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Abstract 

Background: Hepatitis C virus (HCV) causes significant global morbidity and mortality, and combating it is a global 

health priority. Pakistan has a particularly high burden of HCV, including cases that remain undetected and untreated. 

Methods: In 2019, a pilot workplace health screening program for chronic diseases, including HCV, was launched 

at Aga Khan University in Pakistan. We performed an economic evaluation to determine its cost-effectiveness in 

screening for HCV, inform resource allocation decisions, and advance evidence in this field. Over the course of the 

screening pilot, 1,809 employees completed enrollment, blood tests, assessment, and consultation. Cost-effectiveness 

modeling was conducted using a combination of decision-tree and Markov approaches. Univariate and multivariate 

probabilistic sensitivity analyses were performed. 

Results: The median final ICER was $307.39 per DALY averted. Uncertainty around the health status of those lost 

to follow-up produced a large confidence interval, from $167.92 to $1601.22 per DALY averted, depending on the 

assumptions made. This screening is estimated to save anywhere from 1 to 14 lives by prevention of HCV-induced 

liver failure, depending on the burden of HCV in the lost to follow-up group, out of a total of 25 HCV-induced liver 

failure deaths in the control group, between a 44% and a 4% reduction. 

Conclusions: Our findings support that employee screening for HCV is cost-effective in high-prevalence areas 

such as Pakistan and a wise investment of health resources. The findings also point to programmatic improvements 

that could maximize the health benefits and improve the cost-effectiveness of other similar programs. 
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1.Introduction 

Hepatitis C virus (HCV) is a bloodborne virus that causes inflammation of 

the liver, causing the disease Hepatitis C, which has both acute and chronic 

stages. Globally, an estimated 58 million people have chronic infections, 

with about 1.5 million new infections occurring per year. (1) Chronic HCV 

infection leads to liver fibrosis, cirrhosis, and hepatocellular carcinoma 

(HCC), leading to more than 350,000 deaths annually. (2, 3) Advances in 

HCV treatment have led to a commitment from all 194 member states of 

WHO to eliminate viral hepatitis as a public health threat. (4) 

Pakistan currently has one of the highest prevalence rates globally (≈5-6%), 

with an estimated 8-11 million individuals infected with HCV. (5, 6) 

Moreover, there is a large burden of undiagnosed infections in the country. 

While generic direct-acting antivirals (DAAS) are available in Pakistan at a 

price as low as USD 60 per treatment course, a lack of population-based 

screening and awareness hinders elimination rates. (5) Until recently, no 

formal steps on population-based screening for HCV have been taken. In 

2017, the Ministry of Health-Government of Pakistan launched its first 

National Hepatitis Strategic Framework (NHSF) (7) to offer access to safe, 

affordable, and effective prevention, care, and treatment services for viral 

hepatitis. However, there continue to be critical gaps and resource limitations 

around screening and linkage to treatment. (5) Furthermore, studies have 

shown that in general, people have inadequate health literacy about Hepatitis 

C, including a lack of basic knowledge of the transmission mode, and other 

misconceptions about the disease. (8) (9) 

In 2019, Aga Khan University in Pakistan piloted an Employee Health and 

Wellness Program (EHWP) that screened full-time employees for common 

chronic diseases such as anemia, hypertension, diabetes, dyslipidemia, 

depression, and HCV. As routine preventive health checks are not the norm 

in Pakistan and HCV testing services have historically only been offered at 

  Open Access   Review Article   

 International Journal of Clinical Infectious Diseases 
                                                                                                    Asra Qureshi *                                                                                                                                                        ClinicSearch 

 



I. Clinical Journal of Clinical Infectious Diseases                                                                                                                                                                                   Page 2 of 6 

tertiary care centers, it was felt that on-the-job screening could offer a 

solution. A significant rise in local prevalence over recent years made this a 

pressing issue. (5, 6, 10, 11) Details about program structure, execution, 

methodology, evaluation, and initial findings have already been published 

and can be accessed at Khan UI et.al. (12) 

Economic considerations maintain a prominent role in the planning, 

management, and evaluation of health systems. (13) To examine the costs 

and outcomes of HCV screening, with an aim to inform program 

development and policy in this realm we conducted an economic evaluation. 

Methods 

The full-time employees who were screened obtained free laboratory testing, 

received an individual health risk assessment, and if required were referred 

for further treatment or behavioral counseling. Informational sessions were 

conducted across various departments of the University. Details of 

employees who completed the program and Hepatitis C costing details are 

shown in Tables 1 and 2 respectively 

 

 
Table 1: Characteristics of employees who completed risk assessments and Hepatitis C screening status 

Table 1 Characteristics of employees who completed risk assessments and Hepatitis C screening status 
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Table 2: Costing incurred on Hepatitis C screening in EHWP 

a. Analytic and modeling approach 

We performed a cost-effectiveness analysis of the HCV arm of the pilot, to 

estimate the costs and benefits of screening employees for HCV. Benefits 

were measured in terms of new HCV cases identified and Disability Adjusted 

Life Years (DALYs) averted. We consider lifetime costs and benefits 

incurred to the employees who completed the program as the time horizon 

for economic analysis. All analysis was conducted in R and RStudio. (14) 

We took a program-level costing perspective, analyzing the costs to the 

employer to establish, and run the screening program. These costs include 

the cost of HCV testing, as well as assessment after testing. Costs were 

measured in 2019 local currency and adjusted to 2023 for the analysis, with 

conversion between time-matched international currencies where these 

inputs were needed. Costs to the employer do not include the loss of 

productivity suffered by the employer when their employees fall ill and thus 

miss work 

All costs and DALYs were discounted at a rate of 3% annually. Discounting 

is used in cost-effectiveness analysis studies to properly weigh immediate 

and long-term benefits and costs, based on the assumption that future 

benefits and costs are less valuable and less costly than those incurred in the 

present. The appropriate discount rate can vary based on the types of 

outcomes and societal values. Most global health studies use a rate of 3% 

annually, which was chosen for this study to ensure comparability across 

papers. (13, 15) 

To estimate the benefits of HCV screening, we simulated the health 

progressions of the original cohort of employees, using a decision tree and 

Markov model. For simplicity, the decision tree shows only employees who 

are Hep-C positive, as those who are negative will end up in the same health 

state as the Markov model (not infected.) The decision tree shows the 

probability of infected employees starting the Markov model either in 

sustained virological recovery (SVR) or F0 stage of HCV. The Markov 

model uses established HCV data to simulate the cohort’s health trajectories 

over their lifespan, comparing the DALYs (disability-adjusted life years) 

accumulated in the presence and absence of the program. 

The decision tree initially branches into the standard of care and program 

arms (Figure 1). From there, HCV-positive patients have a chance of being 

tested, and if tested, a probability of being treated, and if treated, a probability 

of entering sustained virological recovery (SVR). In the standard routine 

care, patients have an equal probability of having HCV but have a decreased 

likelihood of being tested, and a similar likelihood of being treated 

conditional on being tested. In the treatment group, the likelihood of testing 

increases, leading to a greater number of treated patients entering the Markov 

model in SVR. 

Decision tree 

The probability of being tested and treated in the presence of the program is 

taken from EHWP data. The probability of being tested and treated outside 

of the program is taken from the number of people with an existing HCV 

diagnosis, who independently sought treatment before the start of the 

program. The prevalence of HCV in our study population is estimated from 

the prevalence of positive cases among those who were tested and attended 

a screening appointment. Probability of SVR comes from a previous study 

of the cost-effectiveness of HCV treatment in Pakistan. (16) 

Our Markov model (Figure 2) is derived from a published cost-effectiveness 

study on the use of direct-acting antivirals for treating HCV in Pakistan (16), 

as it has been previously validated and is specific to the Pakistani context. 

Patients with HCV can progress linearly along the Metavir HCV stages (F0-

F4). Because our patients were not staged when tested, they were all assumed 

to start in the F0 stage, the most conservative assumption in terms of cost-

effectiveness. Because our program did not track patients after treatments 

began, the original model was simplified from an infected to under-treatment 

to treated model to one where patients were either infected or in sustained 

virological recovery. Patients in the F4 stage of compensated cirrhosis can 

pass to decompensated cirrhosis (DC), and those in either stage of cirrhosis 

can develop hepatocellular carcinoma (HCC). As in the cited model, all 

patients face an annual death rate taken from Pakistani life tables (17), which 

are dependent on the average age of the cohort. Patients in DC or HCC states 

also face an additional death rate from HCV. All patients with HCV are 

assumed to start in the F0 stage, and patients can progress through 1 health 

state each year. 

Each person’s year spent in a health state is multiplied by that health state’s 

corresponding disability rate to calculate the total DALYs accumulated for a 

given year. Disability rates for F4, DC, and HCC states were taken from the 

Global Burden of Disease study (18), and disability rates for mild to 

moderate HCV were calculated as percentages of the F4 state following the 

precedent of published literature. (16, 17) Recovered and never-infected 

DALYs are assumed to be zero, while death is given a DALY weight of 1. 

The model was allowed to run for 46 years until the cohort age was 85, the 

last age with data on Pakistani life tables.While the program did not provide 

treatment directly, cost of treatment was included in the model, based on 

prices for direct-acting antivirals. (5) This does not include potential costs 

associated with untreated Hepatitis C, as data are not reliably available in the 

Pakistani context. While including these costs might capture an even stronger 

benefit of this program for the healthcare system, given the weakness of 

evidence, and the fact that their omission biased our results towards the null, 

we chose to omit these. 

b. Sensitivity Analysis 

We used both a scenario analysis and a probabilistic sensitivity analysis to 

examine the robustness of our results. In our scenario analysis, we varied 

only 1 parameter, the odds that a tested patient who was lost to follow-up 

received treatment. In one scenario, we model the odds of treatment at 0, and 

in the other scenario, the odds of treatment are the same as those who were 

not lost to follow-up. This variable was selected to explore the vulnerability 

of the model to this key parameter given the high number of participants lost 

to follow-up in the initial study and the potential to mitigate this in future 

implementation efforts. The reason why patients who were lost to follow-up 

could still receive treatment is that the treatment for all patients was done 

outside of the program by other healthcare providers, so they would have 

been likely to seek outside care if they received a positive result. 

We also performed a multivariate probabilistic sensitivity analysis, allowing 

the relevant epidemiological parameters to vary as a normal, binomial, 
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uniform, or beta distribution where appropriate. These probability 

distributions were drawn independently 1,000 times, to generate 1000 

different ICER values. All parameters, as well as their distribution 

parameters, are shown in Table 3. All distribution parameters came from 

their respective paper which reported the means. Program costs were not 

allowed to vary as exact costs were known for this project, but treatment 

costs varied as a gamma distribution. All parameters varied independently of 

one another. 

All uncertain parameters were chosen to vary, and a standard deviation of 

10% was used if unknown. This allowed for some robustness in the model 

to defects in existing data, and changes in parameters over time. 

Results 

The scenario analysis found that this program averts between 30.74 and 

307.64 DALYs over the lifespan of the participants, on average saving 

between 0.066-0.007 DALYs per participant. At a total cost of $48,956.82 

the Incremental Cost Effectiveness Ratio (ICER) is between $159.13, and 

$1592.45 spent per DALY averted as shown in Table 4. This specific 

program was estimated to save anywhere from 1 to 14 lives by prevention of 

HCV-induced liver failure, depending on the burden of HCV in the lost to 

follow-up group, out of a total of 25 HCV-induced liver failure deaths in the 

control group, between a 4% and a 44% reduction. Costs are the same in all 

groups, as the payer perspective is that of the university, which only paid for 

testing and follow-up. Treatment costs, which would vary between these two 

scenarios, are out of the scope of this model. 

Scenario Analysis Results 

Refined with the multivariate probabilistic sensitivity analysis, our model 

produced a final median ICER value of $307.39 per DALY averted, with a 

distribution ranging between $167.92-1601.22 per DALY averted (Figure 3). 

Probability Distribution of ICER over 1,000 simulations with variable 

parameters 

Discussion 

Treating HCV-related infections at an early-stage results in halting the 

progression to advanced clinical stages that require higher treatment costs 

and lead to higher morbidity and mortality. (16) In developing countries like 

Pakistan, where out-of-pocket (OOP) expenditure accounts for 67% of total 

expenditure on healthcare, (19) it is crucial to use the available resources 

sustainably. To date, very few studies have assessed the cost-effectiveness 

of similar programs, and we were unable to identify any studies specific to 

this setting and population. 

Our study demonstrates that HCV screening offered through a workplace 

health screening program to employees, is economically effective for early 

identification and linkage to care in low-resource settings. In addition, it has 

the potential to avert significant morbidity and mortality. As noted above, by 

screening for Hepatitis C, our median final ICER was $307.39 spent per 

DALY averted. Issues in the pilot around loss to follow-up led to a wide 

confidence interval and we demonstrated in our sensitivity analysis the 

important health and economic benefits of improving tracking and 

decreasing attrition from the program. 

Our final ICER is significantly lower than Pakistan’s per capita GDP of 

$1505.01. (20) Although cost-effectiveness thresholds remain controversial, 

WHO recommends that programs that spend less than three times the per 

capita GDP are considered “cost-effective” and those that spend one times 

the per capita GDP are considered “highly cost-effective”. (21) Programs 

that meet these standards should be prioritized for health funding. 

An important strength of this study is the use of real data of employees who 

were tested, screened, and assessed as part of the ongoing EHWP, including 

the true costs of running the program. Our findings lend support to the 

position that HCV screening should be part of an employee’s health check-

up in geographies with higher HCV prevalence rates and that such initiatives 

not only offer benefits to both employees and employers but are also a 

worthwhile use of resources from a public health perspective. 

A study conducted in a primary care setting for Hep C screening and 

treatment in Pakistan reported an ICER of $572 per DALY (USD 2023). (16) 

This suggests that EHWP is performing similarly to existing highly cost-

effective programs in the country and may be highly suitable for wider scale-

up. Outside the employee health modality, a small amount of research has 

assessed screening programs, in other low-resource settings such as Egypt 

(21, 22) and India (23), with findings supporting such interventions as cost-

effective. 

Limitations 

As we did not have access to the results of employees lost to follow-up in the 

original study, we assumed that those who received their test results but did 

not complete the assessment were equally likely to have Hep C as those who 

continued in the program. This was a conservative assumption, as it is likely 

that those with a negative result were less likely to follow up. This 

assumption was explored in our sensitivity analysis and produced the wide 

confidence interval noted in our results. If the screening program missed a 

significant number of HCV cases due to attrition it would have lower cost-

effectiveness, and vice versa. We believe the median ICER derived from our 

probabilistic analysis most likely represents the true cost-effectiveness of the 

EHWP. However, our recommendation to the EHWP and similar programs 

is to utilize programmatic tools to avoid such high attrition in the future, 

which will enhance the overall health impact and cost-effectiveness of the 

screening program. 

Another limitation exists with regards to cost calculations, as costs to the 

employer do not include productivity loss from employees suffering from 

HCV, due to a lack of data in the Pakistani context. By excluding this element 

which would provide financial benefits weighted on the side of the 

intervention, the model increases the estimated net cost to the employer and 

provides more conservative results. 

Finally, there are the inherent and universal limitations of Markov modeling 

and cost-effectiveness analyses. For example, we had to make a series of 

assumptions and simplifications on the progression and disability levels of 

HCV in Pakistan. Although we followed an existing model and the best 

available literature, there is still a shortage of data on the disability rate at 

each progressive stage of HCV. Because our model makes predictions about 

the outcomes of those infected based on existing epidemiological data rather 

than observing their actual outcomes, it can serve only as an estimate. 

Conclusions 

According to our analysis, an employee health screening program for HCV 

in the high prevalence area of Karachi, Pakistan had a cost-effectiveness of 

$307.39 per DALY averted. This would categorize the program as highly 

cost-effective and suggest that similar programs be prioritized for health 

funding. The findings of our sensitivity analysis point towards the large 

potential benefits in health and cost-effectiveness of programmatic 

improvements that would diminish loss to follow-up of participants. Further 

research is needed on the costs and impacts of employee health screening in 

low-resource settings to inform decision-makers and policy. 
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