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The Economic Value of Novel Herpes Simplex and Tuberculosis Vaccines 

ABSTRACT 

Despite nearly a century long search, a vaccine against Herpes Simplex and Tuberculosis – two of the 

oldest known human diseases, remain beyond grasp. I developed an accounting scheme to capture the full public 

health value of each vaccine, which to date, has remained unquantified. I then estimated it on behalf of two 

international organizations, who are custodians of related global health sector strategies. 

For the herpes simplex vaccine, using a Cost-of-Illness approach, I estimated that genital herpes in 90 

low and middle-income countries can contribute to at least US$2.25 billion in economic losses in 2017. The 

consumption value of quality of life and disability losses add at least US$60.11 billion and US$0.11 billion, 

respectively. Incident HIV cases attributable to incident HSV-2 infections, contribute US$2.89 million in ART-

related costs and US$432,166 in productivity costs additionally. A vaccine capable of reducing incidence of 

genital herpes by 50 percent, can reduce at least US$1.12 billion of the economic losses, and US$0.11 billion 

and US$4.91 billion of the consumption value of disability and quality of life losses, respectively.  

For TB, using a Full-Income approach, I estimated that TB mortality can give rise to US$580 billion in 

welfare losses, in 120 countries in 2018. From 2020 to 2050, welfare losses grow to US$17.50 trillion. If the 

End TB mortality target is met in 2030, US$13.15 trillion (75.17 percent) can be averted. If the target is met in 

2045, US$10.19 trillion of the US$17.50 trillion (58.23 percent) can be averted. The cost of not meeting the End 

TB target until 2045 (what I designated as the ‘Cost of Inaction’) is US$2.96 trillion.  

By introducing a vaccine similar to the M72/AS01E candidate vaccine, in India, US$910 billion to 

US$2.23 trillion in welfare savings are attainable. The lower bound represents savings if introduced in 2030, to 

populations aged 18 to 49 years; the upper bound, if introduced in 2020, to all individuals latently infected. 

Estimates of the economic gains, when organized using the accounting scheme that I developed, can serve as an 

instrument for establishing global priority on vaccines.  
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1. Section 1: Introduction 

1.1 Motivation 

 

The publication of the 1993 World Development Report (WDR) was a decisive step towards a universal 

recognition that well-chosen health spending is not merely an economic expenditure but an investment in 

economic prosperity and social well-being1. This recognition was revived by the Lancet Commission on 

Investing in Health that was launched in December 2012, to determine how the context for health 

investment has changed during the twenty years following the publication of the WDR. Motivated by a 

need to better position health within a post-2015 sustainable development agenda, a new investment 

framework was conceived, which included more inclusive accounting to assess health investment returns2. 

 

The need for more inclusive accounting is especially important when evaluating investment in vaccination. 

Returns from vaccination have been found to be on par with returns from education, the most impactful of 

development interventions3. The vast literature on the value of vaccination thus far, has nonetheless 

narrowly focused on health gains and health-related cost savings. Benefits from distal effects such as 

improved educational outcomes, demographic gains and ecological effects, while commonly discussed, 

have been rarely considered in benefits accounting4. One reason is the preferential use of cost effectiveness 

analysis over benefit-cost analysis in health investment decision-making (the extra-welfarist notion versus 

the welfarist notion)5. Another is certainly the empirical and methodological difficulty in measuring distal 

effects.   

 

Broadening the framework for vaccine evaluation has been on the minds of experts for more than a decade. 

In 2005, Bloom and colleagues, as a criticism of the reliance on cost-effectiveness to evaluate vaccines, 

underscored the need to account for benefits beyond health improvements6. Bärnighausen and colleagues, 

characterized narrow and broad benefits - narrow benefits limited to healthcare cost savings and 
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productivity gains, and broad benefits that included community externalities, and gains from the intrinsic 

value of health7. Jit and colleagues arrived at an alternate framework by identifying causal pathways linking 

vaccination to benefits and by evaluating the strength of the evidence for each pathway. They characterized 

benefits similar to Bärnighausen and others but additionally included ecological effects and equity effects8.  

 

My doctoral project is motivated by the need for a full appraisal of the benefits of two vaccines: the Herpes 

Simplex Virus (HSV) vaccine, and a pulmonary tuberculosis (TB) vaccine. HSV is the most ubiquitous of 

all human pathogens9. Nearly four billion individuals were infected globally in 2012: 417 million 

individuals between the ages of 15 and 49 were infected with HSV type-2 (11.3 percent global 

prevalence10); 3709 million individuals between the same ages were infected with HSV type-1 (67 percent 

global prevalence11). TB on the other hand, is the deadliest of all infectious diseases in human history. In 

2017, TB accounted for 1.7 million deaths of which 374,000 were in HIV co-infected individuals12. The 

World Health Organization estimates that more than 10 million new cases and 2 million deaths occur each 

year due to TB. Nearly 80 percent of the global TB burden is borne by 22 high-burden countries where the 

disease disproportionately affects low-income households, causing wage losses and catastrophic medical 

expenses, thereby perpetuating an insidious cycle of economic and social vulnerability13.   

 

The two organizations that espoused these objectives, from the perspective of their respective global health 

agendas – the World Health Organization (WHO) from the perspective of developing a vaccine against 

HSV14, under its global health sector strategy on sexually transmitted infections15, and the Office of the UN 

Special Envoy for Tuberculosis, from the perspective of developing a TB vaccine, as a part of the End TB 

strategy16 and the Lancet TB Commission17 – provided me the opportunity to pursue the related empirical 

and translational inquiry, as a part of my doctoral project.   
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1.2 Background 

1.2.1 A Vaccine Against the Herpes Simplex Virus  

 

The word “herpes”, which means to creep or to crawl in ancient Greek, was first used to describe the 

spreading of cutaneous lesions by the Greek physician Hippocrates18. During the following centuries, the 

full spectrum of diseases caused by the infection were characterized. These diseases now include primary 

and recurrent infections of mucous membranes (gingivostomatitis, herpes labialis, and genital HSV 

infections), keratoconjunctivitis, neonatal HSV infections, visceral HSV infections (in 

immunocompromised hosts), encephalitis and Kaposi varicella-like eruptions19. The identification of the 

diseases also led to the designation of the HSV-1 and HSV-2 viral subtypes, based on the distinction 

between genital and orofacial herpes20. HSV disease is influenced by the virus’s unique ability to invade 

the central nervous system, replicate within it, and remain dormant until induced by local or systemic 

stimuli21. Reactivations can occur despite ongoing cell-mediated and humoral immune responses and the 

resulting low threshold for transmission can give rise to high rates of seroprevalence11,10.  

 

A strong association between prevalent HSV-2 infection and enhanced HIV-1 risk has been demonstrated 

in multiple clinical sites in several continents22. A recent meta- analysis by Looker and colleagues which 

included fifty seven such studies, estimated that the HIV acquisition risk was 4.7-fold higher after incident 

HSV-2 infection, when HSV ulceration, shedding rates, and inflammation were highest23. While a direct 

biological causal mechanism to explain the epidemiological evidence is tempting, especially as the 

association between HSV-2 and HIV-1 persists even after controlling for key confounders, such a 

mechanism has not been demonstrated thus far24. If HSV-2 has indeed fueled the global spread of HIV as 

has been conjectured, then an estimate of attributable costs can potentially alter the policy dialogue on HIV 

priority setting. Model-based studies suggest that in high-burden settings, more than a quarter of incident 

HIV infections can be epidemiologically attributed directly to HSV-225. 
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 The epidemiological synergy with HIV-1 with near 90 percent seroprevalence in HIV-positive 

populations26, and the highest transmission probability per partnership for ten-year and twenty-year 

partnerships among all STIs25, suggest that HSV-2 infections can potentially account for a significant share 

of the HIV-1 economic burden. The chronicity of the disease with periodic reactivations can also lead to 

absenteeism, presenteeism, which can result in lost wages, reduced output, and reduced household 

consumption. The lifelong nature of the infection can protract these effects over the lifetime of individuals. 

Estimates of economic burden in low and middle-income countries (LMICs) are scarce to non-existent. 

Estimates from high-income settings27, 28, 29, 30 also show wide variations and also fail to account for costs 

beyond the costs of treatment and productivity losses.  

 

A vaccine that can prevent the acquisition or reactivation of HSV-2, while highly desirable, is not yet 

available despite nearly a 70-year quest31. Developing such a vaccine is challenging on several fronts: first, 

protection must be conferred against individuals who are already seropositive for HSV-1, given its high 

prevalence; dual efficacy against both viral variants is also desired because HSV diseases such as genital 

herpes can be caused by either variant32. Recent failures of large vaccine follow-up trials underscore these 

challenges33. The most notable of these vaccine trials is arguably the Chiron Corporation gB-2/gD-2 and 

SmithKline Beecham gD-2 purified subunit trial in humans, which failed to demonstrate long-term 

infection prevention in susceptible sexual partners though an initial benefit was evident during the first five 

months34. Glaxo SmithKline’s (GSK) gD-2-based vaccine trial demonstrated that women who were 

seronegative for both HSV-1 and HSV-2 were protected from both types of infection with 72 percent 

efficacy. However, the benefits were not transferable to individuals seropositive for HSV-1 (irrespective of 

gender) or to seronegative men35. 
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1.2.2 A Vaccine Against Pulmonary Tuberculosis 

 

TB is a disease of many paradoxes. It was one of the first diseases for which a causative agent was 

identified36. It was also one of the first diseases for which a vaccine was developed37. While antibiotics 

effective against TB have been widely available for nearly half a century, TB still remains the leading cause 

of death from any single infectious pathogen. TB now exceeds HIV/AIDS and malaria as the largest cause 

of death from an infectious disease38. Approximately 1.7 billion individuals, nearly 23 percent of the 

world’s population, are latently infected and are at risk of developing TB during their lifetime39.  

 

The Mycobacterium tuberculosis complex (M. tuberculosis), discovered by Robert Koch in 188236, while 

primarily a pulmonary pathogen, can cause disseminated disease with varying severity ranging from 

asymptomatic, non-transmissible latent TB, to active and transmissible pulmonary disease that can even be 

life threatening. The disease is generally characterized by systemic symptoms such as fever, fatigue, lack 

of appetite and weight loss, and pulmonary symptoms such as persistent coughing and even hemoptysis in 

the case of advanced disease. The standard treatment for TB comprises of four first-line antimicrobials: 

isoniazid, rifampicin, pyrazinamide and ethambutol. Resistance to isoniazid and rifampicin is reported in 

virtually all countries and results in multidrug-resistant TB (MDR-TB). Additional resistance to 

fluoroquinolone and any of the three injectable second-line aminoglycosides, results in extensively drug-

resistant TB (XDR-TB)40. 

 

TB is a disease of poverty. Economic and social disadvantage fuels incidence. Once contracted and 

symptomatic, individuals and households rapidly spiral towards impoverishment due to the double burden 

of near-catastrophic medical expenses, often exceeding more than 20 percent of the annual household 

incomes in LMICs41, and reduced productivity and wages42 (in the range of three to four months of 

employment and approximately 30 percent loss in annual household earnings43). Households are forced to 

borrow at high interest rates and sell their vital assets44. Poverty traps thus emerge, which perpetuate 
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economic vulnerabilities and trigger social vulnerabilities. The resulting malnutrition, crowding, and lack 

of sanitation, fuels transmission, deters health care-seeking and adherence to treatment. Longer term 

intergenerational consequences are also possible45. Parental mortality from TB is associated with child 

mortality46. TB incidence is also associated with malnutrition and school dropout (as a coping mechanism) 

in countries such as India47. The mortality driven consequences can depress human capital growth, which 

can have intergenerational consequences. TB is also associated with social exclusion, discrimination and 

rejection in employment48, which can channel back to economic vulnerability and further aggravate the 

disease. 

 

The history of TB vaccine development began with arguably the most monumental of any vaccine discovery 

to date. In 1921, Albert Calmette and Camille Guérin of the Pasteur Institute, attenuated a mycobacterium 

related to M. tuberculosis (Mycobacterium bovis bacillus Calmette-Guérin - BCG) and administered it to 

infants to find that it reduced TB mortality by an astounding 90 percent37. Since then, BCG has become the 

most widely used of any vaccine, in part due to its low cost and high safety. Yet, BCG has had limited 

effect in containing the spread of TB in high burden developing countries. The causes have been the subject 

of a longstanding debate. It is now widely accepted that the protection conferred by BCG, while significant, 

is time-limited and not effective in populations exposed to other mycobacterial antigens49.  

 

The functions of the vaccine - to either replace BCG (known as priming vaccines) or to augment BCG 

(known as late booster vaccines), have been explored employing various vaccine design strategies. The 

current vaccine pipeline includes candidates that use live, attenuated mycobacteria, killed, whole cell 

mycobacteria, mycobacterial extracts, adjuvanted proteins, and viral vectors50. Despite innovative 

strategies, trial results have been largely disappointing, leading to a widely held belief that an effective 

vaccine would not be technically feasible and even if feasible, would not be economically viable51. 
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1.3 The Project 

1.3.1 The World Health Organization 

 

The urgent unmet need for vaccines to counter the large burden of sexually transmitted infections (STIs) 

was articulated in 2014 by the WHO, the National Institute of Allergy and Infectious Diseases (NIAID), 

and their technical partners, in a comprehensive roadmap for developing vaccines against STIs14. The 

vaccine roadmap, while a crucial step towards initiating action, did not establish the economic case for such 

vaccines. I was recruited by the WHO as a consultant, to develop the first investment case for a vaccine 

against HSV infection – the vaccine that was furthest along in development of all STI vaccines. I was also 

tasked with developing the first estimates of the economic burden of HSV diseases in LMICs. Without a 

reliable estimate, the economic case for a vaccine was all but speculative. 

 

I undertook estimating the economic burden of genital herpes in low and middle-income countries 

as the first objective of my doctoral project. 

 

WHO’s Initiative for Vaccine Research (IVR), under the aegis of the Product Development for Vaccines 

Advisory Committee (PDVAC) and its Immunization and Vaccine related Implementation Research 

Advisory Committee (IVIR-AC) embarked on an effort to develop a Full Public Health Value Proposition 

(FPHVP) framework for vaccine evaluation52. Its objective was to broaden evaluation beyond individual-

level benefits, to include broader societal-level benefits.  

 

I undertook developing the FPHVP for a vaccine against HSV-2 as the second objective of my 

doctoral project. 
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1.3.2 The United Nations Office of the Special Envoy for Tuberculosis 

 

In September 2018, the results of a phase 2b proof-of-concept efficacy trial of the M72/AS01E adjuvanted 

protein vaccine (M72), which was conducted in South Africa, Kenya and Zambia, were published in the 

New England Journal of Medicine. The results demonstrated 54.0 percent protection against pulmonary TB 

(90% CI: 13.9%–75.4%) in the per-protocol cohort of individuals with latent TB infections53. The 

demonstrated efficacy exceeded what had been previously established as a preferred target for lower-level 

efficacy by the WHO50. I was subsequently recruited by the Office of the UN Special Envoy for 

Tuberculosis (UNTB) to develop the FPHVP for the M72 vaccine, as a part of the scholarly work following 

the report of the Lancet Commission on Tuberculosis.  

 

I undertook estimating the full public health value of the M72 vaccine for India as the third 

objective of my doctoral project. 

 

On May 19, 2014, the 67th World Health Assembly (WHA) adopted WHO's ‘Global strategy and targets 

for tuberculosis prevention, care and control after 2015’. The so-called ‘End TB Strategy’ due to its vision 

to rid the world of the scourge of TB, adopted as targets, the reduction of TB deaths to 90 percent of the 

2015 rates, by 2030, and TB incidence to 80 percent of 2015 rates, by 203016. It was widely recognized that 

achieving the targets would be nearly impossible without an effective mechanism to interrupt transmission. 

The economic consequences of failing to meet the End TB mortality targets by 2030 needed to be 

understood as they were potentially grave, especially for high TB burden countries17. 

 

I undertook estimating the economic cost of premature mortality if the End TB mortality target 

was not met by 2030, as the fourth objective of my doctoral project. 
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2. Section 2: Analytical Platform 

2.1 Overview 

 

In 2017, Gessner and colleagues52 introduced the term ‘Full Public Health Value Proposition for Vaccines’ 

to refer to outcomes beyond efficacies, measured in individually randomized clinical trials. This initial 

definition left a broad field open. Thus far, aside from several linguistic revisions to the terms, the construct 

has remained without a formal theoretical conceptualization. In my analytical platform, I attempt at such a 

conceptualization by constructing an accounting framework for the FPHVP of HSV vaccines, based on the 

pathways of benefits from vaccinating against HSV diseases. As a part of Section 4.1: Recommendations, 

I develop recommendations to operationalize the accounting framework, within a target institutional setting. 

 

2.2 Definitions 

 

I defined the FPHVP for a vaccine based on its intended function – as a measure of the full public health 

value accrued due to elimination or reduction of disease, due to the introduction of a vaccine. I 

conceptualize the full public health value in two ways: (1) as a measure of the welfare that accrues to society 

as a result of introducing a vaccine; (2) as the sum of the net monetary gains that accrue to individual 

beneficiaries as a result of introducing a vaccine. For (1), I assume that the welfare gains that accrue to a 

society are measurable by health-augmented national income54. For (2), I assume that the net monetary 

gains are measurable as net revenues to each beneficiary. The two conceptualizations cater to two different 

types of stakeholders and decision-making: the former caters to stakeholders whose focus is on national 

income, over longer time horizons (such as national governments investing in vaccination); the latter caters 

to stakeholders whose focus is on individual net returns, often over shorter time horizons (such as vaccine 

developers).  
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2.3 Accounting 

 

To construct the accounting framework, I began with an economic model. Borrowing from prior work55,56, 

57 58,59,60, I first assumed that losses due to ill health can accrue to four economic agents: individuals, 

households, firms and governments. I assumed that the losses can be valued based on their market value or 

their intrinsic value, and that losses can stem from consumption or production opportunities foregone due 

to illness61. The measurement challenge is to measure as comprehensively as possible, the magnitude of the 

intrinsic and market value of the losses that are averted with a vaccine, for each economic agent.  

 

To value the losses that can be averted with a vaccine, the drivers must be first identified. The drivers, while 

necessarily etiological in origin, can be distinguished as either proximal or distal. As proximal drivers, I 

consider drivers that are wholly attributable to the disease, that can be eliminated entirely, given the 

availability of a vaccine with sufficient efficacy, which in turn, results in a reversal to the pre-disease state 

(for example, the treatment cost of a disease, which can be fully eliminated if the disease is fully eliminated). 

As distal drivers, I consider preexisting drivers of losses, that are modified by the emergence of a disease 

and that cannot be fully eliminated by a vaccine, irrespective of its efficacy. As distal drivers, I also consider 

a special case of proximal drivers, where the driver originates due to the disease, but the disease’s 

elimination does not result in the complete removal of the driver. The pre-disease state is therefore not fully 

recoverable. For example, the physical disability due to a disease, can give rise to psychosocial disability, 

that remains and becomes persistent even after the physical disability is removed. 

 

To identify drivers and resulting losses as comprehensively as possible, I began with prior compilations of 

broader economic benefits of vaccine and immunization programs. The earliest starting point was the 

distinction between narrow versus broad benefits by Bloom, Canning and Weston, according to whom 

narrow benefits included health-related gains and cost savings, and broad benefits accounted for gains 

associated with productivity, externalities, comorbidities, nosocomial infections, risk reductions and social 
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equity6. This framework was refined in 2011 by Bärnighausen and colleagues who categorized narrow 

benefits as health gains, healthcare cost savings, and care-related productivity gains. Broad benefits were 

categorized as outcome-related productivity gains, behavior-related productivity gains or as community 

health externalities62. The framework saw a further revision in 2014 with the addition of community 

externalities, risk reduction gains and (utilitarian) health gains7. An alternate framework was proposed by 

Jit and colleagues in 2015, who organized gains in terms of health-related individual impacts, productivity-

related individual impacts, community or system-level impacts, and broader macroeconomic impacts8.  

 

I combined the Bloom and Bärnighausen and Jit frameworks, then populated the combined taxonomy based 

on reviews by others63, 64, 65, 66, 67, 68. I then enhanced the combined taxonomy via a scoping review of 

previous vaccine benefits reviews and economic evaluations, which included 44 systematic reviews and 

262 economic evaluations, involving 14 vaccine types (Table 1) (appendix section 6.1.1).  
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Table 1: The full social and economic benefits of vaccination 
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Table 1 (continued) 
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With this starting point, I conducted a series of scoping reviews to identify the pathways that linked genital 

herpes, to outcomes. I describe the methods in the appendix (section 6.1). I reviewed a total of 2070 articles 

from the scoping reviews, which suggested that genital herpes is associated with emotional distress and 

stigma69, 70, 71, 72, 73, 74, intimate partner violence75, 76, 77 marital disruptions78, 79, 80, 81, 82, reduced fertility83, 

84, 85, 86, 87, increased risk of antiviral resistance88, 89, 90, 91, increased risk of neonatal transmission, and lost 

wages92, 93, 94, 95. I also found cost of illness estimates to include costs associated with medicines, 

consultations, clinical examinations, microbiology testing, antibody testing, complete blood counts, urine 

analysis and hospitalizations30 (Figure 1).  

 

Early menarche is associated with increased incidence of genital herpes in Sub-Saharan African countries 

such as Malawi96. Early menarche is also associated with early sexual initiation, early marriage and early 

pregnancy97. Stigma, which leads to shame and isolation, in addition to taking a toll on quality of life, 

adversely impacts care-seeking72 and can aggravate recurrent outbreaks98. Frequent outbreaks can increase 

the salience of stigma and thereby reinforce its effects70. The reverse is also possible; psychological distress 

is prospectively linked to recurrence frequency98. Therefore, any reductions in physical disability with the 

age of the infection, can be potentially offset due to persistent psychological distress. Intimate partner 

violence is implicated in the impairment of regulatory immune control and thereby a reduction in 

neutralization of HSV-1, which also contributes towards genital herpes99.  

 

On to my scheme (Table 1), I overlaid the value categorization (intrinsic versus market value) and the driver 

categorization (proximal versus distal drivers) and populated with the drivers that I identified. Though not 

depicted, the economic agents to whom the losses accrue can also be incorporated as an additional 

dimension. The accounting framework thus provides five functions to aid vaccine investment decision-

making: (1) it allows losses and benefits to be assigned to economic agents; (2) it allows losses and benefits 

to be assigned to health interventions (via the drivers); (3) it allows losses and thereby the benefits to be 

associated with a market value or a societal value. 
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Figure 1: The full economic and social losses due to herpes simplex diseases 
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Table 2: The Full Public Health Value Proposition accounting template 

 
Drivers Losses Value Full Public Health Value Proposition 

Proximal Driver Distal Drivers Losses Market Value (US$) Intrinsic Value (US$) Market Value (US$) Intrinsic Value (US$) 
Physical disability 
(Genital Herpes) 

 Medicines 
Costs                                            

To be estimated To be estimated  
 
 
 
 
 
 
 

Estimated as 
aggregates 

 
 
 
 
 
 
 
 

Estimated as 
aggregates 

  Outpatient 
 Costs 

To be estimated To be estimated 

  Wage losses  
(Absenteeism)                                  

To be estimated To be estimated 

  Output losses 
(Absenteeism)                                     

To be estimated To be estimated 

  Consumption value of 
disability 

To be estimated To be estimated 

Reduced quality of life 
(Genital Herpes) 

 Consumption value of 
reduced quality of life 

To be estimated To be estimated 

Physical disability 
(HIV-HSV-2) 

 Cost of ART To be estimated To be estimated 

  Wage loss 
(Absenteeism) 

To be estimated To be estimated 

  Output losses 
(Absenteeism)  

To be estimated To be estimated 

Mortality 
(HIV-HSV-2) 

 End-of-life  
Costs                                                      

To be estimated To be estimated 
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Table 2 (continued) 
 

Drivers Losses Value Full Public Health Value Proposition 
Proximal Driver Distal Drivers Losses Market Value (US$) Intrinsic Value (US$) Market Value (US$) Intrinsic Value (US$) 
Mortality 
(HIV-HSV-2) 

 Output loss 
(Premature Mortality)                                                              

To be estimated To be estimated  
 
 
 
 
 
 
 

Estimated as 
aggregates 

 
 
 
 
 
 
 
 

Estimated as 
aggregates 

Birth defects  Medicines Costs 
*including cesareans 

To be estimated To be estimated 

  Long-term  
Care Costs 

To be estimated To be estimated 

  Lifetime output  
Losses 

To be estimated To be estimated 

 Male infertility Medicines 
Costs 

To be estimated To be estimated 

 Social stigma Medicines  
(Increased Recurrence) 

To be estimated To be estimated 

  Wage losses 
(Increased Recurrences)  

To be estimated To be estimated 

  Output losses 
(Increased recurrences) 

To be estimated To be estimated 

 Intimate partner 
violence 

 To be estimated To be estimated 

Antimicrobial 
resistance 

 Additional Medicines  
Cost 

To be estimated To be estimated 

17 
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2.4 Valuation 

 

To value losses and gains from a vaccine, I first considered the two definitions of the FPHVP that I adopted: 

(1) as a measure of the welfare that accrues to society as a result of introducing a vaccine; or (2) as the sum 

of the monetary gains that accrue to individual beneficiaries (as a result of introducing a vaccine). I 

considered the former as a macroeconomic accrual. I considered the latter as microeconomic accruals. I 

then considered whether the gains and losses being evaluated are market valued or intrinsically valued. 

Lastly, I considered the imperative that drives the FPHVP for each vaccine. 

 

For the HSV vaccine, which PDVAC has recognized as a vaccine for which there is a clear public health 

need but lacks investment due to an absence of incentives in LMIC markets14, the FPHVP can be employed 

to counter a belief that the disease and economic consequences of HSV are insufficient to warrant the size 

of investment needed to bring a vaccine to market. I assumed therefore that the FPHVP for the HSV vaccine 

has an imperative to augment investment. For the TB vaccine, investment is present but not an agenda nor 

the political will to surmount a dominant belief that other competing interventions are more cost effective. 

The basis for such an agenda was established under the Lancet TB Commission (the host organization for 

the doctoral project)17. I therefore consider the FPHVP for the TB vaccine as having an imperative to 

influence policy.  

 

2.4.1 Methods 

 

For the HSV vaccine, which is largely privately funded100, as the imperative is to augment financing, the 

individual value propositions needed to be estimated. For this purpose, I selected the Cost-of-Illness method 

(CoI), which categorizes the economic consequences of disease into a 'direct’ component, which includes 

costs associated with treatment and management and care-seeking, and an 'indirect' component, which 

includes costs associated with productivity and wage losses101. I selected the method as it permits allocating 
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costs to each stakeholder. To capture the microeconomic intrinsically-valued losses, following common 

practice, I employed the Willingness-to-Pay valuation technique. As the macroeconomic impacts were 

minimal (as I determined from my scoping review - Figure 1), I did not estimate them. For the TB vaccine 

(which is largely publicly funded50), given the imperative of the FPHVP to influence policy in meeting the 

End TB targets, the cumulative welfare losses needed to be estimated. For this purpose, I employed a Full-

Income approach2. I present my decision framework in Figure 2. 

 

   
 

Figure 2:Decision framework for identifying valuation methods for valuing economic benefits 
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2.4.2 Rules 

 
To guide the aggregation of gains (averted losses) into the FPHVP, I defined four rules: (1) the measures 

used to estimate the gains, must have similar dimensions. For example, the consumption value of QALYs 

gained cannot be combined with end-of-life costs averted, even though both are in monetary terms. QALYs 

encompass both breadth and depth of health effects and is therefore multi-dimensional, whereas end-of-life 

costs are unidimensional as they are based on mortality alone102; (2) the measures also need to have 

consistent measurement contexts. For example, the consumption value of QALY losses and the 

consumption value of DALY losses cannot be added as their measurement contexts are different (measured 

based on disease-specific states versus health states, respectively)103; (3) gains whose value is derived based 

on market value and gains whose value is derived based on intrinsic value, cannot be added together. For 

example, the consumption value of QALY gains cannot be added with wage losses averted, even though 

both are in monetary terms. (4) lastly and most importantly, gains should be aggregated and reported by 

beneficiary, not as the sum of total benefits accruing to all beneficiaries. For example, wage losses accrue 

to the individual or the household, whereas output losses accrue to a government or an employing firm. The 

full benefits to the individual and government cannot be added together as it leads to double counting. 

 

Based on the above rules, the FPHVP can be reported as the sum of components accruing to each 

beneficiary of interest. For example, the market value of the FPHVP for the individual is the sum of the 

private share of the cost of medicines averted, the cost of outpatient care averted, the end-of-life costs 

averted, the wage losses averted and the long-term care costs averted. Additionally, the intrinsic value of 

the FPHVP for the individual include the consumption value of the quality of life losses averted and the 

consumption value of disability losses averted, reported separately. The market value of the FPHVP for the 

government, is the sum of the public share of the cost of medicines averted, the cost of outpatient care 

averted, the cost of end-of-life care averted, the output losses averted and the long-term care costs averted.  
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2.5 Valuation of the Herpes Simplex Vaccine 

 
Of the full spectrum of diseases attributable to HSV-2 infection104. I focused on genital herpes and HIV 

attributable to HSV-2 (HIV-HSV). I did not estimate losses due to orofacial and disseminated HSV diseases 

as burden estimates are scarce. Neonatal herpes, for which reliable estimates are available105, is rare (1 in 

3000 to 1 in 12,000 live births)106. Genital herpes, given its prevalence, disability and chronicity, is likely 

to be the major contributor towards economic and social losses (genital herpes due to HSV-2 accounted for 

221,000 years lived with disability – YLDs in 2016107). I estimated losses due to HSV-HIV as HSV-2 can 

potentially account for a large share of the economic burden of HIV, especially in countries with high HSV-

2 and HIV prevalence, such as in sub-Saharan Africa, where the magnitude of the losses remains unknown. 

 

2.5.1 Country Selection 

 

I began with the 195 countries that were classified according to the World Bank List of Economies (June 

2019 version)108. I excluded the countries classified as high-income (83 countries). For the remaining 112 

countries, I constructed a dataset that included the WHO region (based on WHO regional groupings109), 

lending group, GDP and GNI (annual and per capita), total population, median population age and 5-year 

survival at median age. Based on the availability and quality of the data, I additionally excluded 22 countries 

(see appendix section 6.1.2 for countries excluded and reasons). The final list of countries that I analyzed 

included 90 countries. Where data was missing, I imputed using the Locally Weighted Scatterplot 

Smoothing (LOWESS) fitting routine built into Stata (version 14.2, StataCorp, College Station, Texas, 

USA). Where I needed to forecast for future periods, I identified a probability distribution function that best 

described the historical trend (based on iterative curve fitting) (using SPC for Excel version 6.0; BPI, USA), 

then estimated its parameters using an ordinary least-squares minimization routine via Microsoft Excel’s 

Solver function (version 16.16.23), then predicted the future periods based on the fully specified probability 

distribution.  
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2.5.2 Genital Herpes 

2.5.2.1 Disease Burden 

 

To estimate the disease burden, I could not employ a forward estimation approach where parameter values 

obtained from literature are applied to HSV infection estimates. Prevalence estimates of HSV-2, based on 

country-level seroprevalence reporting/studies, are available at the WHO region level rather than the 

country level (Africa, Americas, South-East Asia, Europe, Eastern Mediterranean, and Western Pacific)10. 

The more direct estimation method of collating reported number of cases from surveillance and other 

studies could not be used either because: (1) individuals with symptoms often do not seek medical care; (2) 

genital herpes is frequently missed or misdiagnosed. I could not employ genital ulcer disease estimates as 

genital ulcers can be caused by etiologic agents other than HSV, such as treponema pallidum (which causes 

syphilis), Haemophilus ducreyi (which causes chancroid), Chlamydia trachomatis (which cause 

lymphogranuloma venereum), and Klebsiella granulomatis (which causes granuloma inguinale104). Instead, 

I relied on the number of incident and prevalent cases of genital herpes estimated by the Institute for Health 

Metrics and Evaluation (IHME).  

 

2.5.2.2 Natural History 

 

I constructed a natural history model to represent genital herpes, based on literature and expert input 

(appendix section 6.1.4). In my model, I first assumed that 95 percent of genital ulcers were due to HSV-2 

and 5 percent were due to genital HSV-1 as reported by Looker and colleagues110. I then distinguished 

between primary infections where the host lacked HSV antibodies in acute-phase serum prior to infection111, 

and non-primary infections where the serum antibodies to the heterologous virus were present112. For 

simplicity, I assumed that all incident and prevalent infections were primary infections. For these infections, 

I assumed that three natural history states were possible: a symptomatic first episode, symptomatic recurrent 

episodes and symptomatic frequent recurrences. Symptomatic first episodes are usually characterized by 
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ulcerations of the external genitalia and symptoms such as fever, headaches, myalgias and malaise104. 

Symptomatic recurrent episodes (recurrences) are frequently preceded by a prodrome presenting tingling112, 

paresthesia and pain, but involving fewer lesions than the first episode9. I assumed that 29.7 percent of the 

(primary) infections were symptomatic – meaning that they had a first episode infection (per Langenberg 

et al.113) and that 33 percent of individuals who had primary infections had recurrences (per Corey et al.112). 

Of those who had recurrences, 38 percent had six recurrences (per Beneditti114) and that 20 percent had at 

least 10 recurrences (those in the frequent recurrences state) (also per Beneditti114). I also assumed that a 

first episode lasted 6.5 days, a recurrence lasted 5 days and that a frequent recurrence also lasted 5 days 

(per Corey et al.34). I also assumed that prevalent infections in 2017 can be in any of the three disease states 

as they could have had a first episode in a prior year. However, for infections incident in 2017, I assumed 

that individuals must first have a first episode before they can have recurrences or frequent recurrences 

(Figure 3). 

  
 

Figure 3: Natural history model for genital herpes 
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2.5.2.3 Treatment for Genital Herpes 

 
Diagnosis of genital herpes can be made either on the basis of syndromic algorithms or on the basis of 

etiology. I determined whether countries employed syndromic or etiologic diagnosis based on published 

treatment guidelines (available for 26 countries from 2000-2015, which I gathered based on a rapid 

literature search of peer-reviewed and grey literature (appendix section 6.1.5). I also gathered input from a 

network of country clinicians who specialized in treating genital herpes (appendix section 6.1.3). Where 

treatment guidelines were not available, I assumed syndromic diagnosis in accordance with the WHO 

guidelines115. In designating treatment, I used either international guidelines, national guidelines or direct 

input from clinicians and my panel of experts. The international guidelines included the WHO treatment 

guidelines116, the CDC treatment guidelines117 and the European treatment guidelines118. I compared 

national guidelines with WHO guidelines to identify discrepancies. Where they differed and were more 

than 10 years older, I used the WHO guidelines. I assumed that suppressive therapy for more than 10 

recurrences as required by national or WHO guidelines, is not available in LMICs. 

  

2.5.2.4 Healthcare Costs 

 

Cost of Treatment 

 

I costed a package of treatment (!!), which included antiviral medicines (Aciclovir, Famciclovir or 

Valacyclovir) and other treatment aids (such as salt washes). Where the treatment recommendation allowed 

a choice (such as Aciclovir 400 mg three times daily for 3-5 days or Aciclovir 200 mg five times daily), I 

allocated to each regimen randomly (based on a random number generated assuming a uniform 

distribution). I imputed public sector pricing based on unit prices reported in the WHO Project on Medicine 

Prices and Availability (WHO/HAI) database119 (which I assumed reflected the buyer price). I compared 

the WHO/HAI unit prices with unit prices reported in other databases120, 121, 122 and reviews123, 124. I 
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calculated the cost of medicines based on the number of incident (#")	and prevalent (&")	cases for each 

country ('), the number of those cases expected in each disease state ((), based on the natural history 

parameters ())112, the number of clinic visits (*	 ), the care-seeking proportions (+), which I estimated as 

described in appendix section 6.1.6, based on literature, and the unit cost of the assumed regimen (!!).  
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																							(1) 

 

Cost of Outpatient Care 

 

I assumed that the cost of providing treatment additionally included the cost of personnel (for consultations 

and clinical examinations), and facilities, which were reflected in the unit costs of outpatient visits, available 

either from WHO CHOICE122 or from Moses et al.125. I used the latter as the estimates are more recent. To 

calculate the cost, I multiplied the incident (#") and prevalent (&") populations with symptomatic first 

episodes and recurrences, by the number of clinic visits (*!	), the care-seeking proportions (+), and the 

outpatient unit costs (!'()*+)",-)) from Moses et al. (in 2018 US$). To estimate the care-seeking 

proportions, I conducted a rapid literature search to identify studies that evaluated care-seeking behavior of 

individuals with sexually transmitted infections and with genital herpes infections specifically (appendix 

section 6.1.6). 
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2.5.2.5 Consumption Value of Health Losses 

 

Magnitude of Health Loss 

 

I assumed that the reduction in physical functioning and quality-of-life are reflected in the respective 

disability weights. To calculate the quality of life loss, I first calculated the incident and prevalent cases in 

each disease state, surviving through 2017, by applying the survival probability at median age in each 

country (available from WPP126). For those surviving, I assumed that the first episodes are experienced 

midyear and that recurrent episodes are distributed evenly throughout the years. I determined the episode 

frequency and length  based on estimates by Corey et al.112 and Wald et al.9 For Quality-adjusted Life Year 

(QALY) weights, I used the estimates by Fisman, estimated using the time tradeoff approach (TTO) (Table 

3) 127. I applied the QALY weights to the symptomatic and asymptomatic populations based on the 

following model and calculated the QALY loss assuming a pre-Genital Herpes utility weight of 0.94 (also 

estimated by Fisman127).  

 

!"#$!"#$% = &!"#$%
&'()*!"#$%+'()*&'(),

-./ '012 + &0123
&'()*!"#$%+'()**+'(),

-./ (365 − '0123)																			(4) 

																							 

!"#$4567# = &4567# ('()*!"#$%+'()*,#-.")-./ '4567#14567# + &4567# ('()*!"#$%+'()*,#-.")-./ [365 − ('01231!#5:)]  
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-./ '!#5:1!#5: + &!#5:
&'()*!"#$%+'()*/"#0,
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Table 3: Utility weights used in the calculation of QALY losses 

 
Health state Utility Weight (Total) Utility Weight (Men) Utility Weight (Women) 

HUI-II (mean (SD))    

     Before GH 0.94 (0.08) 0.95 (0.05) 0.92 (0.09) 

     No outbreak 0.93 (0.08) 0.92 (0.05) 0.90 (0.10) 

     GH, outbreak 0.80 (0.16) 0.82 (0.17) 0.77 (0.14) 
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Table 3 (continued) 
 

Health state Utility Weight (Total) Utility Weight (Men) Utility Weight (Women) 

TTO (mean (SD)    

     Asymtomatic HSV 0.89 (0.21) 0.93 (0.07) 0.85 (0.29) 

     Symptomatic HSV 0.89 (0.22) 0.93 (0.06) 0.84 (0.29) 

VAS (mean (SD)    

     Asymtomatic HSV  0.76 (0.30) 0.78 (0.29) 0.73 (0.32) 

     Symptomatic HSV 0.71 (0.30) 0.73 (0.30) 0.68 (0.30) 

 
 
To calculate the reduction in physical functioning in terms of disability-adjusted life years (DALYs), I used 

a similar approach, relying on the utility weights from Salomon et al.128. They report a utility weight of 

0.051 (0.032 – 0.074) for an infection that is of moderate severity (has fever and aches, and feels weak, 

which causes some difficulty with daily activities), and 0.006 (0.002 – 0.012) for an infection that is of mild 

severity (has a low fever and mild discomfort, but no difficulty with daily activities). From my natural 

history model, I assumed that the mean duration of local pain for a first episode primary infection was 11.8 

days. I assumed that the mean duration of local pain for a recurrent episode was 4.9 days (per Corey et 

al.129) In my analysis, I considered three scenarios: (1) where all episodes were mild; (2) where all episodes 

were moderate; (3) where the first episode was moderate but the recurrences were mild.  
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Valuation of Health Loss 

 

To estimate the monetary value of the previously estimated health losses, I multiplied the QALYs (J@AB"
!) 

and DALYs (?@AB"
!) that I estimated, by a country-specific estimate of value-of-a statistical-life-year 

(VSLY). To calculate this VSLY, I first estimated the value of a statistical life (*CA") in each country based 

on the value of the VSL in the United States (US$ 9, 702, 616) at an income level of US$ 63, 280 , and an 
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income elasticity of 1.5, assuming benefits transfer as recommended by Hammitt and Robinson130. As 

income in the below equation, I considered the GNI/capita, which I gathered from the World Bank data 

tables (in 2018 international $, adjusted for purchasing power parity based on conversion factors available 

from the World Bank131). 
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																							(6)	 

 

I then converted the country VSLs (*CA") to values per statistical life year (VSLYs), by dividing by the 

(discounted) expected life years remaining for an individual at the median age of the population (AK"	). To 

calculate this value, I relied on the abridged life tables for each country for 2017 and the median age of the 

population, both available from WPP126. I assumed the midpoint of the age interval and summed and 

discounted assuming a discount rate (L) of three percent. In cases where the median age fell in the middle 

of the age interval, I assumed the upper bound.  
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2.5.2.6 Productivity Costs 

 

Lost Wages 

 

To calculate lost wages, I first multiplied the population in each country (Π") (available from WPP126), by 

the employment-to-population ratio (O") (available from ILOSTAT132). To calculate the proportion of this 

population who will have symptomatic episodes that can cause absenteeism, I multiplied by the percent 

incident (#") and prevalent genital herpes infections (&"), then calculated the proportion that will have a 

symptomatic first episode and symptomatic recurrent episodes by applying the corresponding natural 
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history parameters ()8 ).  Patel and colleagues, based on surveys conducted in the United Kingdom, 

Denmark, the Netherlands, Italy and Australia, reported that individuals with genital herpes missed 3.1 days 

of work due to an episode with mild pain and discomfort, 3.1 days of work due to an episode with moderate 

pain and discomfort, and 3.5 days of work due to an episode with severe pain and discomfort133. As my 

natural history parameters do not account for the severity of the episodes, I assumed that both the first 

episode and the recurrences were of mild or moderate severity, resulting in the same number of absent days. 

To calculate the corresponding wage losses, I multiplied by the wages in each country (P"), which I 

predicted by regressing monthly earnings in 90 LMICs (from ILOSTAT132), on the GNI per capita (from 

the World Bank131).  
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Lost Output 

 

Losses in output can arise due to absenteeism or presenteeism. To calculate the contribution of the former, 

I calculated the number of absent days as previously, though by gender and 10-year age intervals (based on 

age and gender specific incidence and prevalence available from IHME107), then multiplied by the value of 

the daily output produced by each individual given their gender and age (B"(=)). As the contribution 

towards output (productivity) varies by age (=) and gender, to determine the relative contribution, following 

others, I used the distribution of hourly wages by age in Australia134. I calculated the average daily output, 

by dividing the GDP for each country in 2017 (available from the World Bank), by the working population 

(calculated based on the employment-to-population ratio126).  
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To calculate the contribution of presenteeism, I relied on productivity reductions estimated by Patel and 

colleagues (Table 4)133. As previously, I first assumed that both first episodes and recurrences are of 

moderate severity. I also assumed that in the counterfactual scenario, productivity would be unimpacted. I 

assumed that the counterfactual productivity can be calculated based on the gender and age-specific 

productivity, which I estimated as previously described. To calculate the reduction in productivity from the 

counterfactual, I applied the percent reduction in productivity (S8), to the respective proportion of the 

working population reporting the reduction, assuming that the proportions can be applied irrespective of 

age and gender. 
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Table 4: Absent days and productivity reductions assumed for genital herpes 

Absent days and productivity reduction Mild Moderate Severe All 
Mean No. of days of work affected by herpes     
symptoms during a typical episode 

3.1  3.1 3.5 3.2 

     
Reduction in Productivity (% of patients perceived 
level of effectiveness) 

    

Not effective <1% 0% 1% <1% 
25% 0% 3% 0% <1% 
50% 11% 6% 7% 9% 
75% 35% 43% 31% 36% 
100% 54% 49% 61% 54% 

 

 
2.5.3 HIV Attributable to HSV-2 

2.5.3.1 Natural History 

 

The incident and prevalent cases of HIV attributable to HSV-2 can be estimated considering either the 

distribution of the exposure or the distribution of cases in the population. For the latter, Levin’s classical 

formula can be used, which assumes that the exposure is dichotomous and has a single level. For the former, 

Meittinen’s formulation can be used135. I used the former as Abu-Raddad and others have demonstrated the 
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consistency of the estimates with model-based predictions, even though the classical formula does not take 

into account transmission dynamics25. I first estimated the population attributable fractions (PAFs) for 

incident versus prevalent infections (&" and &* respectively), using the relative risks (RRs) calculated by 

Looker and colleagues (SS: and SS9 respectively)23. I then applied those attributable fractions to country-

level HIV prevalence gathered from country projection files from UNAIDS136. While Looker and 

colleagues provide RR estimates by incident versus prevalent and high versus low-risk populations23, I did 

not distinguish between risk groups. 
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2.5.3.2 Healthcare Costs 

 

I considered as medical costs, the costs associated with medicines, diagnostics, facilities, supplies, 

counseling, prevention (mother-to-child transmission - PMTCT and general prevention activities). As 

indirect costs, I considered costs associated with health system strengthening and other miscellaneous 

functions. To arrive at the government share of these costs that can be potentially attributed to HIV cases 

arising from HSV-2 infections, I applied the government health spending on HIV (per case), reported by 

Dieleman and colleagues137(!";<1), to the incident (I:) and prevalent (I9) cases of HIV that can be 

attributed to HSV-2 infections and adjusted by the percent of the population on antiretroviral treatment 

(ART - @"	 ). To harmonize data from heterogenous sources, I subtracted from government health 

expenditure, the expenditure on orphans and vulnerable children and social protection services137.  
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I additionally estimated the annual costs due to ART and related service delivery and diagnostics. I assumed 

that pre-ART costs are not applicable as patients will be placed on ART soon after identification. For 

incident HIV infections (attributable to HSV-2) (I":), I assumed midyear incidence and treatment with a 

first-line regimen. For prevalent HIV cases (attributable to HSV-2) (I"9), I assumed that treatment will be 

utilized for the full year and assumed a blended first-line and second-line unit cost of ART. In calculating 

the costs, I first calculated the proportion of the attributable population (incident: I":; Prevalent I"9) 

expected to survive through 2017, by applying the survival probability at median age in each country 

(available from WPP126) (C"), then multiplied that population by the regional per-patient-per-year unit costs, 

which I constructed as the sum of service delivery, laboratory diagnostic and ART costs, based on costs 

reported by Stover and colleagues for 2016 (!"=4>), which I assumed were valid without adjustment as I 

am calculating the costs in 2017138. I applied ART coverage rates (@"	 ) available from UNAIDS AIDSInfo 

to adjust for utilization139.  
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2.5.3.3 End-of-life Costs 

 

I estimated end-of-life costs separately, which I considered as a direct government cost. The HIV/AIDS-

related deaths in 2017 (?"	) (available from UNAIDS AIDSInfo139), represent the HIV deaths in 2017 that 

are due to the full reservoir of HIV cases in 2017. HIV deaths due to incident or prevalent HIV cases in a 

particular year are not readily available. I therefore considered two scenarios: (1) as an upper-bound I 

considered the scenario where the HIV cases in 2017 that arose as a result of the full reservoir of HSV-2 

cases in 2016, that resulted in a death in 2017; and (2) where the HSV-2 cases incident in 2016 do not 

contribute towards incident or prevalent HIV cases and thereby any deaths in 2017. The latter scenario is 

supported by evidence on the HSV-2-HIV-1 interaction natural history25. It is also supported by the finding 

that the CD4 count is one of the strongest predictors of HIV mortality140, 141, 142.  I assumed that deaths 
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occurred midyear and end-of-life care amounted to 9.7 inpatient days and 5.5 outpatient days for individuals 

not accessing ART, and reduced to a third for individuals accessing ART143. 
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2.5.3.4 Productivity Costs 

Losses in Wages and Output 

 

Unlike with genital herpes, reductions in output can arise due to mortality during productive years, reduced 

labor force participation, absenteeism, presenteeism or premature retirement . To arrive at wage losses due 

to absenteeism, I first assumed that 90 percent of the HIV population was of working age144 and calculated 

the HIV population expected to be working after adjusting for HIV-related deaths in 2017. I then conducted 

a rapid literature review to identify studies that have estimated the number of absent days due to HIV, pre 

and post ART initiation (see appendix section 6.1.7). Habyarimana et al. find that a year before ART 

initiation, absenteeism rises to five days per month and six months after initiation, reduces to one day per 

month145. Muirhead et al. find that immediately prior to ART initiation, absenteeism was at 7.5 days/month 

and six months after initiation, declines to 2.9 days/month146. I computed pooled values for absent days 

when on ART (3"?@	=4>) and when not on ART for six months (3"=4>), based on literature. I computed the 

daily wages (P"
	) as described in section 2.5.2.6, which I used to calculate the total wages lost due to the 

absent days on the basis of whether an individual was receiving ART (@"). I assumed that individuals who 

are on ART have remained on ART for at least six months.  I computed the output loss due to absenteeism 

similarly, but using the per capita GDP which I allocated as described in section 2.5.2.6. 

>R-	S-7@#6- + (1 − 6-)R-	S-CD	7@#	
	

56

-
																							(15) 

 

 



 

 
34 

Table 5: Epidemiological and economic parameters for genital herpes valuation 

Parameter Value Source 
HSV-2 
   Percent Symptomatic infections 

 
37% 

 
Langenberg et al.113 

   Percent with a first episode 37% Beneditti114 and Corey et al.34 
   Percent with a recurrence 33% Beneditti114 and Corey et al.34 
   Percent with frequent recurrences 20% Beneditti114 and Corey et al.34 
   First episode duration 6.5 days Corey et al.129  
   Recurrent episode duration 8.5 days Corey et al.129 
   Frequent recurrence duration 8.5 days Corey et al.129 
  Mean duration of local pain (first   episode) 11.8 days Corey et al.129 
  Mean duration of local pain (recurrent 
episode) 

4.9 days Corey et al.129 

   Number of recurrences 4 Beneditti114 
   Number of frequent recurrences 10 Beneditti114 
Number of clinic visits 1 to 10 Based on number of episodes 

HIV   
   Relative Risk due to incident HSV-2 4.7 Looker et al.23 
   Relative Risk due to prevalent HSV-2 2.7 Looker et al.23 
   Proportion of HIV population working 90% UNAIDS147 
   Absent days when on ART for six months 2.52 days per 

month 
Calculated based on literature 

  Absent days when not on ART 5.31 days per 
month 

Calculated based on literature 

Survival with/without ART 79.5% 
(at 12 months) 

96%  
( following year) 

Stover et al.143 

Utilization for end-of-life care when not on 
ART 

9.7 inpatient days 
5.5 outpatient 

Stover et al.143 

Utilization of end-of-life care when on ART 1/3 of cost without 
ART 

Stover et al.143 

 
 
2.6 Herpes Simplex Vaccine Impact 

 

I estimated gains for a gender-neutral prophylactic vaccine with degree-type protection, with duration of 

effects lasting the lifetime of the individual (without waning). I assumed that the target population would 

be girls and boys who have attained sexual debut (age 15-49). For the primary efficacy endpoint, in keeping 

with convention, I considered the reduction in susceptibility as the percentage reduction in the risk of 

infection upon exposure among people effectively vaccinated. For example, 50 percent suggests that an 

individual vaccinated, among whom the vaccine takes at 50 percent, has 50 percent probability of becoming 

infected per exposure, respectively. Based on this assumption, I considered a prophylactic vaccine with 50 
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percent efficacy, which meets WHO’s indications based on the preferred product characteristics (PPCs) for 

an HSV vaccine148, meets the minimum efficacy level needed for a vaccine to be licensed and 

administered149, and reflects the highest efficacy demonstrated in a prophylactic vaccine trial35,33. 

 

To model vaccine impact, I could not employ a transmission dynamics model. Developing such a model 

that can be calibrated to 90 countries is difficult. Such a model would also need to take into account the 

dynamics of HSV-1, HSV-2, as well as HIV, which makes the task even more difficult. I instead assumed 

that the vaccine is able to reduce incidence of symptomatic episodes of genital herpes at the level of efficacy 

assumed, for 2017. I did not consider a longer time horizon as I did not have a robust epidemiological model 

to model impact. My costs were also estimated for a single year and projecting them over a longer time 

horizon would have necessitated assumptions, which would have detracted from the value of estimating 

over a longer time horizon. 

 
Table 6: Parameter values for the prophylactic HSV-2 vaccine 

Parameter Value Source 
   Efficacy (VEStake) 50% Assumed 
   Duration of effects Lifetime Assumed  
   Vaccine introduction Prior to 2017 Assumed 
   Benefits accrual 2017 Assumed 
   Target population Population aged 15-49 Assumed 
Vaccine coverage 90% Assumed 
Catch-up vaccination Not available Assumed 
Booster vaccination Not needed Assumed 

 
2.7 Valuation of the Tuberculosis Vaccine 

2.7.1 Estimating Burden 

 
I used the life tables and age-specific population projections for 120 countries (34 high-income countries, 

29 upper-middle-income countries, 34 lower-middle-income countries and 23 low-income countries), from 

2020 to 2050 (available from WPP126), to calculate the gains in age-specific life expectancy and the change 

in age-specific mortality rates, if TB deaths in those countries (available from the 2019 World TB Report150) 
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declined under three scenarios: (1) declined at a steady two percent as has been predicted by Dye and 

others38 – the scenario I considered to be the business-as-usual (BAU) scenario; (2) declined at an average 

annual rate that would allow the End TB mortality target to be met in 2030, and continued on the same 

trajectory until 2050; (3) declined at an average annual rate that would allow the End TB mortality target 

to be met in 2045, and continued on the same trajectory until 2050. I selected the 120 countries using the 

selection scheme described in the appendix section 6.2.1 

 

I used the absolute value of the deaths reported in the 2019 Global TB report for TB deaths due to all causes, 

TB deaths due to all causes excluding HIV, and TB deaths in people living with HIV (PLHIV). I weighted 

the deaths for each age interval assuming the age distribution of TB deaths reported for 201812, which I 

assumed applied through 2050 for TB deaths due to all causes and TB deaths due to all causes excluding 

HIV. For TB deaths in PLHIV, I assumed the age incidence of HIV in 2018 (available from UNAIDS), 

which I assumed remained unchanged through 2050.  

 

To calculate the gains in life expectancy at each age interval, I used the standard cause-eliminated life 

expectancy calculation151. To monetize the change in mortality risk if TB deaths were to be eliminated, 

following Jamison et al.2, I calculated the risk change in Standardized Mortality Units (∆.Y;), by 

calculating the cause-eliminated death rate ( 1A(C>D))-
	 , then taking the difference with the central death 

rate (-1A) and dividing by 10,000 (10-4). To arrive at the population value of the change in mortality risk 

for each country and year, I multiplied the ∆.Y; value by the population in each age interval (5(=)), and 

rescaled to each age (interval), by multiplying by the ratio of the life expectancy for the interval (2A) to the 

life expectancy at age 35, which I used as the reference (2$F). I then summed the age-specific population 

values for each country and year and then multiplied this value by the VSLY for the country and year, 

calculated as a proportion of the income per capita. To arrive at this proportion (Z), I calculated the country 

VSL by year, by adjusting the VSL in the United States (US$9, 702, 616) at an income of US$63, 280 (in 
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2018 US$), assuming an income elasticity of 1.0 and then dividing by 10,000. I calculated the present value 

of the gains (&D2" , 2! , \E)	from the perspective of 2020, assuming a discount rate of three percent.  
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As the lifetables needed to be calculated for 120 countries for 30 years (resulting in a large number of 

calculations), I programmed the combined demographic and economic models into Stata (Stata/IC version 

14.2). I report all costs in 2018US$ using exchange rates and deflator values available from IMF152. As a 

part of the sensitivity analysis, I considered the effect of an income elasticity of 1.5 and the effect of using 

VSL values for select countries available from literature. 

 

2.7.2 Estimating Vaccine Impact 

 

I assumed that the vaccine will provide the same level of efficacy as was demonstrated in the phase 2 

clinical trials for the M72 candidate vaccine in South Africa, Kenya and Zambia (as described by Tait and 

colleagues153 and Van der Meeren and colleagues53). As a lower bound for the efficacy, I assumed 49.7% 

(90% CI: 12.1 to 71.2) that was demonstrated for the first case definition for the per-protocol cohort. As 

the upper bound, I considered 54.1% (90% CI: 20.3 to 73.6) that was demonstrated for the same case 

definition but for the intention-to-treat cohort153. I assumed that both efficacies offered degree protection 

(*KJ,K/,,1 ) at 50% - meaning individuals who were vaccinated were 50 percent less susceptible, as the 

vaccine was imperfect. The impact of the vaccine was modeled in India from 2020 to 2050, under the 

scenarios described in Table 7. To model vaccine impact, I relied on the model developed by Abu-Raddad 

and colleagues154. The model is a deterministic, compartmental, age-structured model, that has been fitted 
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to WHO’s 2018 estimates of TB incidence, TB mortality and the proportion of incidence that is rifampicin-

resistant. The model was newly refitted to India as a part of my doctoral project. For all scenarios, I assumed 

that the population receiving the vaccine were latently infected with pulmonary TB. Even though the M72 

vaccine was trialed for HIV negative populations, I disregarded the HIV status of the population given the 

low HIV prevalence (0.2 percent in individuals aged 15-49139). In all cases, I assumed a mass vaccination 

campaign that initiated at scale-up, where a second dose was needed after one month following the initial 

dose. I assumed that no catchup vaccination was provided. To calculate the full-income losses 

corresponding to each vaccination scenario, I injected the annual TB deaths predicted by the models into 

the life table program, to calculate the present value of the gains from the perspective of 2020, assuming a 

discount rate of three percent.  

 

Table 7: Vaccination scenarios modeled 

Scale-up Coverage Efficacy Immunity Age Group 
2020-2030 Reaches 90% coverage in 2030 and 

is maintained until 2050 
54.1% (90% CI: 20.3 to 73.6) 

or  
49.7% (90% CI: 12.1 to 71.2) 

Lifelong 
or 

10 years 

All ages 
or 
18-49 

2025-2035 Reaches 90% coverage from 2025 to 
2030 and is maintained until 2050 

54.1% (90% CI: 20.3 to 73.6) 
or  

49.7% (90% CI: 12.1 to 71.2) 

Lifelong 
or 

10 years 

All ages 
or 
18-49 

2030-2040 Reaches 90% coverage from 2030 to 
2040 and is maintained until 2050 

54.1% (90% CI: 20.3 to 73.6) 
or  

49.7% (90% CI: 12.1 to 71.2) 

Lifelong 
or 

10 years 

All ages 
or 
18-49 

2020-2030 Reaches 90% coverage in 2030 and 
is maintained until 2050 

54.1% (90% CI: 20.3 to 73.6) 
or  

49.7% (90% CI: 12.1 to 71.2) 

Lifelong 
or 

10 years 

All ages 
or 
18-49 

2025-2035 Reaches 90% coverage from 2025 to 
2030 and is maintained until 2050 

54.1% (90% CI: 20.3 to 73.6) 
or  

49.7% (90% CI: 12.1 to 71.2) 

Lifelong 
or 

10 years 

All ages 
or 
18-49 
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Table 8: Vaccine parameter values 

Parameter Value Source 
   Efficacy (VESdegree) 54.1% (90% CI: 20.3 to 73.6) 

or  
49.7% (90% CI: 12.1 to 71.250%) 

Assumed 

   Degree (VEdegree) 50%  
   Duration of effects Lifetime or 10 years Assumed 
   Vaccine introduction Multiple scenarios Assumed 
   Benefits accrual 30 years (2020-2050) Assumed 
   Target population Gender-neutral all ages or  

gender neutral 18-49 
Assumed 

Exposure status Latently infected with TB 
HIV status not considered 

Assumed 

Vaccine coverage Multiple scenarios Assumed 
Catch-up vaccination Not available Assumed 
Booster vaccination Needed at one month Assumed 

 

3. Section 3: Results Statement 

3.1 Valuation for the Herpes Simplex Vaccine 

3.1.1 Genital Herpes 

3.1.1.1 Burden of Disease 

 

There were a total of 489.70 million prevalent infections and 57.48 million incident infections of genital 

herpes in 2017, in the 90 countries that I analyzed (according to data reported by IHME107). According to 

my natural history model, 95 percent of the infections would be due to genital HSV-2, which amounts to 

465.22 million prevalent infections and 54.60 million incident infections. My natural history model further 

suggests that there would be 138,169,402 first episodes due to a prevalent infection, 58,338,194 recurrences 

due to a prevalent infection, and 16,217,399 first episodes due to an incident infection, which when 

summed, gives the total number of individuals who will have at least one symptomatic episode in 2017. 

This figure based on the aforementioned figures, is 212.72 million. Looker and colleagues estimate that 178 

million individuals aged 15–49 had at least one episode of HSV-related genital ulcer disease (GUD) in 

2016110. My estimates, after adjusting for new incident infections in 2017,  are in close proximity of Looker 

et al.’s estimates110 (thereby validating my natural history model). 
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3.1.1.2 Healthcare Costs 

Cost of Medicines 

 

I considered two scenarios in my model: (1) where individuals with incident and prevalent infections in all 

three disease states sought care (a visit for the first episode and 10 visits for the 10 recurrences); (2) where 

individuals with incident and prevalent infections sought care for first episodes and recurrent episodes but 

not for frequent recurrences (a visit for the first episode and six additional visits for the six recurrences); 

(3) where individuals who had incident infections sought care for first episodes, recurrences and frequent 

recurrences but not individuals with prevalent infections. I calculated a pooled care-seeking rate of 0.56 

based on literature (appendix section 6.1.6). For scenario 1, I calculated a cost of US$324.13 million 

(US$299.82 million due to prevalent infections and US$24.31 million due to incident infections). For 

scenario 2, I calculated a cost of US$282.24 million (US$259.33 million due to prevalent infections and 

US$22.90 million due to incident infections). For scenario 3, I calculated a cost of US$22.90 million. These 

figures represent public sector pricing given the unit costs that I used. For the first episode, per the 

guidelines, the median medicines cost was US$1.22 per episode (Acyclovir, three times per day for 10 

days); for recurrences, it was US$0.61 per episode. (Acyclovir, three times per day for five days). The price 

of medicines is stable across the 90 countries. The treatment regimens are also largely consistent. The 

variation in costs is therefore largely attributable to the incident and prevalent populations and country-

level care-seeking.  
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Table 9:Cost of medicines by scenario for genital herpes (2017) 

Scenario Care-seeking Episodes Costs 

Individuals with incident 
and prevalent infections 
in all three disease states 
sought care. 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
Frequent recurrences 
(4 visits) 

US$324.13 million 

Individuals with incident 
and prevalent infections, 
who had first episodes 
and recurrent episodes 
sought care. 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
 

US$282.24 million 

 

Individuals who had 
incident infections 
sought care for the first 
episode and recurrences 
but not individuals with 
prevalent infections 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
Frequent recurrences 
(4 visits) 

US$22.90 million 

 
Cost of Outpatient Care 

 

I considered the same three scenarios when calculating outpatient costs. For scenario 1, I calculated a 

total outpatient cost of US$7.45 billion (US$413.41 million due to incident infections and US$7.03 

billion due to prevalent infections). For scenario 2, I calculated a cost of US$6.21 billion (US$374.46 

million due to incident infections and US$5.83 billion due to prevalent infections). For scenario 3, I 

calculated a cost of US$374.46 million. As yet a fourth option, I considered the scenario where care-

seeking was reduced to 10 percent. For this scenario, I estimated a total cost of US$3.31 billion (US$ 

283.28 million due to incident infections and US$3.02 billion due to prevalent infections). If individuals 

avoid clinic visits and purchased medicines themselves, as suggested by Parker et al.155,  then assuming 

a single clinic visit for the first episode, the total cost reduces to US$2.68 billion (US$263.46 million 

due to incident infections and US$2.41 billion due to prevalent infections). I relied on the unit costs of 

outpatient visits reported by Moses et al., which, generically represented outpatient curative, 

rehabilitative, facility-based preventive, maternal and childcare and vaccination.125  
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Table 10: Cost of outpatient care by scenario for genital herpes (2017) 

Scenario Care-seeking Episodes Costs 

individuals with incident 
and prevalent infections 
in all three disease states 
sought care. 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
Frequent recurrences (4 
visits) 

US$7.45 billion 

Individuals with incident 
and prevalent infections, 
who had first episodes 
and recurrent episodes 
sought care. 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
 

US$6.21 billion  

Individuals who had 
incident infections 
sought care for the first 
episode and recurrences 
but not individuals with 
prevalent infections 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
Frequent recurrences (4 
visits) 

US$374.46 million 

 
 

3.1.1.3 Productivity Costs 

Wage Losses  
 

I estimated that 315.58 million of the 519.80 individuals with incident and prevalent HSV-2 infections in 

the 90 countries in 2017, were employed based on the employment-to-population ratios reported by 

ILSOSTAT132 (60.71 percent). I considered the wage losses for this population under three scenarios: (1) 

where individuals with both incident and prevalent infections in all three disease states experienced 

absenteeism; (2) where individuals with both incident and prevalent infections who had a first episode and 

recurrent episodes experienced absenteeism but not those who had frequent recurrences; (3) where 

individuals with incident infections experienced absenteeism in all three disease states but not individuals 

with prevalent infections (base case scenario). I considered scenario (2) because with frequent recurrences, 

patients acclimate to the cadence and the severity of the discomfort thereby allowing them to better manage 

the disease and avoid absenteeism. I considered scenario (3) because the prevalent population could have 

acquired the infection early enough that they have already had a first episode prior to 2017 and the severity 

and frequency of the recurrences are greatly diminished. For scenario (1), for the 90 countries, I estimated 

the wage losses to be US$23.28 billion (US$20.96 billion in individuals with prevalent infections and 
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US$2.32 billion in individuals with incident infections). For scenario (2), I estimated the wage losses to be 

US$18.60 billion (US$16.75 billion in individuals with prevalent infections and US$1.85 billion in 

individuals with incident infections). For scenario (3), I estimated the wage losses to be US$1.85 million 

in individuals with incident infections. My estimates are contingent on the assumption that each individual 

misses 0.5 days of work due to an episode where they became seropositive in the prior year or in 2017, 

based on literature133 and the input of the clinicians. I estimated the daily wages to range between US$1.32 

and US$55.29 (mean: 14.04; SD: 12.26). 

 

Table 11: Wage losses due to genital herpes (2017) 

Scenario Absent Days Episodes Costs 

Individuals with incident and 
prevalent infections lose 
wages due to first episodes, 
recurrences and frequent 
recurrences 

3.2 days per episode 
 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

US$23.28 billion 

Individuals with incident and 
prevalent infections lose 
wages due to first episodes 
and recurrences 

3.2 days per episode 
 

First episode  
Recurrences (6) 
 

US$18.60 billion 

 

Individuals with incident 
infections lose wages due to 
first episodes and recurrences 

3.2 days per episode 
 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

US$1.85 billion 

 
Output Losses 

 

For scenario (1), I estimated the output losses to be US$23.22 billion (US$20.92 billion in individuals with 

prevalent infections and US$2.31 billion in individuals with incident infections). For scenario (2), I 

estimated the output losses to be US$18.55 billion (US$16.71 billion in individuals with prevalent 

infections and US$1.84 billion in individuals with incident infections). For scenario (3), I estimated the 

output losses to be US$1.84 billion in individuals with incident infections. The WHO African region, 

despite having the highest prevalence of genital herpes, accrued the lowest output and wage losses next to 

the WHO eastern Mediterranean region (US$2.01 billion in output losses and US$2.21 billion respectively). 

The daily wages, which were predicted based on the GNI per capita were lowest in the African region 
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(US$7.57 and comparable to a daily output loss of US$7.24, calculated as the daily per GNI per capita 

based on the employment-population ratio). 

 

Table 12: Output losses due to genital herpes (2017) 

Scenario Absent Days Episodes Costs 

Individuals with incident and 
prevalent infections lose 
wages due to first episodes, 
recurrences and frequent 
recurrences 

3.2 days per episode 
 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

US$23.22 billion 

Individuals with incident and 
prevalent infections lose 
wages due to first episodes 
and recurrences 

3.2 days per episode 
 

First episode  
Recurrences (6) 
 

US$18,55 billion 

 

Individuals with incident 
infections lose wages due to 
first episodes and 
recurrences 

3.2 days per episode 
 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

US$1,84 billion 

 
3.1.1.4 Consumption Value of Health Losses 

Quality of Life Losses 

 

I estimated that 6,070,528 QALYs would be lost in 2017 due to genital herpes: 3,801,478 QALYs would 

be lost due to first episode infections; 1,486,618 QALYs would be lost due to recurrent episodes; 782,430 

QALYs would be lost due to frequent recurrences (scenario 1). If prevalent cases seroconverted early 

enough that they had already had a first episode prior to 2017, then 2,668,109 QALYs would be lost 

(scenario 2). Alternatively, if the incident cases did not have frequent recurrences within 2017 as they 

acquired the infection midyear, then the QALY loss amounts to 2,641,771 QALYs (scenario 3). I assumed 

a TTO utility weight of 0.89 for all symptomatic states and the asymptomatic state. The highest QALY 

losses accrued to the WHO African region (1,505,478 under scenario 1; 664,166 under scenario 2 and 

657,409 under scenario 3). I valued based on country VSLYs the consumption value of QALYs lost in 

scenario (1) at US$138.72 billion, scenario (2) at US$60.685 billion, and scenario (3) at US$60.11billion.  

I estimated the underlying country VSLs assuming an income elasticity of 1.0 (based on Reference Case 

Guidelines for Benefit-Cost Analysis156).  
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Table 13: QALY losses due to genital herpes (2017) 

Scenario Episode Duration Episodes QALY Loss Consumption Value 

Individuals with incident 
and prevalent infections 
experiencing first 
episodes, recurrences 
and frequent recurrences 
in 2017 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent 
recurrences (4) 

6,070,528 US$138.72billion 

Individuals with incident 
infections experiencing 
first episodes, 
recurrences and frequent 
recurrences in 2017. 
 
Individuals with 
prevalent infections 
experiencing 
recurrences and frequent 
recurrences 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent 
recurrences (4) 

2,668,109 US$60.68billion 

Individuals with incident 
infections experiencing 
first episodes and 
recurrences. 
 
Individuals with 
prevalent infections 
experiencing 
recurrences and frequent 
recurrences 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent 
recurrences (4) 

2,641,771 US$60.11billion 

 

Disability Losses 

 

I considered two scenarios: (1) where all episodes were mild (base case scenario); (2) where all episodes 

were moderate; (3) where the first episode was moderate but subsequent recurrences were mild. I assumed 

a disability weight of  0.051 (95% CI: 0.032 – 0.074) for moderate episodes and 0.006 (95% CI: 0.002 – 

0.012) for mild episodes, based on estimates by Salomon et al128. This mapping was based on the 

assumption that a mild episode of genital herpes can include low fever, mild discomfort, but not difficulty 

with daily activities, and that a moderate episode of genital herpes can includes fever and aches, weakness, 

and can cause some difficulty with daily activities. I verified this assumption with my panel of experts and 

network of clinicians. For scenario (1), I estimated that a total of 30,674 DALYs would be lost (9,727 due 

to symptomatic first episodes, 11,705 due to recurrent episodes and 9,241 due to frequent recurrences). For 
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scenario (2), I estimated that in 2017 a total  of 260,731 DALYs would be lost (82, 687 due to symptomatic 

first episodes, 99, 495 due to recurrent episodes and 78, 548 due to frequent recurrences). For scenario (3), 

I estimated that a total of 103, 633 DALYs would be lost (82, 687 due to symptomatic first episodes, 11, 

705 due to recurrent episodes and 9,241 due to frequent recurrences). For scenario (1), using VSLYs 

calculated assuming an income elasticity of 1.5, I estimated the economic losses to be   US$47.06 million. 

For scenario (2), I estimated the economic losses to be   US$400.01 million. For scenario (3), I estimated 

the economic losses to be   US$158.69 million. The mean cost per DALY (across the three scenarios) is 

US$1533.22. 

 

Table 14: DALY losses due to genital herpes (2017) 

Scenario Episode Duration Episodes DALY Loss Consumption 

Value 

All episodes are mild First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

30,674 US$701.64 
million 

All episodes are 
moderate 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

260,731 US$5.96 

billion 

First episode moderate 
but subsequent 
recurrences mild 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

103,633  US$2.37 

billion 

 
3.1.2 HIV Attributable to HSV 

3.1.2.1 Attributable Cases 

 

There were 1,497,051 incident HIV cases in 2017 according to the global burden of disease estimates107. I 

estimated that 445,010 of these cases can be attributed to incident and prevalent HSV-2 cases in 2016 (25.30 

percent). I assumed a relative risk of 4.7 (95%CI 2·2 – 10·1) for incident HSV-2 infections and a relative 

risk of 2.7 (95%CI 2.2 - 3.4) for prevalent HSV-2. Of the 445,010 cases, 13,412 were due to incident HSV-

2 infections – the share of HIV cases in 2017 that could have been averted had the new HSV-2 cases in 

2016 been averted. My figures are in agreement with the recent estimates by Looker and colleagues. They 
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estimate (based on country seroprevalence studies) that there were 1·4 million sexually acquired incident 

HIV infections in individuals aged 15–49 years in 2016, and that 420, 000 (PAF 29·6% [22·9 – 37·1]) can 

be attributed to HSV-2. I estimated that the highest contribution of incident HSV-2 towards incidence HIV 

was in the WHO’s Africa region – 330,341 (125,556 - 535,126) (74.23 percent), which is in agreement with 

the estimates by Looker and colleagues (346 000 [253 000 – 454 000])157. My estimates for other regions 

are in agreement as well. I estimated that 15 sub-Saharan countries had the highest percent of incident HIV 

in 2017, attributable to incident and prevalent HSV-2 (from 32.13 percent in Cameroon to 40.25 percent in 

Malawi).  

 
 

Figure 4:Percent of incident HIV cases attributable to incident and prevalent HSV-2 (2017) 

 
3.1.2.2 Healthcare Costs – Government Health Spending 

 

If the government health spending per a case of HIV is used as the unit cost (as reported by Dieleman 

and colleagues137) then based on the fraction of incident HIV cases in 2017 that are attributable to 

incident and prevalent cases of HSV-2 in 2016, US$ 334.74 million of the US$1.27 billion in 

government health spending on incident  HIV (25.27 percent) can be said to be due to HSV-2. This 
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estimate however, reflects costs that would not be negated due a reduction in HIV cases such as 

prevention costs, programmatic costs, and costs associated with critical and social enablers, even 

though the unit costs are reported by Dieleman and colleagues as a per case cost. As with the attributable 

cases, the highest percent of government health spending on incident HIV that can be attributed to 

HSV-2 was in sub-Saharan Africa (from 32.13 percent in Cameroon, to 40.26 percent in Malawi, in the 

top 15 countries), even though the 15 countries with the highest government health spending per a case 

of HIV did not include any sub-Saharan African countries.  

 
3.1.2.3 Healthcare Costs – Annual Cost of Antiretroviral Treatment 

 
There were 1,497,051 incident HIV cases in the 90 countries that I analyzed. I estimated that 431,598 of 

these cases can be attributed to the prevalent HSV-2 infections in 2016 and that 13,412 can be attributed to 

the incident HSV-2 cases in 2016. I estimated that the 1,497,051 incident HIV cases would incur a cost of 

US$318.91 million if ART was provided at the 2017 country coverage rates, with service delivery and 

laboratory diagnostics to support the provision. I assumed the unit costs for 2016 reported by Stover et al.138 

I estimated that US$183.83 million of this cost (57.64 percent) can be attributed to the 431,598 prevalent 

cases and 13,412 incident HSV-2 cases. The incident and prevalent HSV-2 cases represent the entire 

reservoir of HSV-2 cases. Instead, if the incident HSV-2 cases are considered, then US$5.85 million of the 

US$318,91 million – 1.83 percent of the cost of providing ART is attributable. Based on Stover et al. The 

highest attributable ART cost was in the WHO Afro region (US$2.65 million – 45.31 percent of the total 

attributable cost in scenario 2 and US$81.70 million in scenario 1 – 44.44 percent). 

 

Table 15: Cost of ART for HIV attributable to HSV-2 (2017) 

Scenario Attributable Cases Attributable Cost 

Incident HIV cases attributable 
to incident and prevalent HSV-
2 cases. 

460,466 US$183.83 million 

Incident HIV cases attributable 
to incident HSV-2 cases. 

28,868 US$5.85 million 
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3.1.2.4 End of Life Costs 

 

There were a total of 658,038 HIV-related deaths in 2017 according to UNAIDS (the largest number in the 

WHO African region: 497,524 – 75.61 percent). The HIV population that contributed to these deaths is the 

entire reservoir of HIV/AIDS patients through 2017. If this population is apportioned based on the entire 

population of incident and prevalent HSV-2 cases (scenario 1), then 203,422 of the 658,038 HIV-related 

deaths can be attributed to HSV-2. The corresponding end-of-life cost is US$655.18 million assuming that 

deaths in individuals not accessing ART would incur 9.7 inpatient days and 5.5 outpatient days of clinical 

care (US$491.38 million) prior to the death and that this cost could be reduced to one-third its value in 

individuals accessing ART (US$163.79). This figure is not defensible, however. If instead, the contribution 

of deaths due to prevalent HIV cases, attributable to prevalent HSV-2 cases is considered (scenario 2), then 

I estimated that the end-of-life costs would amount to US$614.61 million.  

 
3.1.2.5 Productivity Costs 

Lost Wages 

 
There were 755,112 working individuals in the 90 countries that I analyzed in 2017, who were HIV positive 

due to an incident infection in 2017. I estimated that 231,340 of these cases can be attributed to the entire 

reservoir of incident and prevalent HSV-2 infections through 2016. I estimated that the 231,340 individuals 

would lose US$14.59 million in wages due to absenteeism, assuming they lost 5.31 working days per month 

on average throughout the year when not on ART, and 2.52 working days once on ART for six months. I 

estimated that US$13.72 million of the wage losses can be attributed to prevalent HSV-2 infections and the 

remainder, US$872,367 to incident infections in 2016. The latter is the share that can be averted with a 

prophylactic vaccine. Most studies reporting absenteeism are at the very least 10 years old. Assuming that 

due to new ART regimens, absenteeism is completely eliminated once on ART, then the US$14.59 million 

figure reduces to US$9.44 million. If the daily output rate is used instead of the daily wage rate, then 
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US$14.58 million is lost if the older regimens of ART are assumed (such that even when on ART, 2.52 

days are lost due to absenteeism). If the newer regimens and therefore if absenteeism is assumed to be 

eliminated once on ART, then the output loss amounts to US$9.45 million. 

 

Table 16: Wage losses due to HIV attributable to HSV-2 (2017) 

Scenario Attributable Wage Loss Attributable Output Loss 

Incident HIV cases attributable to incident 
and prevalent HSV-2 cases. 
(2.5 days lost when on ART) 

US$14.59 million US$14.58 million 

Incident HIV cases attributable to incident 
and prevalent HSV-2 cases. 
(0 days lost when on ART) 

US$9.44 million US$9.45 million 

Incident HIV cases attributable to incident 
HSV-2 cases. 
(2.52 days lost when on ART) 

US$872,367 US$562,515 

 
 
3.2 Full Public Health Value of a Herpes Simplex Vaccine 

3.2.1 The Impact of a Vaccine 

3.2.1.1 Prophylactic Vaccine 

 
Gains in 2017 in LMICs 

 
In the simplest case, if a prophylactic vaccine was able to reduce the incidence of genital herpes by 50 

percent in 2017, then the cost of medicines can be reduced by US$11.45 million, outpatient costs can 

be reduced by US$187.23 million. The total healthcare-related savings would therefore be in the order 

of US$198.68 million, which is conservative but reliable as it does not account for prevalent cases 

seeking treatment and limits care-seeking to incident first episodes and recurrences. If individuals with 

both incident and prevalent infections sought care, then the savings increases to US$201.46 million. 

Even if individuals with both incident and prevalent infections, sought care for all episodes, the savings 

would not exceed US$222.15 million. I also estimated that wage losses (accruing to the individual or 

the household) can be reduced by US$924.12 million (if losses in individuals with incident infections 
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are considered) to US$1.17 billion (if both incident and prevalent cases are considered). The output 

losses accruing to the government are of the same order. I estimated that the QALY losses averted are 

224,551 to 237,721, corresponding to a consumption value of US$4.91 billion to US$5.21 billion. A 

total loss of 863 to 4692 DALYs can also be averted, which has a consumption value of US$18.88 

million to US$0.11 billion. Additionally, with a prophylactic vaccine, US$2.89 million in ART costs, 

and US$432,166 to US$0.44 million in HIV-related wage losses can also be averted. The combined 

annual savings from direct and indirect costs range from US$1.13 billion to US$1.39 billion (in 2017).  

This savings is supplemented with US$5.01 billion to US$24.90, which represents the consumption 

value of the QALY and DALY losses that are averted with a prophylactic vaccine. 
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Table 17: Summary of genital herpes costs and impact of a prophylactic vaccine (2017) 

 
 Scenario Care-seeking Episodes Without Vaccine With Vaccine Averted 

Medicines Individuals with incident and 
prevalent infections in all  
three disease states sought 
care. 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
Frequent recurrences (4 
visits) 

US$324.13 million US$311.98 million US$12.15 million 

 Individuals with incident and 
prevalent infections, who had 
first episodes and recurrent 
episodes sought care. 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
 

US$282.24 million 

 

US$270.78 million US$11.46 million 

 Individuals who had incident 
infections sought care for the 
first episode and recurrences 
but not individuals with 
prevalent infections 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
Frequent recurrences (4 
visits) 

US$22.90 million US$11.45 million US$11.45 million 

 
 Scenario Care-seeking Episodes Without Vaccine With Vaccine Averted 

Outpatient 
Care 

Individuals with incident,  
prevalent infections in all 
three disease states sought 
care. 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
Frequent recurrences 
(4 visits) 

US$7.45 billion US$7.24 billion US$0.21 billion 

 Individuals with incident,  
prevalent infections, who  
had first episodes and 
recurrent episodes sought 
care. 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
 

US$6.21 billion US$6,02 billion US$0.19 billion 

 Individuals who had incident 
infections sought care for  
first episode and recurrences 
but not individuals with 
prevalent infections 

Regional care-seeking 
rates 
 

First episode (1 visit) 
Recurrences (6 visits) 
Frequent recurrences 
(4 visits) 

US$374.46 million US$187.23 US$187.23 million 
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Table 17 (continued) 
 

 Scenario Absent Days Episodes Without Vaccine With Vaccine Averted 

Wage Losses Individuals with incident 
and prevalent infections 
lose wages due to first 
episodes, recurrences  
and frequent recurrences 

3.2 days per episode 
 

First episode 
Recurrences (6) 
Frequent 
recurrences (4) 

US$23.28 billion US$22,11 billion US$1.17 billion 

 Individuals with incident 
and prevalent infections 
lose wages due to first 
episodes and recurrences 

3.2 days per episode 
 

First episode  
Recurrences (6) 
 

US$18.60 billion 

 

US$17,67 billion US$0.93 billion 

 Individuals with incident 
infections lose wages due 
to first episodes and 
recurrences 

3.2 days per episode 
 

First episode 
Recurrences (6) 
Frequent 
recurrences (4) 

US$1.85 billion US$925.88 million US$924.12 million 

 
 Scenario Episode Duration Episodes Without Vaccine With Vaccine Averted 

QALY Losses Individuals with incident  
and prevalent infections 
experiencing first episodes, 
recurrences and frequent 
recurrences in 2017 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences 
(4) 

6,070,528 5,832,807 237,721 

 Individuals with incident 
infections experiencing  
first episodes, recurrences 
and frequent recurrences  
in 2017. 
 
Individuals with prevalent 
infections experiencing 
recurrences and frequent 
recurrences 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences 

(4) 

2,668,109 2,430,389 237,720 

 Individuals with incident 
infections experiencing first 
episodes and recurrences. 
 
Individuals with prevalent 
infections experiencing 
recurrences and frequent 
recurrences 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences 
(4) 

2,641,771 2,417,220 224,551 
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Table 17 (continued) 
 

 Scenario Episode Duration Episodes Without Vaccine With Vaccine Averted 

Consumption Value  
of QALY Loss 

Individuals with incident 
and prevalent infections 
experiencing first episodes, 
recurrences and frequent 
recurrences in 2017 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent 
recurrences (4) 

US$138.72billion US$133,51 billion US$5.21 billion 

 Individuals with incident 
infections experiencing  
first episodes, recurrences 
and frequent recurrences in 
2017. 
 
Individuals with prevalent 
infections experiencing 
recurrences and frequent 
recurrences 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent 

recurrences (4) 

US$60.68billion US$ 55.48 billion US$5.20 billion 

 Individuals with incident 
infections experiencing  
first episodes and 
recurrences. 
 
Individuals with prevalent 
infections experiencing 
recurrences and frequent 
recurrences 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent 
recurrences (4) 

US$60.11billion US$55.20 billion US$4.91 billion 

 
 Scenario Episode Duration Episodes Without Vaccine With Vaccine Averted 

DALY Loss All episodes are mild First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

30,674 29,811 
 

863 

 All episodes are moderate First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

260,731 253,395 

 

7,336 

 First episode moderate but 
subsequent recurrences mild 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

103,633 98,941 

 

4,692 
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Table 17 (continued) 
 

 Scenario Episode Duration Episodes Without Vaccine With Vaccine Averted 

Consumption 
Value of DALY 
Loss 

All episodes are mild First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

US$701.64 million US$682.76 million US$18.88 million 

 All episodes are moderate First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

US$5.96 billion US$5.80 billion US$0.16 billion 

 First episode moderate but 
subsequent recurrences mild 

First episode (6.5 days) 
Recurrences (5 days) 

First episode 
Recurrences (6) 
Frequent recurrences (4) 

US$2.37 billion US$2.26 billion US$0.11 billion 
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Table 18: The full public health value of a prophylactic vaccine against genital herpes (2017) 

Drivers Losses Value Full Public Health Value 
(Proposition) 

Proximal Driver Distal Drivers Losses Averted (US$) Market Value Intrinsic Value To the individual To the government 
Physical 
disability 
(Genital Herpes) 

 Medicines 
Costs                                            

11.45 million – 
12.15 million 

 
Treatment-related 
savings: 
198.68-222.15 million 

  
Treatment 
savings + Wage 
savings 
 
 
1122.8 - 1392.15 
million 

 
 
 
 
Treatment savings 
+ Output savings 
 
 
1131.86 - 1382.15 
million 

  Outpatient 
 Costs 

187.23 million – 
210 million 

 

  Wage losses  
(Absenteeism)                                  

924.12 million – 
1.17 billion 

Wage-related Savings:  
924.12 million–1.17 
billion 
(Accruing to individual)  

 

  Output losses 
(Absenteeism)                                     

933.18 million – 
1.16 billion 

Output-related savings: 
933.18 million –1.16 
billion 
(Accruing to government) 

  

  Consumption value 
of disability 

0.11 billion – 
18.88 billion 

 Averted disability: 
0.11 billion – 18.88 
billion 

Averted 
disability: 
 
0.11 – 18.88 
billion 

 

Reduced quality 
of life 
(Genital Herpes) 

 Consumption value 
of reduced quality 
of life 

4.91 billion – 
5.20 billion 

 Improved quality of 
life: 
4.91 billion – 5.20 
billion 

Improved quality 
of life: 
 
4.91 – 5.20 
billion 

 

Physical 
disability 
(HIV-HSV-2) 

 Cost of ART 2.89 million Treatment-related 
savings:  
2.89 million 

 Treatment 
savings + Wage 
savings 
 
3.32 - 3.33 
million 
 

 
 
 
Treatment savings 
+ Output savings 
 
 
3.32 - 3.33 million 
 

  Wage loss 
(Absenteeism) 

432,166 –  
0.44 million 

Wage-related Savings: 
432,166 –0.44 million 
(Accruing to individual) 

 

  Output losses 
(Absenteeism)  

432,166 – 0.44 
million 

Output-related savings 
432,166 –0.44 million 
(Accruing to government) 
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Table 18 (continued) 
 

Drivers Losses Value Full Public Health Value 
(Proposition) 

Proximal Driver Distal Drivers Losses Averted (US$) Market Value Intrinsic Value To the individual To the government 
Mortality 
(HIV-HSV-2) 

 End-of-life  
Costs                                                      

Assumed to be 
US$0.00 for 
incident HSV-2 
infections 

    

  Output loss 
(Premature 
Mortality)                                                              

Not estimated     

Birth defects  Medicines 
Costs 

Not estimated     

  Long-term  
Care Costs 

Not estimated     

  Lifetime output  
Losses 

Not estimated     

 Male infertility Medicines 
Costs 

Not estimated     

 Social stigma Medicines  
(Increased 
Recurrence) 

Not estimated     

  Wage losses 
(Increased 
Recurrences)  

Not estimated     

  Output losses 
(Increased 
recurrences) 

Not estimated     

 Intimate 
partner 
violence 

 Not estimated     

Antimicrobial 
resistance 

 Medicines  
Cost 

Not estimated     
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3.2.2 Discussion of Results 

3.2.2.1 Economic Burden of Genital Herpes 

 

The economic burden due to genital herpes in LMICs, even when limiting to treatment costs and 

productivity losses, are at least as high as US$2.25 billion annually (the cost of medicines contributes 

US$22.90 million; the cost of outpatient care contributes US$374.46 million; and lost wages due to 

absenteeism contributes US$1.85 billion). The consumption value of the quality of life losses adds an 

additional US$60.11 billion to US$138.72 billion and the consumption value of the disability losses adds 

an additional US$ 0.11 billion to US$ 18.88 billion. The incident HIV cases attributable to incident HSV-

2 infections contribute US$2.89 million in ART-related costs and US$432,166 to US$ 0.44 million in wage 

losses due to absenteeism. 

 

The extraordinarily high incidence of the costs in sub-Saharan Africa, hints at a hidden scourge, not only 

due to the economic losses but also due to the enormous quality of life losses. The highest QALY losses 

accrued to the WHO Africa region (1,505,478 under scenario 1; 664,166 under scenario 2 and 657,409 

under scenario 3). An equally consequential contribution of my analysis is the estimate of the economic 

burden of HIV that can be potentially attributed to HSV-2, which was also previously unreported. I 

estimated that 15 sub-Saharan African countries had the highest percent of incident HIV in 2017, that is 

potentially attributable to incident and prevalent HSV-2 (from 32.13 percent in Cameroon to as high as 

40.25 percent in Malawi). The attribution of HIV cases to HSV-2, along with the economic and quality of 

life burden, while certainly valid insofar as the epidemiological synergy is concerned (which is well 

established), is nonetheless still in question as a biological mechanism to attribute the synergy is still not 

known.  

 

The third contribution of my estimates is in providing a basis for quantifying the relative magnitude of the 

physical disability and the psychosocial disability. The TTO utility weights that I relied on for estimating 
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the QALY losses, were identical for symptomatic and asymptomatic genital herpes. Even when 

asymptomatic, at least 2,641,771 QALYs are lost as compared to the pre-genital herpes state (which was 

estimated to have a utility weight of 0.94). Due to the identical TTO weights, it is plausible that the quality 

of life degradation is more attributable to the psychosocial effects rather than the physical disability of the 

disease. Psychological distress can stem from factors such as the anxiety of anticipating outbreaks, fear of 

transmitting to a partner and due to intimate partner violence. Considering Gonorrhea as a reference158, the 

utility weights for genital herpes suggest a significant comparative degradation in the quality of life. 

 

My estimates provide less clarity on whether psychological distress due to genital herpes is greater in men 

when compared to women. The TTO weights for asymptomatic and symptomatic genital herpes was 0.93 

and 0.93 for men and 0.85 and 0.84 for women, respectively127. The consumption value of the QALY loss 

is therefore higher for women. Symptoms have been reported to be more severe in women than in men, 

accompanied by more disease-related complications159. Though men are known to experience more 

frequent recurrences than women, women have been found to seek treatment and support more often than 

men160. Literature on the effects of psychological distress due to genital herpes in men versus women, is 

sparse. Therefore, whether the greater quality of life loss in women compared to men should be attributed 

to the physical disability or the psychosocial effects is difficult to ascertain.  

 

The nearly 23-fold difference in the consumption value of the quality of life losses and the disability losses 

is noteworthy (US$138.72 billion versus US$5.96 billion, respectively for moderate severity of episodes). 

Even if all episodes are assigned a moderate severity, the consumption value of QALY losses far exceeds 

the consumption value of DALY losses. Even when asymptomatic, individuals experience the same level 

of quality of life degradation as when symptomatic (TTO weights are 0.89 in both cases based on Fisman’s 

estimates127). The DALY losses, however, are episodic and not incurred when asymptomatic. As the age of 

infections increases the duration of the episodes decline (per Phipps et al.161) and therefore the consumption 
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value of the DALY losses will decline correspondingly. However, the consumption value of the QALY 

losses will be marginally affected as the larger contribution of asymptomatic days dominate. 

 

As my estimates are based on sensitivity scenarios, guidance regarding a base case is useful. The bounds 

for the estimates for treatment costs and wage losses reflect whether the epidemic in a particular setting is 

in endemic equilibrium25. The prevalence of genital herpes in 2017 ranged between 25.04 percent (in the 

WHO Africa region) and 10.97 percent in the South-East Asia region. The incidence ranged between 0.56 

percent in the Africa region and 0.27 percent in the South-East Asia region107. Given the relative sizes of 

the  prevalent and incident reservoirs, it is plausible that the probability of symptomatic episodes in an 

individual who seroconverted several years prior, would be much higher than the probability of 

symptomatic disease in individuals who seroconverted within a year, especially as symptomatic disease is 

lifelong. The severity of the disease decreases with the age of the infections. Phipps et al. report that the 

duration of clinical recurrences decreased after the first episode: the mean recurrence length was 10.4 days 

(range, 1–32 days) one year from the first episode, 7.2 days (range, 1–23 days) 2 to 9 years after the first 

episode, and 6.5 days (range, 1–24 days) ten years after the first episode. The episode frequency did not 

change, however161. Assuming that the duration of an episode dominates the decision to seek care, given 

the expected relative age of the infections, the midpoint is a likely scenario and therefore a base case.  

 

For the QALY estimates, the lower bound differs however, in that it corresponds to an epidemic that has 

reached endemic equilibrium (prevalent infections do not experience first episodes) but incident infections 

do not experience frequent recurrences and therefore is a conservative variation of the midpoint. The 

guidance is still applicable. As the midpoint represents individuals with incident infections experiencing 

first episodes, recurrences and frequent recurrences, and individuals with prevalent infections experiencing 

recurrences and frequent recurrences, it is still the likely base case.  
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Unlike QALY estimates, the DALY estimates reflect severity bounds. Severity can be established on the 

basis of local pain or the duration of an episode. Patel et al. find that pain associated with recurrences was 

described as severe by 11 percent of patients (moderate by 36 percent and mild by 48 percent of patients) 

133. As the length of recurrences after the first episode declines with time, in conjunction with Patel et al’s 

findings, the DALY estimate assuming that all episodes are mild is suitable as a base case. 

 

My estimates  undervalue several costs. The cost of medicines does not include costs associated with routine 

testing conducted in public sector hospitals. I also assumed that Valacyclovir (Valtrex) is not prescribed in 

LMICs, even though it is recommended per the WHO treatment guidelines116. If Valacyclovir were to be 

added as a treatment option, then the cost can increase to US$ 144.42 million (as a lower bound) as the 

median price of Valacyclovir is US$0.56 whereas Acyclovir is US$0.04, per 200mg tablet-capsule162. As 

individuals become acclimated to the disease, they are also more inclined to seek care from private 

pharmacies, especially as the medicines are relatively inexpensive and due to the stigma of the disease. 

These private costs are not reflected in my estimates. Stigma associated with genital herpes is particularly 

influential in determining care-seeking behaviors72, as reported by Meyer-Weitz et al.163 and others 164,165,166. 

A higher proportion of patients with sexually transmitted infections in general, rely on local pharmacies 

rather than public health facilities for their supply of medicines167, 168.  

 

Often when care is sought in public facilities, patients are screened for HIV for up to three months118. 

Additional screening based on dark ground microscopy and serology (such as the venereal disease research 

laboratory test - VDRL169) are routinely performed for up to three months to cover the incubation period. 

Saltwater washes are also administered, along with vaginal smears. These costs add to the generic outpatient 

costs, which I estimated to be in the range of US$374.46 million to US$7.45 billion. As I relied on the 

outpatient unit costs estimated by Mosses and colleagues, which represent a generic pooled cost of 
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outpatient curative and rehabilitative care125, they do not account for additional overhead necessitated by 

genital herpes.  

 

The losses in wages due to absenteeism , suggest that on average, a person who has an incident or prevalent 

infection in 2017, who is symptomatic, can lose between US$73.76 and US$56.05 in wages annually, due 

to the disease. The estimates are contingent on the assumption that individuals with genital herpes missed 

3.1 days of work due to an episode with mild pain and discomfort, 3.1 days of work due to an episode with 

moderate pain and discomfort, and 3.5 days of work due to an episode with severe pain and discomfort133. 

For six recurrences per year, with moderate pain and discomfort (the mean number of recurrences assumed), 

an individual would therefore lose 18.5 days, which is substantial assuming 260 working days in 2017. The 

figures are based on surveys conducted in high-income European countries, which may not be applicable 

to LMICs. As the population that I considered is aged 15-49, I am appropriately allocating losses to 

individuals who participate in the labor force (though marginally higher as I am not including the population 

from 50 to 65). While I do not take into account wage losses incurred by caregivers, in the case of genital 

herpes the contribution is minimal given the nature of the disease (as assumed by others170, 30).  

   

My estimates likely undervalue the DALY losses as I do not account for episodes that are severe (beyond 

moderate) as the corresponding disability weights are not available. Patel et al. find that pain associated 

with recurrences was described as severe by 11 percent of patients (moderate by 36 percent and mild by 48 

percent of patients) 133. IHME estimates 132,120 QALYs107, which is on par with the estimate for scenario 

(2). Possible reasons for the discrepancy stem from my natural history assumptions (such as the number of 

recurrences and duration of episodes) as well as my mapping of the disability weights to the episodes. Using 

Gonorrhea as a reference again, suggests that the disability losses due to genital herpes are not as 

significant158.  
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While my estimates did not account for all drivers of economic burden that I identified in my scoping 

review, they still provide a reasonable appraisal. The psychosocial contribution of shame, stigma, intimate 

partner violence and marital disruptions, though not directly estimated, is indirectly reflected in the utility 

weights that I used to estimate the QALY losses, as the utility weights were measured in populations with 

symptomatic episodes. Psychological distress associated with genital herpes is known to trigger 

symptomatic recurrences98. The corresponding contribution towards losses can be computed assuming that 

persistent stress predicts symptomatic recurrences with an odds ratio of 1.08 per unit increase in stress (95% 

CI: 1.01-1.15)171. My natural history parameters, as they were based on clinic-based studies, account for 

the additional contribution. Male infertility due to genital herpes contributes to the shorter-term economic 

burden via increases in healthcare expenditure. The contribution, while unaccounted, is presumably 

marginal in LMICs, given the recent evidence on care-seeking for male infertility due to HSV-2 

infections172.   

 

3.2.2.2 The Full Public Health Value Proposition of a Prophylactic Herpes 

Simplex Vaccine 

 

I estimated that the full public health value that accrues to the individual includes US$1.12 billion to 

US$1.39 billion, due to averted healthcare costs and wage losses, if 100 percent of the healthcare costs were 

borne by the individual. The full public health value additionally includes US$0.11 billion to US$18.88 

billion in consumption value of averted disability and US$4.91 billion to US$5.20 billion in consumption 

value of improved quality of life. If the individual was HIV-positive in 2017, an additional US$2.89 million 

adds as averted healthcare spending on ART. To the government, I estimated that US$1.13 billion 1.38 

billion would accrue as averted healthcare spending and avoided output losses (if 100 percent of the 

healthcare costs were borne by the government). From the HIV populations, an additional US$2.89 million 

would be added due to reduced spending on ART. 

 



 

 
64 

These savings are substantial and yet they represent a limited share of the full public health value. Genital 

herpes and HIV-attributable-to-HSV-2 do not account for the full spectrum of diseases that can be averted 

with a vaccine. Secondly, as both diseases are lifelong, the losses that are averted with a vaccine are losses 

that would accumulate over the lifetime of an individual. Thirdly, both diseases contribute towards onward 

transmission. Any HIV infection caused by HSV-2 can lead to secondary HIV infections regardless of 

HSV-2’s role as a cofactor. The secondary infections are not captured in my PAF estimates. This excess 

burden of HIV needs to be accounted for, as an additional measure of the HSV-2 and HIV synergy. Abu-

Raddad and colleagues find that while the direct effects remain stable, the indirect effects can decline due 

to rising HIV prevalence that limits the number of the susceptible pool.25  

 

For example, HSV-2 viral shedding has been found to be nearly four times higher in HIV seropositive 

women than in seronegative women173.  The reverse effect is also possible: HSV-2 can exacerbate the HIV 

burden, leading to increased HIV-related costs. For example, cervicovaginal HIV shedding is associated 

with herpetic lesions in women174. Treating HIV can also worsen the clinical course of genital herpes. 

Recent evidence suggests that the initiation of ART has a large effect in triggering genital ulcers and viral 

shedding in individuals who are seropositive for HSV-2 (the former with an adjusted Population Relative 

Risk of 1.94 (95%CI: 1.04–3.62) and the latter with an adjusted OR of 2.58 (95%CI: 1.48–4.49)175. These 

individuals will likely need to be placed on both antiviral treatment and antiretroviral treatment 

concurrently. Acyclovir is known to abate the progression of HIV176. Whether the effect of ART is 

moderated in the presence of Acyclovir is unknown. 

 

Lastly, the reduction in incidence that I assumed due to vaccine efficacy, may indeed be a conservative 

estimate. I did not consider the effect of a prophylactic vaccine on HSV-1, which in turn can affect HSV-2 

acquisition rates. Recent studies suggest that acquisition rates are higher in individuals who are HSV-1 

positive and that sub-clinical HSV-2 acquisition is also three times as likely113. Freeman et al. find that a 

HSV-2 vaccine campaign with 70 percent population coverage, 75 percent reduction in HSV-2 
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susceptibility and 75 percent reduction in HSV-2 shedding, would reduce HIV incidence by 30 to 40 percent 

over two decades22, 177.  

 

3.2.2.3 Limitations 

 

My estimates are prone to four major limitations. First, my estimates are founded on the IHME genital 

herpes estimates, which do not consider the contribution of high-risk populations including men who have 

sex with men (MSM), prisoners, sex workers and drug users. Secondly, I computed the number of incident 

and prevalent cases of HIV-attributable-to-HSV-2 using Levin’s classical formula rather than a 

transmission dynamics model. Third, my estimates are founded on a natural history model that does not 

account for the severity of the episodes nor a time window to distinguish recent versus established 

infections. The fourth and most significant limitation of my estimate is that it is for a single year (2017). 

 

To account for the first limitation, I compared IHME estimates to estimates by Looker and colleagues, 

based on country seroprevalence studies10. As their estimates are at the WHO region level, I aggregated 

IHME estimates to the WHO region level and compared. While I could not account for the second 

limitation, the impact on the reliability of the incident HIV cases attributable to HSV-2 is minimal as 

classical estimates have been found to closely mirror model-based estimates by Abu-Raddad and 

colleagues25 and they have also been used to estimate the HIV burden due to HSV-2 by Looker and 

colleagues157. However, I do not account for the secondary HIV cases due to onward transmission. To 

account for the third limitation, I estimated economic losses under several episode and severity scenarios. 

While the genital herpes related losses are minimally impacted by limiting estimates to a single year, when 

computing HIV-related losses, limited knowledge of the HSV-2-HIV natural history introduces uncertainty. 

For example, when attributing HIV deaths to HSV-2, the contribution of prevalent HSV-2 infections is 

difficult to estimate as the time course of when an HSV-2 infection gives rise to a secondary HIV infection, 

which leads to premature mortality is not established.  
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My estimates are also limited by the parameter values that I relied on. A majority of my natural history 

parameters are from clinic-based studies from high-income countries. Even utility weights that I used to 

estimate the QALY burden are from high-income countries (Canada)127. Their limited applicability to 

LMICs is a limitation.  The natural history parameters are also prone to uncertainty. I accounted for such 

uncertainties by gathering input from a panel of experts and in-country clinicians. The outpatient unit costs 

that I relied on, despite being the most recent, also do not adequately capture the additional expenditure 

associated with a genital herpes-related visit, such as routine HIV testing. The VSL values that I used to 

estimate the consumption value of the QALY and DALY losses, contrary to its name, are based on the 

willingness to accept greater risk in exchange for higher wages, rather than the willingness to pay to avert 

the risk. Despite this theoretical discrepancy, willingness to pay and willingness to accept estimates have 

been found to be reasonably on par for small risk changes178. I used VSL values to value non-fatal health 

risks. While this is a limitation, my approach is consistent with recommendations for benefit-cost 

analysis156. 

 

3.3 Valuation for the Tuberculosis Vaccine 

3.3.1 The Economic Cost of Premature Mortality to due TB 

3.3.1.1 Economic Costs in 2018 

 

There were 1,422,190 deaths due to all forms of TB, including deaths from TB in people who were HIV-

positive, in the 120 countries that I analyzed (34 high-income, 29 upper-middle-income, 34 lower-middle-

income and 23 low-income). The full-income value of the mortality risk reduction - the sum of the income 

growth measured in national income accounts plus the value of the change in mortality - amounts to 

US$580.00 billion. The full-income value of each TB death was on average, US$1,307,651. The highest 

full-income losses were in sub-Saharan Africa (US$201.00 billion) (Figure 8, Table 18).  
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Figure 5: Full-income losses by World Bank region (2018) 

 

Table 19:TB deaths and full-income losses (2018) 

Including HIV   

Region 
TB 

Deaths 
Full-Income Loss 
(US$ billions) 

East Asia & Pacific 222,480 147 

Europe & Central Asia 24,695 31.3 

Latin America & Caribbean 21,275 17.5 

Middle East & North Africa 11,811 9.85 

South Asia 549,630 170 

Sub-Saharan Africa 591,459 201 
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Table 19 (continued) 
 

Excluding HIV   

Region 
TB 

Deaths 
Full-Income Loss 
(US$ billions) 

East Asia & Pacific 206,132 137 

Europe & Central Asia 21,090 28 

Latin America & Caribbean 15,638 13.1 

Middle East & North Africa 11,475 9.61 

South Asia 539,647 167 

Sub-Saharan Africa 384,494 115 

Contribution of HIV 
  

Region 
TB 

Deaths 
Full-Income Loss 
(US$ billions)  

East Asia & Pacific 16,348 10 

Europe & Central Asia 3,605 3.3 

Latin America & Caribbean 5,637 4.4 

Middle East & North Africa 336 0.24 

South Asia 9,983 3 

Sub-Saharan Africa 206,965 86 

 
 
In the 29 countries with the highest TB/MDR burden, there were 1,166,908 TB deaths whose full-income 

value is US$477 billion. This amounts to a loss of US$526,735.93 per TB death (compared to the 

US$$1,307,651 per TB death in the 120 countries). In the 29 countries with the highest TB/HIV burden 

(with the exception of Swaziland), there were 1,173,942 TB deaths, which had a full-income value of 

US$467 billion. This amounts to a loss of US$406,701 per TB death (compared to the US$$1,307,651 per 

TB death in the 120 countries).  

 

3.3.1.2 If Tuberculosis Deaths Declined by 2 percent Annually from 2020 to 

2050 

 

If TB deaths declined at two percent annually from 2020 to 2050 (the commonly cited average annual 

decline from 2000 to 201838), then a total of 31.80 million deaths would result, with a full-income value of 
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US$17.50 trillion in 2020 (assuming a three percent discount rate and an income elasticity of 1.0).  The 

highest full-income losses, in absolute terms, would accrue to India (US$6.39 trillion), China (US$1.95 

trillion), Indonesia (US$1.68 trillion), South Africa (US$1.13 trillion) and Nigeria (US$923.00 billion).  

 

 
Figure 6: Full-income losses by World Bank region (2020 to 2050) 

 

Table 20: TB deaths and full-income losses (2020) 

Including HIV  
 

Region 
TB 

Deaths 
Full-Income Loss 
(US$ billions) 

East Asia & Pacific 4,969,645 5110 

Europe & Central Asia 550,211 763 

Latin America & Caribbean 474,742 351 

Middle East & North Africa 263,904 172 

South Asia 12,284,203 7120 

Sub-Saharan Africa 13,218,883 3840 
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Table 20 (continued) 
 

Excluding HIV  
 

Region 
TB 

Deaths 
Full-Income Loss 
(US$ billions) 

East Asia & Pacific 4,602,706 4740 

Europe & Central Asia 469,750 675 

Latin America & Caribbean 348,824 259 

Middle East & North Africa 256,228 167 

South Asia 12,066,735 6990 

Sub-Saharan Africa 8,596,653 2160 

  
 

Contribution of HIV 
 

 

Region 
TB 

Deaths 
Full-Income Loss 
(US$ billions) 

East Asia & Pacific 366,939 370 

Europe & Central Asia 80,461 88 

Latin America & Caribbean 125,918 92 

Middle East & North Africa 7,676 5 

South Asia 217,468 130 

Sub-Saharan Africa 4,622,230 1680 

 
3.3.1.3 If the End TB Mortality Target was Met in 2030  

 

The scenario changes quite dramatically if the End TB mortality target was met in 2030 – meaning, if TB 

deaths declined annually at a constant rate so that the TB deaths in 2030 were 90 percent less than the TB 

deaths in 2015, and thereafter remained at a constant per capita rate until 2050. A total of 8,002,665 TB 

deaths would result with a full-income value of US$4.34 trillion. Meeting the End TB target in 2030 would 

thus eliminate 23,797,335 million deaths, which amounts to US$13.15 trillion in full-income losses, as 

compared to the business-as-usual scenario. If deaths in people who were HIV-positive were excluded, then 

6,166,545 deaths would result, amounting to US$3.49 trillion in full-income losses. TB deaths in people 

who were HIV-positive if the End TB target was met in 2030 (1,836,120 of the 8,002,665 deaths - 22.94 

percent) would therefore contribute US$1.56 trillion to the savings of US$13.15 trillion in meeting the End 

TB mortality target in 2030 (11.83 percent). 
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Table 21: TB deaths and full-income losses (2020) – End TB target met in 2030 

 
Including HIV  

 

Region 
TB 

Deaths 
Full-Income Loss 
(US$ billions) 

East Asia & Pacific 1,200,110 1250 

Europe & Central Asia 157,904 253 

Latin America & Caribbean 112,538 92.8 

Middle East & North Africa 61,719 42.9 

South Asia 2,843,565 1540 

Sub-Saharan Africa 3,620,881 1110 

Excluding HIV  
 

Region TB 
Deaths 

Full-Income Loss 
(US$ billions) 

East Asia & Pacific 1,087,537 1140 

Europe & Central Asia 137,519 225 

Latin America & Caribbean 85,592 70.5 

Middle East & North Africa 60,460 41.6 

South Asia 2,738,317 1480 

Sub-Saharan Africa 2,053,576 514 

Contribution of HIV  
 

Region TB 
Deaths 

Full-Income Loss 
(US$ billions) 

East Asia & Pacific 112,573 110 

Europe & Central Asia 20,385 28 

Latin America & Caribbean 26,946 22.3 

Middle East & North Africa 1,259 1.3 

South Asia 105,248 60 

Sub-Saharan Africa 1,567,305 596 
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Figure 7: Full-income losses by World Bank region (2020-2050) – End TB target met in 2030 

 
3.3.1.4 If the End TB Mortality Target was Met in 2045  

 

There is however, broad consensus that the End TB mortality target will not be met by 203017. I assumed 

that 2045 would be a more feasible target. If the End TB mortality target was met in 2045, then a total of 

13,700,000 deaths would result (an improvement of 18.1 million deaths from the business as usual 

scenario). The resulting full-income losses borne by the countries will be US$7.30 trillion (a US$10.19 

trillion reduction from the business as usual scenario). If TB deaths in people who were HIV-positive were 

to be excluded, then a total of 10.6 million deaths would result (people who were HIV-positive contributing 

3.10 million deaths – 22.63 percent of the deaths), resulting in US$5.88 trillion in full-income losses. People 

who were HIV-positive thus contribute US$979 billion – 9.60 percent to the savings of meeting the target 

in 2045.  
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Figure 8:Full-income losses by World Bank region (2020-2050) – End TB target met in 2045 

 

Table 22: TB deaths and full-income losses (2020) – End TB target met in 2045 

 
Including HIV  

 

Region 
TB 

Deaths 
Full-Income Loss 
(US$ billions) 

East Asia & Pacific 2,128,704 2080 

Europe & Central Asia 282,005 422 

Latin America & Caribbean 196,003 162 

Middle East & North Africa 106,818 76.4 

South Asia 5,028,563 2600 

Sub-Saharan Africa 5,967,899 1900 

Excluding HIV  
 

Region TB 
Deaths 

Full-Income Loss 
(US$ billions) 

East Asia & Pacific 1,929,542 1900 

Europe & Central Asia 245,050 379 

Latin America & Caribbean 148,826 123 

Middle East & North Africa 104,780 74.6 

South Asia 4,841,948 2500 

Sub-Saharan Africa 3,365,118 877 
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Table 22 (continued) 
 

Contribution of HIV  
 

Region TB 
Deaths 

Full-Income Loss 
(US$ billions) 

East Asia & Pacific 199,162 180 

Europe & Central Asia 36,955 43 

Latin America & Caribbean 47,177 39 

Middle East & North Africa 2,038 1.8 

South Asia 186,615 100 

Sub-Saharan Africa 2,602,781 1023 

 
 

3.3.1.5 The Cost of Inaction 

 
These figures suggest that the savings from meeting the End TB mortality target in 2030, that would be lost 

due not being able to meet the target until 2045 – what I designated the ‘Cost of Inaction’ - is US$2.96 

trillion.  (5,697,335 TB deaths). If TB deaths in people who were HIV positive were excluded, then this 

cost reduces to US$2.38 trillion, suggesting that deaths in people who are HIV positive contribute 

US$570.70 billion (19.53 percent). The cost of inaction was highest in South Asia, including or excluding 

PLHIV (US$1.06 trillion including, US$1.02 trillion excluding). The contribution of PLHIV was highest 

in sub-Saharan Africa; US$427.0 billion, 54.05 percent of the total cost of inaction and nearly six times 

that of the next highest region (East Asia and Pacific: US$70 billion). Latin America had the second highest 

percent contribution - 24.13 percent. The mean contribution in other regions was 11.53 percent). 



 

 

75 

 

 

 

 

Figure 9: The Cost of Inaction by World Bank region (2020-2050) 
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Table 23: The Cost of Inaction, in terms of TB deaths and full-income losses 

Scenario East Asia &  
Pacific 

Europe & 
Central  
Asia 

Latin America &  
Caribbean 

Middle East & 
North Africa 

North  
America 

South  
Asia 

Sub-Saharan  
Africa 

Total Economic  
Losses 

(US$ millions) 

TB  
Deaths 

Business as usual (including PLHIV) $5,110 $763 $351 $172 $100 $7,120 $3,840 $17,456 31,800,000 

Business as usual (excluding PLHIV) $4,740 $675 $259 $167 $64 $6,990 $2,160 $15,055 26,400,000 

Target met in 2030 (including PLHIV) $1,250 $253 $93 $43 $48 $1,540 $1,110 $4,337 8,002,665 

Target met in 2030 (excluding PLHIV) $1,140 $225 $71 $42 $19 $1,480 $514 $3,490 6,166,545 

Savings from meeting target in 2030  
(including PLHIV) $3,860 $510 $258 $129 $52 $5,580 $2,730 $13,119 23,797,335 

Savings from meeting target in 2030  
(excluding PLHIV) $3,600 $450 $189 $125 $46 $5,510 $1,646 $11,566 20,233,455 

          
Business as usual (including PLHIV) $5,110 $763 $351 $172 $100 $7,120 $3,840 $17,456 31,800,000 

Business as usual (excluding PLHIV) $4,740 $675 $259 $167 $64 $6,990 $2,160 $15,055 26,400,000 

Target met in 2045 (including PLHIV) $2,080 $422 $162 $76 $58 $2,600 $1,900 $7,299 13,700,000 

Target met in 2045 (excluding PLHIV) $1,900 $379 $123 $75 $27 $2,500 $877 $5,881 10,600,000 

Savings from meeting target in 2045  
(including PLHIV) $3,030 $341 $189 $96 $42 $4,520 $1,940 $10,157 18,100,000 

Savings from meeting target in 2045  
(excluding PLHIV) $2,840 $296 $136 $92 $37 $4,490 $1,283 $9,174 15,800,000 

          
Cost of Inaction          

Cost of inaction (including PLHIV) $830 $169 $69 $34 $10 $1,060 $790 $2,962 5,697,335 

Cost of inaction (excluding PLHIV) $760 $154 $53 $33 $9 $1,020 $363 $2,391 4,433,455 

PLHIV contribution $70 $15 $17 $1 $2 $40 $427 $571 1,263,880 

PLHIV contribution (%) 8.43% 8.88% 24.13% 1.49% 14.71% 3.77% 54.05% 19.27% 22.18% 
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3.4 Impact of the M72/AS01E Candidate Vaccine 

 
3.4.1 Impact in India 

 

Without a vaccine, between 2020 and 2050, a total of 7,080,878 deaths would result in active TB cases 

within the latently infected population. The full-income value of the mortality is US$4.42 trillion (present 

value in 2020 at a three percent discount rate). Given this status quo scenario, if the M72 candidate vaccine 

was introduced in 2020 and scaled-up to 90 percent by 2030, in the latently infected population, and if the 

vaccine was efficacious at its upper bound (54.1%; 90% CI: 20.3 - 73.6), then 4,021,436 deaths would 

result, amounting to US$2.19 trillion in full-income losses. By introducing the vaccine in 2020, US$2.23 

trillion in full-income losses are avoided (due to 3,059,442 TB deaths avoided). If individuals who are 18-

49 years of age were vaccinated instead of the full population, then 4,723,962 deaths would result, which 

translates into US$2.69 trillion in losses. Vaccinating the 18-49-year-old individuals, reduces the savings 

to US$1.73 trillion (by US$500 billion). 

 

If the vaccine is introduced in 2025 instead, and scaled up to 90 percent coverage by 2035, and individuals 

of all ages are vaccinated, then 4,848,186 deaths result, giving rise to US$2.68 trillion in full-income losses. 

By introducing the vaccine in 2025, US$1.74 trillion in full-income losses are averted (compared to the 

status quo scenario where full-income losses amount to US$4.42 trillion). If individuals aged 18-49 are 

vaccinated under the same scale-up scenario, then a total of 5,437,444 deaths result, amounting to US$3.14 

trillion in full-income losses. Limiting vaccination to 18-49-year-old individuals, reduces the full-income 

savings to US$1.28 trillion (by US$460 billion). 

 

If vaccine introduction is delayed until 2030 and scaled up to 90 percent until 2040, then 5,502,344 deaths 

result, which amount to US$3.13 trillion in full-income losses. By introducing the vaccine in 2030, US$1.29 

trillion in full-income losses are averted, due to the 1,578,534 TB deaths that are avoided. If individuals 
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aged 18-49 are vaccinated, then a total of 5,972,779 deaths result, amounting to US$3.51 trillion in full-

income losses. Vaccinating the 18-49-year-old individuals, reduces the savings to US$910 billion, by 

US$380 billion (Figure 12). 

 

 
 

Figure 10: Impact of vaccination initiation on TB mortality (2020 to 2050) 

 
The highest gains are achievable by initiating vaccination in 2020, to individuals of all age groups who are 

latently infected (3,059,422 TB deaths and US$2.23 trillion in full-income losses averted). If vaccination 

is limited to the 18-49 age group, then nearly 25 percent of gains are lost. If vaccination is delayed until 

2025 but if individuals of all ages are vaccinated, then the averted full income losses are greater than 

vaccinating the 18-49-year-old population in 2020. If the 18-49-year age group is vaccinated in 2025, then 

the full-income gains drop nearly 20 percent compared to the scenario where vaccination is initiated in 2025 

but to individuals of all ages. As previously, vaccinating all individuals in 2030 is a better option than 

vaccinating the 18-49 age group in 2025. Waiting until 2030 and limiting vaccination to the 18-49 age 
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group reduces the full-income gains by nearly 60 percent compared to the scenario where individuals of all 

ages are vaccinated in 2020. 

 

Table 24: TB deaths and full-income losses by vaccine introduction scenario 

Scenario TB  
Deaths 

Full-Income Losses 
(US$ millions) TB Deaths Averted Full-Income Loss 

Averted 
Baseline: Annual TB mortality 
declined as predicted by 
epidemiological model  

7,080,878 4,420 
  

(A): Vaccine introduced in 
2020 (individuals of all ages 
vaccinated) 

4,021,436 2,190 3,059,442 US$2,230 million 

(B): Vaccine introduced in 
2020 (individuals aged 18-49 
vaccinated) 

4,723,962 2,690 2,356,916 US$1,730 million 

(C): Vaccine introduced in 
2025 (individuals of all ages 
vaccinated) 

4,848,186 2,680 2,232,692 US$1,740 million 

(D): Vaccine introduced in 
2025 (individuals aged 18-49 
vaccinated) 

5,437,444 3,140 1,643,434 US$1,280 million 

(E): Vaccine introduced in 
2030 (individuals of all ages 
vaccinated) 

5,502,344 3,130 1,578,534 US$1,290 million 

(F): Vaccine introduced in 
2030 (individuals aged 18-49 
vaccinated) 

5,972,779 3,510 1,108,099 US$910 million 
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Figure 11: Percent losses averted (compared to 2020, vaccinating all ages) 2020-2050 

 

80 

 



 

 81 

3.4.2 Discussion of Results 

3.4.2.1 The Cost of Inaction 

 

I estimated that premature mortality due to TB can result in full-income losses in the amount of US$580 

billion in 120 countries in 2018. From 2020 to 2050, full-income losses can grow to US$17.50 trillion. If 

the End TB mortality target is met in 2030, US$13.15 trillion of the US$17.50 trillion (75.17 percent) can 

be avoided. If TB deaths in PLHIV are excluded, then US$11.59 trillion in losses can be avoided (66.27 

percent). In the event that the End TB mortality target is met in 2045, then US$10.19 trillion of the 

US$17.50 trillion (58.23 percent) can be avoided. The additional cost of not meeting the End TB target 

until 2045 is therefore US$2.95 trillion – meaning, 22.47 percent of the possible savings from meeting the 

target in 2030 will be foregone – what I designated as the ‘Cost of Inaction’. 

 

As a means of validating my estimates, I considered South Africa as an example, where I estimated the full-

income losses in 2020 to be US$75.80 billion. There were 60,675 deaths due to TB in 2020, which suggests 

a loss of US$$1,249,279 per death. The median age of the South African population in 2020 is 27.6 years. 

At this age, the life expectancy is 33.76 years. Each death thus incurs a loss of 33.76 years on average, 

which is valued at US$$1,249,279, which suggests a value of US$37,005 per life year. The per capita GDP 

in 2020 is US$8,429. Therefore, the VSLY is 4.39 times the per capita GDP, which is in agreement with 

empirically measured values for sub-Saharan Africa (4.5 times the per capita GDP) by Patenaude and 

colleagues179. I repeated the calculation for Tanzania where the study was conducted and found the ratio to 

be 4.27, suggesting that my estimates are plausible. 

 

Having established the validity and relevance of the estimates, the significance of the insights can be 

appreciated. Eight countries (India, South Africa, Nigeria, Indonesia, China, Russian Federation, Angola 

and Japan), contributed to more than two-thirds of full-income losses (71.91 percent). The remaining 112 
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countries contributed marginally to the overall full-income losses, even though the within country losses 

were large, especially in comparison to their national incomes. Indeed, in the 15 sub-Saharan African 

countries that had the highest full-income losses in 2018 (US$201 billion), the losses exceeded 10 percent 

of the GDP. The region had the highest TB deaths in 2018. However, from 2020 to 2050, the highest 

cumulative full-income losses were in South Asia (US$7.12 trillion), due to the per capita income growth 

trend, which, I projected based on the 2000 to 2018 national income growth trends.  

 

My estimate suggest that if the current trajectory of TB mortality were to be preserved – meaning, no new 

technologies are introduced and the rate of gains from current technologies remain unaltered, then countries 

such as Nigeria and India, in meeting the End TB target in 2030 would need to reduce TB related deaths by 

98,196 and 273,682, respectively, within one year on average, and 1,080,155 and 3,010,506, respectively, 

in total (72.57% and 41.02% respectively). Such a dramatic reduction is unlikely. TB mortality has declined 

at approximately 2 percent annually from 2000 to 2018. Dye et al. and others have projected a 5 percent 

decline beginning in 201838. Even with such a reduction, meeting the End TB target becomes quite unlikely.  

 

If met however, then 75.17 percent of the full-income losses are averted. This figure is dependent on the 

trajectory of the mortality reduction that I assumed, which in turn is contingent on the interventions that are 

employed to reach the target. For simplicity, I assumed an exponential reduction at a fixed rate which would 

allow a 90 percent reduction in TB deaths compared to 2015 deaths, by 2030. If a vaccine, such as the M72 

candidate vaccine, which demonstrated promising efficacies in limited phase 2 trials153, becomes available, 

then the mortality reduction could follow a different trajectory. The full-income losses averted are also 

contingent on national income projections, which I constructed based on growth rates from 2000 to 2018, 

employing fitting routines rather than causal models. Full income losses averted are also contingent on the 

population dynamics that I assumed based on the life tables that I used from WPP126. Notwithstanding the 

economic parameter assumptions, meeting the End TB target in 2030, still averts 75.17 percent of TB 

deaths, which is substantial and also subject only to the mortality reduction assumption in the calculations. 
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The gains are notably concentrated. India, China, Indonesia, South Africa, Nigeria, Bangladesh, Russian 

Federation, Philippines, Pakistan and Thailand, accrue 80.28 percent of total full-income gains and 66.90 

percent of averted TB deaths.  

 

In the more realistic scenario, where the End TB target is met in 2045, countries will forego US$2.95 trillion 

in total potential full-income savings (22.47 percent of the potential savings). At a country level however, 

the savings can be much more significant; for example, in Zimbabwe, the savings is 12.52 times the full-

income losses in 2018; in Bangladesh, 9.37 times, in Sierra Leone, 8.83 times and in Myanmar, 8.5 times. 

In the ten countries with the highest full-income losses, the cost of inaction is 6.05 times the losses in 2018, 

which equates to a roughly five-year delay in meeting the target, if the 2018 full-income losses are assumed, 

which would be a lower bound in countries where the full income losses are declining (and vice versa). 

 

The contribution of HIV is also notable, both to the full-income losses as well as the cost of inaction. The 

overall contribution of HIV was moderate (20.85 percent on average in the former in the BAU scenario, 

and 19.53 percent in the latter). However, the regional contribution shows that in sub-Saharan Africa, on 

average, 50.43 percent of the full-income losses in the BAU scenario, and in the scenarios where the End 

TB target is met in 2030 and 2045, the losses are due to PLHIV. The contribution towards the cost of 

inaction is equally significant (54.05 percent).  

 

Given my findings, the next salient question is whether the full-income losses can be construed as a proxy 

for the disease’s impact on welfare. The complexity of the channels through which the losses due to TB are 

exerted41,42,43,44,45,47,48, limits the application of human capital-based estimation approaches to capture the 

full magnitude of welfare losses. The full-income approach is a more pragmatic option in this regard. It is 

well suited as it permits capturing non-health benefits and financial risk protection, which are particularly 

important in TB. It also allows benefits to be expressed in direct monetary terms in a manner that is 

consistent with standard welfare theory2. 
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3.4.2.2 Limitations 

 
The full-income approach and in particular my estimates, are prone to several limitations. Full-income 

estimates are founded on VSLs which are positively correlated with income, which is problematic as it 

inflates losses in higher-income settings2. A related issue is the derivation of country VSLs based on 

benefits transfer. I employed country-specific income elasticities that allowed me to derive VSL values that 

were consistent with country empirical estimates. Full-income estimates are inherently dependent on a 

reference age, to scale the value of the mortality risk reduction. While my calculations were still bound by 

the reference age, in my sensitivity analysis, I monetized the change in mortality risk using both the changes 

in age-specific mortality rates and the changes in life expectancies. As previously discussed, my estimates 

are dependent on national income, population and demographic projections through 2050, which adds 

further uncertainty. In my estimates, I translated data reported for 5-year intervals (such as the country 

population projections from WPP126) for a single year by dividing by five. I also assumed that the age 

distribution of TB deaths for 2018 remain unchanged through 2050. In the case of PLHIV, I assumed the 

age distribution of HIV instead of TB. 

 

3.4.2.3 The impact of the M72/AS01E Vaccine in India 

 

India had the highest number of TB deaths and the highest full-income losses in 2018 (US$ 151.00 billion). 

TB deaths in PLHIV accounted for approximately two percent of the total TB deaths, which suggests that 

the infection is intrinsically driven rather than opportunistically driven. I estimated previously that if India 

met the End TB mortality target, the gains would be in the order of US$5.04 trillion. I also estimated that 

if India failed to meet the End TB target until 2045, then the cost of inaction is as high as US$937.27 billion. 

Understanding the potential impact of M72 in India, even with the level of efficacy demonstrated in the 

limited phase 2 trials, is therefore of paramount importance. 
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My estimates indicate that US$910 billion to US$2.23 trillion in full-income losses can be avoided if the 

M72 vaccine was introduced – the former if the vaccine was introduced in 2030 to the population aged 18 

to 49 years; the latter if the vaccine was introduced in 2020 to all individuals who were latently infected. In 

both cases, 90 percent coverage is reached over 10 years.  My results suggest that the vaccinated population 

has a greater impact on the full-income benefits, than when vaccination is initiated. If the 18 to 49-year old 

population is vaccinated in 2020, rather than the entire population that is latently infected, the full-income 

benefits realized are 22.42 percent lower. Similarly, in the scenario where vaccination is initiated in 2030, 

the full-income benefits are 2.63 percent lower; in 2035, they are 17.04 percent lower. By vaccinating the 

entire population, the benefits foregone due to delayed initiation can still be offset. 

 

This strategy is limited by several factors, however. Limiting vaccination to individuals who are latently 

infected is difficult, as establishing latency in a reliable manner, is difficult. When latently infected, despite 

the presence of a persistent immune response to the M. tuberculosis antigen, clinical manifestations of the 

disease are absent or marginal. Latent TB infections are commonly identified based on interferon-γ release 

assays, tuberculin skin tests (TST) or the more recently with Xpert MTB/RIF assays180. The price of tests 

adds to the cost of vaccination, especially in a country such as India, which has the largest latently infected 

population according to the WHO estimates. The Tuberculine PPD test (RT 23 SSl, 2T.U/0.1 mL has a 

median unit cost of US$7.19 as reported by the Global Fund’s Price and Quality Reporting System181).  

 

Though vaccinating individuals of all ages is a better option, the M72 vaccine’s efficacy was demonstrated 

in populations between the ages of 18 and 49 years who were latently infected (and who were HIV 

negative). Its efficacy in older adults and younger adolescents and children is unknown153. Though I 

assumed that the efficacy will be preserved, it is yet to be confirmed via sufficiently large and robust clinical 

trials. A third consideration is the proportion of latently infected individuals who develop active disease 

during their lifetime. The most reliable estimate is that about 10 percent develop active disease within their 
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lifetime180. Due to the combination of aforementioned factors, including the cost of establishing latency, 

vaccinating everyone who is latently infected, even if reliably detectable is likely not cost effective. 

 

There are several factors that can shift the balance, however. In individuals who had Polymerase Chain 

Reaction Test-positive (PCR-positive) TB (not associated with HIV infection), the vaccine demonstrated 

higher efficacy (64.1%; 90% CI: 29.1%- 81.8% in the total efficacy cohort and 61.7%; 90% CI: 24.1%-

80.6% in the per-protocol cohort)153. Individuals who are latently infected with drug resistant strains can 

also shift the balance. Per recent WHO reporting, 2.8 percent of new TB cases in India were rifampicin 

resistant. Nearly 100 percent of new rifampicin resistant TB cases are multidrug resistant150. Reduction in 

infectiousness of individuals who are vaccinated who still develop active pulmonary TB, which I assumed 

to be 50 percent, also contributes towards vaccine benefits. 

 

Nonetheless, early initiation of vaccination is clearly important. Per recent estimates from Su et al., India’s 

total tuberculosis spending per incident case in 2017 was US$644 (95% CI: US$489-US$852) of which 

43.8% (95% CI: 28.9%-59.6%) was borne by the patient as out of pocket spending. TB spending is 

projected to grow at 7.9 percent annually182. Additionally, India’s total dependency ratio (ratio of population 

aged 0-14 and 65+ per 100 of the population aged 15-64) declines from 2020 to 2040, then begins a steady 

upward trajectory183. Initiating vaccination early will allow capturing this window of opportunity by 

reducing the burden of TB on the productive population. If vaccination was initiated in 2020 or 2025, then 

the highest number of deaths are averted in the 30 to 35 age group. Incidence is more sensitive to early 

initiation; if initiated in 2020, then the highest incidence is averted in the 30 to 35 age group. Waiting until 

2030, moves the age group to 40 to 45.  

 

This argument, however, does not account for the exogenous shock of the COVID-19 pandemic in deterring 

future economic growth. The projected upswing in the per capita income growth (7.4 percent for 2021152) 

is largely uncertain now. Though population age structure can fuel economic growth, effective policies are 
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needed to capitalize on the working population. Without such policies, countries can end up with large 

pools of unemployed or underemployed working age populations. COVID-19 has reframed the context for 

social policy and it is indeed why vaccination is all the more important now. Recent estimates by Cilloni 

and colleagues show that a two-month lockdown with two months of recovery, gave rise to 473,000 

additional TB cases and 130,000 additional TB deaths in India184. With out-of-pocket spending accounting 

for as much as 43.8 percent of total TB spending182, the economic and social consequences of COVID-19 

only stand to aggravate the burden on patients and households. 

 
 

3.4.2.4 Limitations  

 

The applicability of the efficacies demonstrated in the phase 2b clinical trials in Kenya, South Africa, and 

Zambia, to populations in India, is a central assumption of my analysis and thereby also a central limitation. 

The vaccine impact model did not distinguish between pulmonary versus extra-pulmonary TB, which is an 

additional limitation. The efficacies were also assumed to remain stable over the duration of protection, 

which is yet to be established. The full-income estimates are limited by the projections of per capita income, 

which is now all the more uncertain. Equally uncertain due to COVID-19 are the empirically established 

VSL values. Though the literature is scarce, it is plausible that the mean individual valuation of mortality 

risk reduction maybe influenced by the presence of a global scale pandemic. My estimates are also limited 

by WPP’s projections of populations in India, as well as the abridged life tables through 2050.  

 

3.4.2.5 The Full Public Health Value Proposition of a TB Vaccine 

 

As the full-income value of the vaccine was estimated based on the country VSL, which represents the 

mean social willingness-to-pay for mortality risk reductions, it represents the mean welfare savings 

attainable (by introducing the vaccine). Individuals assess their willingness-to-pay, accounting for the sum 

of the monetary and non-monetary losses resulting from the increased risk of mortality (after adjusting for 
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the tradeoff between spending while alive and saving for others). If this assessment is assumed to 

encompass all losses due to TB, from all channels, then the full-income savings from the vaccine can be 

assumed to represent the total market and non-market losses that can be averted with the vaccine.  

 

From the perspective of the benefits accounting framework that I developed, this means that if the mean 

social willingness-to-pay for mortality risk reductions is derived based on individual assessment of the 

losses that accrue due to their respective proximal and distal drivers, then the intrinsic value of averting 

those losses is represented by the full-income value. The full public health value proposition based on full-

income losses, therefore, is an intrinsic valuation of the full public health value, rather than a market 

valuation.  

 

This point is important from several perspectives: first, as the full public health value estimate for the HSV-

2 vaccine represented a combination of the market and the intrinsic valuation, the purely intrinsic valuation 

of the full public health value of the M72 TB vaccine provides an alternate contrast. This contrast is not 

limited to the conceptual meaning of what the valuation represents. It also demonstrates the methodological 

process for the two approaches and thereby the respective strengths and limitations. Conceptually, the 

intrinsic valuation provides a broader coverage of the value of vaccine benefits; the market valuation 

provides a narrower coverage but allows assessment of individual benefits. Methodologically, unlike for 

the HSV-2 vaccine, the drivers of losses did not need to be identified (based on scoping reviews) and the 

unit cost estimates did not need to be derived.  

 

The mean full public health value proposition that I estimated for the M72 vaccine, however, may indeed 

be an underestimate or overestimate. The willingness to tradeoff income for mortality risk reductions is 

dependent on population age, income and disease status. Most VSL estimates are derived from analysis of 

wage-risk tradeoffs of working people of middle age. For vaccines that primarily affect the younger or the 

older populations, a standard adjustment fraction (such as the 70 percent adjustment from middle-age to 
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early childhood as recommended by Jamison and Summers2) is needed to adjust willingness-to-pay 

estimates. As 38.13 percent of TB deaths accrued to ages between 15 and 40 in India, and I assumed a 

reference life expectancy of 35, the age effects are partially mitigated. The income effects are also partially 

addressed via the use of an income elasticity that is best suited given the empirical estimates of VSL in 

India by Bhattcharya et 185. 

 

4. Conclusion Statement 

 
4.1 Recommendations 

 

PDVAC, given its mandate and function to define global value propositions for vaccines that may offer 

benefit in LMICs and to build consensus among global stakeholders for this purpose186, can oversee the 

development of FPHVPs for such vaccines including the HSV-2 vaccine and the TB vaccine. The policy 

and strategy outcomes intended by the FPHVP can be initiated via actions undertaken by PDVAC as well 

as by the Strategic Advisory Group of Experts on Immunization (SAGE)187, who receives guidance from 

PDVAC. SAGE is an independent advisory committee with a mandate to advise WHO on the development 

of policy related to vaccines and immunization. SAGE functions with the help of Working Groups, which 

are established to review evidence and propose draft recommendations for consideration. Once the 

recommendations are adopted as WHO policy, they are published as WHO vaccine position papers.  

 

For both the HSV vaccine and the TB vaccine, PDVAC can employ a model similar to that employed for 

PPCs; PPCs are developed to inform target product profiles for vaccines that are urgently needed in LMICs, 

in order to accelerate their development. However, unlike with PPCs, where there is no action following 

publication, with FPHVPs, deliberate action is needed. As deliberate action, I recommend: (1) formalizing 

the FPHVP as the instrument that establishes WHO/PDVAC’s preliminary priority and position on a 

vaccine, which can be ratified upon deliberation with PDVAC’s stakeholders at the annual meeting; (2) 
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once ratified, employing the FPHVP as the vehicle for SAGE recommendations, that can contextualize the 

economic, health systems and social consideration components of the recommendations framework188. The 

FPHVP can serve as an instrument for PDVAC prioritization and a vehicle for SAGE guidance. 

 

To serve the recommended functions, several criteria need to be met. First, the strength of the evidence 

linking the drivers to burden (identified via a scoping review similar to what I undertook for genital herpes), 

need to be evaluated using the GRADE framework for evaluating evidence, which is currently employed 

in SAGE recommendations189 (evidence rated as high, moderate, low, and very low quality190). Second, the 

outcomes that are employed to establish priority, should align as closely as possible with outcomes 

considered by key investment vaccine partners and their decision-making frameworks. Third, there are 

considerations beyond the proximal and distal gains from vaccination that are needed to inform decision-

making on priority and position. Most notable are implementation feasibility and market opportunity, which 

are absent within the FPHVP, but can be accounted for by embedding the FPHVP within WHO’s Total 

System Effectiveness framework for vaccine prioritization191. 

 

The FPHVP meets the first requirement. To ascertain whether it meets the second requirement, I gathered 

PDVAC stakeholders by analyzing meeting participants and representing organizations (from meeting 

documents) since the inception of PDVAC in 2014. I analyzed the investment criteria that they employ in 

their investment decision-making by analyzing their prior investment cases and grant performance 

frameworks. The PDVAC stakeholders from 2014 to 2019 have been multinational pharmaceutical 

companies, academic and non-academic research institutions, international non-profit organizations, 

product development partnerships, government agencies, medicines and health products regulatory 

agencies, private consultancies, non-academic research institutions and public-private global health 

partnerships. Given the imperatives of the FPHVP, I excluded medicines and health products regulatory 

agencies and private consultancies from the analysis as they conventionally do not invest in vaccine 

research and development. I added national governments/sovereign states, which were not represented at 
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PDVAC. I found sixty-seven outcomes commonly used in investment cases, which can be broadly 

categorized as burden of disease related, cost of investment related, impact of investment related or 

implementation of investment related (appendix section 6.3.1). Mapping them to the broader benefits 

taxonomy that I adopted, suggests that the FPHVP meets the second requirement as well.  

 

4.2 Conclusion 

 

As the first objective of my doctoral project, I estimated the economic burden due to genital herpes in 90 

LMICs. To the best of my knowledge, such an estimate has not been previously produced. Given the 

extraordinarily high prevalence of HSV-2 infections, especially in sub-Saharan African countries, and the 

epidemiological synergy with HIV, developing a vaccine is a global priority, as articulated by my host 

organization in its global health sector strategy on sexually transmitted infections14, 15. The estimates I 

produced inform the vaccine investment case. 

 

As the second objective of my doctoral project, I estimated the potential annual gains from a prophylactic 

vaccine against HSV-2 infection. In meeting this objective, I was limited by the unavailability of a robust 

epidemiological model to model vaccine impact even in a limited set of countries. As the next best 

alternative, I assumed an optimistic efficacy scenario, based on prior vaccine trials and estimated the 

corresponding annual costs, using the economic burden estimates that I developed in meeting the first 

objective. 

 

To meet the third and fourth objectives, I first estimated the full welfare losses due to premature mortality 

from TB in 120 countries from 2020 to 2050. To the best of my knowledge, the full-income losses have not 

been previously estimated for 120 countries (for 30 years). This estimate adds value from an economic 

perspective as well as from a demographic perspective, in modeling TB deaths. I calculated potential 

welfare gains if the End TB mortality target is met by 2030 as intended, as well as the portion of those gains 



 

 92 

that would be forgone if the target is not met until 2045. This estimate provided an important metric that 

can aid my host organization, the UNTB and the Lancet Commission on TB, in influencing the policy 

dialog on global TB control and investment. This dialog is now even more important because COVID-19 

necessitates a reframing in light of the disruptions to the global health financing architecture.  

 

As the fourth objective of my project, I estimated the full-income impact of the M72 vaccine in India, the 

country that had the highest number of TB deaths in 2018.  Unlike with the vaccine for genital herpes, I 

was able to model M72’s impact, in partnership with my collaborators. This estimate, as previously, being 

the first estimate of the epidemiological, demographic and economic impact of M72, is especially important 

as M72 is widely viewed as one of the most promising vaccine candidates against pulmonary TB. It is also 

important as the custodianship of M72 has shifted from the International AIDS Vaccine Initiative (IAVI), 

to the Gates Medical Research Institute (GMRI), who received licensing in January 2020192. 

 

Collectively, the work undertaken under my doctoral project informed the global health sector strategies of 

two international organizations and thereby contributed towards enabling large-scale change. Developing 

a new vaccine against TB is a global priority to accelerate progress towards ending the TB epidemic, one 

of the United Nations Sustainable Development Goals. Developing a new vaccine against HSV-2 infection 

is not widely viewed as a priority of similar magnitude. Yet, my estimates underscore the importance, due 

to the hidden economic and social burden.  In light of the translational contributions, as well as the empirical 

and methodological contributions, I accomplished the objectives of my doctoral project. 
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6. Appendices 

6.1 The Economic Value of Novel Herpes Simplex Vaccines 

6.1.1 Scoping Review 

 
I first searched for literature on the costs or economics of HSV diseases. I then searched for literature that 

linked HSV diseases to the levels of incidence that I was interested in - namely, the individual, the 

household, the community, and the government. Thereafter, I searched for literature on HSV diseases based 

on a list of impact areas that I gathered from prior reviews of vaccine economics and benefit. Lastly, I 

searched for literature that identified prior compilations of burden and benefits relating to HSV diseases or 

disease reducing interventions. I used the query strings listed in Table 25, along with the impact areas listed 

in Table 26, and conducted the searches using the databases listed in Table 27. I summarize my results in 

Tables 28 and 29. 

Table 25:Primary search strings used in literature searches 

Review Burden Type Query String 
Costs of 
Economics of 
HSV diseases 

Economic  ("Herpes Simplex"[Mesh] OR "Herpes Genitalis"[Mesh] OR 
"Herpesvirus 1, Human"[Mesh] OR "Herpesvirus 2, Human"[Mesh] 
OR genital ulcer*[tiab] OR herpes Labialis[tiab] OR genital 
herpes[tiab] AND ("Costs and Cost Analysis"[Mesh] OR 
"Economics"[Mesh] OR "economics" [Subheading] OR "Cost of 
Illness"[Mesh] OR "Cost Savings"[Mesh] OR "Cost-Benefit 
Analysis"[Mesh] OR "Health Care Costs"[Mesh] OR "Hospital 
Costs"[Mesh] OR "Drug Costs"[Mesh] OR "Health 
Expenditures"[Mesh] ) 
 

Accrual of costs 
and benefits 

Household ("Herpes Simplex"[Mesh] OR "Herpes Genitalis"[Mesh] OR 
"Herpesvirus 1, Human"[Mesh] OR "Herpesvirus 2, Human"[Mesh] 
OR genital ulcer*[tiab] OR herpes Labialis[tiab] OR genital 
herpes[tiab]) AND ("Family Characteristics"[mesh] OR 
"Family"[mesh] OR household*[tiab]) 
 

Community ("Herpes Simplex"[Mesh] OR "Herpes Genitalis"[Mesh] OR 
"Herpesvirus 1, Human"[Mesh] OR "Herpesvirus 2, Human"[Mesh] 
OR genital ulcer*[tiab] OR herpes Labialis[tiab] OR genital 
herpes[tiab]) AND ( "Community Health Services/adverse 
effects"[Mesh] OR "Community Health Services/economics"[Mesh] 
OR "Community Health Services/education"[Mesh] OR "Community 
Health Services/epidemiology"[Mesh] OR "Community Health 
Services/legislation and jurisprudence"[Mesh] OR "Community 
Health Services/organization and administration"[Mesh] ) 
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Table 25 (continued) 
 

Review Burden Type Query String 
 

 
Government ("Herpes Simplex"[Mesh] OR "Herpes Genitalis"[Mesh] OR 

"Herpesvirus 1, Human"[Mesh] OR "Herpesvirus 2, Human"[Mesh] 
OR genital ulcer*[tiab] OR herpes Labialis[tiab] OR genital 
herpes[tiab]) AND ("Government"[Mesh] OR "State 
Government"[Mesh] OR "Local Government"[Mesh] OR 
"Government Programs"[Mesh] OR "Government Agencies"[Mesh] 
OR "Financing, Government"[Mesh] OR "Government 
Employees"[Mesh] OR "legislation and jurisprudence" 
[Subheading]) 
 

Macroeconomic ("Herpes Simplex"[Mesh] OR "Herpes Genitalis"[Mesh] OR 
"Herpesvirus 1, Human"[Mesh] OR "Herpesvirus 2, Human"[Mesh] 
OR genital ulcer*[tiab] OR herpes Labialis[tiab] OR genital 
herpes[tiab]) AND ("GDP"[tiab] OR “national income” [tiab] OR 
“foreign investment” [tiab] OR “consumption” [tiab] OR “savings” 
[tiab] OR “output” [tiab] OR “growth” [tiab]) 
 

 
 

Table 26: Keywords used in literature searches 

Category  Keywords 
Productivity Lifetime productivity, earning$, income, labour, sick days, 

cognition, cognitive ability, long term disability, mental ability, 
skills development, school attendance, education, educational 
outcomes, workforce, GDP 

Household Fertility, pregnancy, child mortality, female workforce, female 
employment, labour participation,  dependency ratio 

Community Herd effects, herd immunity, antibiotic resistance, drug resistant 
strain, transmission dynamic model, serotype replacement, non-
vaccine serotype 

Equity Equity, horizontal equity, vertical equity, distribution$ 
Macroeconomy GDP, national income, foreign investment, consumption, 

saving$, output, growth, sectoral loss 
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Table 27: Databases used for literature searches 

Peer Reviewed Databases Database Type 
PubMed Peer-reviewed 

Web of Science Peer-reviewed 

Embase Peer-reviewed 
PolicyFile Peer-reviewed 
PAIS Peer-reviewed 
EconLit Peer-reviewed 
Academic Search Premier Peer-reviewed 
Scopus Peer-reviewed 
Africa-Wide NiPAD Peer-reviewed 
Ovid Social Policy and Practice Peer-reviewed 
Eldis Peer-reviewed 
HealthSTAR Peer-reviewed 
Scientific Electronic Library Online (SciELO) Peer-reviewed 
Research Papers in Economics Peer-reviewed 
Ovid HMIC Peer-reviewed 
EMBASE Drugs and Pharmacology Peer-reviewed 
Centre for Reviews and Dissemination (CRD): 
NHS Economic Evaluation Database (NHS 
EED) 

Literature aggregators 

Health Economic Evaluation Database Literature aggregators 
HTA Database of the Center for Reviews and 
Dissemination 

Literature aggregators 

World Bank e-Library, Literature aggregators 
WHOLIS (WHO Library & Information 
Networks For Knowledge Database) 

Literature aggregators 

Cochrane Library Literature aggregators 
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Figure 12: PRISMA diagram for HSV scoping reviews 
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Table 28: Literature on economic outcomes of HSV disease 

 
Year Author Title 
2006 Terris-Prestholt, Fern; Vyas, Seema; 

Kumaranayake, Lilani; Mayaud, Philippe; 
Watts, Charlotte 

The Costs of Treating Curable Sexually 
Transmitted Infections in Low- and Middle-
Income Countries: A Systematic Review: 

2008 Caviness, A. Chantal; Demmler, Gail J.; 
Swint, J. Michael; Cantor, Scott B. 

Cost-effectiveness analysis of herpes simplex 
virus testing and treatment strategies in 
febrile neonates 

2005 Little, Sarah E.; Caughey, Aaron B. Acyclovir prophylaxis for pregnant women 
with a known history of herpes simplex 
virus: a cost-effectiveness analysis 

2005 Thung, Stephen F.; Grobman, William A. The cost-effectiveness of routine antenatal 
screening for maternal herpes simplex virus-
1 and -2 antibodies 

2004 Baker, David; Brown, Zane; Hollier, Lisa M.; 
Wendel, George D.; Hulme, Lisa; Griffiths, 
Dorothea A.; Mauskopf, Josephine 

Cost-effectiveness of herpes simplex virus 
type 2 serologic testing and antiviral therapy 
in pregnancy 

2003 Lairson, David R.; Begley, Charles E.; 
Reynolds, Thomas F.; Wilhelmus, Kirk R. 

Prevention of herpes simplex virus eye 
disease: a cost-effectiveness analysis 

2001 Qutub, M.; Klapper, P.; Vallely, P.; Cleator, 
G. 

Genital herpes in pregnancy: is screening 
cost-effective? 

1998 Scott, L. L.; Alexander, J. Cost-effectiveness of acyclovir suppression 
to prevent recurrent genital herpes in term 
pregnancy 

1997 Mennemeyer, S. T.; Cyr, L. P.; Whitley, R. J. Antiviral therapy for neonatal herpes simplex 
virus: a cost-effectiveness analysis 

1996 Randolph, A. G.; Hartshorn, R. M.; 
Washington, A. E. 

Acyclovir prophylaxis in late pregnancy to 
prevent neonatal herpes: a cost-effectiveness 
analysis 

1989 Binkin, N. J.; Koplan, J. P. The high cost and low efficacy of weekly 
viral cultures for pregnant women with 
recurrent genital herpes: a reappraisal 

1984 Daling, J. R.; Wolf, M. E. The role of decision and cost analyses in the 
treatment of pregnant women with recurrent 
genital herpes 

2013 Owusu-Edusei Jr, Kwame; Chesson, Harrell 
W.; Gift, Thomas L.; Tao, Guoyu; Mahajan, 
Reena; Ocfemia, Marie Cheryl Bañez; Kent, 
Charlotte K. 

The estimated direct medical cost of selected 
sexually transmitted infections in the United 
States, 2008 

2002 Ashley, Rhoda L. Performance and use of HSV type-specific 
serology test kits. 

2015 Jewell, Britta L.; Cremin, Ide; Pickles, 
Michael; Celum, Connie; Baeten, Jared M.; 
Delany-Moretlwe, Sinead; Hallett, Timothy B 

Estimating the cost-effectiveness of pre-
exposure prophylaxis to reduce HIV-1 and 
HSV-2 incidence in HIV-serodiscordant 
couples in South Africa 

2009 Fife, Kenneth H.; Van Der Pol, Barbara; Roth, 
Alexis M.; Brand, Juanita; Arno, Janet N.; 
Madlem, Jyl; Juliar, Beth E.; Katz, Barry P.; 
Williams, James A.; Zimet, Gregory D. 

Implementation of routine access to herpes 
simplex virus type 2 antibody testing in a 
public health sexually transmitted disease 
clinic 

2011 Tuite, Ashleigh R.; McCabe, Caitlin J.; Ku, 
Jennifer; Fisman, David N. 

Projected cost-savings with herpes simplex 
virus screening in pregnancy: towards a new 
screening paradigm 
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Table 28 (continued) 
 
1987 Darougar, S.; Woodland, R. M.; Walpita, P. Value and cost effectiveness of double 

culture tests for diagnosis of ocular viral and 
chlamydial infections. 

2008 Vickerman, Peter; Ndowa, Francis; Mayaud, 
Philippe 

Modelling the cost per ulcer treated of 
incorporating episodic treatment for HSV-2 
into the syndromic algorithm for genital 
ulcer disease 

2014 Garnett, Geoff P. The theoretical impact and cost-effectiveness 
of vaccines that protect against sexually 
transmitted infections and disease 

2011 Vickerman, Peter; Devine, Angela; Foss, 
Anna M.; Delany-Moretlwe, Sinead; Mayaud, 
Philippe; Meyer-Rath, Gesine 

The cost-effectiveness of herpes simplex 
virus-2 suppressive therapy with daily 
aciclovir for delaying HIV disease 
progression among HIV-1-infected women 
in South Africa 

2016 Cambiano, Valentina; Miners, Alec; Phillips, 
Andrew 

What do we know about the cost–
effectiveness of HIV preexposure 
prophylaxis, and is it affordable? 

2012 Foss, A. M.; Terris-Prestholt, F.; Cox, A. P.; 
Heise, L.; Meyer-Rath, G.; Delany-Moretlwe, 
S.; Mertenskoetter, T.; Rees, H.; Vickerman, 
P.; Watts, C. H. 

Model projections of the population-level 
impact, on HIV and herpes simplex virus 
type-2 (HSV-2), and cost-effectiveness of 
tenofovir gel, an antiretroviral microbicide 

2002 Barnabas, R. V.; Carabin, H.; Garnett, G. P. The potential role of suppressive therapy for 
sex partners in the prevention of neonatal 
herpes: a health economic analysis 

2000 Lafferty, W. E.; Downey, L.; Celum, C.; 
Wald, A. 

Herpes simplex virus type 1 as a cause of 
genital herpes: impact on surveillance and 
prevention 

2005 Baker, David A. Antiviral therapy for genital herpes 
infections in pregnancy 

2001 Qutub, M.; Klapper, P.; Vallely, P.; Cleator, 
G. 

Genital herpes in pregnancy: is screening 
cost-effective? 

1989 Binkin, N. J.; Koplan, J. P. The high cost and low efficacy of weekly 
viral cultures for pregnant women with 
recurrent genital herpes: a reappraisal 

2015 Owusu-Edusei, Kwame; Flagg, Elaine W.; 
Gift, Thomas L. 

Hospitalization cost per case of neonatal 
herpes simplex virus infection from claims 
data 

1989 Binkin, Nancy J.; Koplan, Jeffrey P. The High Cost and Low Efficacy of Weekly 
Viral Cultures for Pregnant Women with 
Recurrent Genital Herpes: A Reappraisal 

2000 Grobman, W. A.; Peaceman, A. M.; Socol, M. 
L. 

Cost-effectiveness of elective cesarean 
delivery after one prior low transverse 
cesarean 

1989 Binkin, N. J.; Koplan, J. P. The high cost and low efficacy of weekly 
viral cultures for pregnant women with 
recurrent genital herpes: a reappraisal 

2017 Korenromp, Eline L.; Wi, Teodora; Resch, 
Stephen; Stover, John; Broutet, Nathalie 

Costing of National STI Program 
Implementation for the Global STI Control 
Strategy for the Health Sector, 2016-2021 
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Table 29: Literature on the social outcomes of HSV disease 

 
Year Author Title Impact 

2014 Abdool Karim, Quarraisha; Kharsany, 
Ayesha B. M.; Leask, Kerry; 
Ntombela, Fanelisibonge; Humphries, 
Hilton; Frohlich, Janet A.; Samsunder, 
Natasha; Grobler, Anneke; Dellar, 
Rachael; Abdool Karim, Salim S. 

Prevalence of HIV, HSV-2 and pregnancy 
among high school students in rural 
KwaZulu-Natal, South Africa: a bio-
behavioural cross-sectional survey 

Schooling 

2007 Abdulmedzhidova, A. G.; Kurilo, L. F.; 
Shileĭko, L. V.; Makarova, N. P.; 
Klimova, R. R.; Kushch, A. A. 

[Asymptomatic genital herpes infection 
and infertility in males] 

Infertility 

2013 Andrei, Graciela; Snoeck, Robert Herpes simplex virus drug-resistance: new 
mutations and insights 

AMR 

2012 Baird, Sarah J.; Garfein, Richard S.; 
McIntosh, Craig T.; Ozler, Berk 

Effect of a cash transfer programme for 
schooling on prevalence of HIV and 
herpes simplex type 2 in Malawi: a cluster 
randomised trial 

Schooling 

2007 Bickford, J.; Barton, S. E.; Mandalia, S. Chronic genital herpes and disclosure.... 
The influence of stigma 

Stigma 

2009 Birdthistle, Isolde; Floyd, Sian; 
Nyagadza, Auxillia; Mudziwapasi, 
Netsai; Gregson, Simon; Glynn, Judith 
R. 

Is education the link between orphanhood 
and HIV/HSV-2 risk among female 
adolescents in urban Zimbabwe? 

Schooling 

2007 Bocharova, E. N.; Zavalishina, L. E.; 
Bragina, E. E.; Klimova, R. R.; Gusak, 
Yu K.; Kurilo, L. F.; Shileiko, L. V.; 
Petrov, A. N.; Frank, G. A.; Kushch, A. 
A. 

Detection of herpes simplex virus genomic 
DNA in spermatozoa of patients with 
fertility disorders by in situ hybridization 

Infertility 

2004 Breitkopf, Carmen Radecki The theoretical basis of stigma as applied 
to genital herpes 

Stigma 

1994 Carney, O.; Ross, E.; Bunker, C.; 
Ikkos, G.; Mindel, A. 

A prospective study of the psychological 
impact on patients with a first episode of 
genital herpes 

Psychological 

2004 Fortenberry, J. Dennis The effects of stigma on genital herpes 
care-seeking behaviours 

Stigma 

2014 Glynn, Judith R.; Kayuni, Ndoliwe; 
Gondwe, Levie; Price, Alison J.; 
Crampin, Amelia C. 

Earlier menarche is associated with a 
higher prevalence of Herpes simplex type-
2 (HSV-2) in young women in rural 
Malawi 

Early 
menarche 

2003 Halton, Kate; Ratcliffe, Amy A.; 
Morison, Linda; West, Beryl; Shaw, 
Matthew; Bailey, Robin; Walraven, 
Gijs 

Herpes simplex 2 risk among women in a 
polygynous setting in rural West Africa 

Depression 

2016 Hsu, Pao-Chu; Yolken, Robert H.; 
Postolache, Teodor T.; Beckie, Theresa 
M.; Munro, Cindy L.; Groer, Maureen 
W. 

Association of Depressed Mood With 
Herpes Simplex Virus-2 Immunoglobulin-
G Levels in Pregnancy 

Depression 

1988 Jacob, Mary; Mathai, Rache Genital Herpes in Marital Partners HIV 

2015 Jena, Anupam B.; Goldman, Dana P.; 
Seabury, Seth A. 

Incidence of sexually transmitted 
infections after human papillomavirus 
vaccination among adolescent females 

HPV 
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Table 29 (continued) 
 

2014 Kayibanda, Jeanne Françoise; Bitera, 
Raphaël; Demers, Eric; Moisan, 
Jocelyne; Alary, Michel 

Sexual risk factors associated with intimate 
partner violence against women in 
Rwanda: a couples-based analysis 

Intimate 
partner 
violence 

2002 Korenromp, Eline L.; Bakker, Roel; De 
Vlas, Sake J.; Robinson, N. Jamie; 
Hayes, Richard; Habbema, J. Dik F. 

Can behavior change explain increases in 
the proportion of genital ulcers attributable 
to herpes in sub-Saharan Africa? A 
simulation modeling study 

Care seeking 

2018 Kurscheidt, Fábio A.; Damke, Edilson; 
Bento, Jaqueline C.; Balani, Valério A.; 
Takeda, Karen I.; Piva, Sérgio; Piva, 
João P.; Irie, Mary M. T.; Gimenes, 
Fabrícia; Consolaro, Marcia E. L. 

Effects of Herpes Simplex Virus Infections 
on Seminal Parameters in Male Partners of 
Infertile Couples 

Infertility 

1993 Leenaars, P. E. M.; Rombouts, R.; Kok, 
G. 

Seeking medical care for a Sexually 
Transmitted Disease: Determinants of 
delay-behavior 

Care seeking 

2011 Leichliter, Jami S.; Lewis, David A.; 
Sternberg, Maya; Habel, Melissa A.; 
Paz-Bailey, Gabriela 

Health Care Seeking Among Men With 
Genital Ulcer Disease in South Africa: 
Correlates and Relationship to Human 
Immunodeficiency Virus-1 and Herpes 
Simplex Virus Type 2 Detection and 
Shedding: 

HIV 

2011 Leichliter, Jami S.; Lewis, David A.; 
Sternberg, Maya; Habel, Melissa A.; 
Paz-Bailey, Gabriela 

Health Care Seeking Among Men With 
Genital Ulcer Disease in South Africa: 
Correlates and Relationship to Human 
Immunodeficiency Virus-1 and Herpes 
Simplex Virus Type 2 Detection and 
Shedding: 

Care seeking 

2012 Makasa, Mpundu; Fylkesnes, Knut; 
Sandøy, Ingvild F. 

Risk factors, healthcare-seeking and sexual 
behaviour among patients with genital 
ulcers in Zambia 

Care seeking 

2011 Merin, Abigail; Pachankis, John E. The psychological impact of genital herpes 
stigma 

Psychological 

2000 Meyer-Weitz, A.; Reddy, P.; Van den 
Borne, H. W.; Kok, G.; Pietersen, J. 

Health care seeking behaviour of patients 
with sexually transmitted diseases: 
determinants of delay behaviour 

Care seeking 

2001 Morgan, D.; Mahe, C.; Okongo, J. M.; 
Mayanja, B.; Whitworth, J. A. 

Genital ulceration in rural Uganda: sexual 
activity, treatment-seeking behavior, and 
the implications for HIV control 

Care seeking 

2007 Morris, Chester N; Ferguson, Alan G Sexual and treatment-seeking behaviour 
for sexually transmitted infection in long-
distance transport workers of East Africa 

Care seeking 

1994 Moses, S.; Ngugi, E. N.; Bradley, J. E.; 
Njeru, E. K.; Eldridge, G.; Muia, E.; 
Olenja, J.; Plummer, F. A. 

Health care-seeking behavior related to the 
transmission of sexually transmitted 
diseases in Kenya 

Care seeking 

2011 Naumenko, V. A.; Tiulenev, Iu A.; 
Pushkar', D. Iu; Segal, A. S.; Kovalev, 
V. A.; Kurilo, L. F.; Shileĭko, L. V.; 
Klimova, R. R.; Al'khovskiĭ, S. V.; 
Kushch, A. A. 

[Effect of herpes simplex virus on 
spermatogenesis] 

Infertility 
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2008 O'Farrell, Nigel; Morison, Linda; 
Moodley, Prashini; Pillay, Keshree; 
Vanmali, Trusha; Quigley, Maria; 
Sturm, A. Wim 

Genital ulcers and concomitant complaints 
in men attending a sexually transmitted 
infections clinic: implications for sexually 
transmitted infections management 

Infertility 

1993 Randolph, A. G.; Washington, A. E.; 
Prober, C. G. 

Cesarean delivery for women presenting 
with genital herpes lesions. Efficacy, risks, 
and costs 

Cesarean 
delivery 

2008 Richards, Julie; Krantz, Elizabeth; 
Selke, Stacy; Wald, Anna 

Healthcare seeking and sexual behavior 
among patients with symptomatic newly 
acquired genital herpes 

Sexual 
behavior 

2008 Richards, Julie; Krantz, Elizabeth; 
Selke, Stacy; Wald, Anna 

Healthcare seeking and sexual behavior 
among patients with symptomatic newly 
acquired genital herpes 

Care seeking 

2008 Richards, Julie; Krantz, Elizabeth; 
Selke, Stacy; Wald, Anna 

Healthcare seeking and sexual behavior 
among patients with symptomatic newly 
acquired genital herpes 

Care seeking 

2010 Sanchez-Lorente, Segunda; Blasco-
Ros, Concepcion; Coe, Christopher L.; 
Martinez, Manuela 

Recovery of immune control over herpes 
simplex virus type 1 in female victims of 
intimate partner violence 

Intimate 
partner 
violence 

2002 Smith, Jennifer S.; Herrero, Rolando; 
Bosetti, Cristina; Muñoz, Nubia; 
Bosch, F. Xavier; Eluf-Neto, José; 
Castellsagué, Xavier; Meijer, Chris J. 
L. M.; Van den Brule, Adriaan J. C.; 
Franceschi, Silvia; Ashley, Rhoda; 
International Agency for Research on 
Cancer (IARC) Multicentric Cervical 
Cancer Study Group 

Herpes simplex virus-2 as a human 
papillomavirus cofactor in the etiology of 
invasive cervical cancer 

HPV 

2014 Steiner, Riley J.; Michael, Shannon L.; 
Hall, Jeffrey E.; Barrios, Lisa C.; 
Robin, Leah 

Youth violence and connectedness in 
adolescence: what are the implications for 
later sexually transmitted infections? 

Intimate 
partner 
violence 

2017 Stoner, Marie C. D.; Pettifor, Audrey; 
Edwards, Jessie K.; Aiello, Allison E.; 
Halpern, Carolyn T.; Julien, Aimée; 
Selin, Amanda; Twine, Rhian; Hughes, 
James P.; Wang, Jing; Agyei, Yaw; 
Gomez-Olive, F. Xavier; Wagner, 
Ryan G.; MacPhail, Catherine; Kahn, 
Kathleen 

The effect of school attendance and school 
dropout on incident HIV and HSV-2 
among young women in rural South Africa 
enrolled in HPTN 068 

Schooling 

1994 Waitzman, N. J.; Romano, P. S.; 
Scheffler, R. M. 

Estimates of the economic costs of birth 
defects 

Birth defects 

2002 Wald, Anna; Link, Katherine Risk of human immunodeficiency virus 
infection in herpes simplex virus type 2-
seropositive persons: a meta-analysis 

HIV 

2003 Wollenberg, Andreas; Zoch, Claudia; 
Wetzel, Stefanie; Plewig, Gerd; 
Przybilla, Bernhard 

Predisposing factors and clinical features 
of eczema herpeticum: a retrospective 
analysis of 100 cases 

Eczema 

1976 
 
Editorial: Herpesvirus and cancer of 
uterine cervix 

Partner 
violence 

2013 Biraro, Samuel; Ruzagira, Eugene; 
Kamali, Anatoli; Whitworth, James; 
Grosskurth, Heiner; Weiss, Helen A. 

HIV-1 transmission within marriage in 
rural Uganda: a longitudinal study 

Duplicate 
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2001 Bogaerts, J.; Ahmed, J.; Akhter, N.; 
Begum, N.; Rahman, M.; Nahar, S.; 
Van Ranst, M.; Verhaegen, J. 

Sexually transmitted infections among 
married women in Dhaka, Bangladesh: 
unexpected high prevalence of herpes 
simplex type 2 infection 

Duplicate 

2013 Burrel, Sonia; Aime, Catherine; 
Hermet, Laurence; Ait-Arkoub, Zaïna; 
Agut, Henri; Boutolleau, David 

Surveillance of herpes simplex virus 
resistance to antivirals: a 4-year survey 

Duplicate 

1994 Carney, O.; Ross, E.; Bunker, C.; 
Ikkos, G.; Mindel, A. 

A prospective study of the psychological 
impact on patients with a first episode of 
genital herpes 

Psychological 

2014 Glynn, Judith R.; Kayuni, Ndoliwe; 
Gondwe, Levie; Price, Alison J.; 
Crampin, Amelia C. 

Earlier menarche is associated with a 
higher prevalence of Herpes simplex type-
2 (HSV-2) in young women in rural 
Malawi 

early 
menarche 

2015 Jena, Anupam B.; Goldman, Dana P.; 
Seabury, Seth A. 

Incidence of sexually transmitted 
infections after human papillomavirus 
vaccination among adolescent females 

HPV 

2002 Korenromp, Eline L.; Bakker, Roel; De 
Vlas, Sake J.; Robinson, N. Jamie; 
Hayes, Richard; Habbema, J. Dik F. 

Can behavior change explain increases in 
the proportion of genital ulcers attributable 
to herpes in sub-Saharan Africa? A 
simulation modeling study 

Care seeking 

2000 Meyer-Weitz, A.; Reddy, P.; Van den 
Borne, H. W.; Kok, G.; Pietersen, J. 

Health care seeking behaviour of patients 
with sexually transmitted diseases: 
determinants of delay behaviour 

Care seeking 

2002 O'Farrell, N. Genital ulcers, stigma, HIV, and STI 
control in sub-Saharan Africa 

Stigma 

1993 Randolph, A. G.; Washington, A. E.; 
Prober, C. G. 

Cesarean delivery for women presenting 
with genital herpes lesions. Efficacy, risks, 
and costs 

Cesarean 
delivery 

1994 Waitzman, N. J.; Romano, P. S.; 
Scheffler, R. M. 

Estimates of the economic costs of birth 
defects 

Birth defects 

 
 

Table 30: Literature on vaccine economic evaluations 

 

Year Author Title 

2012 

Ozawa, Sachiko; Mirelman, 
Andrew; Stack, Meghan L.; Walker, 
Damian G.; Levine, Orin S. 

Cost-effectiveness and economic benefits of 
vaccines in low- and middle-income countries: 
A systematic review 

2013 García-Altés, Anna 

Systematic review of economic evaluation 
studies: Are vaccination programs efficient in 
Spain? 

2013 

Cortés, Isabel; Pérez-Camarero, 
Santiago; del Llano, Juan; Peña, Luz 
María; Hidalgo-Vega, Álvaro 

Systematic review of economic evaluation 
analyses of available vaccines in Spain from 
1990 to 2012 

2015 

Pan, Xiong-Fei; Griffiths, Ulla K.; 
Pennington, Mark; Yu, Hongjie; Jit, 
Mark 

Systematic review of economic evaluations of 
vaccination programs in mainland China: Are 
they sufficient to inform decision making? 
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Table 30 (continued) 
 

2016 
Endo, Iara C.; Ziegelmann, Patricia 
K.; Patel, Anita 

The economic promise of developing and 
implementing dengue vaccines: Evidence from 
a systematic review 

2017 

Kotirum, Surachai; Vutipongsatorn, 
Naaon; Kongpakwattana, Khachen; 
Hutubessy, Raymond; 
Chaiyakunapruk, Nathorn 

Global economic evaluations of rotavirus 
vaccines: A systematic review 

2018 

Nishikawa, Alvaro Mitsunori; 
Sartori, Ana Marli Christovam; 
Mainardi, Giulia Marcelino; Freitas, 
Angela Carvalho; Itria, Alexander; 
Novaes, Hillegonda Maria Dutilh; 
de Soárez, Patrícia Coelho 

Systematic review of economic evaluations of 
the 23-valent pneumococcal polysaccharide 
vaccine (PPV23) in individuals 60 years of age 
or older 

2018 Carvalho, Natalie; Jit, Mark; Cox, 
Sarah; Yoong, Joanne; Hutubessy, 
Raymond C. W. 

Capturing Budget Impact Considerations 
Within Economic Evaluations: A Systematic 
Review of Economic Evaluations of Rotavirus 
Vaccine in Low- and Middle-Income Countries 
and a Proposed Assessment Framework 

2013 
Babigumira, Joseph B; Morgan, Ian; 
Levin, Ann 

Health economics of rubella: a systematic 
review to assess the value of rubella 
vaccination 

2012 
Burchett, H. E. D.; Mounier-Jack, 
S.; Griffiths, U. K.; Mills, A. J. 

National decision-making on adopting new 
vaccines: a systematic review 

2016 Carvalho, N How are Budget Impact Considerations 
Captured within Economic Evaluations? A 
Systematic Review of the Literature Focused 
on Rotavirus Vaccine 

2016 

Chit, Ayman; Lee, Jason K. H.; 
Shim, Minsup; Nguyen, Van Hai; 
Grootendorst, Paul; Wu, Jianhong; 
Van Exan, Robert; Langley, Joanne. 

Economic evaluation of vaccines in Canada: A 
systematic review 

2016 

Chongmelaxme, B; Hammanee, M; 
Phooaphirak, W; Kotirum, S; 
Chaiyakunapruk, N 

Economic Evaluations of Haemophilus 
Influenzae Type B Vaccine: A Systematic 
Review 

2017 

Sartori, Ana Marli Christovam; 
Rozman, Luciana Martins; 
Decimoni, Tassia Cristina; Leandro, 
Roseli; Novaes, Hillegonda Maria 
Dutilh; de Soárez, Patrícia Coelho 

A systematic review of health economic 
evaluations of vaccines in Brazil 

2013 

Damm, O.; Ultsch, B.; Horn, J.; 
Mikolajczyk, R.; Wichmann, O.; 
Greiner, W. 

Economic Evaluations of Varicella and Herpes 
Zoster Vaccination Programmes: A Systematic 
Review 

2015 

Damm, Oliver; Ultsch, Bernhard; 
Horn, Johannes; Mikolajczyk, 
Rafael T.; Greiner, Wolfgang; 
Wichmann, Ole 

Systematic review of models assessing the 
economic value of routine varicella and herpes 
zoster vaccination in high-income countries 

2017 

de Boer, Pieter T.; van Maanen, 
Britt M.; Damm, Oliver; Ultsch, 
Bernhard; Dolk, Franklin C.K.; 
Crépey, Pascal; Pitman, Richard; 
Wilschut, Jan C.; Postma, Maarten 
J. 

A systematic review of the health economic 
consequences of quadrivalent influenza 
vaccination 
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Table 30 (continued) 
 

2012 

Deogaonkar, Rohan; Hutubessy, 
Raymond; van der Putten, Inge; 
Evers, Silvia; Jit, Mark 

Systematic review of studies evaluating the 
broader economic impact of vaccination in low 
and middle income countries 

2008 

Anonychuk, Andrea M; Tricco, 
Andrea C; Bauch, Chris T; Pham, 
Baʼ; Gilca, Vladimir; Duval, 
Bernard; John-Baptiste, Ava; Woo, 
Gloria; Krahn, Murray 

Cost-Effectiveness Analyses of Hepatitis A 
Vaccine: A Systematic Review to Explore the 
Effect of Methodological Quality on the 
Economic Attractiveness of Vaccination 
Strategies 

2018 

Imai, Chisato; Toizumi, Michiko; 
Hall, Lisa; Lambert, Stephen; 
Halton, Kate; Merollini, Katharina 

A systematic review and meta-analysis of the 
direct epidemiological and economic effects of 
seasonal influenza vaccination on healthcare 
workers 

2016 

La Torre, Giuseppe; Mannocci, 
Alice; Saulle, Rosella; Colamesta, 
Vittoria; Meggiolaro, Angela; 
Mipatrini, Daniele; Sinopoli, 
Alessandra 

Economic evaluation of HBV vaccination: A 
systematic review of recent publications 
(2000–2013) 

2017 

Nymark, Liv S.; Sharma, Tarang; 
Miller, Alexander; Enemark, Ulrika; 
Griffiths, Ulla Kou 

Inclusion of the value of herd immunity in 
economic evaluations of vaccines. A systematic 
review of methods used 

2013 

Ott, Jördis J.; Klein Breteler, Janna; 
Tam, John S.; Hutubessy, Raymond 
C.W.; Jit, Mark; de Boer, Michiel R. 

Influenza vaccines in low and middle income 
countries: A systematic review of economic 
evaluations 

2014 

Rheingans, Richard; Amaya, Mirna; 
Anderson, John; Chakraborty, 
Poulomy; Atem, Jacob 

Systematic review of the economic value of 
diarrheal vaccines 

2017 
Shields, Gemma E; Elvidge, Jamie; 
Davies, Linda M 

A systematic review of economic evaluations 
of seasonal influenza vaccination for the 
elderly population in the European Union 

2016 

Ultsch, Bernhard; Damm, Oliver; 
Beutels, Philippe; Bilcke, Joke; 
Brüggenjürgen, Bernd; Gerber-
Grote, Andreas; Greiner, Wolfgang; 
Hanquet, Germaine; Hutubessy, 
Raymond; Jit, Mark; Knol, Mirjam; 
von Kries, Rüdiger; Kuhlmann, 
Alexander; Levy-Bruhl, Daniel; 
Perleth, Matthias; Postma, Maarten; 
Salo, Heini; Siebert, Uwe; Wasem, 
Jürgen; Wichmann, Ole 

Methods for Health Economic Evaluation of 
Vaccines and Immunization Decision 
Frameworks: A Consensus Framework from a 
European Vaccine Economics Community 

2013 

Unim, Brigid; Saulle, Rosella; 
Boccalini, Sara; Taddei, Cristina; 
Ceccherini, Vega; Boccia, Antonio; 
Bonanni, Paolo; La Torre, Giuseppe 

Economic evaluation of Varicella vaccination: 
results of a systematic review 
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Table 31: Summary of results from analysis of literature on vaccine economics and costs 

Review Type Number of Reviews 
Systematic reviews 44 

Economic evaluation 262 

Rotavirus  4 

Influenza  146 

Pneumococcal 91 

Varicella  36 

Herpes Zoster 16 

Herd effects  12 

Pertussis  18 

Dengue  10 

HIV  9 

Rubella  10 

J. Encephalitis 2 

Aureaus  3 

Hib  9 

Meningococcal 18 

Cost effectiveness 48 

Cost benefit  9 

Cost utility  1 
 
 

6.1.2 Country Selection 

Table 32: Countries excluded from analysis 

Country Name Reason Excluded 

Albania Data not reliable and HSV prevalence is low 

American Samoa Data not reliable and HSV prevalence is low 

Armenia Data not reliable and HSV prevalence is low 

Belize Data not reliable and HSV prevalence is low 

Bosnia and Herzegovina Data not reliable and HSV prevalence is low 

Cabo Verde Data not reliable and HSV prevalence is low 

Comoros Data not reliable and HSV prevalence is low 

Costa Rica Data not reliable and HSV prevalence is low 

Djibouti Data not reliable and HSV prevalence is low 

Dominica Data not reliable and HSV prevalence is low 

Equatorial Guinea Data not reliable and HSV prevalence is low 

Eritrea Data not reliable and HSV prevalence is low 



 

 123 

Table 32 (continued) 
 

Eswatini Data not reliable and HSV prevalence is low 

Fiji Data not reliable and HSV prevalence is low 

Georgia Data not reliable and HSV prevalence is low 

Grenada Data not reliable and HSV prevalence is low 

Guinea-Bissau Data not reliable and HSV prevalence is low 

Guyana Data not reliable and HSV prevalence is low 

Kiribati Data not reliable and HSV prevalence is low 

Korea, Dem. People's Rep. Data not reliable and HSV prevalence is low 

Kosovo Data not reliable and HSV prevalence is low 

Kyrgyz Republic Data not reliable and HSV prevalence is low 

Lao PDR Data not reliable and HSV prevalence is low 

Maldives Data not reliable and HSV prevalence is low 

Marshall Islands Data not reliable and HSV prevalence is low 

Mauritania Data not reliable and HSV prevalence is low 

Micronesia, Fed. Sts. Data not reliable and HSV prevalence is low 

Moldova Data not reliable and HSV prevalence is low 

Montenegro Data not reliable and HSV prevalence is low 

North Macedonia Data not reliable and HSV prevalence is low 

Samoa Data not reliable and HSV prevalence is low 

Solomon Islands Data not reliable and HSV prevalence is low 

Somalia Data not reliable and HSV prevalence is low 

South Sudan Data not reliable and HSV prevalence is low 

St. Lucia Data not reliable and HSV prevalence is low 

Vincent and the Grenadines Data not reliable and HSV prevalence is low 

Suriname Data not reliable and HSV prevalence is low 

Syrian Arab Republic Data not reliable and HSV prevalence is low 

Sao Tome and Principe Data not reliable and HSV prevalence is low 

Timor-Leste Data not reliable and HSV prevalence is low 

Tonga Data not reliable and HSV prevalence is low 

Turkmenistan Data not reliable and HSV prevalence is low 

Tuvalu Data not reliable and HSV prevalence is low 

Vanuatu Data not reliable and HSV prevalence is low 

West Bank and Gaza Data not reliable and HSV prevalence is low 
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6.1.3 Input from Experts 

 
I selected a group of international experts as well as country-level clinicians to gather input on HSV-2 

natural history and treatment. I selected the international experts based on the working group I had 

established at the WHO and the experts who were invited to the technical consultation that I led at the 

International Society for Sexually Transmitted Diseases Research (ISSTDR) STI and HIV World Congress 

in 2017 (Rio de Janeiro, Brazil) in support of the work (on behalf of the WHO). I also selected them based 

on my prior relationship working with them. The international team of experts included Professor Anna 

Wald (Head of the Allergy and Infectious Diseases Division at the School of Medicine, University of 

Washington, USA) and Professor Christine Johnston (Associate Professor, Allergy and Infectious Diseases 

Division at the School of Medicine, University of Washington, USA), Professor Laith Abu-Raddad 

(Professor of Healthcare Policy and Research , Director of the Biostatistics, Epidemiology, and 

Biomathematics Research Core , Weill Cornell Medicine, Qatar) and Dr. Francis Ndowa (former 

coordinator for the global prevention and control of STIs at the WHO, current member of the WHO’s 

strategic advisory group on sexually transmitted infections). I selected the country clinicians based on 

contacts I established at the ISSDTR, the experts I had invited to the WHO working group and contact 

referrals from other experts.  

 
6.1.4 Literature Used to Identify Natural History Parameters 

 

Table 33: Natural history parameters and sources 

Parameter Sources 
Percent newly-infected with first-
episode symptoms 

Corey Ann Intern Med. 1983 Jun;98(6):958-72 

  Fife Sex Transm Dis. 2006 Jul;33(7):441-4 

  Brown N Engl J Med. 1997 Aug 21;337(8):509-15 

  Langenberg N Engl J Med. 1999 Nov 4;341(19):1432-8 

  Bernstein Clin Infect Dis. 2013 Feb;56(3):344-51 

  Corey N Engl J Med. 2004 Jan 1;350(1):11-20 
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Table 33 (continued) 
 

Duration of first-episode symptoms 
(days) 

Bryson N Engl J Med. 1983 Apr 21;308(16):916-21 

  Mendelson Genitourin Med. 1986 Apr;62(2):97-101 

  Kinghorn Genitourin Med. 1986 Feb;62(1):33-7 

  Corey N Engl J Med. 1982 Jun 3;306(22):1313-9 

  Mertz JAMA. 1984 Sep 7;252(9):1147-51 

  Koelle Ann Intern Med. 1992 Mar 15;116(6):433-7 
Corey Ann Intern Med. 1983 Jun;98(6):958-72 

Percent "symptomatic"   

Percent with recurrence Benedetti Ann Intern Med. 1994 Dec 1;121(11):847-54 

  Corey JAMA. 1999 Jul 28;282(4):331-40 

  Brown N Engl J Med. 1987 Nov 12;317(20):1246-51 

  Koelle Ann Intern Med. 1992 Mar 15;116(6):433-7;  

  Lafferty N Engl J Med. 1987 Jun 4;316(23):1444-9  

Mean no. of recurrences (any time)   

  Fuchs J Infect Dis. 2010 Apr 15;201(8):1164-8 

    

Mean no. of recurrences (any time) Tronstein JAMA. 2011 Apr 13;305(14):1441-9 

  Leone Sex Transm Dis. 2007 Nov;34(11):900-7 

  
Boggess Am J Obstet Gynecol. 1997 Feb;176(2):443-
51 

Mean no. of recurrences (any time) Wald N Engl J Med. 2014 Jan 16;370(3):201-10 

  Cohen Arch Intern Med. 1999 Nov 8;159(20):2430-6 

  Leone Sex Transm Dis. 2007 Nov;34(11):900-7 

  
Boggess Am J Obstet Gynecol. 1997 Feb;176(2):443-
51 

  Wald JAMA. 2001 Jun 27;285(24):3100-6 

  
Bender Ignacio J Infect Dis. 2015 Dec 
15;212(12):1949-56 

  Kim Sex Transm Dis. 2008 Feb;35(2):124-8 

  Bernstein J Infect Dis. 2017 Mar 15;215(6):856-864 

  Wald N Engl J Med. 1995 Sep 21;333(12):770-5 

  Wald J Infect Dis. 2002 Oct 15;186 Suppl 1:S34-9 
Mean no. of recurrences in first 
year  

Benedetti Ann Intern Med. 1994 Dec 1;121(11):847-54 

  Mertz JAMA. 1984 Sep 7;252(9):1147-51 

  Koelle Ann Intern Med. 1992 Mar 15;116(6):433-7;  

  
Franzen-Röhl Sex Transm Infect. 2017 May;93(3):169-
174 

  Handsfield Sex Transm Dis. 2007 Jun;34(6):339-43 

  Fife Sex Transm Dis. 2008 Jul;35(7):668-73 

  Corey JAMA. 1999 Jul 28;282(4):331-40 

  Brown N Engl J Med. 1987 Nov 12;317(20):1246-51 



 

 126 

Table 33 (continued) 
 

  Benedetti Ann Intern Med. 1999 Jul 6;131(1):14-20 

  Phipps J Infect Dis. 2011 Jan 15;203(2):180-7 

Duration of recurrence (days) Wald J Infect Dis. 2002 Oct 15;186 Suppl 1:S34-9 

  Douglas N Engl J Med. 1984 Jun 14;310(24):1551-6 

  Mark J Infect Dis. 2007 May 1;195(9):1324-31 

  de Bruyn Vaccine. 2006 Feb 13;24(7):914-20 

  Corey JAMA. 1999 Jul 28;282(4):331-40 

  Corey N Engl J Med. 1982 Jun 3;306(22):1313-9 

  Aoki Clin Infect Dis. 2006 Jan 1;42(1):8-13 

  Leone Curr Med Res Opin. 2010 Mar;26(3):653-61 

  Benedetti Am J Med. 1995 Mar;98(3):237-42 

  Phipps J Infect Dis. 2011 Jan 15;203(2):180-7 
Mean no. of recurrences in years 2-
10 

Phipps J Infect Dis. 2011 Jan 15;203(2):180-7 

Mean no. of recurrences in years 
11+ Phipps J Infect Dis. 2011 Jan 15;203(2):180-7 

Percent infected who are diagnosed 
Brown Am J Obstet Gynecol. 1995 Apr;172(4 Pt 
1):1299-303 

  Gottlieb J Infect Dis. 2004 Sep 15;190(6):1059-67 

  Fanfair Sex Transm Dis. 2013 Nov;40(11):860-4 

Percent infected who are aware of 
infection 

Frenkel Ann Intern Med. 1993 Mar 15;118(6):414-8 

  Fife Sex Transm Dis. 2010 Apr;37(4):248-52 

Percent infected who have a history 
of genital herpes 

Fuchs J Infect Dis. 2010 Apr 15;201(8):1164-8 

  Fife Sex Transm Dis. 2010 Apr;37(4):248-52 

 
 

6.1.5 Treatment Guidelines 

 
I conducted a rapid literature review to identify the guidelines for treating genital herpes in the countries of 

interest. I searched Pubmed using the query string: “((genital herpes[MeSH Terms]) AND 

(treatment[Title])) AND (guidelines[Title])”. I identified six articles of which I excluded five as they were 

outdated. I then updated the search based on the following query string: “((genital herpes[MeSH Terms]) 

AND (treatment[Title/Abstract])) AND (guidelines[Title/Abstract])”. I identified 41 articles of which I 

excluded 11 as they were outdated (published prior to 2000). As a means of further triangulating the search 

results, I searched Pubmed using the query string: “"Herpes Simplex"[Mesh] OR "Herpes Genitalis"[Mesh] 
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OR "Herpesvirus 1, Human"[Mesh] OR "Herpesvirus 2, Human"[Mesh] OR genital ulcer*[tiab] OR herpes 

Labialis[tiab] OR genital herpes[tiab] AND (treatment[Title/Abstract])) AND 

(guidelines[Title/Abstract])”. I identified 157 articles of which I excluded 37 as they were outdated. I also 

searched Google using the query strings: “Herpes Simplex OR "Herpes Genitalis OR Herpesvirus 1 OR 

Herpesvirus 2 OR genital ulcer* OR herpes Labialis OR genital herpes AND  treatment AND guidelines. 

Based on the combined search results, I identified the following guidelines for the countries that I analyzed 

(Table 34). 

Table 34: Guidelines used and sources 

Country WHO Region Income Group Guidelines Source 
Afghanistan EMRO Low income WHO STI guidelines Assumed 

Albania EURO Upper middle income European guidelines Assumed 

Algeria AFRO Upper middle income WHO STI guidelines Assumed 

American Samoa OTHR Upper middle income WHO STI guidelines Assumed 

Angola AFRO Lower middle income WHO STI guidelines Assumed 

Armenia EURO Upper middle income European guidelines Assumed 

Azerbaijan EURO Upper middle income European guidelines Assumed 

Bangladesh SERO Lower middle income WHO STI guidelines Assumed 

Belarus EURO Upper middle income European guidelines Assumed 

Belize AMRO Upper middle income WHO STI guidelines Assumed 

Benin AFRO Low income WHO STI guidelines Assumed 

Bhutan SERO Lower middle income National guidelines 2009  
Bolivia AMRO Lower middle income WHO STI guidelines Assumed 
Bosnia and 
Herzegovina EURO Upper middle income European guidelines Assumed 

Botswana AFRO Upper middle income Corbell et al.123 Corbell et al. 

Brazil AMRO Upper middle income WHO STI guidelines Assumed 

Bulgaria EURO Upper middle income European guidelines Assumed 

Burkina Faso AFRO Low income WHO STI guidelines Assumed 

Burundi AFRO Low income WHO STI guidelines Assumed 

Cabo Verde AFRO Lower middle income WHO STI guidelines Assumed 

Cambodia WPRO Lower middle income National Guidelines (2010)  
Cameroon AFRO Lower middle income WHO STI guidelines Assumed 
Central African 
Republic AFRO Low income WHO STI guidelines Assumed 

Chad AFRO Low income WHO STI guidelines Assumed 

China WPRO Upper middle income WHO STI guidelines Assumed 
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Table 34 (continued) 
 

Colombia AMRO Upper middle income National guidelines 2013  
Comoros AFRO Low income WHO STI guidelines Assumed 
Congo, Dem. 
Rep. AFRO Low income WHO STI guidelines Assumed 

Congo, Rep. AFRO Lower middle income WHO STI guidelines Assumed 

Costa Rica AMRO Upper middle income WHO STI guidelines Assumed 

Côte d'Ivoire AFRO Lower middle income WHO STI guidelines Assumed 

Cuba AMRO Upper middle income WHO STI guidelines Assumed 

Djibouti EMRO Lower middle income WHO STI guidelines Assumed 

Dominica AMRO Upper middle income WHO STI guidelines Assumed 
Dominican 
Republic AMRO Upper middle income WHO STI guidelines Assumed 

Ecuador AMRO Upper middle income WHO STI guidelines Assumed 

Egypt EMRO Lower middle income National guidelines 2006  
El Salvador AMRO Lower middle income WHO STI guidelines Assumed 
Equatorial 
Guinea AFRO Upper middle income WHO STI guidelines Assumed 

Eritrea AFRO Low income WHO STI guidelines Assumed 

Ethiopia AFRO Low income National guidelines 2015  
Fiji WPRO Upper middle income Physician input  
Gabon AFRO Upper middle income WHO STI guidelines Assumed 

Gambia AFRO Low income WHO STI guidelines Assumed 

Georgia EURO Lower middle income European guidelines Assumed 

Ghana AFRO Lower middle income WHO STI guidelines Assumed 

Grenada AMRO Upper middle income WHO STI guidelines Assumed 

Guatemala AMRO Upper middle income WHO STI guidelines Assumed 

Guinea AFRO Low income WHO STI guidelines Assumed 

Guinea-Bissau AFRO Low income WHO STI guidelines Assumed 

Guyana AMRO Upper middle income WHO STI guidelines Assumed 

Haiti AMRO Low income WHO STI guidelines Assumed 

Honduras AMRO Lower middle income WHO STI guidelines Assumed 

India SERO Lower middle income National guidelines 2007  
Indonesia SERO Lower middle income WHO STI guidelines Assumed 

Iran EMRO Upper middle income WHO STI guidelines Assumed 

Iraq EMRO Upper middle income WHO STI guidelines Assumed 

Jamaica AMRO Upper middle income WHO STI guidelines Assumed 

Jordan EMRO Upper middle income WHO STI guidelines Assumed 

Kazakhstan EURO Upper middle income European guidelines Assumed 
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Table 34 (continued) 
 

Kenya AFRO Lower middle income Corbell et al. Corbell et al. 

Kiribati WPRO Lower middle income WHO STI guidelines Assumed 

Kosovo EURO Lower middle income European guidelines Assumed 

Lebanon EMRO Upper middle income WHO STI guidelines Assumed 

Lesotho AFRO Lower middle income National guidelines 2005  
Liberia AFRO Low income WHO STI guidelines Assumed 

Libya EMRO Upper middle income WHO STI guidelines Assumed 

Macedonia EURO Upper middle income European guidelines Assumed 

Madagascar AFRO Low income WHO STI guidelines Assumed 

Malawi 
AFRO Low income 

Corbell et al. and national 
guidelines (200) Corbell et al. 

Malaysia WPRO Upper middle income National guidelines 2008 Corbell et al. 

Maldives SERO Upper middle income WHO STI guidelines Assumed 

Mali AFRO Low income National guidelines 2007  
Marshall Islands WPRO Upper middle income WHO STI guidelines Assumed 

Mauritania AFRO Lower middle income WHO STI guidelines Assumed 

Mauritius AFRO Upper middle income WHO STI guidelines Assumed 

Mexico AMRO Upper middle income WHO STI guidelines Assumed 

Moldova EURO Lower middle income European guidelines Assumed 

Mongolia WPRO Lower middle income WHO STI guidelines Assumed 

Montenegro EURO Upper middle income European guidelines Assumed 

Morocco EMRO Lower middle income WHO STI guidelines Assumed 

Mozambique AFRO Low income WHO STI guidelines Assumed 

Myanmar SERO Lower middle income WHO STI guidelines Assumed 

Namibia AFRO Upper middle income WHO STI guidelines Assumed 

Nauru WPRO Upper middle income WHO STI guidelines Assumed 

Nepal SERO Low income WHO STI guidelines Assumed 

Nicaragua AMRO Lower middle income WHO STI guidelines Assumed 

Niger AFRO Low income WHO STI guidelines Assumed 

Nigeria AFRO Lower middle income WHO STI guidelines Assumed 

Pakistan EMRO Lower middle income WHO STI guidelines Assumed 
Papua New 
Guinea WPRO Lower middle income WHO STI guidelines Assumed 

Paraguay AMRO Upper middle income WHO STI guidelines Assumed 

Peru AMRO Upper middle income WHO STI guidelines Assumed 

Philippines WPRO Lower middle income WHO STI guidelines Assumed 

Romania EURO Upper middle income European guidelines Assumed 
Russian 
Federation EURO Upper middle income European guidelines Assumed 
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Table 34 (continued) 
 

Rwanda AFRO Low income WHO STI guidelines Assumed 

Samoa WPRO Upper middle income WHO STI guidelines Assumed 
São Tomé and 
Principe AFRO Lower middle income WHO STI guidelines Assumed 

Senegal AFRO Low income WHO STI guidelines Assumed 

Serbia EURO Upper middle income European guidelines Assumed 

Sierra Leone AFRO Low income WHO STI guidelines Assumed 

Solomon Islands WPRO Lower middle income WHO STI guidelines Assumed 

Somalia EMRO Low income WHO STI guidelines Assumed 

South Africa 
AFRO Upper middle income 

Corbell et al. and national 
guidelines (2015) Corbell et al. 

South Sudan AFRO Low income WHO STI guidelines Assumed 

Sri Lanka SERO Lower middle income National Guidelines (2000)  
Sudan EMRO Lower middle income WHO STI guidelines Assumed 

Suriname AMRO Upper middle income WHO STI guidelines Assumed 

Swaziland AFRO Lower middle income WHO STI guidelines Assumed 
Syrian Arab 
Republic EMRO Low income WHO STI guidelines Assumed 

Tajikistan EURO Low income European guidelines Assumed 

Tanzania 
AFRO Low income 

Corbell et al. and national 
guidelines (2007) Corbell et al. 

Thailand SERO Upper middle income Corbell et al. Corbell et al. 

Timor-Leste WPRO Lower middle income WHO STI guidelines Corbell et al. 

Togo AFRO Low income WHO STI guidelines Assumed 

Tonga WPRO Upper middle income WHO STI guidelines Assumed 

Tunisia EMRO Lower middle income WHO STI guidelines Assumed 

Turkey EURO Upper middle income European guidelines Assumed 

Turkmenistan EURO Upper middle income European guidelines Assumed 

Tuvalu WPRO Upper middle income WHO STI guidelines Assumed 

Uganda AFRO Low income Corbell et al. Corbell et al. 

Ukraine EURO Lower middle income European guidelines Corbell et al. 

Uzbekistan EURO Lower middle income European guidelines Assumed 

Vanuatu WPRO Lower middle income WHO STI guidelines Assumed 

Venezuela, RB AMRO Upper middle income WHO STI guidelines Assumed 

Vietnam SERO Lower middle income WHO STI guidelines Assumed 

Yemen EMRO Low income WHO STI guidelines Assumed 

Zambia AFRO Lower middle income Corbell et al. Corbell et al. 
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6.1.6 Literature on Care-seeking 

 
Table 35: Literature on care-seeking for sexually transmitted infections 

Author Title 
Htut KM, Mon MM, Aye ZM, Ni LL. Young key affected population in Myanmar: are there 

any challenges in seeking information and care for 
HIV/sexually transmitted infections and reproductive 
health? 

Version 2. F1000Res. 2018 Sep 
21;7:1515. doi: 
10.12688/f1000research.16029.2. 
eCollection 2018. 

 

PMID: 30519458 Free PMC article.  

   

Leichliter JS, Lewis DA, Sternberg M, 
Habel MA, Paz-Bailey G. 

Health care seeking among men with genital ulcer 
disease in South Africa: correlates and relationship to 
human immunodeficiency virus-1 and herpes simplex 
virus type 2 detection and shedding. 

Sex Transm Dis. 2011 Sep;38(9):865-
70. doi: 
10.1097/OLQ.0b013e31821d4ceb. 

 

PMID: 21844743 Clinical Trial.  

   

Chuh A, Zawar V, Ooi C, Lee A. A Case-Control Study in Primary Care Settings on the 
Roles of Dermatoscopy in Infectious Diseases Affecting 
the Skin, Part 1: Viral and Bacterial Infections. 

Skinmed. 2018 Jul 1;16(4):247-254. 
eCollection 2018. 
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6.1.7 Literature on HIV Productivity Impacts 

Table 36: Literature on HIV-related productivity losses 

 
Source Parameter Value 
1.Habyarimana, J., Mbakile, B. & Pop-Eleches, C. 
The Impact of HIV/AIDS and ARV Treatment on 
Worker Absenteeism: Implications for African 
Firms. The Journal of Human Resources 45, 809–
839 (2010). 

Year before initiation: absenteeism of enrolled workers 
increases 
sharply to a peak of five days/month in last month. 
First six months after initiation: absenteeism declines 
sharply. 
7 months-4 years after initiation: no difference between 
enrolled 
workers and rest of workforce. 

Iro, O., Amadi, A., & Abanobi, O. (2008, August). 
The EffectofHIV/AIDS-
relatedMorbidityonWorkPro- ductivity: A Case-
control Study of Patients on ART in Abia State of 
Nigeria. Paper presented at the AIDS 2008  
XVII International AIDS Conference. Mexico 
City, Mexico. 

Mean workdays lost (pB0.05) 
HIV+ on ART: M=1.06 (SD =1.516). 
HIV+ not on ART: M=4.16 (SD =3.282). 
HIV- or unknown serostatus: M=0.05 (SD =0.366). 

1.Muirhead, D. et al. Health care costs, savings 
and productivity benefits resulting from a large 
employer sponsored ART program in South 
Africa. undefined /paper/Health-care-costs%2C-
savings-and-productivity-from-a-Muirhead-
Kumaranayake/1169a2d82967c92cfe28892a31530
e7ed10b2929 (2006). 

Mean worker absence over 18 months on ART 
Immediately prior to ART initiation: 7.5 days/month. 
Six months 
on ART: 2.9 days/month. 
12 months: 2.2 days/month. 
18 months: 2.1 days/month. 

Rosen, S., Ketlhapile, M., Sanne, I., & DeSilva, 
M.B. (2008). Differences in normal activities, job 
perfor- mance and symptom prevalence between 
patients not yet on antiretroviral therapy and 
patients initiating therapy in South Africa. AIDS, 
22(Suppl. 1), S131 S139. 

Differences in absenteeism prior to ART up to six 
months 
Mean days absent due to health in previous month: 
Pre-ART 3.1 (SD =7.5); ART 1-6 months 2.7 (SD 
=7.7) 
(p =0.0108); ART 1-3 months 4.2 (SD =9.8); ART 3-6 
months 1.3 (SD =5.0) (p =0.0353). 

Beard J, Feeley F, Rosen S (2009) Economic and 
quality of life outcomes of antiretroviral therapy 
for HIV/AIDS in developing countries: a 
systematic literature review. AIDS Care 21: 1343–
1356. 

Absence pre-ART 3.1 days/month; post-ART 
1.3/month at 3-6 months 

World Health Organization HIV/AIDS Programme 
(2009) Rapid advice: Antiretroviral therapy for 
HIV infection in adults and adolescents. Geneva. 

Absence pre-ART 78 days/year; post-ART 52 
days/year at 28 months 

Fox MP, McCoy K, Larson BA, Rosen S, Bii M, 
et al. (2010) Improvements in physical wellbeing 
over the first two years on antiretroviral therapy in 
western Kenya 

Absence pre-ART 7.5 days/month; post-ART 2.9 days 
at 6 months, 2.1 days at 18 months 

King JT Jr, Justice AC, Roberts MS, Chang CC, 
Fusco JS (2003) Long-term HIV/AIDS survival 
estimation in the highly active antiretroviral 
therapy era. Med Decis Making 23: 9–20. 

Pre-ART: Sick leave 0.16 months/year (0.14 in 
controls). Pre-ART 12% ‘fully functioning’; post-ART 
84% at 12 months and 91% at 24 months 
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6.2 The Economic Value of Novel TB Vaccines 

6.2.1 Countries Analyzed 

 
I removed all countries whose population in 2020 were less than 4,101,000 with the exception of Uruguay, 

Mongolia, Namibia, Botswana, Lesotho, and Cyprus. The removed countries are listed in Table 37 below. 

I additionally removed Democratic People's Republic of Korea, Somalia, South Sudan and the Syrian Arab 

Republic due to the absence of reliable essential data (GDP per capita and GNI per capita in constant 2010 

US$). In countries where GDP per capita was not available (in constant 2010 US$) but GNI per capita was 

available (in constant 2010 US$), the latter was used (Iran and Venezuela). 

 
Table 37: Countries removed from full-income estimates 

Country Name Reason for removal 

HongKong 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

LaoPeople'sDemocraticRepublic 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Kyrgyzstan 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Turkmenistan 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Slovakia 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

StateofPalestine 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

CostaRica 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Mauritania 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Pama 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Croatia 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 
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Table 37 (continued) 
 

Republic of Moldova 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Georgia 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Eritrea 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Bosnia and Herzegovi 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Jamaica 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Armenia 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Qatar 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Albania 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Puerto Rico 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Lithuania 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

North Macedonia 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Slovenia 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Latvia 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Bahrain 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Trinidad and Tobago 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Estonia 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Timor-Leste Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 
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Table 37 (continued) 
 

Mauritius 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Guya 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Bhutan 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Chi,MacaoSAR 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Montenegro 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Luxembourg 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Surime 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Malta 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Belize 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Iceland 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Barbados 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Curaao 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

Burundi 

Population less than 4,101,000 or absence of reliable 
essential data (national income, population or demographic 
data) 

 
 
6.3 Recommendations for Implementation 

6.3.1 Investment Criteria used by Stakeholders 

 

To analyze the investment criteria used by these stakeholders, I first relied on the scoping review conducted 

by Sim and colleagues193. They found sixty-seven outcomes commonly used in investment cases, which 
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they broadly categorized as burden of disease related, cost of investment related, impact of investment 

related or implementation of investment related193. To identify the specific outcomes considered by PDVAC 

stakeholders, I analyzed publicly available documents for each and conducted key informant interviews 

with each organization. I summarize the results in Tables 38 and 39. 

 

Table 38: PDVAC stakeholders and their investment criteria 

Organization Organization Type Country 

 Aeras 
Medicines and Healthcare products 
Regulatory Agency  United States of America 

 Bayor College of Medicine Product development partnership  United States of America 

 Bill & Melinda Gates Foundation International non-profit organization  United State of America 

 European Commission Government agency  Belgium 

 GAVI Government agency  United States of America 

 Ifakara Health Institute Government agency  Italy 
 Instituto de Investigación 
Nutricional Non-academic research insitution 

 United Republic of 
Tanzania 

 International AIDS Vaccine 
Initiative Product development partnership  USA 
 International Centre for Diarrhoeal 
Disease Research Government agency United States of America 

International Vaccine Institute 
Public–private global health 
partnership  Netherlands 

 Medicines and Healthcare products 
Regulatory Agency International non-profit organization  Germany 
 National Institute for Communicable 
Diseases Centre for HIV & STI’s 
HIV Virology Section International non-profit organization  United States of America 

 NIAID Government agency 
 People's Republic of 
China 

 PATH International non-profit organization  United States of America 

 PATH (MVI) International non-profit organization  United States of America 

 Paul-Ehrlich-Institut Government agency  South Africa 

 Philimmune LLC International non-profit organization  United States of America 

 University of Heidelberg 
Public–private global health 
partnership  Switzerland 

 University of Washington International non-profit organization  United States of America 
Regional Healthcare Agency of 
Abruzzo Independent, nonprofit organization  Korea 
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Table 39: Investment criteria used by PDVAC stakeholders 

 
Multinational pharmaceutical companies 

Outcome Source 
Deaths averted(lives saved) Sim et al. and grey literature 

Incremental Cost-Effectiveness Ratio (ICER) Sim et al. and grey literature 

Equity (health) Sim et al. and grey literature 

Cases averted Sim et al. and grey literature 

Herd immunity Sim et al. and grey literature 

DALY averted Sim et al. and grey literature 

Number vaccinated per year Sim et al. and grey literature 

Antimicrobial resistance Sim et al. and grey literature 

Long term sequelae or disability averted Sim et al. and grey literature 

Total revenue from vaccine sales Sim et al. and grey literature 

Return on Investment (ROI) estimates Sim et al. and grey literature 

Procurement cost per death or case averted Sim et al. and grey literature 

  

International non-profit organizations 
Outcome Sim et al. and grey literature 

Deaths averted(lives saved) Sim et al. and grey literature 

Incremental Cost-Effectiveness Ratio (ICER) Sim et al. and grey literature 

Equity (health) Sim et al. and grey literature 

Cases averted Sim et al. and grey literature 

Herd immunity Sim et al. and grey literature 

Synergy with other health interventions Sim et al. and grey literature 

Macroeconomic impact Sim et al. and grey literature 

DALY averted Sim et al. and grey literature 

Direct cost savings Sim et al. and grey literature 

Financial protection Sim et al. and grey literature 

Number vaccinated per year Sim et al. and grey literature 

Public sector budget impact Sim et al. and grey literature 

Educational and cognitive outcomes Sim et al. and grey literature 

Equity (private expenditure) Sim et al. and grey literature 

Antimicrobial resistance Sim et al. and grey literature 

Disease control cost averted Sim et al. and grey literature 

HIV-related comorbidities Sim et al. and grey literature 

Long term sequelae or disability averted Sim et al. and grey literature 

Total revenue from vaccine sales Sim et al. and grey literature 

Benefit-Cost Ratio (BCR) estimates Sim et al. and grey literature 
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Table 39 (continued) 
 

Indirect cost savings Sim et al. and grey literature 

Return on Investment (ROI) estimates Sim et al. and grey literature 

Procurement cost per death or case averted Sim et al. and grey literature 

  

Product development partnerships 
Outcome Sim et al. and grey literature 

Deaths averted(lives saved) Sim et al. and grey literature 

Incremental Cost-Effectiveness Ratio (ICER) Sim et al. and grey literature 

Equity (health) Sim et al. and grey literature 

Cases averted Sim et al. and grey literature 

Herd immunity Sim et al. and grey literature 

Synergy with other health interventions Sim et al. and grey literature 

Macroeconomic impact Sim et al. and grey literature 

DALY averted Sim et al. and grey literature 

Direct cost savings Sim et al. and grey literature 

Financial protection Sim et al. and grey literature 

Number vaccinated per year Sim et al. and grey literature 

Public sector budget impact Sim et al. and grey literature 

Educational and cognitive outcomes Sim et al. and grey literature 

Equity (private expenditure) Sim et al. and grey literature 

Antimicrobial resistance Sim et al. and grey literature 

Disease control cost averted Sim et al. and grey literature 

HIV-related comorbidities Sim et al. and grey literature 

Long term sequelae or disability averted Sim et al. and grey literature 

Total revenue from vaccine sales Sim et al. and grey literature 

Benefit-Cost Ratio (BCR) estimates Sim et al. and grey literature 

Indirect cost savings Sim et al. and grey literature 

Return on Investment (ROI) estimates Sim et al. and grey literature 

Procurement cost per death or case averted Sim et al. and grey literature 

 Sim et al. and grey literature 

National governments 
Outcome  
Deaths averted(lives saved) Sim et al. and grey literature 

Incremental Cost-Effectiveness Ratio (ICER) Sim et al. and grey literature 

Equity (health) Sim et al. and grey literature 

Cases averted Sim et al. and grey literature 
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Table 39 (continued) 
 

Herd immunity Sim et al. and grey literature 

Synergy with other health interventions Sim et al. and grey literature 

Macroeconomic impact Sim et al. and grey literature 

DALY averted Sim et al. and grey literature 

Direct cost savings Sim et al. and grey literature 

Financial protection Sim et al. and grey literature 

Number vaccinated per year Sim et al. and grey literature 

Public sector budget impact Sim et al. and grey literature 

Educational and cognitive outcomes Sim et al. and grey literature 

Equity (private expenditure) Sim et al. and grey literature 

Antimicrobial resistance Sim et al. and grey literature 

Disease control cost averted Sim et al. and grey literature 

HIV-related comorbidities Sim et al. and grey literature 

Long term sequelae or disability averted Sim et al. and grey literature 

Total revenue from vaccine sales Sim et al. and grey literature 

Benefit-Cost Ratio (BCR) estimates Sim et al. and grey literature 

Indirect cost savings Sim et al. and grey literature 

Return on Investment (ROI) estimates Sim et al. and grey literature 

Procurement cost per death or case averted Sim et al. and grey literature 

 Sim et al. and grey literature 

Public-private global health partnerships 
Outcome  
Deaths averted(lives saved) Sim et al. and grey literature 

Incremental Cost-Effectiveness Ratio (ICER) Sim et al. and grey literature 

Equity (health) Sim et al. and grey literature 

Cases averted Sim et al. and grey literature 

Herd immunity Sim et al. and grey literature 

Synergy with other health interventions Sim et al. and grey literature 

Macroeconomic impact Sim et al. and grey literature 

DALY averted Sim et al. and grey literature 

Direct cost savings Sim et al. and grey literature 

Financial protection Sim et al. and grey literature 

Number vaccinated per year Sim et al. and grey literature 

Public sector budget impact Sim et al. and grey literature 

Educational and cognitive outcomes Sim et al. and grey literature 

Equity (private expenditure) Sim et al. and grey literature 

Antimicrobial resistance Sim et al. and grey literature 
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Table 35 (continued) 

 

Disease control cost averted Sim et al. and grey literature 

HIV-related comorbidities Sim et al. and grey literature 

Long term sequelae or disability averted Sim et al. and grey literature 

Total revenue from vaccine sales Sim et al. and grey literature 

Benefit-Cost Ratio (BCR) estimates Sim et al. and grey literature 

Indirect cost savings Sim et al. and grey literature 

Return on Investment (ROI) estimates Sim et al. and grey literature 

Procurement cost per death or case averted Sim et al. and grey literature 
 
 

 
 
 
 

 

 


