, 2018
[5, 13]. Its objective was to identify all individ-
uals with HCV to be treated at the expense of
the state. The screening was performed by a
WHO-prequalified finger-prick-based rapid test
(SD Bioline HCV, Abbott, Abbott Park, IL, USA)
for individuals in outreach and rural areas
(which included most of the target population),
and blood-based immunoassay for screening
done in hospitals and central facilities.
Seropositive individuals were referred for HCV-
RNA testing in 350 hospital facilities; those
found to be positive were referred for evaluation
and treatment in 180 specialized HCV treat-
ment centers. By September 2019, the Ministry,
through the NCCVH, expected to screen all
adults aged 18 years and older in Egypt, which
includes 52 million individuals after exclusion
of those who have been treated or screened
previously [5, 13].

Population Estimates and HCV Testing
and Therapy Rates

Population estimates, and HCV testing and
therapy rates, were determined on the basis of
published literature [5, 11–13] and via local
expert opinion. For each therapy wave, the total
population size, HCV prevalence, population
tested for HCV, population with HCV,
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population treated for HCV, and the treated/
untreated HCV population were determined
and/or calculated on the basis of given values.
These epidemiologic data, presented in detail in
Table 1, form the basis of the health economic
assessment that is described and presented in
the following section.

Health Economic Assessment

The current health economic assessment was
performed to compare the cost and conse-
quences of the different HCV programs applied
in Egypt between 2008 and 2019. Published
evidence was used to evaluate the direct costs of
the different HCV programs (waves 1–3),
accompanied by a conservative simulation of
major HCV health consequences (i.e., liver-re-
lated deaths/life years lost) and the related
indirect costs. The presented assessment is a
model-based study that uses real-world esti-
mates on HCV prevalence to simulate the rela-
ted health economic impact using the
methodological approach described below.

Direct Costs

Direct costs refer to the resource consumption
in the provision of healthcare interventions. In
the presented study, direct costs consist of HCV
testing and therapy costs and are calculated by
multiplying the population tested and the
population treated (both presented in Table 1,
according to therapy wave) by the related unit
costs. These unit costs are presented in Table 2
by therapy wave. The testing costs are based on
expert opinion and manufacturer information.
The therapy costs from 2014 and later are based
on published evidence [14], whereas the ther-
apy costs before 2014 are conservatively
assumed to be comparable to those from 2014.

HCV Health Consequences

As noted, a large proportion of HCV-infected
individuals develop chronic HCV infection and
are at risk for advanced liver fibrosis, HCV-re-
lated extrahepatic complications, cirrhosis and
hepatocellular carcinoma, and liver-relatedT
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death [15]. In the present health economic
assessment, liver-related death—representing
the most severe clinical consequence with the
greatest loss of life years—was estimated on the
basis of published evidence.

The liver-related death rate was estimated on
the basis of data from Razavi et al. [16] that
provided the number of liver-related deaths
(33,000) and the total HCV-infected population
(6,000,000) for the year 2013 in Egypt. On the

basis of this data, a liver-related death rate of
0.55% was calculated and applied in the pre-
sented analysis for each investigated period.

The life-years lost by those liver-related
deaths were estimated on the basis of data from
Stanaway et al. [17], which reported 22.6 deaths
per 100,000 and 609.5 life years lost per 100,000
due to HCV. This translates into an average
26.97 life years lost for each liver-related HCV
death. On the basis of this data, the total liver-

Table 2 Unit costs of testing and treatment of HCV in Egypt

Period Baseline Wave 1 Wave 2 Wave 3

Egypt (time/year) 2008–2014 2014–2015 2016–Sep 2018 Oct 2018–Sep

2019

Testing sequence 1. ELISA/2.

HCV RNA

1. ELISA/2.

HCV RNA

1. ELISA/2.

HCV RNA

1. Rapid test/2.

HCV RNA

Cost per ELISA test/rapid test (wave 3) $0.60 $0.60 $0.60 $0.60

Total cost ELISA test/rapid test (direct

cost and labor cost)

$0.80 $0.80 $0.80 $0.80

Cost for further testing/HCV-RNA

diagnoses

$6.00 $6.00 $6.00 $6.00

Treatment costs/case (12 weeks

sofosbuvir)

$900.00 $900.00 $90.00 $90.00

Fig. 1 Direct costs in USD/number of patients tested and treated by therapy wave in Egypt. M = Million USD

1198 Infect Dis Ther (2022) 11:1193–1203



related deaths and liver-related life years lost
were simulated for each testing/therapy wave.

Indirect Costs

Indirect costs usually refer to productivity loss
resulting from increased morbidity or early
mortality. In the presented health economic
assessment, productivity losses due to liver-re-
lated life years lost were used to estimate the
indirect costs related to each testing/therapy
wave. Those costs were determined by multi-
plying the total liver-related life years lost by
the period-specific gross domestic product

(GDP) per capita in Egypt, with the following
GDP per capita values applied: baseline, $2632
(2013); wave 1 (2015), $2704; wave 2 (2017),
$2817; and wave 3 (2018), $2907 [18].

Analyses Settings and Perspective

For each therapy/testing wave, the total eco-
nomic consequences, consisting of combined
direct and indirect costs, were simulated and
compared to each other from a societal per-
spective. In order to make the different time
periods comparable, all costs and health out-
comes are calculated and presented for a 1-year

Fig. 2 Total costs (direct and indirect costs) in USD/number of patients and liver-related deaths and life years lost due to
HCV by therapy wave in Egypt. M = Million USD

Infect Dis Ther (2022) 11:1193–1203 1199



time-horizon. Future costs and health effects
were discounted by 3.5% per year according to
Egyptian health economic guidelines [19].

RESULTS

The direct costs, consisting of HCV testing and
therapy costs, range from $187 million (wave 2)
to $316 million during the baseline period.
Irrespective of the scenario investigated, the
therapy costs were higher than the testing costs,
even in wave 3, where a population-wide HCV
screening of 56 million Egyptians was per-
formed. The details for each HCV screening,
testing, and therapy wave are presented in Fig. 1
in conjunction with the numbers of patients
tested and treated.

Total direct costs, indirect costs, and total
costs are presented in Fig. 2 for each HCV
screening, testing and therapy wave. The total
costs are based on combining the assessed direct
and indirect costs related to HCV. Discounted
total costs (in USD) were $1.057 billion (base-
line), $913 million (wave 1), $457 million
(wave 2), and $396 million (wave 3). These total
costs were driven largely by the indirect costs,
which were based on the decrease in liver-re-
lated deaths: 25,000 (baseline), 22,000 (wave 1),
8000 (wave 2), and 4000 (wave 3); and the
related life years lost: 418,000 (baseline),
377,000 (wave 1), 142,000 (wave 2), and 62,000
(wave 3).

The decrease of liver-related deaths and the
related life years lost is based on the increasing
efforts made over time to eliminate HCV in
Egypt. These are expressed by the decreasing
number of untreated viremic patients with
HCV: 4,480,000 (baseline), 4,037,000 (wave 1),
1,522,000 (wave 2), and 660,000 (wave 3), as
presented in Table 1 and in Fig. 2.

DISCUSSION

Overall, with each successive HCV screening,
testing, and therapy wave, total costs were
reduced while concurrently achieving decreas-
ing HCV-related mortality. This methodology
demonstrated increasing cost effectiveness

(dominance: cost savings accompanied by pos-
itive health consequences) while also confirm-
ing progress aimed at eliminating HCV in
Egypt. Notably, wave 3 was the most cost-ef-
fective of the three waves because of its reliance
on the WHO-prequalified HCV diagnostic test.

Screening and treatment for HCV prevents
the spread of infection and results in significant
public health benefits when HCV is cured in
identified patients. However, mass screening
and its associated therapy is often seen as an
approach that can also quickly deplete a
national healthcare system’s resources.

The current assessment illustrates that the
application of a WHO-prequalified HCV diag-
nostic mass screening test, together with sub-
sequent therapy of identified HCV-infected
patients, presents a cost-effective approach.
When considering a societal perspective, this
approach is more effective and less costly, and is
thus the dominant option compared with other
HCV screening, testing, and therapy approaches
used in Egypt between 2008 and 2019. These
results were achieved by avoiding negative HCV
health consequences through the use of effica-
cious generic, direct-acting antivirals. Although
the price of HCV therapy was generally quite
low in Egypt (12 weeks’ sofosbuvir cost $900)—
made possible by a rebate negotiated by the
Egyptian Ministry of Health in 2014—the cost
of therapy dropped further through the avail-
ability of generic medication alternatives in
2016 (the cost of 12-week therapy fell to $90)
[14]. From a societal perspective, these reduced
therapy prices made mass screening far more
feasible and cost-effective; the avoided cumu-
lative health consequences of HCV represented
greater prospective cost savings than the
aggregated costs of screening, testing, and
therapy efforts.

Limitations

A limitation of the present health economic
assessment is that it does not simulate a detailed
HCV disease/transition process and related
health consequences other than liver-related
deaths and life years lost. This would require a
more complete, sophisticated Markov modeling

1200 Infect Dis Ther (2022) 11:1193–1203



approach to simulate different states of HCV
disease progression together with their respec-
tive health-related impact, which would further
include the simulation of HCV reinfections not
considered in the current model.

By doing so, additional positive effect of
increased HCV screening, testing, and treat-
ment activities could be investigated and
thereby translated into further potential direct
costs savings which could include therapy cost
for different grades of liver fibrosis, liver cir-
rhosis, and/or hepatocellular carcinoma as well
as indirect cost savings such as productivity
associated with acute liver diseases. Potential
reinfections, on the other hand, would result in
a situation in which these positive influences on
costs and health outcomes could not be
sustained.

Consequently, the present approach is
regarded as a preliminary assessment designed
within a conservative framework to likely
underestimate the positive health effects and
reduced cost consequences of the different HCV
screening, testing, and therapy waves, examin-
ing only the most severe health consequences
such as liver-related death and the related life
years lost. It is anticipated that the health eco-
nomic consequences of the different screening,
testing, and therapy waves described herein
would likely be more pronounced if investi-
gated using a more sophisticated modeling
approach.

The presented analyses are also performed
from a societal perspective. Consequently, it
may be expected that direct non-medical costs
would be included; however, as suitable non-
medical cost estimates for HCV in Egypt were
not available, such costs are not included. For
context, however, in an HCV study from Iran, it
was shown that non-medical costs reflected
only about 1.3% of the direct costs [20] and
hence the expected impact of the inclusion of
these costs on the results would ultimately be
limited.

Additionally, because the presented analysis
is based on published epidemiological HCV data
from Egypt, the length of the three different
HCV screening/testing/therapy programs is not
comparable with each other. To control the
health economic results for this potential

confounder, the results for each wave are pre-
sented by year, instead of for the whole time
period, as stated in the ‘‘Methods’’ section.

As a result of this application of published
and reliable epidemiologic data as the basis of
the health economic assessment, potential
uncertainty might be triggered because of the
underlying costs and health effects applied in
the modeling analyses. Since neither the
underlying distributions nor the standard devi-
ations of the underlying costs and health effects
were identified, sensitivity analyses of this
parameters were not performed. The rationale
for this is based on the fact that any uncertainty
assessment/simulation would have been based
on pure assumption of the underlying data
deviation, which would not add additional
value to the findings. This lack of sensitivity
analyses should therefore be rated as a limita-
tion of the presented research. Therefore, other
advanced health economic assessments should
be performed, ideally using real-world data
samples, which allow one to simulate the actual
distributions of underlying input data and their
influence on the health economic outcomes.

The present evaluation is based on a country-
specific population, disease prevalence, and cost
data which make it difficult to transfer the
results to other healthcare settings geographi-
cally. The investigated HCV screening, testing,
and therapy approaches also reflect the public
health intervention in order to address the HCV
epidemic in Egypt in particular. To transfer this
approach and the related health economics
findings to other country settings, an in-depth
adaptation of the presented research will be
necessary. Further research is therefore required
to investigate the detailed health economic
consequences of HCV elimination in Egypt via a
more sophisticated modeling approach, in order
to investigate the health economic impact of
comparable public health measures in other
healthcare settings around the world.

CONCLUSIONS

Hepatitis C virus remains a very serious and
costly global public health crisis. With the
highest country-wide prevalence of HCV in the
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world, Egypt presents an opportunity to esti-
mate the absolute and incremental impact of
national HCV screening efforts on direct, indi-
rect, and total healthcare costs. The societal
findings described herein illustrate a path to
decreasing HCV prevalence while increasing
overall program/intervention cost-effectiveness.
Such results support the positive effect of HCV
testing, screening, and associated treatment.
This assessment further supports the applica-
tion of a WHO-prequalified HCV diagnostic
mass screening test with delivery of therapy to
identified patients with HCV, thus representing
a cost-effective/dominant option (i.e., more
effective and less costly) compared with other
HCV screening, testing, and therapy approa-
ches. These findings suggest that other country-
specific HCV screening and elimination/treat-
ment interventions should likely be explored to
determine to what degree the outcomes seen in
Egypt serve as a model to improve societal
health outcomes while reducing the economic
burden of HCV in other countries around the
world.
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