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Abstract

Background: Chronic HCV infection is one of the leading causes of chronic liver disease and places
significant health and economic burden worldwide. In Bulgaria blood and blood products weren`t
screened before 1992. Currently there is no official national screening program and diagnosis is usually
accidental and in more advanced stages of the disease.
Methods and materials: A synthetic, population-based decision tree with Markov chain model compares
the current practice (No screening) with possible screening program among (Screening) the people aged
39-64 as a part of the routine prophylaxis program. A Markov chain model was built at the end every
decision node of the patients without Sustained Viral Response (SVR) to find how they will progress for
the observed period.
Results: Possible national screening would lead to almost 4 times higher number of patients diagnosed at
early stages of the infection, almost 2 to 4 times higher number of patients with access to treatment and
decrease in the HCV-related expected mortality. Expected life years gained in the Screening alternative
are almost 2 (10 417 LYGs) and 4 times (22 715 LYGs) higher compared to the current situation (4798
LYGs), respectively. Only 45% of the people however perform routine prophylaxis.
Conclusion: National screening is considered as effective health care measure to fight chronic diseases
because through active search we can find asymptomatic patients. Initiation of treatment in early stages
of hepatitis C infection is more effective and decreases the mortality rates.
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Introduction
Chronic HCV infection is a significant health and economic
burden worldwide, as it is one of the leading causes of chronic
liver disease and related complications as extensive fibrosis,
cirrhosis and Hepatocellular Carcinoma (HCC) [1,2]. World
Health Organization (WHO) data show that 71 million people
worldwide are diagnosed with chronic HCV infection and 399
000 are dying every year because of HCV-related cirrhosis and
HCC. Highest prevalence rates are observed in the Eastern
Mediterranean and the Eastern European WHO Regions-2.3%
and 1.5%, respectively. [3].

Late diagnosis of the chronic HCV infection is related not only
to increased risk of manifestation of the long-term
complications, cirrhosis, HCC, and premature mortality but
also to higher economic burden as well. Studies have shown
that the cost of treatment has a positive correlation with the
progression of the disease [4].

The acute HCV and chronic infections are usually
asymptomatic that leads to late diagnosis after the clinical

manifestation of the symptoms related to progressed liver
disease [3].

The standard of treatment has changed significantly in the
recent years with the authorization of the new interferon-free
regimes with Direct Acting Agents (DAAs). The therapeutic
success increased significantly to 95%-97% Sustained Viral
Response (SVR) depending on the fibrosis stage and cirrhosis
[5-9]. Therefore a necessity of earlier diagnosis became
indubitable to prevent the future complications and deaths.

The global health sector strategy of WHO aims to increase the
percentage of diagnosed patients from less than 5% in 2015; to
30% in 2020; and 90% in 2030 for viral hepatitis B and C. This
is expecting to result in higher percentage of earlier diagnosed
patients with access to treatment. Most of these strategies could
be achieved with the implementation of national screening
programs for early diagnosis of chronic viral hepatitis
infections [10]. Studies have shown that initiation of treatment
before the age of 50 in early fibrosis stages (F0-F2) leads to 13
life years gained (LYG) and to 7 LYG for later stages (F3-F4)
[11].
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WHO recommends three major screening methods based on
the prevalence of the virus in the general population as focused
testing in most affected populations, general population testing,
and “birth-cohort” testing. “Birth cohort” testing is applicable
to specific identified birth cohorts of older persons at higher
risk of infection (i.e. historical exposure to unscreened or
inadequately screened blood products and/or poor injection
safety) and morbidity within populations that have an overall
lower general prevalence [12].

The prevalence of HCV in the Bulgarian population according
to expert opinion is approximately 1.1% and out of them 87%
of the patients is expected to progress to chronic infection
[13,14]. The most-at-risk group with highest prevalence rate
according to experts are the persons above the age of 45
because the blood and blood products were screened after 1992
[15].

Currently there is no official national population screening
program for HCV. Experts` data show that more than 50% of
the patients are diagnosed at moderate-to-severe stages of the
disease [16].

This prompted our interest towards the best possible option for
earlier detection of HCV in Bulgaria. The goal of this study is
to evaluate the current testing and diagnostic practice of
chronic hepatitis C in Bulgaria and the future possibilities for
implementation of a national screening program. We wanted to
explore the possibility for Bulgaria to achieve the WHO target
goals by implementing the recommended scenarios for HCV
screening through constructing different screening scenarios.
The point of view of the analysis is that of society for 12 years’
time horizon.

Methods and Materials
A synthetic, population-based decision tree with Markov chain
model was built gathering local epidemiology data and expert
opinion for prevalence of HCV and progression of the disease
at time of diagnosis. Data for the prevalence of HCV and
progression of the disease at time of diagnosis were taken from
the pharmaco-therapeutic guideline of gastrointestinal
disorders, expert opinion and published epidemiology studies.
Target population was identified from the official database of
the National Statistics Institute (NSI) for the period 2018-2030
(Table 1).

The decision tree model has two major branches. The first one
is No Screening alternative for people that could be screened
and found during the current practice of HCV testing and
diagnosis practice. The second branch is the Screening
alternative in case of national screening program (Figures 1-3).
Time horizon of 12 years (2019-2030) was considered. The
model was built with the following assumptions:

(1) Population at risk for the Screening alternatives are all
people at the age group 39-64, because no program for
screening of blood and blood products existed before 1992.
Those patients will be catches up during routine health
prophylaxis performed on every 5 years.

(2) In the Screening alternative the target population with anti-
HCV antibodies is proportionally distributed in age groups for
the proposed period;

(3) In the Screening alternative the target population would be
screened for anti-HCV antibodies only once in the lifetime left;

(4) In the No Screening alternative only 2% of the people with
chronic HCV infection will be diagnosed, according to expert
opinion data for the current diagnosis rate and the fact that in
the mild stages the disease is asymptomatic and the patients
aren`t aware of the disease.

Figure 1. Decision tree model for scenario 1-no screening (Current
practice on testing and diagnosis of HCV infection).

Based on these assumptions three decision tree scenarios were
developed:

(1) No screening (current practice)-no screening in the target
population is done and only 2% of the people are diagnosed
occasionally (Figure 1).

(2) Active screening-all people in the target group are screened
for HCV infection once in life time starting at 2019 (Figure 2).

Figure 2. Decision tree model for scenario 2-active screening.

(3) Passive screening-people at age group 39-64 who go to
annual obligatory routine prophylaxis are directed by the
general practitioners for screening for HCV once in life time
starting at 2019 (Figure 3).
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Figure 3. Decision tree model for scenario 3-passive screening
during prophylactic examinations.

The probabilities used in the models are presented in Table 2.

The decision tree models for all scenarios are presented on
Figures 1-3.

For all patients who remain undiagnosed from the No
Screening and Passive Screening Scenario and for all patients
who fail the treatment and remain uneradicated from the virus
a Markov chain model (Figure 4) was built at the end every
decision node of the patients without Sustain Viral Response
(SVR) to find how they will progress for the observed period.

Figure 4. Bubble diagram for the Markov model.

The annual probabilities for progression from one state to other
in the Markov model are presented in Table 3.

The transition probabilities in the Markov model were
calculated by using the following formula for transforming the
annual probabilities.

Tp=1-1/ep,

where tp is the transitory probability, and р-annual probability
for each health state

Life Years Gained (LYG) due to earlier diagnosis, therapy and
prevented deaths were considered as a measure of effectiveness
of the accepted screening scenario. Total LYGs for the three
scenarios were calculated as the total number of early
diagnosed patients with achieved SVR was calculated with the
multiplied with the expected life years obtained when starting
therapy before the age of 50 according to the study conducted
by Maor et al. [11-13] LYs obtained in F0-F2 and 7 LYs-in F3
and F4, respectively.

Total LYGs (F0-F2)=Total number of diagnosed and
successfully treated F0-F2 patients × 13 LYGs

Total LYGs F3=total number of diagnosed and successfully
treated F3 patients × 7 LYs

Total LYGs F4=total number of diagnosed and successfully
treated F4 patients × 7 LYs

Results

Target population: no screening scenario
Currently people are diagnosed with chronic HCV infection
accidentally (personal decision, doctor`s concern, blood
donation, surgical interventions, etc.) or when the clinical
symptoms are already manifesting-in stages F3 and F4 [16].
Expert opinion shows that in Bulgaria only 30% of the patients
currently are diagnosed at F0-F2 stages, mostly between the age
of 29 and 64 (Appendix 1).

Applying the decision tree approach for the first scenario (No
screening-current practice) lead us to 565 persons diagnosed
annually with chronic HCV infection, from which patients with
cirrhosis would be on average 108, 5 with decompensated
cirrhosis, 8 with HCC and 3 would be indicated for liver
transplantation. Approximately 27,400 people with chronic
HCV infection will remain undiagnosed. The total number of
LYG will be 4798 (Table 4).

Target population: screening scenarios
The screening scenarios are based on data for the prevalence of
HCV in the general population according to WHO
recommendations (Appendix 2). Passive screening scenario is
based on the “birth cohort method” given the assumptions
explained in the methodology. Detailed distribution of patients
is presented on Appendix 4. The passive screening scenario
leads us 965 people diagnosed yearly due to recommendation
for testing from the physicians during their prophylactic
examination. Out of them in fibrosis stage F3 will be 192
patients, in stage 4 will be 101 patients, 96 will eradicate the
infection is proper therapy is applied, and 1159 will remain
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undiagnosed. The total number of LYG in this scenario will be
10417.

If active screening is performed in the target group and
considering that 90% of the population in Bulgaria is health
insured on average 218 746 people aged 39-64 should be tested
on yearly basis (Appendix 3). This would help to find on
average 1465 patients in F0-F2 stage. This will increase the
diagnosis at early stages from 30% to 70%. For the observed
period we expect to diagnose on total 25,121 patients with
chronic HCV infection, from which 24,317 are expected to be
cured, and to gain 22715 lives (Table 4).

As a result after solving the 3 created scenarios and the
assumptions made a possible implementation of a testing for

HCV infection as a part of the routine prophylaxis program
among the people at risk would result in almost 4 to 8 times
higher number of patients diagnosed at early stages of the
infection and almost 2 to 4 times higher number of patients
with access to treatment. Expected life years gained in the
Passive Screening and the Active Screening are almost 2
(10,417 LYGs) and 4 times (22,715 LYGs) higher compared to
the current situation (4798 LYGs), respectively (Table 4).

After applying the Markov model for patients who do not
achieve SVR in the 3 created scenarios and comparing with the
current practice we found that the screening will result in
decrease in the expected HCV-related mortality (Table 5).

Table 1. Input data in the population model.

Indicator Value Source

Total population 7,101,859 NSI [17] (data for 2016)

Average life expectancy 75 y NSI [17] (data for 2016)

Population aged 29-64 (for No Screening scenario) 3504141 NSI [17] (data for 2016)

Population aged 39-64 (for the Screening Scenario) 2502397  

% of health insured people 90% NSI [17]

No of health insured people aged 39-64 2252157 NSI [17] (data for 2016)

Annual number of people with obligatory routine prophylaxis 225216 Regulation 8/03.11.2016 [18]

Percentage of people who go to routine health prophylaxis 45% NHIF [19]

HCV prevalence in the general population 1.10% Guideline on Gastrointestinal disorders [13], Antonov
KA [14]

% of patients with chronic HCV infection out of 1.1% infected 87% [16]

Prevalence of the chronic HCV in the general population 0.98% [16]

% of accidently diagnosed currently 2% Expert opinion

Average life years gained (LYG) when initiating antiviral therapy in stages F0-F2 before the
age of 50

13 [11]

Average life years gained (LYG) when initiating antiviral therapy in stages F3 and F4,
respectively before the age of 50

7 [11]

Table 2. Probabilities in the decision tree model.

Indicator Value Source

Screening alternative   

Patients with mild chronic HCV infection (F0-F1) 50% [16]

Patients with moderate-severe chronic HCV infection: 50% [16]

F2 20%  

F3 20%  

F4 10%  

No screening alternative   

Patients with mild to moderate chronic HCV infection
(F0-F2)

30% Expert
opinion

Patients with moderate to severe chronic HCV infection
F3

40% Expert
opinion

Patients with moderate to severe chronic HCV infection
F4

30% Expert
opinion

% of patients with SVR F0-F3 97% [5-8]

% of patients with SVR F4 95% [5-8]

Table 3. Annual probabilities in the Markov model.

Indicator Value Source

Asymptomatic chronic infection->cirrhosis (F4) 0.1 [20]

Cirrhosis->decompensated cirrhosis 0.04 [19]

Cirrhosis->death 0.05 [19]
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Decompensated cirrhosis->HCC 0.03 [19]

Decompensated cirrhosis->LT 0.01 [19]

Decompensated cirrhosis->death 0.05 [19]

HCC->death 0.05 [19]

LT ->death 0.05 [19]

Table 4. Average number of patients with access to therapy and successful treatment.

Indicator Alternative

No screening Active screening Passive screening

Population screened 0 162173 98436

Patients found with F0-F2 169 1465 666

F0-F2 patients with virus eradication 164 1421 646

Patients found F3 226 419 198

F3 patients with virus eradication 219 407 192

Patients found F4 169 210 101

F4 patients with virus eradication 161 199 96

Avg annual number of non-diagnosed patients 27 678 0 1128

Avg annual number of found patients with access to therapy 565 2095 965

Avg annual number of patients virus eradication 545 2028 934

Avg annual number of patients with no virus eradication 27698 67 1159

Total number of people with virus eradication for the observed period 6534 24317 11209

LYG 4798 22 715 10417

Table 5. Markov model of the progression of the patients for the
observed period.

No of patients in the different health states for a 12 year period

Year Scenario 1: No screening

 Inf cirrhosis DC HCC LT Death

0 27698 0 0 0 0 0

1 25061 2637 0 0 0 0

2 22674 4791 103 0 0 129

3 20515 6529 282 3 1 368

4 18562 7907 514 11 4 700

5 16794 8979 778 26 9 1112

6 15195 9787 1062 48 16 1590

7 13748 10373 1352 77 26 2122

8 12439 10769 1640 113 38 2699

9 11255 11005 1917 156 53 3312

10 10183 11108 2180 205 69 3953

11 9213 11100 2423 260 87 4615

Year Scenario 2: Active screening

0 67 0 0 0 0 0

1 61 6 0 0 0 0

2 55 12 0 0 0 0

3 50 16 1 0 0 1

4 45 19 1 0 0 2

5 41 22 2 0 0 3

6 37 24 3 0 0 4

7 33 25 3 0 0 5

8 30 26 4 0 0 7

9 27 27 5 0 0 8

10 25 27 5 0 0 10

11 22 27 6 1 0 11

Year Scenario 3: Passive screening

0 1159 0 0 0 0 0

1 1049 110 0 0 0 0

2 949 201 4 0 0 5

3 859 273 12 0 0 15

4 777 331 21 0 0 29

5 703 376 33 1 0 47

6 636 410 44 2 1 67
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7 575 434 57 3 1 89

8 521 451 69 5 2 113

9 471 461 80 7 2 139

10 426 465 91 9 3 165

11 386 465 101 11 4 193

Discussion
National screening is considered as effective health care
measure to fight chronic diseases because through active
search we can find asymptomatic patients. Initiation of
treatment in early stages of hepatitis C infection, respect is
more effective and decreases the mortality rates [21].

The development of new therapies for chronic HCV infection
with high cure rates (90%-100% SVR at 12 w) and no major
side effects led to changes in many public health programs
towards early identifying of HCV in the population at risk [22].
Agencies like National Institute for Health and Care
Excellence (NICE) and the Public Health Agency of Canada
initiated studies to evaluate the cost-effectiveness of
implementation of HCV screening programs [23]. They found
that the national screening program would help to find the
undiagnosed patients among the population at risk and to
ensure timely access to treatment, respective to their genotype
[24].

Studies have shown that if patients are found and treated before
cirrhotic impairment they would have life expectancy similar
to that of uninfected people [25]. If the patients progress to
cirrhosis before the treatment initiation, viral eradication would
eliminate the risk of liver failure and would significantly
reduce the risk of hepatocellular carcinoma [26].

In this light not surprisingly, screening for HCV became one of
the major strategic aims of WHO to decrease the morbidity and
mortality of chronic HCV worldwide [11,27].

A Canadian study on the benefits and risks of screening of
HCV showed that if birth cohort screening is implemented for
people born 1945-1975, up to 77% of the infections would be
captured. The potential risks associated with the
implementation of a screening program were the social stigma
towards those infected with chronic HCV infection, false
positive results and lack of capacity to treat all newly
diagnosed cases [28].

Study, conducted in the European Union, shows that there is a
need to develop targeted programmes for detection of HCV
and other infections leading to chronic liver disease. The
authors recommend public health programmes to be made
according to local epidemiological data, new research evidence
on efficiency and effectiveness and the innovations in the
health system [29].

The Bulgarian pharmacotherapeutic guideline on
gastrointestinal diseases recommends screening among
population at increased risk according to the epidemiological

patterns in the country but to date there is no official national
screening program for HCV infection in Bulgaria.

The results from our study show that if screening scenario of
the „birth cohort“ is implemented in Bulgaria we could
increase with almost 30% the number of diagnosed people with
asymptomatic chronic HCV infection. If scenario active
screening is applied we will have better opportunities to find
and treat more patients in comparison with the passive
screening scenario. Active screening reaches almost two times
higher number of patients diagnosed and cured in early stages
and LYGs. Further analysis should be done by applying costing
procedures to the three possible scenarios to determine the
cost-effective one.

It should be noted that our study possesses some limitations.
The model is based on assumptions from published
epidemiological data due to the lack of national epidemiology
data, especially for the diagnosis of patients at asymptomatic
stages of the infection which currently happens mostly by
accident (blood donor testing, surgical interventions, personal
decision).

It also focuses only on chronic HCV infection which is not the
only reason for cirrhosis, hepatocellular carcinoma and liver
transplantation in Bulgaria so their effect might be
overestimated. This model cannot also meet the criteria of
WHO for eradication of HCV until 2030 as it does not include
the high-risk groups as (sexual workers, drug-abusers, etc.) for
which there are some special programs for diagnosis and
treatment. This might be considered as a limitation but our
study wanted to focus on that part of the population which is
not included in the latter groups but is still considered as a risk
population and for which currently diagnosis is accidental and
usually at late stages.

According to the experts chronic HBV infection affects 3% of
the total population and is other major cause of chronic liver
disease with its complications [13]. Study, published in 2011,
shows that the universal vaccination against HBV is socially
beneficial for the Bulgarian population and is having positive
economic effects that became visible during the latest 10 years
since its introduction in the immunisation calendar in 1992
[30]. People, born before 1992, however, are put at increased
risk of being infected with the virus and to progress to chronic
infection are still.

Further studies are needed to assess the benefits and efficiency
of future implementation of national screening program for
chronic viral infections. There is also a need of local
epidemiology data for the progression of the disease at time of
diagnosis but this could be facilitated by the implementation of
such screening programme.

Conclusion
The implementation of national screening programme for HCV
would help to find the asymptomatic patients and to ensure
timely access to early treatment. This would help to reduce the
chronic HCV infection-related cirrhosis, hepatocellular
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carcinoma and liver transplantation and to increase the life
expectancy of the patients. The screening could increase with
almost 30% the number of diagnosed people with
asymptomatic chronic HCV infection in Bulgaria. The best
possible option in terms of diagnosis is the Active Screening
strategy.
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