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ABSTRACT
Objectives Hepatitis C virus (HCV) infection poses a global 
health challenge. By the end of 2021, the WHO estimated 
that less than a quarter of global HCV infections had been 
diagnosed. There is a need for a public health tool that can 
facilitate the identification of people with HCV infection 
and link them to testing and treatment, and that can be 
customised for each country.
Methods We derived and validated a risk score to identify 
people with HCV in Egypt and demonstrated its utility. 
Using data from the 2008 and 2014 Egypt Demographic 
and Health Surveys, two risk scores were constructed 
through multivariable logistic regression analysis. A range 
of diagnostic metrics was then calculated to evaluate the 
performance of these scores.
Results The 2008 and 2014 risk scores exhibited 
similar dependencies on sex, age and type of place of 
residence. Both risk scores demonstrated high and similar 
areas under the curve of 0.77 (95% CI: 0.76 to 0.78) 
and 0.78 (95% CI: 0.77 to 0.80), respectively. For the 
2008 risk score, sensitivity was 73.7% (95% CI: 71.5% 
to 75.9%), specificity was 68.5% (95% CI: 67.5% to 
69.4%), positive predictive value (PPV) was 27.8% (95% 
CI: 26.4% to 29.2%) and negative predictive value (NPV) 
was 94.1% (95% CI: 93.5% to 94.6%). For the 2014 risk 
score, sensitivity was 64.0% (95% CI: 61.5% to 66.6%), 
specificity was 78.2% (95% CI: 77.5% to 78.9%), PPV was 
22.2% (95% CI: 20.9% to 23.5%) and NPV was 95.7% 
(95% CI: 95.4% to 96.1%). Each score was validated by 
applying it to a different survey database than the one 
used to derive it.
Conclusions Implementation of HCV risk scores is an 
effective strategy to identify carriers of HCV infection 
and to link them to testing and treatment at low cost to 
national programmes.

INTRODUCTION
Hepatitis C virus (HCV) infection is a global 
public health challenge1 2 and a major cause 
of morbidity and mortality, resulting in liver 
cancer, fibrosis and cirrhosis.3 By the end 
of 2021, the WHO estimated that 58 million 

people were infected with HCV, but only 
15 million of them were diagnosed and only 
9 million received treatment.4 Direct- acting 
antivirals (DAA) offer highly effective treat-
ment to cure this infection and to prevent 
progression toward severe forms of liver 
disease,5 as well as an opportunity to reduce 
HCV transmission through treatment as 
prevention.6 7 Accordingly, the WHO has set 
a global target to eliminate HCV infection as 
a public health problem by 2030.2 8

While DAAs are becoming accessible 
globally, it has been challenging to identify 
carriers of this infection so as to treat them, 
especially in the Middle East and North Africa 
(MENA), the region most affected by HCV 
infection and where most people with HCV 
infection remain undiagnosed.9 10 Limited 
resources have made it challenging for viral 
hepatitis programmes to find low- cost and 
cost- effective approaches to identify people 
with HCV. While mass testing and treat-
ment programmes may be relevant in high- 
prevalence countries, other countries have 
relatively low HCV prevalence making such 
programmes less cost- effective.10–16 While 
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hepatitis C virus carriers and link them to treatment 
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 ⇒ The risk score was based on and validated using 
two rounds of population- based, high- quality na-
tional surveys in Egypt.

 ⇒ The derivation of the risk score used only a few 
variables and thus may not adequately capture the 
complex epidemiology of hepatitis C virus infection.

 ⇒ The derived risk score is specific to Egypt and may 
not be applicable to populations in other countries.
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low- cost point- of- care tests have been beneficial in some 
countries, such as Egypt,17 they remain relatively expen-
sive for countries like Pakistan, which bear a substantial 
share of the global burden.18–20 There is a need for a 
public health tool that can assist in identifying persons 
potentially living with HCV, to link them to testing and 
treatment.

One such tool is the use of risk scores to identify individ-
uals potentially living with HCV. A risk score comprises a 
small set of simple questions that can be used to assess the 
likelihood that an individual has a specific health condi-
tion,21–24 in this case, HCV infection. Such risk scores have 
proven influential as public health tools for a range of 
health conditions, such as diabetes.21–24

In this study, we demonstrate the application of this 
public health tool for HCV infection in Egypt, aiming to 
illustrate the public health value and practical utility of 
developing HCV risk scores in various countries. The risk 
score derived here is not intended for universal applica-
tion across diverse settings; it is specifically designed for 
Egypt. However, the concept and analytical approach can 
be adapted to other countries by considering the local 
HCV epidemiology to determine the relevant factors and 
their respective weights for inclusion in a score tailored to 
each specific context.

METHODS
Egypt Demographic and Health Surveys
The Egypt Demographic and Health Survey (EDHS) is 
a national survey that collected data pertaining to the 
health and demographics of a nationally representative 
sample of the resident population of Egypt, including 
HCV infection.25 26 The EDHS that included HCV 
biomarkers was conducted in 2008 and 2014 and used 
rigorous sampling methods.27 Details on study design, 
data collection and laboratory methods can be found in 
El- Zanaty and Way.25 26

HCV antibody testing was done using a third- generation 
ELISA, the Enzyme Immunoassay Adlatis EIAgen HCV 
Ab test (Adaltis, Montreal, Canada).25 26 All samples that 
were positive in the ELISA assay and 5% of the negative 
samples were then retested using a more specific assay, 
the chemiluminescent microplate immunoassay (CMIA 
ARCHITECT plus i1000SR, Abbott Diagnostic, USA).25 26 
If a sample was positive in both the ELISA and the CMIA 
testing, it was also tested for current active infection, using 
real- time, reverse- transcription polymerase chain reac-
tion testing to detect HCV RNA.25 26 Samples were further 
retested for internal and external quality assurance.25 26 
Here we restrict our analyses to the HCV antibody results.

Data from the EDHS 2008 and EDHS 2014 were down-
loaded with permission from Measure DHS.28 The data 
can be accessed through an application to the DHS 
Program at https://dhsprogram.com. For purposes of 
this study, the EDHS individual database was merged 
with the HCV biomarker database, based on established 

guidelines for managing DHS data.27 All individuals with 
results for HCV antibody testing were included in the 
analysis.

Patient and public involvement
None.

Risk score derivation
Associations of HCV antibody positivity (seropositivity) 
with a priori variables that are easy to evaluate in a 
primary healthcare setting, and that can be included in 
a risk score, were investigated. These variables included 
sex (male vs female), age (5- year age strata) and type of 
place of residence (urban vs rural). Frequency distribu-
tions were generated to describe the demographic and 
clinical profiles of tested individuals.

X2 tests and univariable logistic regression were imple-
mented to investigate associations. Participants younger 
than 15 years of age were excluded as this age group was 
not included in the EDHS 2008 and has low HCV preva-
lence (online supplemental table S1).6 29–31 ORs, 95% CIs 
and p values were reported. Covariates with p values≤0.1 
in the univariable regression analysis were considered 
possibly associated with HCV seropositivity. These were 
included in the multivariable analysis for estimation 
of adjusted ORs and associated 95% CIs and p values. 
No other forward or backward elimination for variable 
selection was used. Covariates with p values≤0.05 in the 
multivariable model were considered predictors of HCV 
seropositivity. Univariable and multivariable analyses 
were adjusted for sampling weights.

A risk score was constructed based on the β-coeffi-
cients obtained from the multivariable regression model. 
β-coefficients were multiplied by a factor of 10 and then 
rounded to the nearest integer. The total risk score was 
calculated by adding the individual scores. To keep the 
score simple enough for use in primary healthcare and 
other general population settings, we did not consider 
any interaction terms.

Performance and validation of the risk score
A receiver operating characteristics (ROC) curve was 
plotted to investigate the performance of the risk score 
in predicting HCV seropositivity at different score cut- 
offs. A larger area under the curve (AUC), also called the 
c- index, indicates better performance of the risk score. 
The cut- off for the score was determined by maximising 
the sum of the sensitivity and specificity. Sensitivity is the 
probability that the risk score will yield a positive diagnosis 
in a subject who is truly HCV antibody- positive. Specificity 
is the probability that the risk score will yield a negative 
diagnosis in a subject who is truly HCV antibody- negative.

The performance of the risk score was also investigated 
by estimating the positive predictive value (PPV) and the 
negative predictive value (NPV) of the risk score. PPV is 
the probability that a subject with a positive diagnosis per 
the risk score is truly HCV antibody- positive. NPV is the 
probability that a subject with a negative diagnosis per the 

https://dhsprogram.com
https://dx.doi.org/10.1136/bmjopen-2024-085506


3El- Khoury R, et al. BMJ Open 2024;14:e085506. doi:10.1136/bmjopen-2024-085506

Open access

risk score is truly HCV antibody- negative. The proportion 
of subjects who have scores greater than or equal to the 
cut- off of the risk score was estimated to determine the 
proportion of individuals who need to be biochemically 
tested for HCV antibodies.

To validate the performance of the EDHS 2008 risk 
score, it was applied to the EDHS 2014 data, providing 
an independent validation with a data set different from 
the one used for its derivation. Performance diagnos-
tics were subsequently assessed. Given the pronounced 
cohort effect in the epidemiology of HCV infection in 
Egypt,6 29–31 the age variable was adjusted to reflect the 
6- year interval between the surveys. For example, individ-
uals who were 11 years old in 2008 would have been 17 
years old at the time of the second survey in 2014. The 
same approach was also used to validate the EDHS 2014 
risk score—it was applied to the EDHS 2008 database and 
performance diagnostics were assessed.

While the cut- off for the score was determined by maxi-
mising the sum of sensitivity and specificity, this cut- off 
can be adjusted as needed from a programmatic stand-
point to optimise a specific diagnostic metric, such as 
sensitivity instead of specificity. To illustrate this flexi-
bility, an additional analysis was incorporated featuring 
a variety of score cut- offs, resulting in diverse values of 
sensitivity, specificity, PPV and NPV. Such additional anal-
ysis enables programme managers and readers to discern 

the trade- offs among these diagnostic metrics and observe 
the implications of selecting an alternative programmatic 
approach, such as prioritising the optimisation of sensi-
tivity over specificity.

Analyses were conducted in Stata V.16.1 (Stata Corpora-
tion, College Station, Texas, USA). The study was reported 
following the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines (online supple-
mental table S2).

RESULTS
In the 2008 EDHS, 11 126 individuals 15–59 years of 
age were tested, of whom 1571 were antibody- positive.25 
The 2014 EDHS included children 1–14 years of age 
in addition to adults 15–59 years of age.26 In this latter 
survey, 26 047 individuals were tested of whom 1456 were 
antibody- positive.26

Characteristics of individuals who were tested for 
HCV antibodies and the proportion of each popula-
tion stratum that was HCV antibody- positive are shown 
in online supplemental table S1 for both of the EDHS 
surveys. Results of both surveys were consistent, taking 
into account the age shift in the national cohort with the 
passage of 6 years between the EDHS 2008 and EDHS 
2014.

Table 1 Results of the multivariable regression analyses to derive the Egypt Hepatitis C Risk Score using data from EDHS 
2008 and EDHS 2014

EDHS 2008 EDHS 2014

aOR*† (95% CI) P value β‡ Risk score§ aOR*† (95% CI) P value β‡ Risk score§

Sex

  Female 1.00 Ref 0 1.00 Ref 0

  Male 1.52 (1.34 to 1.73) <0.001 0.42 4 1.62 (1.40 to 1.87) <0.001 0.48 5

Age group (years)

  15–19 1.00 0 1.00 0

  20–24 1.23 (0.89 to 1.69) 0.213 0.20 2 3.30 (1.88 to 5.81) <0.001 1.19 12

  25–29 1.60 (1.15 to 2.23) 0.005 0.47 5 4.50 (2.60 to 7.79) <0.001 1.51 15

  30–34 3.21 (2.35 to 4.39) <0.001 1.17 12 7.41 (4.35 to 12.65) <0.001 2.00 20

  35–39 3.89 (2.84 to 5.34) <0.001 1.36 14 8.74 (5.13 to 14.88) <0.001 2.17 22

  40–44 7.36 (5.47 to 9.90) <0.001 1.99 20 13.03 (7.79 to 21.81) <0.001 2.57 26

  45–49 10.34 (7.71 to 13.85) <0.001 2.34 23 19.23 (11.66 to 31.69) <0.001 2.96 30

  50–54 16.43 (12.29 to 21.96) <0.001 2.80 28 41.11 (25.05 to 67.46) <0.001 3.71 37

  55–59 17.05 (12.50 to 23.26) <0.001 2.84 28 55.31 (33.59 to 91.06) <0.001 4.01 40

Type of place of residence

  Urban 1.00 Ref 0 1.00 Ref 0

  Rural 2.34 (2.0 to 2.7) <0.001 0.85 9 2.15 (1.78 to 2.59) <0.001 0.76 8

*The analysis applied the EDHS sampling weights.
†The OR was adjusted for sex, age and type of place of residence.
‡β-coefficients were based on the multivariable regression analysis.
§The risk score was calculated by multiplying the β coefficient by 10 and then rounding the result to the nearest integer.
aOR, adjusted OR; EDHS, Egypt Demographic and Health Survey; Ref, reference category.
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HCV seropositivity was strongly associated with sex, age 
and place of residence in both national surveys (table 1 
and online supplemental table S3). Male sex and rural 
residence were associated with higher seropositivity. Sero-
positivity increased rapidly with age.

The 2008 and 2014 Egypt Hepatitis C Risk Scores 
derived using the EDHS 2008 and EDHS 2014 data, 
respectively, are shown in figure 1. The 2008 risk score 
had a range of 0–41. The 2014 risk score had a range of 
0–53. Both showed similar dependence on sex, age and 
type of place of residence. Both demonstrated high and 
similar AUCs (figure 2). The AUC was 0.77 (95% CI: 0.76 
to 0.78) for the 2008 risk score and 0.78 (95% CI: 0.77 to 
0.80) for the 2014 risk score. The highest sum of sensi-
tivity and specificity was obtained at a score cut- off value 
of 22 for the 2008 risk score and at a cut- off of 34.5 for the 
2014 risk score.

For the 2008 risk score, sensitivity was 73.7% (95% CI: 
71.5% to 75.9%), specificity was 68.5% (95% CI: 67.5% 
to 69.4%), PPV was 27.8% (95% CI: 26.4% to 29.2%) 
and NPV was 94.1% (95% CI: 93.5% to 94.6%) (table 2). 
For the 2014 risk score, sensitivity was 64.0% (95% CI: 
61.5% to 66.6%), specificity was 78.2% (95% CI: 77.5% 
to 78.9%), PPV was 22.2% (95% CI: 20.9% to 23.5%) and 
NPV was 95.7% (95% CI: 95.4% to 96.1%). The propor-
tion of the population 15–59 years of age that needed to be 

biochemically tested for HCV antibodies was 37.2% (95% 
CI: 36.3% to 38.1%) using the 2008 risk score and 25.5% 
(95% CI: 24.9% to 26.2%) using the 2014 risk score. Of 
all people with HCV in the EDHS samples, application of 
this score would have diagnosed (that is identified; sensi-
tivity) 73.7% (95% CI: 71.5% to 75.9%) and 64.0% (95% 
CI: 61.5% to 66.6%) of all these persons in samples of the 
EDHS 2008 and 2014, respectively.

When the 2008 risk score was applied to the EDHS 
2014 data, the AUC was 0.75 (95% CI: 0.74 to 0.77), the 
sensitivity was 66.1% (95% CI: 63.5% to 68.6%) and the 
specificity was 72.3% (95% CI: 71.5% to 73.1%) (table 2). 
These performance indicators were similar to the orig-
inal performance indicators generated using the EDHS 
2008 data, as well as to the performance indicators of the 
2014 risk score on the EDHS 2014 data. Therefore, this 
application validates this risk score. A similar outcome 
was found when the 2014 risk score was applied to the 
EDHS 2008 data, also providing a validation of the 2014 
risk score.

Figure 3 displays the proportion of HCV infections in 
the population that are diagnosed as a function of the 
proportion of the population that needs to be tested to 
identify these infections, using each of EDHS 2008 and 
EDHS 2014 data. The figure shows the effect of prioritisa-
tion of testing for those with higher to lower risk scores. 

Figure 1 Mathematical formula of the derived Egypt Hepatitis C Risk Score. (A) Egypt Hepatitis C Risk Score using the EDHS 
2008. (B) Egypt Hepatitis C Risk Score using the EDHS 2014. The two scores exhibited comparable structures and diagnostic 
performances, with minor differences attributed to sampling variation of the same population across two distinct rounds of 
the EDHS surveys. Details on the derivation of these scores are provided in the Methods and Results sections. EDHS, Egypt 
Demographic and Health Survey.
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This provides a demonstration of the utility of using the 
risk score: a large proportion of HCV infections can be 
diagnosed by testing only a small proportion of the popu-
lation. It is most efficient programmatically to start testing 
individuals with the highest risk score and progressively 
moving on to those with lower and lower risk scores. As 
testing is expanded to those with low- risk scores, the yield 
in identifying more HCV infections is very limited.

Table 3 illustrates the implications of selecting various 
score cut- offs, providing insight into the trade- offs among 
different diagnostic metrics, as well as the proportion of 
the population requiring biochemical testing and the 
proportion of all individuals with HCV identified through 
the application of this score. For instance, by enhancing 
the specificity of the risk score, the PPV increases, and 
the proportion of the population necessitating testing 
decreases. This reduction in testing requirements helps 
alleviate costs and streamline the logistics of the test- and- 
treat programme. However, this enhanced programme 

Figure 2 Diagnostic performance of the Egypt Hepatitis C 
Risk Score using the area under the (ROC) curve. (A) Using 
the EDHS 2008 data. (B) Using the EDHS 2014 data. EDHS, 
Egypt Demographic and Health Survey; ROC, receiver 
operating characteristics.
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efficiency comes at the expense of lower NPV and sensi-
tivity, implying a smaller proportion of individuals with 
HCV in the population being identified through the risk 
score.

DISCUSSION
We demonstrated that a risk score that consists of a few 
simple questions that are easy to evaluate in a primary 
healthcare setting or implemented through a website or an 
application that helps persons identify their risk of being 
HCV infected, provides an effective and non- invasive 
public health tool to identify carriers of HCV infection 
and to link them to testing and treatment. Biochemical 
testing methods to identify people with HCV are inva-
sive and time- consuming and require human and finan-
cial resources, as well as complex logistics, making them 
less scalable, particularly in resource- limited settings. In 
contrast, initial screening using a risk score can be easily 
administered or self- administered, is non- invasive and 
requires minimal resources and logistics. Therefore, 

HCV risk scores can be an indispensable strategy for the 
global response to attain the target of HCV elimination as 
a public health problem by 2030.

While the concept of a risk score shares similarities with 
risk- based testing, which has been implemented in some 
countries, predominantly in higher- income nations,32–34 
the risk score approach transcends mere risk- based 
testing. It enables a broader application across various 
settings and situations and can significantly contribute 
to raising awareness of the infection among the general 
population. The risk score approach represents a tool 
that addresses several public health needs simultaneously, 
extending the application of risk- based testing beyond 
conventional healthcare settings. Moreover, it entails 
minimal costs and logistics, making it feasible even in 
resource- limited settings.

Remarkably, the risk score, comprising three simple 
questions, demonstrated considerable diagnostic accu-
racy, as evidenced by the values of various diagnostic 
metrics, including AUC, sensitivity, specificity, PPV and 
NPV. Of particular note is the high NPV, ensuring that 
a negative result is highly unlikely to be a false negative, 
thereby obviating the need for individuals with a nega-
tive outcome using the score to undergo testing for HCV 
antibodies. The score also identified 73.7% and 64.0% 
of all HCV infections in the EDHS 2008 and EDHS 2014 
samples, respectively. Thus, the score fulfils its objective 
of facilitating the efficient identification of individuals 
with HCV infection while minimising the necessity for 
conducting biochemical testing. This underscores the 
value of this approach in identifying as many people with 
HCV as early as possible and initiating treatment before 
progression to serious clinical disease.

This approach was demonstrated for Egypt, considering 
the availability of two EDHS surveys to derive and validate 
the score. The two scores exhibited comparable structures 
and diagnostic performances, with minor differences 
attributed to sampling variation of the same population 
across two distinct rounds of the EDHS surveys. Each 
score was validated by applying it to a database other than 
the one used to derive it. The latter application yielded a 
diagnostic performance that was comparable to the orig-
inal diagnostic performance against the database used to 
originate it. This highlights how a single national survey 
for HCV infection may be sufficient to develop an effec-
tive risk score for this infection, and that can become an 
integral component of the national response to eliminate 
HCV infection.

The approach demonstrated in this study can be applied 
in other countries, including those in the MENA region. 
In countries where nationally representative population- 
based surveys have been conducted, these surveys can 
serve as the basis for deriving the risk score, as was done in 
this study. However, only three MENA countries—Egypt, 
Libya and Pakistan—have conducted such surveys.25 26 35 36 
For countries where such surveys are not available,10–16 
the risk score can still be derived using data from avail-
able regional surveys. Alternatively, if regional surveys are 

Figure 3 Proportion of HCV infections in the population 
that are diagnosed as a function of the proportion of 
the population that needs to be tested to identify these 
infections. The figure shows the effect of prioritisation of 
testing for those with higher to lower risk score. (A) Using 
the EDHS 2008 data. (B) Using the EDHS 2014 data. EDHS, 
Egypt Demographic and Health Survey; HCV, hepatitis C 
virus.
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not available, the effects of risk factors for infection can 
be pooled, either in terms of ORs or relative risks, using 
data from analytical studies.37 These effects can also be 
derived from meta- regression analyses applied to all avail-
able HCV prevalence studies for each country.38–45

While this study focused on demonstrating the utility of 
this concept as a public health tool, the actual application 
of this approach to different countries can be enhanced 
for even higher diagnostic accuracy. One extension could 
be adding more variables to the score in a manner tailored 
to the local epidemiology of each country. For instance, 
province or city of birth and/or current residence, prior 
exposure to an HCV mode of transmission37 or history 
of HCV infection in the family, could be added, among 
others. Given that the risk of exposure to HCV infection 
varies immensely by at- risk population type and shows a 
distinctive hierarchy,46 an additional component to the 
score could be to integrate the at- risk population type as 
a variable,41 46 thereby further enhancing the diagnostic 
accuracy of the score. Testing strategies, therefore, could 
be highly efficient in identifying people with HCV at a 
modest cost.

However, caution must be exercised to prevent the 
creation of stigma associated with HCV infection or 
the use of an HCV risk score. For instance, it may not 
be feasible to include questions about stigmatised 
behaviours in the MENA context, such as injecting drug 
use or specific sexual practices, when the score is applied 
in general population settings like primary healthcare. 
However, such questions may be appropriate in other 
settings, such as voluntary counselling and testing centres 
or outreach efforts by community organisations working 
with the most at- risk populations.47 It is important also 
for the risk score to factor community acceptance in its 
design and implementation, ensuring it addresses the 
specific needs of certain groups, such as women of child-
bearing age in contexts where the risk of HCV vertical 
transmission is not negligible.48–50

The application of HCV risk scores can be influ-
enced by programmatic considerations and variations in 
context. This may necessitate prioritising specific diag-
nostic metrics, such as sensitivity over specificity. The 
approach presented here demonstrates an inherent 
flexibility of the score, allowing adjustments to address 
specific programmatic needs, as illustrated by the analysis 
using different cut- off points (table 3). However, it is crit-
ical to acknowledge the inherent trade- offs between diag-
nostic metrics. Optimising one metric, such as sensitivity, 
will inevitably impact others, like specificity. Therefore, 
careful consideration is essential to align the score’s cut- 
off with the specific programmatic context and its corre-
sponding needs.

This study has limitations. For ease of use in primary 
healthcare and more broadly by the public, a risk 
score has to be simple. Accordingly, it cannot fully 
represent the complex epidemiology of HCV infec-
tion, such as interactions among risk factors. This risk 
score was derived for Egypt, which may not benefit 

from this risk score, given that this country has opted 
for mass testing of its entire population.17 Derivation 
of a risk score typically requires at least one round of a 
population- based survey, ideally at the national level, 
but many countries may not have such survey data to 
be able to easily derive a risk score. The risk score 
was derived for a high- burden country, and the utility 
of this approach still needs to be demonstrated for 
countries with low HCV prevalence. Nonetheless, this 
approach may prove to have higher utility in coun-
tries with low HCV prevalence than in countries with 
high HCV prevalence, as HCV epidemiology shows a 
clearer hierarchy of infection exposure risk in coun-
tries with concentrated HCV epidemics compared 
with those with generalised HCV epidemics.46

CONCLUSIONS
An HCV risk score can be derived using only one round 
of a population- based survey and offers an effective, 
simple, non- invasive strategy to identify carriers of HCV 
infection and to link them to testing and treatment, at 
low cost. This public health tool can be implemented 
and used for prioritising populations for interventions 
with minimal logistical complexity and cost, especially in 
resource- limited countries.
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