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Abstract 

 
 
Hepatitis B Virus (HBV) infection continues to be responsible for a large burden of disease 

globally, and along with the other viral hepatitis infections, ranks amongst the top ten causes 

of mortality worldwide. This high burden exists despite the availability of safe and effective 

prevention and treatment tools. This thesis uses applied modelling to answer questions 

relevant to global public health policy about how these existing interventions can be scaled 

up, quantify what health gains are achievable and what the economic implications are of 

alternative strategies of scale-up. Firstly the HBV epidemic is investigated from a global 

perspective using a dynamic deterministic mathematical model. This shows a decreasing 

incidence of new infections due to existing prevention efforts taking effect, but that HBV-

related deaths will remain high for the next few decades. A comprehensive package of 

interventions, scaled up to high coverage levels globally, could lead to a 90% reduction in 

incidence of new chronic infections and avert 7.3 million deaths globally, over the next 15 

years compared to status quo. Annual costs of such a strategy are forecast to peak at $7.5bn 

globally (or $3.4bn in low and middle-income countries only). Next, the dynamic model is 

used to inform national level strategies in China and Senegal, two countries with high HBV 

endemicity, but contrasting financial, healthcare and demographic characteristics. Investing in 

a comprehensive package of prevention and treatment interventions will achieve significant 

health gains. Furthermore, this approach is likely to provide a return on investment (of 1.54 

and 1.72 dollars for every dollar invested, in China and Senegal, respectively), when 

approached from an overall societal perspective. These economic gains are driven by the 

reduced costs of management of those with end-stage liver disease and increased productivity 

gains due to longer life expectancy. These first chapters show that ambitious testing and 

treatment targets are needed to achieve mortality benefits. The last chapter demonstrates that 

an active community-based screening and treatment strategy is feasible and likely to be cost-

effective in The Gambia, a low-income setting with a high HBV prevalence in West Africa. 

Overall, these findings demonstrate the substantial health and economic impacts that a 

concerted effort to combat HBV can achieve on both global and local levels, therefore 

providing a useful evidence base from which to inform global health policy. 
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1.1 Viral Hepatitis overview & political landscape 
 

Viral hepatitis refers to inflammation of the liver caused by infection with one of five main 

types of hepatitis virus; Hepatitis A Virus (HAV), Hepatitis B Virus (HBV), Hepatitis C 

Virus (HCV), Hepatitis D Virus (HDV), Hepatitis E Virus (HEV), each with different viral 

structures, epidemic distributions, modes of transmission and natural history patterns. Whilst 

HAV and HEV only cause acute liver disease, HBV and HCV can also lead to chronic 

infection. Chronic infection with viral hepatitis is a major cause of morbidity and mortality 

via the development of liver cirrhosis or hepatocellular carcinoma.  

 

Viral hepatitis is relatively neglected despite its very large impact on health globally. 

Combined, viral hepatitis is estimated to be ranked 7th in the causes of mortality globally and 

was estimated to have lead to 1.45 million deaths (95% CI 1.38-1.54million) in 2013 

according to the to the Global Burden of Diseases study1 (1,43million deaths in 2010 (95% CI 

1,31 – 1,63 million). Figure 1 shows the global distribution of deaths. Approximately 55% of 

deaths due to hepatitis are HBV-related, 35% are due to HCV, with hepatitis A and E making 

up the remainder. 

 

 

Figure 1: Global mortality from viral hepatitis. The area of each pie represents the number 

of deaths due to viral hepatitis in each region, with the segments representing the proportion 

due to each virus. Shading indicates the background mortality rates (taken from Stanaway et 

al, Lancet 20161) 
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The last decade has witnessed an increasing political momentum for viral hepatitis, which has 

been accompanied (or accelerated) by a step-change in therapeutic options for hepatitis C and 

hepatitis B. Therefore an understanding of this evolving political landscape is important to 

putting my thesis, into context. The objectives of my thesis, which began in 2012, were well 

placed to inform discussions surrounding policy decisions and global targets, which were 

being set at an international level.  

Viral hepatitis has historically attracted very little global political attention and was not 

included as part of the millennium development goals. Implementation of universal HBV 

infant vaccination has benefitted from considerable support from GAVI (The Global Vaccine 

Alliance) funding since 2001 when it was integrated into the Expanded Programme on 

Immunization (EPI) and represents one of the largest health gains among GAVIs portfolio of 

vaccines.2 Despite this, combatting viral hepatitis, especially with respect to treatment, lacks a 

global funding support mechanism. Viral hepatitis continues to remains out of the remit of 

large scale funding organisations like the Global Fund or the Gates Foundation, despite its 

demonstrated contribution to a significant global burden of disease. 

While funding of hepatitis prevention and treatment has been limited, there has been recent 

increased political commitment on the global health agenda to address viral hepatitis. In 2010, 

recognising this significant burden of disease due to viral hepatitis, a World Health Assembly 

(WHA) resolution called for a global approach to tackle viral hepatitis, particularly HBV and 

HCV.3 Subsequently the Global Hepatitis Programme was established at the World Health 

Organisation (WHO) headquarters in Geneva and significant achievements of the WHO 

response included the launch of the first WHO treatment guidelines for HCV and HBV, in 

2014 and 2015 respectively.4 

In 2014, viral hepatitis was represented at the 67th WHA, this time calling for WHO to 

initiate a strategy process for Hepatitis in 2015 to examine “the feasibility of and strategies 

needed for the elimination of hepatitis B and hepatitis C with a view to potentially setting 

global targets”.5  

Unlike the Millennium Development Goals, the Sustainable Development Goals (SDGs) 

launched in 2015, explicitly mention viral hepatitis. Specifically it forms part of health goal 

3.3 which states ‘by 2030 end the epidemics of AIDS, tuberculosis, malaria, neglected 

tropical disease and combat hepatitis, waterborne diseases and other communicable 
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diseases’. 6 In addition, the first global health sector strategy on viral hepatitis was adopted by 

the World Health Assembly in May 2016. The epidemiological modelling which is presented 

in Chapter 3, helped to inform these targets and projections. This strategy, which aims for 

elimination of viral hepatitis as a public health problem by 2030, has ambitious prevention 

and treatment targets.  

Having set the context for viral hepatitis as a whole, I will now move on to describe more in 

detail, Hepatitis B virus, which is the focus of this thesis. 

 

1.2 Hepatitis B Virus 
 

1.2.1 Epidemiology of HBV 
 
Hepatitis B infection accounts for the most significant proportion of viral hepatitis deaths 

globally, although the exact proportion varies by world region. Worldwide estimates of 

people chronically infected with HBV range from 240 - 350 million and there are thought to 

be 600,000 – 1 million deaths a year due to HBV through the development of hepatocellular 

carcinoma (HCC) and liver cirrhosis, although deaths due to liver cirrhosis are likely to be 

underestimated.1,7-10 High prevalence of HBV infection is found particularly in sub-Saharan 

Africa and South-East Asia, with low and lower-middle income countries disproportionately 

affected (the converse is true for HCV, where high-income countries carry a larger share of 

the burden). However, global migration also contributes to the spread of infection to many 

low prevalence regions.  

 

1.2.2 Transmission 
 

HBV is a partially double-stranded DNA virus, belonging to the hepadnaviridae family. It is 

transmitted between people by percutaneous or mucosal exposure to bodily fluids that are 

infected with the HBV virus; namely blood, semen and other bodily fluids. The most common 

routes of transmission worldwide are either from mother to child, usually at the time of 

delivery, with intrauterine transmission being rare (often described as perinatal or vertical 

transmission) and between children (often described as horizontal transmission). Although the 

exact mechanism of horizontal transmission has not been well defined, exposure to blood or 
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wound secretions during childhood, for example through abrasions, has been postulated as a 

likely route.11 Other modes of transmission include sexual transmission, sharing of needles, 

blood transfusions or other procedures which involve skin piercing with unsterile equipment 

(eg tattoos and unsafe medical injections). Sexual transmission and sharing of needles is a 

more significant route of transmission in low endemic settings than in high transmission 

settings. 

 

1.2.3 Hepatitis Serology markers 
 
There are various serological markers in HBV, which, in combination, can be used to reveal 

what stage of HBV infection a patient is in or whether they are immune. HBsAg is a protein 

on the surface of the Hepatitis B virus. The presence of HBsAg signifies either acute or 

chronic infection. HBsAg is the basis of serum and rapid tests to detect chronic HBV 

infection. HBeAg is another viral protein, which appears early in the course of infection, the 

presence of which usually represents higher risk of infectivity.12. The presence of HBV 

surface antibody (anti-HBs) represents recovery from HBV infection and subsequent 

immunity or successful vaccination. 

 

1.2.4 Natural History 
 
After an individual is exposed to the HBV virus, in the majority of cases, HBV infection 

remains asymptomatic, especially in the younger age groups 11. Even among those who 

develop symptomatic acute HBV infection, less than 1% progress to fulminant liver disease, 

which is associated with a high mortality.9 

After acute infection with HBV, the chance of developing chronic HBV infection decreases 

with the age at which the infection occurred; 90% if infected in the neonatal period, 30-50% if 

infected between the ages of 1-5 years and 5% if infected in older childhood or adulthood.13  

It is estimated that 15-25% of those with chronic HBV infection (defined as the presence of 

HBsAg for at least 6 months) will progress to liver cirrhosis or liver cancer, which is the 

primary cause of morbidity and mortality in HBV infection. However, this data is based 

largely on hospital-based cohorts and therefore the actual percentage on a population level is 

likely lower.   
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There are different phases in the natural history of chronic HBV infection, before the 

development of these complications, and assessment of each of these phases is based on liver 

function (ALT level), HBV viral load and degree of liver fibrosis (Figure 2). In the first, 

immune tolerant phase of infection, although viral load is high, there is minimal liver damage. 

Similarly in the inactive carrier phase, the risk of liver fibrosis is low. There is heterogeneity 

between populations and individuals in progression rates between these stages of disease14. 

 

Figure 2: Natural course of chronic HBV infection. The figure shows the phases of 

hepatitis B virus infection; immune tolerance, immune clearance (HBeAg-positive chronic 

hepatitis), inactive carrier state, and reactivation (HBeAg-negative chronic hepatitis). From: 

Hellan Kwon et al.15 Each phase of infection is characterised by differences in HBeAg status, 

levels of HBV DNA and ALT levels. The dashed red and blue lines represent the fact that 

levels of DNA and ALT can oscillate during these phases of infection. Infectivity is related 

the presence of high HBV DNA levels and HBeAg positivity. See section 1.2.5.3 for further 

information about how these phases relate to risk of progression and treatment requirements.  

ALT = alanine transaminase (a liver enzyme). HBeAg = Hepatitis B e antigen. Anti-HBe = 

Anti-Hepatitis B e antibody  

 

 
 

1.2.5 Interventions against HBV 
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There are a number of interventions for prevention and treatment of HBV, for which 

substantial evidence has accumulated regarding their safety and efficacy. We discuss below 

the main interventions, their effectiveness and begin to put them into the global context 

particularly regarding coverage. They will each be discussed further, in the results chapters, 

particularly in Chapter 3 where parameterisation of the global model is covered in detail.  

1.2.5.1 Vaccination of infants 
 
Since 1981 safe and effective vaccines against HBV have been available. In 1992, WHO 

recommended that childhood hepatitis B vaccines should be included in all immunization 

programs and subsequently updated WHO guidelines also recommend that all neonates 

should be vaccinated at birth (preferably within 24 hours) to reduce the risk of vertical 

transmission,16 although uptake of the latter, is highly variable. Catch-up vaccinations are 

suggested for consideration for cohorts of children with low coverage. 

However, despite the WHO recommendation, cost remained a barrier to universal adoption of 

the vaccination, especially LICs. Subsequent dramatic reductions in vaccine price, integration 

of HBV vaccination into the Expanded Programme on Immunisations (EPI) and funding 

support from the Global Vaccine Alliance (GAVI) for LICs, made scale-up a possibility 

which has now seen such dramatic benefits.17 By the end of 2012, infant HBV vaccination 

had been adopted by 181 countries and global coverage with 3 doses was estimated to be 

79%, although variable coverage exists by region (with lowest coverage being in sub Saharan 

African and South East Asian countries).18 This coordinated strategy should be borne in mind 

and provide lessons going forward particularly in the field of antiviral treatment, where costs, 

logistics remain a barrier to scale-up. 

 

Many studies have demonstrated the effectiveness of hepatitis B immunization programs on 

the reduction of HBsAg chronic carriage prevalence among the vaccinated age-groups. In 

Taiwan, which was a country with early introduction of universal HBV infant vaccination in 

1984, HBsAg prevalence in children under 15 years decreased from 9.8% in 1984 to 0.7% in 

1999.19 There are numerous other examples of countries throughout the world which have 

seen similar decreases in childhood HBsAg prevalence, including China,20  The Gambia,21 

Hawaii,22  Senegal,23 Malaysia,24 and Saudi Arabia.25 However, the ultimate aim of reducing 

HBV infection is to reduce morbidity and mortality due to liver cirrhosis and HCC, but as 

these complications often take decades to develop, these health outcomes are more difficult to 
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asses and require longitudinal follow up studies. Promising results from an ecological study to 

assess the effectiveness of HBV infant vaccination in Taiwan has demonstrated a reduction of 

HCC incidence since initiation of the immunization campaign.26 However, primary endpoint 

evaluations of two long-terms studies in The Gambia18 and China,27  evaluating the protective 

efficacy of infant HBV vaccine against HCC are awaited.   

However, despite studies showing the proven effectiveness and cost-effectiveness of universal 

infant vaccination,28 debate still exists over universal HBV immunisation programmes, in 

some low prevalence countries.29 Six European countries (UK, Iceland, Denmark, Norway, 

Sweden and Finland) only target at risk population groups for vaccination, mainly due to 

reasons surrounding lack of cost-effectiveness at low endemicity levels.30  

Safety concerns can impact on the acceptance and uptake of vaccines and jeopardise coverage 

levels, and has been seen in HBV, for example, in Vietnam and China.31,32 In Vietnam, an 

assumed association with an increase in sudden infant deaths lead to a dramatic fall in HBV 

vaccination coverage in 2013. A modelling study estimated that this drop in coverage levels 

would lead to over 17 000 HBV related deaths.31 

 

1.2.5.2 Prevention of mother-to-child transmission (PMTCT) 
 
As the chance of becoming a chronic carrier of HBV if infected perinatally is 90%,13 

prevention of HBV transmission from mother to child during this critical period remains 

paramount to reducing new incident infections and therefore the overall prevalence of 

HBsAg.33  

 

The contribution of perinatal transmission to new infections varies by region. In the pre-

vaccination era, in South East Asia perinatal transmission was estimated to be responsible for 

about 40% of all new chronic infections, but this was only 10% in SSA.34 Several theories 

have been proposed to explain the differences in perinatal transmission risk by region, 

including HBV genotype differences35,36, varying levels of HBV DNA and differences in 

obstetric complications.37 In South East Asia, genotypes B and C predominate, the latter is 

associated with a higher risk of MTCT and increased severity of liver disease, whereas in 

SSA, where horizontal transmission is responsible for a greater proportion of transmission, 

genotypes A and E are more common.35,38 However, established patterns of transmission are 
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likely to play a key role in why a certain mode of transmission predominates in a given 

region. 

 

There are existing tools for PMTCT; namely birth dose (BD) vaccination, hepatitis B 

immunoglobulin (HBIG) and, more recently, peripartum antiviral therapy (PPT) for mothers 

with high infectivity risk (HBeAg positive and high viral load). The combination of these 

measures can virtually eliminate MTCT HBV transmission.33 We provide a brief overview of 

these strategies here. However, many barriers to successful implementation of these strategies 

exist which will be discussed further in subsequent chapters. 

BD vaccination has been demonstrated to be effective in reducing the risk of mother to child 

transmission, from around 90% to 15% if the mother is HBeAg positive, or from 15 % to 

<0.5% if the mother is HBeAg negative.39 The WHO recommendation is to administer birth 

dose vaccination to all neonates as soon as possible after birth, and preferably within 24 

hours, regardless of maternal HBsAg status. However, some low endemic countries, where 

systematic antenatal screening for HBV is carried out, for example the UK, birth dose 

vaccination is only administered to the neonate, if the mother is HBsAg positive. Although 

the data is limited about exact timing of birth dose vaccination and its effectiveness, a delay in 

vaccination is associated with a higher chance of perinatal transmission, particularly if 

delayed beyond 7 days of birth.40,41,42However delayed administration beyond 24 hours is 

often the reality, especially in low-income and rural settings. 43 

Unfortunately, even the administration of a timely birth dose vaccination, reduces but does 

not completely eliminate the risk of mother-to-child transmission, particularly if the mother is 

HBeAg-positive and has a high viral load.39 Therefore additional strategies can be used in 

addition to reduce the risk of MTCT further; namely HBIG and peripartum antiviral therapy, 

both of which require antenatal HBsAg screening for the mother. However these strategies do 

not currently form part of WHO recommendations, for various reasons, described below and 

in later chapters.  

 

The use of HBIG is very variable. In some settings (eg UK & USA) it is given to all children 

of HBsAg positive mothers. Whereas in some other settings (like Taiwan) only HBeAg 

positive mothers receive HBIG for free.39 On a global scale coverage is low and restricted to 

high-income and some upper middle-income countries, like China. Given the associated costs 
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and logistical requirements, it is likely to remain a supplementary intervention to reduce risk 

of perinatal transmission, in selected settings.  

 

Data has been accumulating recently on the efficacy and safety of peripartum antiviral 

therapy in addition to BD and HBIG to reduce MTCT even further in mothers with the 

highest risk of onward transmission.44,45 A recent study from China published in the New 

England Journal of Medicine provides the strongest evidence to date regarding the 

effectiveness of this strategy.46 This open labelled randomised trial of 200 HBeAg positive 

mothers with HBV viral loads over 200 000 IU/ml, showed a significant difference between 

rates of MTCT among those who were treated with tenofovir (in addition to BD vaccination 

and HBIG) during the last trimester of pregnancy versus those who received standard 

immunisation alone (intention to treat analysis 5% versus 18% (p = 0.007) and per protocol 

analysis 0 vs 7% (p=0.01)). However, current coverage on a global level is still low and 

limited to experienced hepatology centres. 

 

1.2.5.3 Treatment  
 
Since the 1980s, significant advances have been made in the therapeutic management of 

hepatitis B (Figure 3). Initially recombinant standard interferon alpha was the only available 

treatment and the introduction of pegylated interferon (PEG-interferon) improved treatment 

success rates.  Interferon however, was not practical for widespread use in low and lower-

middle income countries due to high costs, monitoring needed and side effect profile. 

 

It is the availability of potent oral antiviral nucleos(t)ide analogue drugs which directly inhibit 

viral replication which have now revolutionised the management of HBV. The effectiveness 

of nucleos(t)ide analogue drugs for HBV treatment in suppressing viral replication and 

reducing progression to cirrhosis & HCC has been demonstrated in high-income settings.47,48 

This, coupled with their successful widespread use in HIV programmes and significant 

reductions in drug prices, has highlighted the potential feasibility for extending the access to 

these medications for HBV treatment, to more low and middle-income settings.  
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Figure 3: Timeline of advances in pharmacological therapy for HBV. Taken from 

Advances in HBV, Hospital Pharmacy Europe.49 

 

 
 

 

The main goal of treating chronic hepatitis B (CHB) infection is to reduce premature 

morbidity and mortality due to liver cirrhosis and hepatocellular carcinoma (HCC). However, 

as progression of liver disease is often quite slow, in clinical practice, surrogate end points are 

often used as treatment goals. These include suppression of HBV DNA levels, HBeAg 

seroconversion, HBsAg loss and normalisation of ALT.48 

 

The landmark randomised placebo controlled study of lamivudine in 2004 by Liaw et al 

provides the best evidence to support the efficacy of nucleos(t)ide analogue therapy in 

reducing the progression of liver disease from cirrhosis to decompensation and HCC in 

patients with chronic hepatitis B.50 A reduction of about 50% in disease progression during a 

median period of 32 months of treatment with lamivudine was seen and the primary end point 

of disease progression was reached early, leading to early trial termination by the data safety 

and monitoring committee. At this point, the incidence of HCC in the lamivudine treated 

group was 3.9% compared to 7.4% in the placebo control group (p=0.047). 

 

Although the suppression of viral replication is widely agreed to be an important factor in 

reducing the incidence of HCC, treatment does not eliminate the risk of HCC completely, 

when cirrhosis has already developed prior to commencement of antiviral therapy, as HBV 

DNA may have already been integrated into the genome.51,52 
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Figure 2 showed the phases in the natural history of chronic HBV infection. In the first, 

immune tolerant phase of infection, although viral load is high, there is minimal liver damage. 

Similarly in the inactive carrier phase, the risk of liver fibrosis is low. Therefore not all stages 

of chronic HBV infection require treatment. International guidelines4,53-55 recommend 

treatment when the damage to the liver and the risk of progression to cirrhosis and liver 

cancer is significant; namely the phases of immune clearance, HBeAg negative CHB (also 

known as reactivation) and cirrhosis. Clinical work-up for treatment is based on a 

combination of serum HBV DNA levels, serum ALT levels and the severity of liver fibrosis. 

The latter was traditionally evaluated by liver biopsy. However, liver fibrosis is now more 

commonly assessed using validated non-invasive methods; like transient elastography or 

serum markers including the APRI, Fib-4 or GPR index.56 

 

Despite the advances in treatment, ongoing research into novel therapies is still needed, as 

current treatment options of interferon or nucleos(t)ide analogue drugs are rarely curative. 

This is due to the persistence of covalently closed circular DNA (cccDNA) in the nucleus of 

infected hepatocytes.14 

 

1.2.5.3.i. Interferon / Pegylated interferon 
 
PEG-interferon can be used to treat HBeAg positive or HBeAg negative chronic hepatitis B. 

In patients with HBeAg positive hepatitis the aim of treatment is anti-HBe seroconversion and 

sustained normalisation of ALT with HBV DNA levels consistently below 2000 iu/ml which 

is achieved in about 30% at 1 year.57 In addition HBsAg loss occurs in 4% at 1 year.58 In 

HBeAg negative patients the goal of treatment is sustained normalisation of ALT with HBV 

DNA levels consistently below 2000 iu/ml. Although treatment success rates are about 20% 

at 1 year, there is a considerable relapse rate during follow up.48 

 

The main advantages of (PEG)-interferon therapy are the finite 48-week period of treatment, 

absence of resistance and higher rates of HBeAg and HBsAg loss. However, weekly 

injections, higher side effect profile, and its contraindication in decompensated cirrhosis, still 

limits its use and makes oral antiviral therapy preferable to many patients, as well as 

clinicians. 
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However, careful selection of patients with pre-treatment predictors of response to interferon 

therapy (high ALT, low HBV DNA, virus genotype, IL28B), early identification of 

responders using HBsAg levels and reports of lower relapse rates with longer treatment 

courses can maximise the success rate in carefully selected patients.54   

 

1.2.5.3.ii Nucleos(t)ide Analogue Therapy 
 
Five oral antiviral drugs have been developed for the treatment of chronic hepatitis B: 

nucleoside analogues (lamivudine, telbivudine, entecavir) and nucleotide analogues (tenofovir 

and adefovir). However, only tenofovir and entecavir, with potent antiviral activity and a high 

barrier to resistance are recommended as first line monotherapy.54 Nucleos(t)ide antivirals 

with low potency or low genetic barrier to resistance are associated with high rates viral 

breakthrough and therefore not recommended as first line therapy. Furthermore, allowing the 

evolution of resistant variants against one drug may threaten the viability of other drugs 

which share similar patterns of resistant mutations.  

 

Nucleos(t)ide analogues with an oral, once daily dosing regime are generally well tolerated 

and rarely associated with side effects or toxicity. All nucleos(t)ides are renally excreted and 

therefore renal tolerance and dose adjustments must be considered. Renal toxicity may occur 

with adefovir and in patients taking tenofovir as part of a highly active anti-retroviral therapy 

(HAART) regime. However, prospective study data provide reassurance, with infrequent and 

mild renal function declines reported with entecavir and tenofovir in patients on monotherapy 

for HBV and 59bone mineral density assessments have shown no evidence of bone loss over 3 

years.59,60  

 

The main disadvantages to nucleos(t)ide treatment is the need for possibly life-long treatment, 

with lack of long-term safety data and the possibility of resistance, although, to date, there has 

been no reported tenofovir resistance after 7 years of use.59 

 

 

Table 1: Main advantages and disadvantages of pegylated interferon alpha and 

nucleos(t)ides in the treatment of chronic hepatitis B. (taken from EASL guidelines48) 

 Pegylated interferon alpha Nucleos(t)ide analogues 
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 Pegylated interferon alpha Nucleos(t)ide analogues 

Advantages Finite duration Potent antiviral effect 

 Absence of resistance Good tolerance 

 Higher rates of HBe and 

HBs seroconversion 

Oral administration 

Disadvantages Moderate antiviral effect Indefinite duration 

 Poor tolerance Risk of resistance 

 Subcutaneous injections Lower rates of HBe and HBs 

seroconversion 

 

1.2.5.3.iii Co-infections 
 
Although reported rates of HBV co-infection among those who are HIV positive are variable, 

data from the EuroSIDA study showed a 9.1% prevalence of HBsAg coinfection in 

participating northern European centres61 and a recent systematic review showed that the 

majority of global studies report a 10% HBsAg prevalence among those with HIV.62 The 

progression of chronic HBV to cirrhosis is more rapid in HIV co-infected patients, than in 

HBV monoinfection. Treatment guidelines including the WHO HBV treatment guidelines4 

and European Aids Clinical Society guidelines63 recommend early dual anti-HIV and anti-

HBV tenofovir containing therapy as the backbone of the HAART regimen, regardless of 

clinical stage of HIV. Monotherapy with lamivudine, entecavir or tenofovir can lead rapidly 

to the emergence of HIV resistance mutations and should be avoided in co-infected patients. 

Furthermore, all HBsAg positive patients should be tested for HIV, and vice-versa. 

 

Hepatitis delta virus (HDV) is present in about 8% of those with hepatitis B, although these 

estimates are uncertain and there is high geographical variation between countries (eg high in 

Mongolia and the Amazonian Regions). 64 HBV-HDV co-infection leads to an increased 

progression of the liver disease.65 Interferon therapy is the only drug that is effective at 

treating HDV, although response rates remain poor and there is uncertainty about optimal 

treatment duration. Although nucleos(t)ides are not directly effective against hepatitis delta, 

suppression of hepatitis B replication using nucleos(t)ides can be used to reduce progression 

of HBV related fibrosis. 
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1.2.5.4 Blood safety & prevention of health-care associated infection 
 

This category includes transfusion-transmitted infection (TTI), health-care related infection 

and other iatrogenic routes of transmission. Prevention of TTIs is primarily by universal 

screening of blood donors for HBV (along with other TTIs; HIV, HCV, syphilis) in a quality 

assured manner as part of a national blood-safety program that relies on voluntary donors. 

The efficacy can be considered to be virtually 100%, when all elements of a blood safety 

program are implemented, assuming perfect sensitivity of the testing method. In 2011, 75% of 

countries reported a national blood-safety policy. In 39 countries (out of 164 reporting 

countries) blood donations were still not being routinely tested for HBV and HCV infections 

in 2011.66 

 

Prevention of health-care related infections is primarily by universal application of infection-

control measures in health-care facilities and the use of safety-engineered injection devices 

(auto-disable and needle-stick prevention), along with a reduction in unnecessary injections. 

The exact coverage of these interventions is difficult to acertain on a global level. Health-care 

associated transmission is thought to contribute to a significant proportion of transmission of 

HCV in some highly endemic settings like Egypt.67 Injection-related HBV infections, 

however, are estimated to have fallen dramatically from 19.7 million in 2000 to 1.7 million in 

2010.68 This progress is likely to be due to a combination of improved injection practices and 

increased vaccination coverage. However, sustained efforts are important, as HBV 

transmission in health-care settings remains an ongoing issue.  

 

Health-care workers are at risk of exposure to HBV69, especially in highly endemic countries, 

and should therefore be offered routine vaccination. However, this does not form part of 

national recommendations in all countries.  

 

 

1.3 Elimination of infectious disease 
 

Following the WHA resolution in 2014, international debate around the possibility of a move 

towards the elimination of HBV has increased, with the availability of effective prevention 

and treatment tools, theoretically making this a promising prospect. The work presented in 

this thesis aims to address this further. However, the definitions of elimination and eradication 
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have been contested in the literature and therefore in this section I briefly recap some of these 

issues, in order to put this into the appropriate context. 

 

Although the aims of eradication and elimination, with respect to infectious disease has been 

around for centuries, the definitions and usefulness of having such goals have been strongly 

debated.70 There have been various task-forces commissioned with defining and identifying 

diseases suitable for consideration of elimination and eradication including; the 1988 

International Taskforce on Disease Eradications, the 1997 Dahlem Workshop and the 2010 

WHO Disease Control board commissioned for Elimination. 71,72 

 

The Dahlem workshop for the eradication of infectious diseases proposed a hierarchical 

approach to levels of public health efforts, definitions and challenges (see table 2).71 In 

particular, they emphasised zero levels of infection in their definitions of elimination. Serres 

and colleagues, 73 however, argue that a reduction of disease to zero is only guaranteed if 

everyone in a population has past immunity or is vaccinated and would be costly and 

unfeasible. Furthermore they argue that this is not needed for elimination to occur. They 

suggest a definition of elimination as ‘a situation in which endemic transmission has stopped, 

sustained transmission cannot occur, and secondary spread from importations will end 

naturally, without intervention’. Whilst they recognise that R0 (the reproduction number) 

must be less than 1 to prevent sustained transmission, it is maintenance of R0 < 1 which 

defines elimination.  

 

Indeed the approach to elimination and the monitoring of achievement of elimination may be 

different depending on the exact disease – with long asymptomatic yet infectious stages, lack 

of accurate diagnostic tools or serological markers of infection and presence of non-human 

reservoirs being examples of situations which would be harder to eliminate and monitor.72.  

 

Furthermore the approach that is adopted is likely best chosen in light of the purpose of its 

subsequent utilisation; a purely theoretical framework of understanding disease transmission 

dynamics versus setting feasible goals or targets in order to guide the public health agenda.  

 

Another, more flexible approach which moves away from the need for a ‘zero level’ 

definition, is one which considers elimination to be a reduction in transmission or disease to a 

low level such that it no longer constitutes a public health threat. This threshold method of 
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what constitutes elimination has been used by the WHO, and the recently adopted SDGs, in 

three of the major disease areas targeted for elimination; namely HIV, TB and malaria – 

where TB elimination has been defined as less than or equal to one TB case per million, 

elimination of MTCT in HIV is defined as less than 50 per 100 000 live births (with the same 

target for syphilis)74 and in malaria elimination has been defined as ‘reduction to zero 

incidence in defined area’.75.  

 

 

Table 2: Definitions of hierarchy of public health efforts in combatting infectious 

diseases, as defined by the Dahlem workship on the eradication of infectious diseases in 

1997. (definitions taken from Dowdle, CDC 1999)71. 

 Definition Example 

Control The reduction of disease incidence, prevalence, 

morbidity or mortality to a locally acceptable level 

as a result of deliberate efforts; continued 

intervention measures are required to maintain the 

reduction.  

diarrhoeal 

diseases. 

Elimination of a disease Reduction to zero of the incidence of a specified 

disease in a defined geographical area as a result 

of deliberate efforts; continued intervention 

measures are required.  

neonatal 

tetanus. 

Elimination of an infection Reduction to zero of the incidence of infection 

caused by a specific agent in a defined 

geographical area as a result of deliberate efforts; 

continued measures to prevent re-establishment of 

transmission are required.  

measles, 

poliomyelitis. 

Eradication Permanent reduction to zero of the worldwide 

incidence of infection caused by a specific agent 

as a result of deliberate efforts; intervention 

measures are no longer needed.  

smallpox 

Extinction The specific infectious agent no longer exists in 

nature or in the laboratory.  

none 
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1.4 Summary: Knowledge Gaps & Research Priorities 
 

There has been a lot of progress with regards to hepatitis B virus infection and the knowledge 

and tools available to combat it. Firstly, we know that the burden of HBV globally is high. 

Overall there is consensus on the scale, temporal, geographic and causational patterns that are 

indicated in currently available hepatitis estimates, although there remain greater uncertainties 

for certain aspects including reporting of cirrhosis related deaths76 and for co-infection rates 

with HIV.62 The main sources for global hepatitis estimates can be broadly categorised into 

four types of study; empirical country level data, global burden of disease studies which 

combine data from many sources on all diseases,1  systematic reviews of published sero-

surveys (eg Ott8 and Schweitzer7) and modelling studies (like Goldstein77). For HBV, 

although the relative agreement between the GBD estimates10 of the total number of deaths 

and those from an earlier model by Goldstein and colleagues (which relies on projecting 

natural history rather than inferences from cause-of-death data),77 provides confidence in 

estimates of the overall magnitude of the burden (620,000 deaths in 2002 as per Goldstein 

versus 786,000 in 2010 as per GBD), accurate estimation of hepatitis related burden of 

infection and disease still remains inadequate for several reasons (these will be discussed 

further in each chapter and in the final discussion). Furthermore, these estimates do not 

provide accurate forward projections of burden; which can only be done through combining 

multiple elements of what is known, through disease modelling.  

Secondly, we have seen that there are safe and effective tools available to combat HBV. Yet 

there continues to be an uneven coverage of these interventions on a global level meaning that 

HBV continues to constitute a high burden of disease with sustained viral transmission and 

associated, arguably avoidable, morbidity and mortality. Barriers in funding, access, 

acceptability, safety and lack of awareness are some of the factors, which are responsible for 

this.78,79 
 

However, recognising the high burden of viral hepatitis and the existence of a toolkit of 

interventions is not enough in moving forward the global health agenda. Uncertainty remains 

as to the exact scale of the burden and what the future outlook is for HBV at status quo levels 

of intervention. Questions about how best to utilise existing tools, how to scale up 

interventions and how the pace and structure of scale-up will differ by region remain 

unanswered. Furthermore, the costs of scale-up, to both the health provider, the patient and 

the society as a whole, as well as the cost of inaction are unknown. All these elements are 
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important to understand in order to more effectively and efficiently plan public health 

interventions.  

 

Firstly, in order to be able to plan public health policy, we need to re-evaluate the current 

epidemic situation using the available data and consider the health gains a scale up strategy of 

combined prevention and treatment interventions can achieve on a global level. It is only 

through estimating future burden that we can really begin to address the question of whether 

elimination of HBV is feasible by continuing current strategies alone; and if so, by when can 

it be achieved? Or whether we will be able to achieve elimination sooner, by expanding the 

other strategies. Although debate exists, surrounding the usefulness of the increased adoption 

of elimination targets across many disease areas,70 it should be recognised that they can serve 

as an advocacy tool and highlighting the trajectory for a particular disease at status quo can 

serve to mobilise resources and funding to make a step-wise change in strategy. 
 

Secondly, we need to understand the magnitude of the global costs of interventions, in order 

for policy makers and governments to make appropriate decisions about how the scale-up 

strategies will be funded and the time period over which scale-up will happen. Although there 

are some empirical studies looking at the current costs of management of HBV-related liver 

disease,80,81 we do not know how these will vary over time, on a population level. We need to 

understand both the costs of action, as well as the costs of inaction, from both a health 

provider and broader societal perspective. This is particularly important when making public 

health decisions on diseases like HBV, where there is a time lag between intervention and 

reduction in disease burden. 

Thirdly, in addition to global level analyses which can serve many roles including driving 

forward international public health policy, setting targets for elimination and advocating for 

improved funding, countries will require more specific tailored projections so they can plan 

their own national strategies depending on their epidemic patterns, resources and other 

competing health priorities. 

Fourthly, although screening and early treatment for HBV occurs in high-risk groups in high-

income settings, we need to know whether this is a feasible and cost-effective strategy in low 

and middle-income settings, where the burden is the highest.  
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So far in this chapter, I have described what is known in the field of HBV, what outstanding 

questions remain and the importance of addressing these knowledge gaps. In the next sections 

I will outline my research objectives and describe the key methods that I propose to use in 

order to answer these questions. How these methods have previously been used will be 

discussed in Chapter 2.  

 

1.5 Thesis Aims & Objectives 

 
The overall aim of the thesis is to evaluate strategies and associated economic implications for 

the control and elimination of HBV, both at global level and at country-level in three highly 

endemic settings, using modelling and economic evaluation methods.  

 

These following key objectives support the overall aim of the project:  

 

1. To develop a dynamic transmission model of the global HBV epidemic to evaluate the 

following:  

 

• Estimate the future burden at status quo coverage levels of interventions. 

• Estimate the health gains already achieved by historical intervention efforts. 

• Evaluate the impact of a scale-up of prevention and treatment strategies on incident 

new chronic infections, number of people living with HBV and HBV-related 

mortality. 

• Determine whether elimination of HBV is possible and if this is the case, how and by 

when? How will this temporal scale differ by world region? 

• Estimate the projected global costs of interventions. 

 

2. Explore country-level perspectives of the HBV epidemic: 

 

a. Evaluate the following objectives in two contrasting contexts of high HBV-

endemicity, China & Senegal, using an adapted version of the dynamic transmission 

model: 

x Estimate the future burden at status quo coverage levels of interventions. 

x Estimate the health gains already achieved by historical intervention efforts. 
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x Estimate the health impact of a comprehensive package of scaled-up prevention 

and treatment interventions in these two settings. 

x Quantify the projected costs from an overall societal perspective, including the 

costs of inaction. 

x Estimate the return on investment of a comprehensive package of interventions. 

 

b. Determine whether a screening and treatment intervention is feasible and cost-

effective in a low-income setting, using primary implementation study data in The 

Gambia. 

 

1.6 Overview of the methodological concepts used  
 

In this section I outline the main methods used in the thesis to answer the objectives described 

above.  A review of how the methods have previously been used in the literature to quantify 

the burden of HBV is presented in the next chapter. 
 

1.6.1 Epidemiological modelling 
 

A model combines multiple elements in a simplified representation of reality, and the term 

modelling, can be defined as ‘the generation of a physical, conceptual or mathematical 

representation of a real phenomenon that is difficult to observe directly’.82 Models serve a 

primary role in increasing understanding and predicting behaviors of complex systems, 

although they can range from highly complex to simple; the trade-offs depend on many 

factors including purpose of the analysis, data availability and computational power. 

Although the use of mathematical modelling in epidemiology dates back to the 18th century 

when it was used by Bernoulli to model smallpox inoculation,83 it is more recently that the 

field of infectious disease dynamics has developed further and been increasingly used to 

inform public health policy,84,85 with numerous notable examples, especially from the field of 

HIV and outbreaks including SARs and the recent Ebola outbreak in West Africa.86  

The underlying principles of mathematical modelling in infectious disease dynamics it to 

understand the spread of infectious diseases and patterns of behavior and to make predictions, 

for example in order to guide policy making.84 Epidemiological models can be broadly 
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divided into deterministic and stochastic models. The former, describing what happens on 

average in a population and excluding the effect of chance. Stochastic models, on the other 

hand, incorporate the effects of chance variation.87 Other considerations include static versus 

dynamic modelling, the latter is more commonly used in infectious disease dynamics as it 

takes into account the changing force of infection over time88. This is a important concept, 

particularly when considering vaccination and herd immunity.88-90.  

Modelling is a useful tool that allows information to be combined on multiple components of 

a disease including the effectiveness of interventions, costs of intervention and parameters 

about both the behaviour of the disease, as well as patient behaviour. This can then be used to 

respond to many different research and implementation questions including contributing to a 

greater understanding of the behavior of a disease, estimation of current and future burden of 

disease, comparing the impact of alternative intervention strategies, estimating the economic 

impact, guiding decisions on resource allocation and helping to set targets and performance 

indicators. In addition modelling can help highlight data gaps and key drivers of uncertainty, 

which can serve as a useful guide as to where data needs to be more robustly collected, both 

on a national and regional level.  

Although there are many uses of modelling, there are some points that need to be borne in 

mind. Modelling should complement, rather than substitute good data and empirical data, for 

example, gathered through well-designed trials still remains the gold standard evidence. 

Modelling should be an iterative process and predictions updated with new evidence, as it 

becomes available. 

 

1.6.2 Economic Evaluation 
 
In health care, resource constraints often mean that there is need for prioritisation of 

interventions. Therefore health care decisions cannot always be made by effectiveness 

arguments alone. Economic evaluation can be defined as ‘the comparative analysis of 

alternative course of action in terms of both the costs and consequences’.91 The main types of 

economic evaluation are cost-effectiveness analyses (CEAs), cost-utility analyses (CUAs) and 

cost-benefit analyses (CBAs). The differences between these methods include technical, 

theoretical and philosophical considerations, which I will briefly describe below. This thesis 
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uses different methods, the choice of which was largely guided by the research question under 

consideration and the data availability. 

 

1.6.2.1 Cost-Effectiveness Analysis or Cost Utility Analysis 
 
The CEA method of economic evaluation uses the assumption that the decision maker is 

aiming to maximise health gains based on a defined budget. It is useful for assessing 

production efficiency and is based on ‘decision making philosophy’.91 The effectiveness 

measure for the analysis can be presented in any unit of health and common examples include 

life years saved, cancers averted and infections averted. However, necessary comparisons that 

decision makers have to make across different disease areas is limited as the metric used in 

CEAs is usually specific to the disease under evaluation. The use of health utilities as an 

effectiveness measure has attempted to combine mortality and morbidity benefits of an 

intervention into one metric which is also, in theory, comparable across diseases, most often 

Disability Adjusted Life Years (DALYs) or Quality Adjusted Life Years (QALYs).92 CUAs 

are often referred to as a sub-set of CEAs, as a health utility can be regarded as an 

effectiveness measure.91 For the purposes of this thesis, I use a combination of life years, 

DALYs and QALYs and will therefore refer to both methods as CEAs, and specify the 

effectiveness measure used.  

 

The results of a CEA are presented as a ratio, termed the incremental cost effectiveness ratio 

(ICER), which calculates the differences between the costs and effects of comparator 

strategies. The ICER represents the extra cost that is needed per unit of health gain achieved 

by the new intervention that is under consideration. The formula for the ICER is as follows 

(where strategy 2 is the new strategy or intervention being evaluated); 

 

ICER =  Cost strategy 2    – Cost strategy 1      

              Effectiveness strategy 2  – Effectiveness strategy 1 

 

In order for the policy maker to decide whether the intervention should be implemented on 

cost-effectiveness grounds, the resulting ICER needs to be considered in the context of how 

much the decision maker is prepared to pay for this new intervention, ie the maximum 

accepted ICER value which is also referred to as the willingness-to-pay (WTP) threshold. 
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The use of such a threshold and how it is determined is increasingly debated and will be 

discussed further in Chapter 6. However, briefly, its level can be approached in the following 

ways; i. Using a rule based threshold, where the ICER result is compared to a threshold value 

- although this value is often arbitrary and not based on empirical evidence.  This is used, for 

example within the UK health care sector where NICE considers implementation below a 

WTP threshold of £20,000 to £30,000 per QALY gained.93 Alternative suggested rules 

include relating the maxiumum WTP per QALY gained or DALY averted to the country’s 

gross domestic product (GDP) per capita,92 the use of the latter has been previously advocated 

by WHO when defining a cost-effective intervention.94 ii. League table approach, where the 

ICER of the intervention is compared and ranked alongside other health-care interventions in 

order to decide prioritisation, although heterogeneity between study methodology and lack of 

up to date analyses on all interventions limit the use of this method, iii. Revealed preferences, 

where historic interventions, which were funded within an existing system, are examined in 

order to determine what ICER ranges were previously implemented,95 or iv. Stated 

preference, which uses survey methods to examine individuals willingness-to-pay 

preferences.92  

 

1.6.2.2 Cost Benefit Analysis (CBA) 
 
CBA takes a different approach to CEA and values health in terms of a monetary value, with 

its philosophy traditionally grounded in welfare economics.91  Given that outcomes are given 

in non-health values, CBAs can be used for comparisons between sectors, outside health and 

to address allocative efficiency. It can be viewed as an attempt to capture how much it is these 

extra health gains are worth to society, including whether the new intervention should be 

accommodated under an expanded budget.  

 

However, the difficulties in capturing the ‘value of life’96 and reluctance of many within the 

healthcare sector of explicitly placing health or life in monetary terms means that it is less 

used than in other sectors (particularly the environment sector) and CEAs are more commonly 

used in healthcare. 

 

There are three main methods of valuing health outcome in monetary terms, each with 

limitations. Firstly, the human capital approach, uses the wages lost due to premature 

mortality or morbidity to the disease under consideration (ie quantification of productivity 
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loss). However, there is debate including how to capture the shadow pricing of the non-

market resources, for example, for someone who is a care-giver. Two main approaches to this 

include using opportunity cost of time, where it is assumed that the individual would have 

otherwise earned the same as the average wage, or replacement costs where how much these 

services would otherwise be bought for from the market are estimated.91  

 

The main criticisms of using the human capital approach include the fact that it is not truly 

grounded in welfare theory because it does not use individual preferences of willingness to 

pay, but rather assigns a market value to each individual. However, this approach has been 

used in past studies relating to health.97,98 and could be considered a more objective approach 

compared to the following alternative approaches.  

 

Two other methods of capturing the monetary value of life include revealed preferences, 

where wage risk trade-offs are evaluated and stated preferences, where hypothetical situations 

and willingness to pay are studied via surveys. However, these methods are more complex to 

measure and the existing literature, especially with regards to stated preferences are often 

more theoretical rather than describing its use in programmatic evaluation.91  

 
Although some disagree with the valuation of health in monetary terms, a point argued by 

others is that, in both CEAs and CBAs, a value of health or life is used. This process is 

explicit and is decided by the analyst in the case of the CBA. In CEAs however, the 

difference is that the analyst does not have any control over this value; the budget is fixed to a 

level that the decision maker has decided and, in doing so, has therefore implicitly revealed a 

value that they place on health. 

 

1.6.2.3 Investment cases 
 

The term investment case has been used in many ways in health policy planning and can be 

broadly viewed as supporting evidence as to why investments should be made for a particular 

intervention, programme or policy including whether it represents ‘value for money’. The 

approach used to make the case for investment is not well defined and varies widely in terms 

of methodology. It can cover multiple dimensions of outcome including health benefits, 

economics benefits, achievement of elimination goals (for example in the NTDs report)99 or 

other societal benefits. In some cases only the health benefits have been reported,100  whilst 
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others also attempt to assess the economic return on investment (ROI) or cost-savings that are 

achievable.101-104 A study by Resch et al in 2011 attempted to capture multiple benefits of 

investment in AIDS care in low and middle-income countries, using modelling and presented 

the outcomes in terms of life years saved as well as economic gains; the latter being achieved 

through increased labour productivity, orphan care averted and deferred medical and end-of-

life care.105 An extension of the CBA approach called the societal return on investment 

(SROI) has also been used in public health which aims to incorporate social, environment and 

economic costs and benefits.106 However, a systematic review found only 40 studies 

evaluating SROIs in public health, the majority found in the grey literature (83%), mainly 

from the UK and with varying quality and assessment of the counterfactual scenario.107  

 

Country level investment cases have also been used in the field of HIV in order to plan 

country responses by evaluating how best to invest in achieving HIV targets.108-111 In 

Vietnam, for example, scenarios were modelled in order to select those that offer a ‘balance 

between saving lives, saving DALYs and optimizing investment’112. 

 

This is not meant to serve as an exhaustive review of existing literature on investment cases, 

rather it is meant to introduce the concept and give an idea of the breadth and variations in 

interpretation as to what an ‘investment case’ means. In Chapters 4 and 5, I will describe 

further the investment case approach adopted for HBV and appendix 2 shows a document 

prepared proposing considerations for the development of hepatitis investment cases.  

 

 

1.7 Structure of the thesis 
 

In this first chapter, I began by describing the background to hepatitis B virus infection by 

placing it within the current political landscape and describing the available toolkit of 

interventions. I then outlined the data gaps and the importance of the key outstanding research 

questions, which the objectives of my thesis aim to answer. Key concepts and methods that 

will be used in this thesis were then introduced.  

 

In Chapter 2, I review the literature on modelling HBV infection from both the perspective 

of epidemiology and economics. The review discusses previous models’ structures and 
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outputs and reflects on limitations in their scope, context, setting and methodology.  

 

In Chapter 3, I describe the methodology of development of a dynamic simulation model of 

the global HBV epidemic, which was used to make projections of impact and cost under 

different scale-up scenarios. I evaluate whether elimination is possible and how this would 

vary between different world regions with different disease burdens, existing intervention 

coverage levels and demographic patters. I will discuss the challenges that pertain to 

achieving the ambitious targets proposed.  

 

In Chapter 4, I move from a global level to the first of three country case studies; China. I 

adapt the previously developed global epidemiological model using country specific data, to 

investigate the health gains and the possible economic returns on investment of investing in a 

comprehensive package of interventions against HBV. In contrast to the global model, a 

wider societal perspective is taken to the economic evaluation and co-financing strategies are 

explored.  

 

In Chapter 5, I present the second country case study; Senegal, which is a contrasting, but 

another highly endemic setting for HBV in West Africa. I apply a similar methodology used 

in the previous chapter to analyse the returns on investment of a comprehensive package of 

prevention and treatment interventions. I then reflect on the key differences between the 

investment cases in China and Senegal, including challenges and lessons learnt.  

 

In Chapter 6, I will evaluate the feasibility and cost-effectiveness of a large-scale community 

based screening and testing strategy for HBV in The Gambia  (West Africa), using data from 

a large implementation project and a static cohort model, in a more widely used methodology 

of economic evaluation. 

 

Finally, in Chapter 7, I will summarise the overall findings of my thesis and reflect on the 

main strengths and limitations of the analyses and the various methodologies used. I will 

discuss the public health implications of this study and plans for future work.
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Contributions and Dissemination 
 

The literature review presented in this chapter was performed by myself. The review on 

economic evaluation of screening and treatment studies formed part of the supportive 

evidence for the forthcoming WHO HBV testing guidelines.113 I prepared the report on behalf 

of the Imperial College Applied modelling group (S Nayagam, TB Hallett, E Sicuri, L Conteh 

and M Thursz) Literature review on cost-effectiveness of HBV screening & treatment 

strategies & applicability to LMICs (September 2015). An associated manuscript is under 

review and has therefore accordingly benefitted from contributions from the co-authors. 

  



 44 

2.1 Introduction 
 
 
In the first chapter, I introduced the theoretical frameworks of epidemiological modelling and 

economic evaluation. In this chapter, I begin by discussing why modelling is a useful method 

for investigating the control and elimination of HBV. I will then review the existing literature 

where epidemiological modelling and economic evaluation has been applied in the field of 

HBV, which will frame the rest of my thesis. 

 

2.2 Role of modelling and economic evaluation in HBV  
 
Although the use of well designed studies remain the gold standard for evaluating efficacy 

and impact of interventions, given the time-lag between the interventions (vaccination or 

antiviral treatment) and final clinical outcomes (liver cancer and liver cirrhosis), modelling 

can play an important complementary role in the field of HBV, where it is often not practical, 

ethical or feasible to wait for long-term outcome studies in every setting before a policy 

change is implemented. It allows for various scenarios to be explored, given the available 

evidence in other settings.  

Despite implementation of childhood vaccination programmes and their demonstrated 

efficacy, there still remain challenges and opportunities to maximise HBV control. Although, 

in an ‘ideal world’, the preferred strategy is likely to be a combination of all available 

interventions to optimal levels, financial and logistical constraints, along with other 

competing healthcare demands, are some of the factors that limit this being a reality. 

Therefore evidence based prioritisation of strategies depending on country or regional 

characteristics are needed and this can be informed by epidemiological modelling. 

There are many challenges to finding a ‘one size fits all’ way of guiding an optimum control 

strategy for all countries including; the heterogeneity between regions with regards to HBV 

characteristics (natural history, predominant route of transmission, rate of progression to 

cirrhosis and HCC and responses to treatment), as well as epidemiological and demographic 

factors, different health budget constraints and logistical constraints (cold chain problems & 

difficult to reach communities). Therefore through modelling an attempt can be made to 

incorporate the most salient features of the local epidemics and main responses that we are 

interested in evaluating. Furthermore we can combine both epidemiological and economic 
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components, which form such an integral part of the overall decision-making process in 

health. 

Epidemiological models can therefore allow national and international policy makers to 

determine where best to focus their efforts, given the regional disease profile, predominant 

transmission characteristics and existing healthcare infrastructure. Increased awareness and 

quantification of the impact that interventions can achieve can increase buy-in of local policy 

makers and therefore help with maximising national efforts.  

 

 2.3 Literature review 
 

In this section I present a review of the existing literature on HBV modelling; i. previous 

HBV epidemiological models and ii. economic evaluations specific to screening and 

treatment for HBV.  

 

2.3.1 Previous HBV Epidemiological Models 
 

Although the literature presented in this section is meant to serve as a descriptive review 

rather than a systematic review, it includes articles found through a Pubmed search for studies 

up to September 4, 2015 using the terms ‘Hepatitis B’, ‘HBV’ or ‘CHB’ and ‘Modelling’, 

‘Modeling’ or ‘Model’.  

 

Mathematical models have been used previously to investigate the burden of hepatitis B, and 

in particular, the impact of vaccination has been estimated at, both a global level,77 as well as 

on a local level in some high34,114  and low prevalence countries115,116 . However, despite a 

large number of modelling papers, a closer inspection of the literature reveals that these are in 

fact based on only four distinct models, each of which now appears unsatisfactory in light of 

current understanding of the clinical progression of epidemiology of HBV worldwide. 

A significant proportion of previous work in HBV modelling is related specifically to cost-

effectiveness of HBV vaccination in various settings and there has been debate in this field 

regarding the best method of evaluation117,118.  A review by Beutels et al revealed a paucity of 

economic evaluation in high endemic countries28. This section will focus on epidemiological 

models. A more complete review of economic models for HBV screening and treatment will 
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be covered in the next section.  

One of the early HBV models is by Williams et al115, on which two subsequent Dutch HBV 

models have been based116,119 . This incorporates a dynamic age structured model, to compare 

costs & effectiveness of different immunization programmes in the UK (universal infant 

vaccination, targeted vaccination of neonates & GUM clinic attendees and adolescent 

vaccination). One fundamental shortcoming of this model, which limits its applicability to 

high endemic contexts, is the absence of horizontal transmission in the model, by assuming 

that following birth there is no risk of infection until the onset of sexual activity. Although 

horizontal transmission is not thought to be the major route of transmission in the UK120, this 

assumption could, in part, explain the study conclusion that mass infant vaccination is not 

considered cost effective (measured by carriers prevented per dose of vaccine) in the UK. 

Another early model by Edmunds et al34 uses a meta-analysis of published serosurvey data 

from high endemic areas (defined as a region in which >75% of the adult population has 

evidence of past or current infection with HBV) and a simple mathematical model (with 

susceptible, acute and carrier compartments only) to offer a qualititative insight into 

epidemiological patterns of HBV transmission and the effect of childhood transmission on 

carrier prevalence in the highly endemic areas of South East Asia and sub-Saharan Africa.  

McLean and Blumberg121 describe an age & gender structured model taking into account all 

modes of transmission, and including infectious (HBeAg positive) and non-infectious 

(HBeAg negative) carriers. Model formulation and parameter estimates using field data from 

high prevalence settings are described but the behavior of this model is not explored further  

Another model by Edmunds et al114, is unique, in that it builds on some of the knowledge 

gained around HBV transmission from previous more theoretical models, and combines this 

with cross sectional data from a highly prevalent setting, the Gambia, to provide more 

quantitative predictions regarding the potential impact of immunization.  Concentrating on 

horizontal and perinatal transmission, which is known to be most relevant in high endemic 

settings, this model overcomes some of the shortcomings described above, of the Williams et 

al model.  

Many of the HBV models in recent literature are based on the structure described by Medley 

et al.122 This is a simple, yet powerful, model which provides important qualitative insights 

into the epidemiology of HBV transmission dynamics but is not suitable for providing 
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quantifications on the impact of HBV vaccination in specific populations.  

More recent HBV models include work by groups in New Zealand (Thornley 2008123, Mann 

2011124), Canada (O’Leary 2009125) and China (Zhao 2000 126, Pang 2010127 , Zou 2010128 & 

Zhang 2012129), which are all broadly based on the model structure proposed by Medley et al. 

Some of these models have used large local surveillance and study data to parameterise the 

model for these specific populations. However, it must be borne in mind that in many high 

endemic, low-income countries, the paucity of surveillance data limits satisfactory 

parameterisation of similar data-rich requiring models. 

The models of Thornley123 and O’Leary125 are used to model the impact of varying 

vaccination coverage in highly prevalent communities within low endemic countries (Tongan 

population in New Zealand and Inuit population in Canada, respectively). The O’Leary model 

uses the same framework of 5 compartments used by Medley et al. Although this model is 

unique in aiming to establish quantitative effects of treatment on prevalence and incidence of 

HBV (through the reduction in infectivity through treatment), the authors are not explicit on 

how they define and derive their parameter of ‘effectiveness’ of treatment – whether it is 

effectiveness of treatment on HBsAg clearance, reduction in viral load or HBeAg 

seroconversion. In addition, it seems that the authors apply treatment in their model (at 

various coverage & efficacy simulations) to the ‘acutely infected’ compartment to impact on 

rate of transition from acute to immune or acute to chronic infection. However, this lacks 

clinical plausibility because the use of antiviral therapy is predominantly in the chronic stages 

of infection to reduce risk of progression of liver disease, rather than in the acute stage, which 

often goes unrecognised. 

Most of these models described above simplify the natural history of chronic HBV, with five 

or six model compartments (susceptible population (S), infected but not yet infectious (E), 

acute infection (I), carriers (C), those with protective immunity (R) +/- vaccinated category 

(V)). ‘Chronic carriage’ is condensed into one compartment. Research over the last two 

decades have lead to advances in our understanding of the natural history of HBV, with 

identification of 4 chronic carriage stages of infection, each with differing risks of progression 

of liver disease, varying infectivity risks and differing indications for treatment with antiviral 

therapy 15,48 . Although a simplified natural history model might be sufficient to evaluate the 

impact of vaccination and give estimates on prevalence and incidence of infection, this 

oversimplification is less likely to give meaningful estimates with regards to disease burden 
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(in terms of morbidity and mortality) and impact of treatment strategies.  

In infectious disease dynamics, many models follow the SEIR structure, with the ‘E’ 

compartment representing exposure to the virus before becoming infectious (which is 

sometimes also referred to as the ‘latent’ stage of infection). Having a ‘latent’ phase in 

chronic HBV infection, given the long relative time course of chronic HBV compared to the 

incubation phase is unlikely to be clinically significant,, 

Perhaps the most widely cited model for HBV is the one developed by Goldstein et al.77. It is 

a global model, which is more biologically plausible and takes into account deaths due to 

cirrhosis and liver cancer, in addition to just prevalence of chronic infection, the latter of 

which is the focus of many of the other models. It models the estimated impact of 

vaccination, both infant and birth dose, in all the world regions. For the year 2000, the model 

estimated 620,000 deaths worldwide from HBV-related causes: 580,000 (94%) from chronic 

infection-related cirrhosis and HCC and 40,000 (6%) from acute hepatitis B. In the surviving 

birth cohort for the year 2000, the model estimated that without vaccination, 64.8 million 

would become HBV-infected and 1.4 million would die from HBV-related disease. However, 

perhaps the main limitation of this model is its static nature, in that it assumes a simple linear 

relationship between vaccination coverage and impact. By not taking into account the ‘herd’ 

immunity effect and change in force of infection with vaccination, the impact of 

interventions, like vaccination can be under-estimated in static models.85,88  

 

With these considerations in mind, the most appropriate structure for an HBV model that 

could answer my research objectives, would combine those most salient and significant 

clinical relationships for HBV in a model that is well grounded in the epidemiological theory 

of infectious disease dynamics, whilst also being suitable for parameterization in all countries 

globally, using, as far as possible, data is readily available and publically accessible. The 

model that we have developed is innovative in approach as it combines both transmission 

dynamics and patient outcomes. This forms the background for the work that will be 

presented in Chapter 3. 

 

2.3.2 Previous Economic evaluations of screening & treatment for HBV 
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The cost-effectiveness of infant vaccination has already been established in many settings.28 

Furthermore, antiviral treatments for HBV have been found to be cost-effective in many high-

income and upper middle-income settings and are outlined in more detail in a previous review 

by Toy and colleagues.130 The existing studies for treatment are very heterogenous in terms of 

base-line comparator strategies which is either no antiviral treatment, or an older therapy. 

There are also studies evaluating the cost-effectiveness of various combination of PMTCT 

interventions; birth dose vaccination,131 birth dose and HBIG (for example in the USA,132 

China133 and Thailand134) and peripartum antiviral therapy.135,136  

 

With these considerations in mind, this literature review will focus specifically on existing 

studies on economic evaluation of screening and treatment for HBV (rather than studies 

considering treatment unaccompanied by screening). This serves to frames and introduce the 

data gaps, which are most relevant to the cost-effectiveness analysis that I present in Chapter 

6. 

 

The results presented here do not represent a full systematic review as there had been two 

previously published systematic reviews by Hahne et al in 2011137 and Gueue et al in 2015,138 

both looking at cost-effectiveness of screening studies in HBV & HCV. However, those two 

previous reviews concentrate on results and methodological strengths of the included studies. 

My aims were to update the existing reviews, to summarise the existing literature and draw 

overall conclusions about key drivers of cost-effectiveness (the latter will be covered in the 

discussion of Chapter 6, where we put our results into the context of the existing literature). 

 

Although the burden of HBV is concentrated in low and middle-income settings, it was 

envisaged that there would be a lack of relevant literature in these countries, so existing 

studies from high-income countries (HIC) are included and the results summarised below. 

 

Clarifications of terminology used in this section 

 

High-risk group: For the purposes of HBV screening in LMIC, the categorisation of 

populations into ‘high-risk’ groups is not helpful or informative in guiding policy. In most 

LMICs, the adult population prevalence (unvaccinated) falls into the intermediate to high 

endemicity categories.7 Furthermore, within countries HBsAg prevalence is more 

homogenous within the population, than for example, with Hepatitis C virus (HCV) infection. 
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We therefore only refer to ‘high-risk’ groups when referring to the literature from HIC 

settings.  

 

General population screening: This is used here to refer to the fact that all members of the 

population have access to the screening programme under consideration. This can include 

community outreach screening, healthcare facility based screening etc.  

 

Targeted screening: This refers to screening of specific groups, for example, pregnant 

women. Targeted groups are not necessary at higher risk of being infected than the general 

population. 

 

2.3.2.1 Search Strategy 
 

The bibliography of the two previous systematic reviews on the cost-effectiveness of HBV 

screening by Hahné et al 137 and Gueue et al138 were searched. Hahne and Gueue searches 

were performed upto 2011 and 2012, respectively. Therefore an updated search using 

PubMed to retrieve any further relevant articles was performed. PubMed was searched for 

articles published between January 2000 and September 2015, with terms incorporating 

‘Hepatitis B’, ‘HBV’, or ‘CHB’ and ‘Cost*’ or ‘Economic’ and ‘Screen*’, ‘Test*’ or 

‘Diagn*‘. Studies prior to 2000 were excluded, as older studies were mainly studying cost-

effectiveness of pre-vaccination screening, rather than screening for consideration of antiviral 

therapy. Furthermore, Geue et al, reports the low methodological standards of cost-

effectiveness analyses in older studies. Only articles that were published in English were 

included. I did not search any databases other than Pubmed, nor did I search the grey 

literature. However, I attempted to include any known ongoing HBV screening programmes 

in LMIC by consulting colleagues at WHO, in order to include any unpublished studies. 

 

Studies that considered screening in blood banks and healthcare workers were excluded, 

unless the study reported further linkage into care and treatment. Evaluations which included 

screening prior to vaccination were excluded, unless the analysis also considered antiviral 

therapy for the person found to be HBsAg positive. Studies around screening for HBV prior 

to chemotherapy were also excluded, as this was only likely to be relevant to higher income 
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settings and would only concern a small sub-set of the populations in LMIC. Finally studies 

looking at co-infection with HIV and comparing diagnostic methods were also excluded.  

 

The pubmed search retrieved 32 studies, many of which overlapped with the bibliographies of 

the existing reviews. All studies were performed in high-income countries and mainly 

amongst groups classified as ‘high-risk’. We were unable to find any previous studies 

describing cost or cost-effectiveness of screening for HBV in LMICs. After title and abstract 

review, finally eight published studies met inclusion criteria and are discussed in further detail 

below.  

 

2.3.2.2 Summary of main literature 
 

The existing published studies on the cost-effectiveness of screening and treatment for HBV 

have been performed in HICs where the general population prevalence is low7.  

 

One study evaluated HBV screening in the general population139,140 and seven studies in 

‘high-risk’ groups (all but one concerned screening in migrant or refugee populations)141 141-

147. The studies used different methods of screening the ‘high risk groups’ including, in the 

clinical setting,144 143 community outreach methods143and overseas screening147. Various 

outcome measures were used including cost per QALY gained, cost per LY saved and cost 

per case screened. Many of the models were simulated using hypothetical cohorts. The studies 

of ANC screening did not consider antiviral therapy to the mother and only looked at the 

benefit of screening in order to guide vaccination strategies to reduce mother-to-child 

transmission, and were therefore excluded. However a brief summary is given below. 

 

General population level screening 

There was one previously published study in the USA looking at the cost-effectiveness of 

offering screening and treatment to the general population.  

 

Eckman et al,139 looked at the cost-effectiveness of HBsAg testing of asymptomatic 

outpatients in the primary care setting in USA, using a hypothetical cohort (35 year old male) 

with a general population prevalence of 2%. Screening was then followed by treatment with 

one of four regimens and compared to a no screening strategy. Screening and treatment was 

found to be cost-effective with an incremental cost effectiveness ratio (ICER) of 
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$29230/QALY. The ICER remained below their willingness-to-pay (WTP) threshold of $50 

000/QALY gained, even down to a population prevalence of 0.3%.  

 

Screening of ‘high-risk’ groups in HIC 

There were six studies looking at the cost-effectiveness of screening and treatment in migrant 

or refugee populations in HICs,141-145,147 and one looking at screening all groups classified as 

‘high risk’ in Italy146. 

 

The study by Wong and colleagues in 2011, looked at the cost-effectiveness of screening and 

treatment of immigrants for CHB, in Canada144. They considered a screen and treat strategy 

and a screen, treat or vaccinate strategy, with status quo (no screening) Screening was offered 

by the primary care physician at a visit scheduled for another reason, described by the authors 

as a ‘case-finding’ strategy. They used a hypothetical cohort (35 year old male) with a 

baseline HBsAg prevalence among the immigrant population of 4.81%. The screen and treat 

strategy had an ICER of $69 000/QALY gained. The authors acknowledge the uncertainty 

around WTP thresholds, but quote ranges from $50-$120K for Canada, implying a cost-

effective intervention. This model is more clinically representative than many of the other 

models, however use high and probably unrealistic uptake and adherence rates. 

 

Another Canadian study by Rossi et al (2013)142 looked at combinations of scenarios 

involving screening, treatment and vaccination, among newly arrived immigrants and 

refugees. The screen and treat scenario was found to be the most cost-effective with an ICER 

of  $40880/QALY gained. This strategy exceeds the Canadian WTP threshold adopted in this 

study of $50 000/QALY, when HBsAg prevalence is less than 3%. A societal perspective for 

the analysis was used. A hypothetical cohort of 250 000 immigrants was used, with baseline 

assumptions of 70% acceptance of screening, 60% linkage to care, 75% of those eligible will 

have treatment and annual cost of antiviral drugs $8089.  

 

An earlier study by Hutton et al141 looked at the cost-effectiveness of screening and 

vaccination of Asian Pacific Islander adults for HBV, by using a hypothetical cohort of 20-60 

year olds with a HBsAg prevalence of 10%. They compared four strategies of combinations 

of screen, treatment and vaccination, similar to the study described above. The screen and 

treat strategy was the most cost-effective with an ICER of $36000/QALY gained (compared 
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to no screening), even down to an HBsAg prevalence of 1%. This study used a societal 

perspective. 

 

Another, more recent, US study by Jezwa and colleagues147, compared the cost-benefits of 

two overseas programmes for reducing HBV infection among refugees. They compared two 

strategies i. vaccination only and ii. screening, vaccination and suggested onward treatment 

on arrival in USA if HBsAg positive. A strength of this study was the use of original data sets 

of refugee populations in two US states. Their baseline assumptions included a prevalence of 

6.8%, 100% adherence with screening, 60% of those tested positive for HBsAg will link to 

specialist care and that 90% will adhere to treatment.  

 

The study by Veldhuijzen et al145 was the only European study which looked at the cost-

effectiveness of HBV screening & early treatment of migrants. An active screening method 

was used, where the target population is identified using the municipal population registry 

and they receive a postal invitation to attend screening. Compared to status quo, screening and 

treatment had an ICER of €8966/QALY saved and was therefore reported as cost-effective 

compared to the authors’ reported WTP threshold of €20000K/QALY. Their baseline HBsAg 

prevalence was 3.35%, 58% linkage to specialist care and 75% adherence. 

 

A study by Rein et al143 looked at different methods of screening for HBV among the Asian 

migrant population in the USA. This was a descriptive, rather than a formal cost-effectiveness 

analysis, with outcome measures given as cost per person screened. The screening methods 

analysed included testing at a community clinic and other more active community outreach 

models where screening was performed at various events in the Asian community. The costs 

per person screened ranged from $40 to $280 depending on the method used. Integrating 

screening into clinical services was found to be the least costly method, but reached least 

people, whereas extending screening outside the clinical setting was more costly as it included 

costs of organising events and volunteer time, but reached more people. This study provides 

useful insights into the relative costs of various screening methods and, unlike some of the 

other studies, it includes full costs including those associated with recruiting patients. 

However, it does not provide long term outcomes following on from a positive screening test 

and is therefore limited in its generalizability.  
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Ruggeri et al146 looked at screening of all groups defined as ‘high risk’ (according to local 

Italian guidelines), and compared the cost effectiveness of screening followed by treatment 

for CHB, using one of 5 alternative antiviral drugs. This was compared to the status quo 

strategy of no screening, but treatment for cirrhosis and HCC stages only.  A hypothetic 

cohort of 100 000 individuals was considered and screening and treatment had an ICER 

€17000 euros/QALY.  

 

Antenatal Care Screening 

The screening of pregnant women for HBsAg (with or without HBeAg testing) in antenatal 

care (ANC) settings has also been considered in previous cost-effectiveness analyses. 

However, all these studies consider only the reduction in mother-to-child transmission and 

benefits to the child (using various outcome measures; cost per case detected, cost per infant 

carrier prevented or cost per LY gained). None of these ANC studies include onward linkage 

into care or treatment for the mother, to reduce her risk of progression of liver disease. 

Furthermore, many of the studies are older studies published before 2000 (summarised in a 

review by Hahne et al148) and were performed in HICs (or one in upper-middle income 

category). They are also heterogenous in terms of their research question and the baseline 

strategy under consideration: a study by Barbosa et al compares a comprehensive programme 

to status quo which already includes screening and BD, HBIG & infant vaccination132; Fan et 

al, compare whether to screen for HBeAg or HBV VL in order to guide the use of PPT 

antiviral therapy in USA149; Vimloket et al compares universal neonatal vaccination to 

screening for HBsAg and HBeAg to stratify whether HBIG is needed in Thailand, using cost 

per infection averted.150 

 

 2.4 Summary 

 
Although there are existing epidemiological and economic models in the literature, a deeper 

analysis reveals several knowledge gaps, which my thesis aims to fill.  

There are no existing global models of the HBV epidemic that are dynamic in nature, that 

incorporate prevention and treatment interventions and that takes into account the more 

current understanding of the natural history of HBV. Therefore questions around the future of 

the HBV epidemic and potential impact of interventions cannot be answered accurately. 

Filling this key knowledge gap, forms the background for the work that will be presented in 
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the next chapter. Furthermore, although country-level dynamic epidemiological models exist, 

they are mainly in HICs and they are not combined with costings. The two country 

investment cases that I present in Chapters 4 and 5, will provide useful economic projections 

including return on investment, that previous hepatitis studies have not evaluated. 

The second literature review highlighted that there were no previous studies on the cost-

effectiveness of screening and treatment in LMICs. The existing literature in high-income 

settings included only two previous community-based cost-effectiveness of screening studies, 

and further studies of screening amongst groups classified as ‘high-risk’ including immigrant 

populations, many of which were based on hypothetical cohorts, rather than ‘real-life’ 

screening data. The study that I present in Chapter 6, is therefore the first to evaluate the cost-

effectiveness of screening and treatment in a low-income setting using data from a large-scale 

implementation study. 
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Abstract           
 

Background 

Despite the existence of effective prevention and treatment interventions, hepatitis B virus 

(HBV) infection continues to be the cause of nearly one million deaths annually. The World 

Health Organization aspires to the global control and elimination of HBV infection. The aims 

of this chapter are to evaluate the potential impact of public health interventions against HBV, 

proposed targets for reducing incidence and mortality and identified the key developments 

required to achieve them. 

 

Methods 

A simulation model of the global HBV epidemic was developed, incorporating data on the 

natural history of HBV, prevalence, mortality, vaccine coverage, treatment dynamics and 

demography. The model was used to estimate the impact of current interventions and the 

impact of scaling up of existing interventions for prevention of infection and introducing 

wide-scale population screening and treatment interventions. 

 

Results 

Vaccination of infants and neonates is already driving a large decrease in new infections; it 

has averted 210M new chronic infections by 2015 and will have averted 1.1M deaths by 

2030. However, without scale-up of existing interventions, there will be a cumulative 63M 

new cases of chronic infection and 17M HBV-related deaths between 2015 and 2030 due to 

on-going transmission in some regions and limited access to treatment for those already 

infected. A target of a 90% reduction in new chronic infections and 65% reduction in 

mortality could be achieved with a scale-up of infant vaccination (90% of infants), birth-dose 

vaccination (80% of neonates), peripartum antivirals (80% of HBeAg positive mothers), and 

population-wide testing and treatment (80% of those eligible). These interventions would 

avert 7.3M deaths between 2015 and 2030, including 1.5M cancer deaths. An elimination 

threshold for incidence of new chronic infections would be reached by 2090 globally. The 

annual cost would peak at $7.5billion globally ($3.4 billion in low and lower-middle-income 

settings) but decline rapidly and this would be accelerated if a cure is developed. 

Conclusions 
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Scale-up of vaccination coverage, innovations in scalable options for prevention of mother-to-

child transmission and ambitious population-wide testing and treatment are needed to 

eliminate HBV as a major public health threat. Achievement of these targets could make a 

major contribution to one of the Sustainable Development Goals of ‘combatting hepatitis’. 
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Contributions and disseminations 
 
Work presented in this chapter is the candidate’s own work. The development of the global 

model and analysis was done under the supervision of Professor Tim Hallett, who performed 

the model fitting. The literature review which informed the global costing model was 

performed by Elisa Sicuri, Health Economist at Imperial College London. This work also 

provided the epidemiological modelling which informed the WHO Global Sector Strategy on 

Viral Hepatitis which was presented to, and adopted by the World Health Assembly in May 

2016. Therefore the intervention coverage targets chosen for the modelled scenarios presented 

here were developed in close collaboration with the WHO Global Hepatitis Programme, in 

particular Stefan Wiktor and Daniel Low-Beer. However, the work presented in this chapter 

does not necessarily represent the official view of WHO. 

 

The work presented in this chapter has been accepted for publication in a peer-reviewed 

journal and has therefore accordingly benefitted from contributions from the co-authors. Prior 

to publication it was also presented at the International EASL Conference, Vienna and the 

national Digestive Diseases Forum Conference in London in 2015.  

 

Nayagam S, Thursz M, Sicuri E, Conteh L, Wiktor S, Low-Beer D, Hallett TB; What is 

required for the global elimination of hepatitis B? (in press, Lancet Infectious Diseases) 

 

Nayagam S, Thursz M, Wiktor S, Low-Beer D, Hallett TB; What is required for the global 

elimination of hepatitis B? Journal of Hepatology, 2015; Vol 62 (2): S285. (Poster 

presentation EASL International Liver Congress, April 2015) 

 

This work provided the epidemiological modelling which informed the WHO Global Sector 

Strategy on Viral Hepatitis and the three following reports (which I am co-author of) 

submitted to WHO by the Imperial College Applied modelling group.  

 

Global Sector Strategy on Viral Hepatitis. May 2016. 

 

Global Hepatitis Strategy Costings Report. November 2015. 

Background Briefing Paper for WHO Expert Consultation: Investing in Impact for 

Hepatitis – Elimination Priorities and Targets. December 2014. 
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Presentation: Modelling HBV interventions in resource poor settings. WHO Technical 

Consultation on use of Mathematical Modelling for Viral Hepatitis Programme planning, 

Geneva, Switzerland (Oct 2013). 
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3.1 Introduction 
 

In 2014, the World Health Assembly requested the World Health Organisation (WHO) to 

examine the feasibility of, and strategies needed for the elimination of hepatitis B and 

hepatitis C.5 This significant political momentum is entirely commensurate with the estimated 

magnitude of the global burden, with viral hepatitis being ranked as the 7th highest cause of 

mortality. However, despite being comparable in scale to the 1.29 million, 1.34 million and 

850 000 deaths annually due to HIV, TB and malaria,10  respectively, viral hepatitis has been 

a relatively neglected area.33,151 

 

As has been described in Chapter 1, fortunately, a wide range of tools are now available to 

prevent and treat HBV. Early childhood transmission can be interrupted with a highly 

effective infant vaccine.152 Mother-to-child transmission at birth may be virtually eliminated 

by the administration of birth dose (BD) vaccination, intravenous Immunoglobulin (HBIG) 

and peri-partum antiviral therapy (PPT) for mothers with high viral load 39,153 For those who 

are already chronically infected with HBV, treatment with antivirals can suppress viral 

replication and significantly reduce the risk of progression to liver cirrhosis and liver cancer. 
50,154 

 

However, these tools are not fully utilised. Coverage of infant vaccination has reached high 

levels in many regions such as East Asia and North Africa & The Middle East (92-96% in 

2013), but continues to lag behind in others, most notably Central Africa (56% in 2013).155 

Birth-dose coverage is generally lower worldwide, although a few countries, including China, 

have achieved over 95% coverage.155 Treatment coverage is low in most high-burden settings 

(e.g. sub-Saharan Africa (SSA)) and, where available, is typically provided to patients 

presenting for care with advanced disease and is not accompanied by active outreach or 

routine testing.156 

 

Action on global HBV will require the scale-up of these interventions but it has been unclear 

what magnitude of impact is achievable, what the budgetary implications of scaling-up 

interventions would be and with what emphasis these different tools should be promoted and 

developed in the different regions.  

 

A review of the existing literature on HBV model in chapter 2 highlighted a lack of dynamic 



 62 

modelling of the global HBV epidemic that incorporates prevention and treatment 

interventions. This chapter describes the development of a mathematical model used to 

evaluate the projected future course of the global epidemic and evaluate the impact of historic 

interventions. It is then used to evaluate the impact of scaling up available public health 

prevention and treatment interventions on the incidence, prevalence and mortality due to 

HBV, set potential targets for elimination and identify key developments needed to achieve 

them.  

 

3.2 Methods 
 

3.2.1 Model Description & Equations  
 

A dynamic age, sex and region structured deterministic mathematical transmission model of 

the worldwide hepatitis B epidemic was constructed in Matlab.157 The model is composed of 

21 Global Burden of disease (GBD) world regions, and is fit to aggregate data on HBsAg8 

and HBeAg158 prevalence, at two time points, and liver cancer deaths159 for each region 

independently. The model also incorporates region-specific demographic data on population 

size, mortality and fertility schedules,160 coverage of existing interventions – infant 

vaccination,155 birth-dose vaccination155 and treatment availability,156 and assumptions about 

the natural history of HBV. In the model, transmission is represented from mother-to-child, 

between children, and across the whole population (which includes other forms of 

transmission including sexual and iatrogenic), the relative strengths of which are inferred 

through the calibration procedure (Figure 4). We did not explicitly model the relative 

contribution of different routes of iatrogenic transmission (blood transfusion, unsafe injection 

practices etc) as this is a relatively small proportion of all transmission of HBV worldwide 

currently and infection in adulthood is less likely to lead to chronic infection. Furthermore 

global data on these routes are lacking. 

 

 

Figure 4: Transmission structure of the HBV model. Transmission risk follows this coarse 

age-structure represented in the diagram, but the model is fully age-structured to allow cohort 

effects to be fully captured. There is no heterogeneity in risk of infection. The predominant 

routes of transmission are mother-to-child transmission and horizontal transmission (child to 
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child). The diamonds represent mixing between different groups. *signifies that this can 

change over time. 

 
 

 

3.2.2 State Variables 
 
The model is defined by a set of partial differential equations (PDEs) with respect to age and 

time, which are solved numerically using Euler’s method with time-steps of 0.1 years. The 

state variables are represented by 𝑋𝑘,𝑖,𝑙,𝑤 (𝑎, 𝑡), where k  represents gender (1= women, 2 = 

men), i represents health status (1=susceptible, 2=Immune Tolerant, 3=Immune Reactive, 

4=Inactive Carrier, 5=HBeAg negative CHB, 6=Compensated Cirrhosis, 7=Decompensated 

Cirrhosis, 8=Hepatocellular Carcinoma, 9=TDF based treatment, 10=3TC based treatment, 

11=Failed 3TC treatment, 12=Immune) (Table 3), l  represents whether the individual can be 

reached by the programme of screening and treatment (1 = no, 2 = yes), w represents world 

region, a represents age and, t represents time. 

 

 

Table 3: Health states in HBV model.  

 

Health State Labels Definition 

X1 Susceptible 
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X2 Immune Tolerant 

X3 Immune Reactive 

X4 Inactive Carrier 

X5 HBeAg negative CHB (EAN CHB) 

X6 Compensated Cirrhosis 

X7 Decompensated Cirrhosis 

X8 Hepatocellular Carcinoma 

X9 TDF based treatment 

X10 3TC based treatment 

X11 Failed 3TC treatment 

X12 Immune 

 

 

 

Table 4: Parameter table.  

Parameter Definition Value in model  Source 

Transition Rates 

σ (a) 
Proportion of infected persons who 
develop chronic carriage from 
acute infection 

exp(−0.645 a0.455)  
𝑓𝑜𝑟 𝑎 > 0.5 𝑦 

0.885 𝑓𝑜𝑟 𝑎 ≤ 0.5𝑦 
Edmunds et al13 

r1 Annual rate of transition from IT 
(X2) to IR (X3) 0.1𝜅(𝑎)** 161-163 

r2 Annual rate of transition from IT 
(X2) to HCC (X8) 𝑗(𝑎)* Assumption 

r3 Annual rate of transition from IR 
(X3) to IC (X4) 0.05 𝜅(𝑎)** 164,165 
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r4 Annual rate of transition from IR 
(X3) to EAN CHB (X5) 

0.005 Assumption 

r5 Annual rate of transition from IR 
(X3) to HCC (X8) 2𝑗(𝑎)* 166-172 

r6 Annual rate of transition from IC 
(X4) to EAN CHB (X5) 0.01 165,173-178 

r7 Annual rate of transition from IC 
(X4) to HCC (X8) 0.5𝑗(𝑎)* 179 

r8 Annual rate of transition from IC 
(X4) to HBsAg negative (X12)  0.01 164,175,176,180 

r9 Annual rate of transition from 
EAN CHB (X5) to CC (X6) 0.04 168-170,174,180-185 

r10 Annual rate of transition from 
EAN CHB (X5) to HCC (X8) 2𝑗(𝑎) * 180 

r11 Annual rate of transition from CC 
(X6) to DC (X7) 0.04 50,172,186,187 

r12 Annual rate of transition from CC 
(X6) to HCC (X8) 13𝑗(𝑎) * 161,166,170,172,187-196 

r13 Annual rate of transition from CC 
(X6) to HBV-related death 0.039 197 

r14 Annual rate of transition from DC 
(X7) to HCC (X8) 0.04 186,188-192,198 

r15 Annual rate of transition from DC 
(X7) to HBV-related death 0.314 197 

r16 Annual rate of transition from 
HCC (X8) to HBV-related death 0.5 197 
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r17 
Annual rate of transition from 
TDF-treatment (X9) to HBV-
related death 

0.001 assumption 

r18 Annual rate of failure of 3TC-
treatment (X10 to X11) 0.2 assumption 

r19 
Annual rate of transition from 
failed 3TC-treatment (X11) to HCC 
(X8)  

0.04 assumption ^^ 

r20 
Annual rate of transition from 
failed 3TC-treatment (X11) to 
HBV- related death 

0.3 assumption ^^^ 

c1  (l) Rate of initiation of TDF-treatment 
in IR stage Varies with intervention  

c2(l) Rate of initiation of TDF-treatment 
in EAN CHB stage Varies with intervention  

c3 (l) Rate of initiation of TDF-treatment 
in CC stage Varies with intervention  

c4 (w) Rate of initiation of TDF treatment 
in DC stage Varies with region  

c5 (w) Rate of initiation of 3TC treatment 
in DC stage Varies with region  

c6 (l) Rate of initiation of TDF treatment 
in those treated with 3TC Varies with intervention  

c7 (w) 
Rate of initiation of TDF treatment 
in those who have failed treated 
with 3TC 

Varies with region  

Demography and transmission parameters 

𝑓(𝑎, 𝑤) Fertility rate  UN199 

μ(a, k, w) Per capita death rate  UN199 

ε2 Multiplier on infectiousness of X2  15 assumption 
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ε3 Multiplier on infectiousness of X3  15 assumption 

ε4 Multiplier on infectiousness of X4  1 assumption 

ε5 Multiplier on infectiousness of X5  1 assumption 

ε6 Multiplier on infectiousness of X6  1 assumption 

ε7 Multiplier on infectiousness of X7  1 assumption 

ε8 Multiplier on infectiousness of X8 1 assumption 

ε9 Multiplier on infectiousness of X9 0 assumption 

ε10 Multiplier on infectiousness of X10  0 assumption 

ε11 Multiplier on infectiousness of X11  1 assumption 

βchild Transmission among those under 
5 years old 

fitted^  

βyoung Transmission among those under 
15 years old 

0.001 assumption 

βall Transmission among those over 5 
years old  

0.001 assumption 

𝛿1 
Risk of MTCT if mother HBeAg 
negative (in absence of PMTCT 
intervention) 

fitted^  

𝛿2 
Risk of MTCT if mother HBeAg 
positive (in absence of PMTCT 
intervention) 

90%  

𝛿3 
Risk of MTCT if mother already 
virally suppressed on LT 
treatment (in absence of extra 
PMTCT intervention) 

1% assumption 

Intervention Efficacy 

v1 Efficacy of infant vaccination 
against chronic carriage 

95% 
Peto et al152 
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v2 
Efficacy of BD vaccination 
against chronic carriage if mother 
HBeAg negative 

95.6% 
Chen et al39 

 

v3 
Efficacy of BD vaccination 
against chronic carriage if mother 
HBeAg positive 

83% Summary12,200-202 

v4 
Efficacy of BD vaccination 
against chronic carriage if mother 
already virally suppressed on LT 
treatment 

92.3% - 99.4% assumption 

v5 
Efficacy of BD vaccination and 
PPT against chronic carriage if 
mother HBeAg positive 

99.4% assumption 

v6 
Efficacy of BD vaccination and 
PPT against chronic carriage if 
mother already virally suppressed 
on LT treatment 

92.3% - 99.4% assumption 

 

* Definition:    𝑗(𝑎) =  𝜋𝑚 𝜌 [𝑎. 𝑧 + 2. 𝑒𝛾𝑎], where: 

𝜋𝑚 = male co-factor, z = factor, ϒ = rate of cancer progression, 𝜌 = 1𝑒−7 

 

** Definition:  𝜅 (𝑎) = 𝑢𝑒− 𝜗𝑎, where: 

𝜗 = 𝑟𝑎𝑡𝑒 𝑜𝑓 𝐻𝐵𝑒𝐴𝑔 𝑙𝑜𝑠𝑠, u = factor 

 

^ See calibration for further details on fitting (Table 5) 

^^ For logical consistency, this is as per DC to HCC 

^^^ For logical consistency, this is as per DC to Death 
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3.2.3 Partial Differential Equations 
 
𝝏𝑿𝟏 (𝒂, 𝒕)

𝝏𝒂
+  

𝝏𝑿𝟏 (𝒂, 𝒕)
𝝏𝒕

=  𝒇(𝒂, 𝒕) −  𝑿𝟏(𝒂, 𝒕). (𝝀(𝒂, 𝒕) +  𝝁𝒌,𝒘(𝒂, 𝒕) ) 

𝝏𝑿𝟐 (𝒂, 𝒕)
𝝏𝒂

+  
𝝏𝑿𝟐 (𝒂, 𝒕)

𝝏𝒕
=  𝝀(𝒂, 𝒕)𝑿𝟏(𝒂, 𝒕) − 𝑿𝟐(𝒂, 𝒕). (𝒓𝟏 +  𝒓𝟐 +  𝝁𝒌,𝒘(𝒂, 𝒕))  

𝝏𝑿𝟑 (𝒂, 𝒕)
𝝏𝒂

+  
𝝏𝑿𝟑 (𝒂, 𝒕)

𝝏𝒕
= 𝒓𝟏 𝑿𝟐(𝒂, 𝒕) −  𝑿𝟑(𝒂, 𝒕). (𝒓𝟑 +  𝒓𝟒 +  𝒓𝟓 +  𝒄𝟏 +   𝝁𝒌,𝒘(𝒂, 𝒕))  

𝝏𝑿𝟒 (𝒂, 𝒕)
𝝏𝒂

+  
𝝏𝑿𝟒 (𝒂, 𝒕)

𝝏𝒕
=  𝒓𝟑 𝑿𝟑(𝒂, 𝒕)  − 𝑿𝟒(𝒂, 𝒕). (𝒓𝟔 +  𝒓𝟕 +  𝒓𝟖 +  𝝁𝒌,𝒘(𝒂, 𝒕))   

𝝏𝑿𝟓 (𝒂, 𝒕)
𝝏𝒂

+  
𝝏𝑿𝟓 (𝒂, 𝒕)

𝝏𝒕

=  𝒓𝟒 𝑿𝟑(𝒂, 𝒕) + 𝒓𝟔𝑿𝟒(𝒂, 𝒕) −   𝑿𝟓(𝒂, 𝒕). (𝒓𝟗 +  𝒓𝟏𝟎 + 𝒄𝟐 +  𝝁𝒌,𝒘(𝒂, 𝒕))  

𝝏𝑿𝟔 (𝒂, 𝒕)
𝝏𝒂

+  
𝝏𝑿𝟔 (𝒂, 𝒕)

𝝏𝒕

=  𝒓𝟗 𝑿𝟓(𝒂, 𝒕)  −  𝑿𝟔(𝒂, 𝒕). (𝒓𝟏𝟏 +  𝒓𝟏𝟐  + 𝒓𝟏𝟑 + 𝒄𝟑 +  𝝁𝒌,𝒘(𝒂, 𝒕))  

𝝏𝑿𝟕 (𝒂, 𝒕)
𝝏𝒂

+  
𝝏𝑿𝟕 (𝒂, 𝒕)

𝝏𝒕

=  𝒓𝟏𝟏 𝑿𝟔(𝒂, 𝒕) −  𝑿𝟕(𝒂, 𝒕). (𝒓𝟏𝟒 +  𝒓𝟏𝟓 +  𝒄𝟒 +  𝒄𝟓 +  𝝁𝒌,𝒘(𝒂, 𝒕)) 

 
𝝏𝑿𝟖 (𝒂, 𝒕)

𝝏𝒂
+  

𝝏𝑿𝟖 (𝒂, 𝒕)
𝝏𝒕

=   𝒓𝟐𝑿𝟐(𝒂, 𝒕) +  𝒓𝟓 𝑿𝟑(𝒂, 𝒕) +  𝒓𝟕 𝑿𝟒(𝒂, 𝒕) + 𝒓𝟏𝟎 𝑿𝟓(𝒂, 𝒕)

+ 𝒓𝟏𝟐 𝑿𝟔(𝒂, 𝒕) + 𝒓𝟏𝟒 𝑿𝟕(𝒂, 𝒕) + 𝒓𝟏𝟗 𝑿𝟏𝟏(𝒂, 𝒕)  

−  𝑿𝟖(𝒂, 𝒕). (𝒓𝟏𝟔 +  𝝁𝒌,𝒘(𝒂, 𝒕))    

 
𝝏𝑿𝟗 (𝒂, 𝒕)

𝝏𝒂
+  

𝝏𝑿𝟗 (𝒂, 𝒕)
𝝏𝒕

=  𝒄𝟏𝑿𝟑(𝒂, 𝒕) +  𝒄𝟐 𝑿𝟓(𝒂, 𝒕) +  𝒄𝟑 𝑿𝟔(𝒂, 𝒕) +  𝒄𝟒 𝑿𝟕(𝒂, 𝒕)

+ 𝒄𝟔, 𝑿𝟏𝟎(𝒂, 𝒕)  +  𝒄𝟕 𝑿𝟏𝟏(𝒂, 𝒕) − 𝑿𝟗(𝒂, 𝒕). (𝒓𝟏𝟕 + 𝝁𝒌,𝒘)    

 
𝝏𝑿𝟏𝟎 (𝒂, 𝒕)

𝝏𝒂
+  

𝝏𝑿𝟏𝟎 (𝒂, 𝒕)
𝝏𝒕

= 𝒄𝟓𝑿𝟗(𝒂, 𝒕) −  𝑿𝟏𝟎(𝒂, 𝒕). (𝒓𝟏𝟖 + 𝝁𝒌,𝒘(𝒂, 𝒕)) 

 
𝝏𝑿𝟏𝟏 (𝒂, 𝒕)

𝝏𝒂
+  

𝝏𝑿𝟏𝟏 (𝒂, 𝒕)
𝝏𝒕

= 𝒓𝟏𝟖𝑿𝟏𝟎(𝒂, 𝒕) −  𝑿𝟏𝟏(𝒂, 𝒕). (𝒓𝟏𝟗 +  𝒓𝟐𝟎 +  𝒄𝟕 +  𝝁𝒌,𝒘(𝒂, 𝒕)) 
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𝝏𝑿𝟏𝟐 (𝒂, 𝒕)

𝝏𝒂
+  

𝝏𝑿𝟏𝟐 (𝒂, 𝒕)
𝝏𝒕

= 𝑿𝟏(𝒂, 𝒕). (𝟏 − 𝝀(𝒂, 𝒕) ) +  𝒓𝟖𝑿𝟒(𝒂, 𝒕) −  𝝁𝒌,𝒘(𝒂, 𝒕)𝑿𝟏𝟐(𝒂, 𝒕)     

 

 

 

3.2.4 Force of Infection 
 
 

Incidence of New Chronic Carriage 

a. Horizontal Transmission 

 

𝜆(𝑎, 𝑡)  = σ(𝑎) (𝛽𝑐ℎ𝑖𝑙𝑑
∫ ∑ 𝜺𝒊𝑋𝑘,𝑖,𝑙,𝑤  (𝑎, 𝑡)𝒅𝒂𝟏𝟏

𝒊=𝟐
𝟓

𝟎

∫ ∑ 𝑋𝑘,𝑖,𝑙,𝑤  (𝑎, 𝑡)𝒅𝒂𝒊
𝟓

𝟎

  

+ 𝛽𝑦𝑜𝑢𝑛𝑔
∫ ∑ 𝜺𝒊𝑋𝑘,𝑖,𝑙,𝑤  (𝑎, 𝑡)𝒅𝒂𝟏𝟏

𝒊=𝟐
𝟏𝟓

𝟏

∫ ∑ 𝑋𝑘,𝑖,𝑙,𝑤  (𝑎, 𝑡)𝒅𝒂𝒊
𝟏𝟓

𝟏

+ 𝛽𝑎𝑙𝑙
∫ ∑ 𝜺𝒊𝑋𝑘,𝑖,𝑙,𝑤  (𝑎, 𝑡) 𝒅𝒂𝟏𝟏

𝒊=𝟐
𝟏𝟎𝟎

𝟓

∫ ∑ 𝑋𝑘,𝑖,𝑙,𝑤  (𝑎, 𝑡)𝒊  𝒅𝒂𝟏𝟎𝟎
𝟓

) 

 

 

b. Mother-to-child transmission 

qi=MTCT in absence of any intervention from women in state i (note different risks if 

HBeAg negative mother (𝛿1 ), HBeAg positive mother (𝛿2 ) or already virally 

supressed on long term antiviral therapy (𝛿1 ). 

pBDi,l,w (a,t) =  proportion of women in state i benefiting from birth dose vaccination. 

pBDPPTi, l, w (a,t) = proportion of women that receive birth dose that also get peri-

partum antivirals (PPT) if they are HBeAg positive. 

eBDi = Efficacy of Birth dose vaccination in reducing probability of MTCT for 

women in state i. (note different risks if HBeAg negative mother (𝑣2 ), HBeAg 

positive mother (𝑣3 ) or already virally supressed on long term antiviral therapy (𝑣4 ). 



 71 

eBDPPTi = Efficacy of birth dose vaccination and PPT in reducing prob of MTCT for 

women in state i. (note different risks if HBeAg positive mother (𝑣5 ) or already 

virally supressed on long term antiviral therapy (𝑣6 ). 

 

 

𝑋𝑘,2,𝑙,𝑤  (0, 𝑡) =  0.5 ∑ (((1 − 𝑝𝐵𝐷𝑖,𝑙,𝑤(𝑎, 𝑡))
𝑖

+ 𝑝𝐵𝐷𝑖,𝑙,𝑤(𝑎, 𝑡) (1 − 𝑝𝐵𝐷𝑃𝑃𝑇𝑖,𝑙,𝑤(𝑎, 𝑡)) . (1 − 𝑒𝐵𝐷𝑖,𝑙,𝑤)

+ 𝑝𝐵𝐷𝑖,𝑙,𝑤(𝑎, 𝑡). 𝑝𝐵𝐷𝑃𝑃𝑇𝑖,𝑙,𝑤(𝑎, 𝑡). (1

− 𝑒𝐵𝐷𝑃𝑃𝑇𝑖,𝑙,𝑤)) ∫ 𝜎(0). 𝑞𝑖. 𝑓(𝑎, 𝑡). 𝑋1,𝑖,𝑙,𝑤(𝑎, 𝑡)𝑑𝑎) 

 

 

 

Uninfected births: 

𝑋𝑘,1,𝑙,𝑤  (0, 𝑡) = (∫ ∑ 𝑓(𝑎, 𝑡). 𝑋1,𝑖,𝑙,𝑤(𝑎, 𝑡)𝑑𝑎
𝑖

− 𝑋𝑘,2,𝑙,𝑤  (0, 𝑡)) 

 

 

 

3.2.5 Calibration 
 

Calibration of the model was done against three key indicators (see results Figure 7 & 

Appendix 2 (regional calibration figure)): HBsAg prevalence data, which informs burden and 

historic pattern of infection; HBeAg prevalence data, which informs patterns of new cases of 

chronic infection and transmission (as the majority of transmission is known to occur in 

HBeAg positive patients, which is supported by many studies, particularly MTCT studies 

showing increased transmission among mothers who are HBeAg positive12,203,204); and liver 

cancer mortality estimates, which informs burden of disease and stages of disease progression 

for those with chronic infection.  
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HBsAg prevalence patterns were taken from a systematic review, which used modelled 

estimates of global HBsAg prevalence in 1990 and 2005, categorised by one of the twenty-

one GBD regions.8 Similarly we used HBeAg prevalence from a global systematic review, 

furnishing estimates for the same years and regions.158  

 

Liver cancer 2012 mortality data was taken from GLOBOCAN database.159 GLOBOCAN 

returned data for all cause liver cancer. As liver cancer can be due to many causes including 

hepatitis B, Hepatitis C, alcohol and ‘other’, a population attributable fraction was applied. 

This was an age, gender and region structured fraction which indicated what proportion of 

liver cancers were due to hepatitis B virus, which was extracted from GBD online resource.  

 

Calibration was performed independently for each region using deterministic optimisation 

based on least squares error, and with all parameters constrained within plausible ranges, 

informed a priori (Table 5). We define a total error term, E, for each region, and minimised 

this error using the ‘fminsearch’ routine in Matlab, which uses the Nelder-Mead simplex 

algorithm as described in Lagarias et al.205 E is simply the arithmetic sum of individual error 

terms, which are of the form:  "e = abs(data - model) / data”. 

 

The individual error terms included the following data points, and their respective model 

analogues;  

 

x The calibration targets were HBsAg prevalence in 1990 and 2005 for men and women 

separately, for the following ages groups; 5-10, 10-40 years and 40-70 years. For 

HBeAg prevalence the calibration targets were 1990 and 2005 for men and women 

separately, for the following ages groups; 0-10 years, 20-30 years and 30-40 years. 

 

Calibration targets for liver cancer mortality were for 2012, for males and females 

separately in the following age groups; 0-14, 15- 39, 40-44, 45-59 years. An error 

between the model and the data was tolerated such that the individual error term is 0 if 

the distance between model and data, for any particular age/sex/time point, is either 

consistent with (i) the model being lower than the data by up to 30% of the data value; 

or (ii) the model being higher than data by up to 10% of the data value,  
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Table 5: Calibration parameter table. Description of parameters that were fitted and ranges 

over which they were constrained. 

Parameter Description Lower 

range 

Higher range 

𝛽𝑐ℎ𝑖𝑙𝑑 
Transmission among those under 5 years 

old 

0 0.15 

u HBeAg loss factor 0.5 20.0001 

𝜗 Rate of HBeAg loss 0 2.0001 

𝛿1 
Vertical transmission from HBeAg 

negative mothers (with no intervention) 

0.05 0.2 

ϒ  Rate of cancer progression  0.0001 0.2 

 

3.2.6 Assumptions 
 

3.2.6.1 Classification of countries 
Countries were grouped into 21 Global Burden of Disease (GBD) Regions. These regions 

created by GBD 2010 were based on epidemiological similarity and geographical closeness 

(Table 6).10 In addition there are seven ‘super-regions’, which group regions more broadly. 

We used this latter broader grouping for aggregating cost inputs (see description below).  

 

In order to represent the regions that would be most dependent on external funding, for 

purposes of presenting costing results, we also classified countries according to income status 

as per World Bank 2014.206 The 2014 World Bank Atlas method classifies countries into 4 

regions by income; Low-Income (LIC), Lower-middle-income (LMIC), Upper-middle-

income (UMIC) and High-income (HIC). 
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Table 6: Regional Groupings of countries. Country groupings as per GBD 2010. Table 

taken from Ott, Vaccine 2012.8 

 
 

3.2.6.2 Demographic data 
Historical demographic regional data including total population size, age and gender structure 

of the population, fertility rates and age and gender specific mortality rates were taken from 

World population prospects.160 No adjustment was made for those mortality schedules having 

already incorporated HBV-related mortality, as for all age/sex groups, this is a small fraction 

of the total deaths relative to uncertainty in estimates of burden. 

 

3.2.6.3 Transmission 
Although the model is fully age structured, transmission risk follows a coarse age structure 

(Figure 4) of <1 year old, 1-5 years old, 5-15 years old and above 15 years old. It 

incorporates transmission from mother and child, between children, and across the whole 
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population (which includes other forms of transmission including sexual and iatrogenic). We 

did not explicitly model the relative contribution of different routes of iatrogenic transmission 

(blood transfusion, and unsafe injection practices) as this is a relatively small proportion of all 

transmission of hepatitis B worldwide currently and infection in adulthood is less likely to 

lead to chronic infection. Furthermore global data on these routes are lacking.   

 

Parameters specify the rate of transmission through each route, which are inferred through the 

calibration procedure (see above). Mother-to-child transmission was calculated from the age-

specific fertility rates, and the sero-status of the mother (HBsAg +/- HBeAg positivity) as 

well the use or absence of the birth-dose vaccine and peri-partum or lifelong antivirals.  

 

There is a strong age-dependence in the risk of becoming a carrier for HBV infection,13 which 

is consistent with earlier work and a function was incorporated to represent this inverse risk of 

becoming a chronic carrier with age (Table 4). 

 

3.2.6.4 Natural History of Chronic HBV infection 
 
We incorporate the most salient features of HBV-related morbidity, mortality and 

infectiousness informed by literature review (Figure 5 and Table 4). In brief, we use twelve 

mutually exclusive health states, which includes seven untreated chronic hepatitis B (CHB) 

stages: immune tolerant (IT), immune reactive (IR) (HBeAg positive chronic hepatitis), 

inactive carrier, HBeAg negative chronic active hepatitis (EAN CHB), compensated cirrhosis 

(CC), decompensated cirrhosis (DC) and hepatocellular carcinoma (HCC).48,207 48,207 IR and 

EAN CHB represent states of chronic active hepatitis, with high or fluctuating viral load, 

elevated transaminases and evidence of fibrosis. Along with CC and DC, these stages are 

recommended for treatment, as per international guidelines,4,54 to reduce the risk of 

progression of liver disease and the development of hepatocellular carcinoma (HCC). The 

transition rates between each of the defined clinical states were taken from the literature and 

based on expert opinion, where data were unavailable. As region-specific untreated natural 

history data is not available for all transition rates, the same rates of transition were used for 

all regions based on available global literature (Table 4). However, we incorporated a 

function that accelerates progression through the HBeAg positive stages, which was proxying 

for differences between regions. Data did exist to furnish most parameter estimates. However, 

an assumption regarding the rate of transition from IR to EAN CHB was used, based on 



 76 

expert opinion, as there was no supporting literature on this rate of transition. Transition rates 

from each untreated state to HCC was taken from the literature, apart from the risk of 

transition from IT to HCC, which was assumed to be at half of the risk of transition from IR 

to HCC. A relative increased risk of transition to HCC was then applied based on these 

transition probabilities. Finally, an age-dependent transition rate of transition from each 

untreated state to HCC (for men and women separately) was applied, which is consistent with 

data that shows increased risk of liver cancer with age and male gender164 and the parameters 

of that function were estimated through fitting (see above). 

  

We omitted acute infection in our model, given that it is often asymptomatic and does not 

contribute to high burden of disease.  
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Figure 5: Natural history of HBV. This figure represents the natural history of HBV used in 

the model. Each box represents a mutually exclusive health state (labelled 1 to 12, to 

correspond with state variables presented in Table 3) and arrows represent unidirectional 

transition between health states. For the corresponding value of the transition rates labelled in 

the diagram and sources, see Table 4. *Time in acute infection is not explicitly modelled as 

assumed to be small and not associated with significant risk of mortality. ** Death from 

HBV-related cause. TDF = tenofovir. 3TC = lamivudine. 

 
 

3.2.6.5 Historical Coverage of Interventions at Status Quo 
 
Historical data on coverage of interventions up to the present time was incorporated. In the 

status quo scenario, interventions continued at the same levels as implied in the most recently 

available data. In all other scenarios, some interventions continued at levels of historic 

coverage, whereas others were increased as per targets (Table 10). 

 

3.2.6.5.i Infant Vaccination 
 
WHO data on hepatitis B infant vaccination coverage rates over time were used to populate 

the model with historical global vaccination coverage.155 For earlier years where data was 
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missing, polynomial interpolation was used to allow more realistic gradual uptake of 

vaccination and the average for the region was used. The arithmetic average was taken across 

countries in a region to give region-specific scale-up pattern (Figure 6). 

 

3.2.6.5.ii Prevention of Mother-to-Child transmission 
 
WHO data on hepatitis B birth dose vaccination rates over time were used to populate the 

model with historical global birth dose vaccination coverage.155 Similar to the above, for 

earlier years where data was missing, interpolation was used to allow more realistic gradual 

uptake of vaccination and the average for the region was used after 2009 (Figure 6). 

 

Although Hepatitis B Immunoglobulin (HBIG) is used in some HICs for prevention of 

MTCT, reliable data on coverage of HBIG by region are not available. However, rates of 

transmission between mother-to-child are inferred in the model fitting and therefore 

implicitly, the extent to which HBIG is being used in countries is taken into account through 

that. In this way, we implicitly assume continued coverage for the future, in regions where it 

is already high. 

 

Peripartum antiviral therapy for HBeAg positive pregnant women with high viral load is used 

in some selected high-income settings to reduce the risk of MTCT of hepatitis B, in addition 

to BD vaccination and HBIG. However, since this is a relatively new intervention strategy, 

for the purposes of our model, we assumed that historical coverage was zero in all regions.  

 

Figure 6: Historical HBV vaccination coverage by world region. The panel on the left 

represent Infant Vaccination Coverage and the panel on the right represents Birth dose 

vaccination coverage.  
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3.2.6.5.iii Antiviral Treatment 
 
Historical treatment coverage was estimated for all the world regions and was classified into 3 

main categories i. no historic treatment ii. some coverage of treatment, mainly with 

‘suboptimal’ regimens with low barrier to resistance like lamivudine and iii. High coverage of 

treatment mainly with regimens with a high barrier to resistance since 2008 (low barrier drugs 

prior to 2008). Where treatment has been available we assumed a ramp up of treatment 

between 2000 and 2005. This was used to inform a fitted parameter of prior treatment rate. 

 

To inform that classification, the WHO Global Hepatitis Survey156 on whether a publicly 

funded treatment was available for Hepatitis B was used. Although not all countries 

responded to the survey, we used this to approximate whether the population had access to 

HBV treatment. If there was no publicly funded treatment available, we assumed that 

coverage was none. Whether the drugs were available on the national essential medications 

list or subsidized by the government for hepatitis B, was also reported.  

 

Although there is screening of high risk groups in some high income countries, this is likely 

to represent a very small fraction of the global population and data on this was unavailable on 

a global level and so, active case finding was assumed to be zero at baseline globally in the 

model. 

 

3.2.7 Interventions 
 



 80 

See Table 4 for full list of parameters and sources. Below we discuss some of the efficacy 

assumptions in further detail. 

 

3.2.7.1 Infant Vaccination 
 
Infant vaccination can provide protection from both acute and chronic infection. For the 

purposes of our model, efficacy of vaccination on protection of development of the chronic 

carrier state was used, which was taken from Peto et al, who demonstrated a 95% efficacy 

against risk of chronic carriage at 20 years in the Gambia.152  

 

3.2.7.2  PMTCT 
 

3.2.7.2.i Birth Dose Vaccination 
 
Efficacy of birth dose vaccine on reduction in PMTCT transmission from HBeAg positive 

mothers was derived from the following literature. Xu et al, reported an 88.7% efficacy 

against chronic carriage with plasma-derived vaccine.200 However, this included HBeAg 

positive and HBeAg negative mothers, although it reports a ‘similar result between the two 

groups’. Beasley et al, reported a 75% efficacy for birth-dose vaccination only.208 Wong 

reported a 21% chance of development of chronic carrier rate in the study group who received 

vaccination at 0, 1, 2 and 6 months.201 A systematic review by Lee et al209 found only one 

study which reported the efficacy of recombinant vaccine versus no intervention as 90%.210 

We used the average value of these studies to represent an 83% birth dose vaccine efficacy in 

reduction of PMTCT among HBeAg positive mothers.  

 

The chance of transmission from HBeAg negative mothers to children without any 

intervention is part of the fitting procedure, and constrained to be 5-20%. Chen et al showed a 

96% reduction in transmission when birth dose vaccination was given to neonates of HBeAg 

negative mothers, compared to historical controls.39 

 

3.2.7.2.ii Birth Dose Vaccination plus peri-partum antiviral treatment 
 
In HBsAg mothers with high viral load and HBeAg positivity, it has been shown than there is 

ongoing transmission despite immune-prophylaxis with BD vaccination and Hepatitis B 
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immunoglobulin (HBIG). The rate of immunoprophylaxis failure is related to HBV viral 

load.211 Additional treatment of these mothers with PPT in the last trimester of pregnancy has 

been shown to significantly reduce the risk of MTCT,45,212-214 with the residual rate of 

transmission depending on viral load of the mother and the type of antiviral drug used. In 

these studies peripartum antiviral treatment (PPT) was added to BD and HBIG, rather than 

instead of HBIG. However, as there is only moderate quality of evidence to support HBIG at 

birth,41 in addition to concerns related to supply, cost and feasibility of HBIG 

administration,151 scale up of HBIG is unlikely to be a feasible strategy for LIC and LMICs, it 

was therefore not included as a scale-up strategy in the model.  We therefore modelled a 

theoretical strategy of PPT in addition to BD only. As data on this strategy is not available as 

there have been no trials to date, we assumed the following: The risk of MTCT has been 

shown to be very small, when VL is less than 104 or 106.211,215 We used this as a proxy to 

represent the fact that there is essentially elimination of MTCT if mothers’ viral load is <106. 

In the Wen study, 0.5% of HBeAg negative mothers have a viral load of greater than 106. We 

therefore assumed that the addition of PPT to BD vaccination reduces risk of transmission in 

HBeAg positive mothers to 0.5%, to account for some failure due to lack of adherence. This 

represents a 99.4% intervention efficacy of birth dose vaccination plus PPT against chronic 

carriage in HBeAg positive mothers (ie a further 97% reduction compared to birth dose 

alone). 

 

An ideal scenario would require testing for maternal HBeAg and HBV Viral load before 

stratifying requirement for PPT. However, given that in many low-income settings, there is a 

need for simplification of treatment assessment, we only used HBeAg to stratify testing.  

 

For our model we assumed PPT was with tenofovir. The antiretroviral Pregnancy Registry 

safety data in pregnant HIV positive women who have received tenofovir-containing 

regimens have shown no significant adverse effects and therefore with its high resistance 

barrier, it is the choice of antiviral recommended in guidelines.4 The safety of entecavir in 

pregnancy is unknown. As stated above, we implicity assume status quo coverage of HBIG 

for the future, in regions where it is already high.  

 

3.2.7.3 Antiviral Treatment 
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Antiviral therapy with tenofovir or entecavir has been shown to be highly effective in 

reducing the risk of progression of cirrhosis and liver cancer.52,154,216 The study by Liaw et al50 

demonstrated the efficacy of antiviral treatment with lamivudine in reducing progression of 

liver disease and HCC development. It compared lamivudine with placebo and showed 50% 

reduction in disease progression and development of HCC at 32 months. The study was 

terminated early because of already reaching statistical significance. There have therefore 

been no trials directly comparing the newer more potent antivirals (tenofovir or entecavir) to 

placebo, but tenofovir has been demonstrated to be more effective than older generation 

antivirals in achieving viral suppression.54 Wong et al52 demonstrated that 96% of people on 

entecavir therapy actually showed histological improvement after median 6 years of 

treatment.  

 

However, it has been demonstrated that there is an ongoing risk of development of 

hepatocellular carcinoma, even if successfully virally suppressed, at least for the first few 

years of treatment.52,217 Papatheodoridis et al218 showed that HCC developed in 1.2% of 

entecavir treated patients at a median of 1.5 years (ie early). However, this is particularly in 

older ages, male patients and in those with established cirrhosis.  

 

Taking these studies together and the evidence that viral suppression is a key driver of 

progression of liver disease, we have assumed a 100% efficacy of nucleos(t)ide analogue 

drugs in reduction in disease progression, if full viral suppression is achieved and if non-

cirrhotic at initiation of antiviral therapy. Although there is an ongoing risk of HCC 

development in the treated cirrhotic population, especially early into treatment, this effect is 

expected to be small over the scales and time-frames considered here and is therefore not 

included. 

 

No resistance has been demonstrated, 7 years into treatment with tenofovir and therefore drug 

resistance was not modelled.219  

 

The side-effects of renal failure and bone loss have been mainly reported where tenofovir has 

been used in the context of HIV infection. Evidence that is now accumulating on the long-

term use of tenfovir for HBV mono-infection (7 year follow-up data) have shown that these 

effects are much less pronounced.59,60. Renal adverse-effects were infrequent, usually mild 

when they did occur and improved with dose modification. Assessments of bone mineral 
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density have suggested no evidence of bone loss over 3 years. Therefore we have not 

accounted for any costs of treating renal failure or fractures due to bone loss.  

 

3.2.8 Costings  
 

3.2.8.1 General Overview 
 
A costing model was developed to estimate total intervention costs, which attached region-

specific, time- constant costs to each of the intervention components. The cost package 

included the consumable plus delivery of the intervention, and relevant outreach costs (Table 

7 and Table 8). Cost inputs were based on costing data from review of published literature 

and databases. Primary cost results are presented in USD$ 2014 and allow for greater 

comparability with existing literature. An alternative approach, using purchase power parity 

(PPP) adjustments for non-traded resources was also performed, to correct for distortions in 

direct Gross Domestic Product (GDP) comparisons (presented in International $). Antiviral 

drug price was based on currently observed global minimum pricing, assuming price 

reductions and in anticipation that costs can fall to these levels globally. The costs averted 

through care costs for cirrhosis and cancer were not included as global data on these are 

limited. In computing present values of a stream of future costs, a discounting rate of 3% per 

year was applied.220  

 

3.2.8.2 Costings Details 
 

Four interventions were costed for the global HBV model: infant vaccination, birth dose 

vaccination, peri-partum antiviral therapy (PPT), person year of treatment and screening (see 

further details below). Costing considered technology constant, thus there was no cost 

decrease in time due to technological improvements. Costs were expressed in 2014 current 

USD and region-specific, where regions are the seven macro Global Burden of Disease 

Regions, namely East Asia and Pacific, South Asia, Central and Eastern Europe and Central 

Asia, North Africa and Middle East, Sub-Saharan Africa, Latin America and Caribbean and 

High-income region. Each intervention comprised of consumables, costs needed to deliver the 

intervention and outreach cost component 
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- Consumable costs reflected the prices of drugs, vaccine and diagnostic tools for point of 

care testing with HBsAg. (Table 7).  

- Delivery costs reflected the value of time needed for health professionals to administer the 

intervention, the cost of syringes and medical supplies, cold chain costs, etc. (Table 8)  

- Outreach costs were defined as those needed for the uptake of the interventions; for 

instance costs incurred to reach the population at risk for screening or for vaccination, 

excluding the administration of the intervention, which is considered as part of the 

delivery. 

 

HBV-related cost and cost-effectiveness literature was reviewed. Searches were conducted in 

PubMed for all studies published from the 2000, although a study published in 1992 was also 

included for lack of more recent information. Peer reviewed literature was supplemented by 

internet searches (via google and google scholar). An effort was made to identify grey 

literature on costing of HBV interventions from relevant national and international 

organisations. Given the lack of country specific HBV related cost data certain simplifying 

assumptions had to be made.  In the case of the non-tradable cost components (outreach and 

delivery) extrapolations were based on the information of at least one intervention per GBD 

macro region identified in the literature (apart from screening, see explanation below). When 

more than one source was available in a region, the average value, weighted by population, 

was taken. In the case of consumables, drug costs were kept equal across regions; vaccine 

costs were equal across all regions apart from in high income region where subsidies were not 

available; three different figures were used for point of care costs, the highest for high 

income, lowest for SSA and in-between the two for all other regions (Table 7). When 

calculating HBV outreach services for BD vaccination, the literature review was extended to 

include costs associated with increasing institutional delivery coverage as a proxy for costs of 

implementing HBV birth dose vaccination within 24 hours from birth.  

 

For the main analysis, within each macro GBD region, delivery and outreach cost estimates 

were converted from the currency they were originally expressed in, to the equivalent local 

currency of the same year for each country within the same GBD region. We refer to this as 

the Consumer Price Index (CPI) approach. All costs were then inflated to the year 2014 

according to the Consumer Price Index of each country (World Bank figures) and converted 

into US$ 2014. For instance, if costs for vaccine delivery in the Sub-Sahara African region 

were available for Mozambique only, for the year 2002 and expressed in US$, these were 
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converted into Mozambican Meticals as well as into all the national currencies of every 

country in the SSA region for the year 2002, inflated to 2014 according to the Consumer Price 

Index of Mozambique as well as of each country and then converted back to US$ using the 

exchange rate Metical/US$ for the year 2014 (Historical currency converter, median yearly 

exchange rate, OANDA)221. For each region, we calculated the weighted average considering 

that the contribution of each country to the regional average depends on the ratio between the 

population of each country and the total population of each region, (UN population, 2015). 

When used in the main disease model, costs were discounted at 3% per annum. By estimating 

costs using this approach we are able to compare the finding of our HBV model to existing 

literature.  

 

Table 7: Input values for consumables (traded goods). 

 

Parameter Strategy Geography Value (US$ 

2014) 

Source 

Hep B vaccine per 

dose infant 

Infant 

vaccination 

All regions 

except High-

income region 

2.35 UNICEF 

Hep B vaccine per 

dose BD 

BD vaccination All regions 

except High-

income region 

0.38 UNICEF 

Hep B vaccine BD 

high income 

Infant 

vaccination and 

BD vaccination 

High-income 

region 

15 NICE  

Tenofovir annual 

price 

Treatment All regions  43.8/y Global Fund 

2015 

procurement 

price222 

Screening (point of 

care) 

Screening for 

Treatment, BD 

vaccination and 

peripartum 

treatment 

All regions 

except Sub-

Saharan Africa 

and High-

income regions 

5.11 223 
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Screening (point of 

care) 

Screening for 

Treatment, BD 

vaccination and 

peripartum 

treatment 

Sub-Saharan 

Africa 

1.23 140 

Screening (point of 

care) 

Screening for 

Treatment, BD 

vaccination and 

peripartum 

treatment 

High-income 

region 

16.55 224 

 

 

Table 8: Input values for delivery and outreach costs (non-traded goods) 

 

    

Treatment 

delivery 

Vaccination 

delivery BD outreach 

Community 

screening 

outreach 

East Asia 

and 

Pacific  

Original 

value 

(country; 

currency; 

year; 

reference) 

115, 32.1, 66.7 

(Thailand, China, 

Taiwan; USD; 

2012; Dan et al) 
225 

0.6 (China; 

USD; 2008; 

Hutton et al) 
226 

3.23 

(Cambodia; 

USD; 2008; 

Heller et al) not available 

CPI 

adjusted 

value 67.05 0.7 0.58 19.09** 

PPP 

adjusted 

value 56.68 1.29 1.8 14.11* 

South 

Asia  

Original 

value 

(country; 

currency; 

51 (Pakistan; 

USD; 2012; Dan 

et al) 225  

0.19 (India; 

USD; 2000; 

Miller et al) 
227 

28 (India; USD; 

2008; Mohanty 

et al) 228 not available 
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year; 

reference) 

CPI 

adjusted 

value 52.64 0.35 29.43 14.99** 

PPP 

adjusted 

value 179.63 1.14 100.77 44.71* 

Central 

and 

Eastern 

Europe 

and 

Central 

Asia  

Original 

value 

(country; 

currency; 

year; 

reference) 

110 (Poland; 

Polish Zloty; 

2002; Orlewska et 

al) 223 

13.45 

(Poland; 

Polish 

Zloty; 2000; 

Wiewiora-

Pilecka) 229 

5.16 (Ukraine; 

USD; 2005; 

Nizalova) 230 not available 

CPI 

adjusted 

value 40.86 5.36 3.73 11.63** 

PPP 

adjusted 

value 82.93 10.97 10.23 20.64* 

North 

Africa 

and 

Middle 

East 

Original 

value 

(country; 

currency; 

year; 

reference) 

45 (Turkey; 

euros; 2010; Toy 

et al) 231 

0.48 (Iran; 

USD; 2003; 

Adibi et al) 
232 

16 (Morocco; 

USD; 2012; 

Witter et al) 233 not available 

CPI 

adjusted 

value 53.14 0.85 14.58 15.13** 

PPP 

adjusted 

value 147.37 2.54 45.21 36.68* 
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Sub-

Saharan 

Africa  

Original 

value 

(country; 

currency; 

year; 

reference) 

30 (The Gambia, 

USD, 2013, 

Nayagam et al) 140 

0.34 

(Mozambiq

ue; USD; 

2008; 

Klingler et 

al) 131 

4.6 (Ethiopia; 

USD; 2012; 

Mayora et al) 
234 

6.67 (The 

Gambia, 

USD, 2013, 

Nayagam et 

al) 140 

CPI 

adjusted 

value 27.45 0.36 4.43 7.81 

PPP 

adjusted 

value 66.36 0.71 9.29 16.52 

Latin 

America 

and 

Caribbea

n 

Original 

value 

(country; 

currency; 

year; 

reference) 

69.38 (Brazil, 

Brazilian Reals, 

2005, Castelo et 

al) 235 

0.55 (Peru; 

USD; 2002; 

Walker et 

al) 236 

2.01, 2.81, 0.28 

(Brazil, 

Honduras, 

Mexico; USD; 

1992; Horton et 

al) 237 

4.53, 0.92 

(Mexico, 

Guatemala; 

USD; 2012; 

Gaziano et 

al) 238 

CPI 

adjusted 

value 79.71 0.86 0.02 2.33 

PPP 

adjusted 

value 54.51 1.34 0.31 3.54 

High-

income  

Original 

value 

(country; 

currency; 

year; 

reference) 

220, 28.8, 61 

(Singapore, 

Korea, USA; 

USD; 2012; Dan 

et al, Barbosa et 

al) 225,132 

14 (USA; 

USD; 2010; 

Barbosa et 

al) 132   

87 (USA, 

USD, 2009, 

Rein et al) 143 

CPI 

adjusted 

value 106.57 14.07 0 94.27 



 89 

PPP 

adjusted 

value 82.36 13.91 0 61.03 

 

* derived from SSA community screening outreach figure, multiplied by the ratio between 

treatment delivery costs (PPP adjusted).  ** derived from SSA community screening outreach 

figure, multiplied by the ratio between treatment delivery costs (CPI adjusted). The year given 

in the table represents the year of costs and not the year of publication. 

PPP=purchase power parity. CPI=consumer index price. CPI adjusted values are expressed in 

USD 2014 and PPP adjusted values are given in 2014 International Dollars (Int $).  

 

 

An alternative approach was taken consisting in adjusting costs for purchase power parities 

(PPPs).239 PPP adjustment is used to correct for distortions in direct Gross Domestic Product 

comparisons. The PPP approach is mainly based on the fact that different countries have 

different market structures reflected in the prices of the local goods and services and the 

national peculiarities of markets are not fully captured in the exchange rate. The PPP 

adjustment is an attempt to correct for this by taking the US economy as the standard, 

comparing prices of a specified basket of goods and services in the US with the second 

country and adjusting numbers of the second country upwards or downwards to reflect these 

differences.  

 

All non-tradable costs (i.e. delivery and outreach) costs were adjusted, by each country’s PPP 

adjustment rate for the year the cost data was reported, and then inflated to the year 2014 

according to the Consumer Price Index of the US (World Bank figures). Delivery and 

outreach cost of interventions have high human resources and transportation components, 

respectively, and were therefore treated as non-traded goods.  This assumption was made 

despite a small component of tradable resources such as consumables used for blood tests 

included in these unit costs. Unfortunately original data was presented in such a way that it 

was often impossible to split between traded and non-traded components of delivery costs. 

Costs estimated by this approach are not used in the main HBV model in order not to miss 

comparability with most of multi-country studies, which do not use this method.  

 

Results of cost estimates using both approaches are reported in Table 7 and Table 8. 
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Societal costs were not included. For the purposes of this model, the costs averted through 

care costs for cirrhosis and cancer were not included, as data was limited. 
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Table 9: Cost Components by Region. (A). CPI adjusted costs.  (B) PPP adjusted costs 

 

 
 

 
Consumable costs include drug, vaccine or point-of-care tests. CPI costs are presented in USD 2014 and PPP adjusted costs are presented in 

2014 International Dollars (Int $). ANC = Antenatal Care. BD = Birth Dose.  

(A) CPI ADJUSTED

Total Outreach Consumable Delivery Total Outreach Consumable Delivery Total Outreach Consumable Delivery Total Outreach Consumable Delivery
Infant Vacc (3 doses) 8.81 7.05 1.76 7.92 7.05 0.87 20.45 7.05 13.40 9.18 7.05 2.13
BD Vacc (1 dose) 1.66 0.58 0.38 0.70 30.16 29.43 0.38 0.35 9.47 3.73 0.38 5.36 1.67 0.44 0.38 0.85
Peripartum treatment 88.68 35.04 53.64 77.15 35.04 42.11 67.73 35.04 32.69 77.55 35.04 42.51
Person Year of Treatment 110.85 43.8 67.05 96.44 43.8 52.64 84.66 43.8 40.86 96.94 43.8 53.14
General Population Screening 24.20 19.09 5.11 20.10 14.99 5.11 16.74 11.63 5.11 20.24 15.13 5.11
ANC Screening 5.11 5.11 5.11 5.11 5.11 5.11 5.11 5.11

Total Outreach Consumable Delivery Total Outreach Consumable Delivery Total Outreach Consumable Delivery
Infant Vacc (3 doses) 7.96 7.05 0.91 9.2 7.05 2.15 80.17 45.00 35.17
BD Vacc (1 dose) 5.17 4.43 0.38 0.36 1.3 0.02 0.38 0.86 29.07 0.00 15.00 14.07
Peripartum treatment 57.00 35.04 21.96 98.8 35.04 63.77 120.30 35.04 85.26
Person Year of Treatment 71.25 43.8 27.45 123.5 43.8 79.71 150.37 43.80 106.57
General Population Screening 9.10 7.82 1.28 7.4 2.33 5.11 110.82 94.27 16.55
ANC Screening 1.28 1.28 5.1 5.11 16.55 16.55

South Asia Central and Eastern Europe and Central Asia North Africa and middle East

Sub-Saharan Africa Latin America and Carribean High-income

East Asia and Pacific

(B) PPP ADJUSTED

Total Outreach Consumable Delivery Total Outreach Consumable Delivery Total Outreach Consumable Delivery Total Outreach Consumable Delivery
Infant Vacc (3 doses) 10.28 7.05 3.23 9.89 7.05 2.84 34.46 7.05 27.41 13.40 7.05 6.35
BD Vacc (1 dose) 3.48 1.81 0.38 1.29 102.28 100.77 0.38 1.14 21.57 10.23 0.38 10.97 48.13 45.21 0.38 2.54
Peripartum treatment 80.38 35.04 45.34 178.74 35.04 143.70 101.39 35.04 66.35 152.94 35.04 117.90
Person Year of Treatment 100.48 43.8 56.68 223.43 43.8 179.63 126.73 43.8 82.93 191.17 43.8 147.37
General Population Screening 19.21 14.11 5.11 49.82 44.71 5.11 25.75 20.64 5.11 41.79 36.68 5.11
ANC Screening 5.11 5.11 5.11 5.11 5.11 5.11 5.11 5.11

Total Outreach Consumable Delivery Total Outreach Consumable Delivery Total Outreach Consumable Delivery
Infant Vacc (3 doses) 8.83 7.05 1.78 10.4 7.05 3.36 79.78 45.00 34.78
BD Vacc (1 dose) 10.38 9.29 0.38 0.71 2.0 0.31 0.38 1.34 28.91 0.00 15.00 13.91
Peripartum treatment 88.13 35.04 53.09 78.6 35.04 43.61 100.93 35.04 65.89
Person Year of Treatment 110.16 43.8 66.36 98.3 43.8 54.51 126.16 43.80 82.36
General Population Screening 17.80 16.52 1.28 8.7 3.54 5.11 77.58 61.03 16.55
ANC Screening 1.28 1.28 5.1 5.11 16.55 16.55

South Asia Central and Eastern Europe and Central Asia North Africa and middle East

Sub-Saharan Africa Latin America and Carribean High-income

East Asia and Pacific
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3.2.8.2.i. Infant Vaccination 
Total vaccine costs included: 

Consumables: the unit cost of three doses vaccine; 

Delivery: the three doses were costed within the Expanded Programme on Immunisation 

(EPI). To avoid overestimating costs incurred specifically by hepatitis B programmes, and to 

take into account shared costs across the whole EPI programme, total costs of delivery of 

infant vaccination was assumed to equal to the cost of delivering 2.5 doses of the HBV 

vaccine.  

Outreach costs - as delivery was done through the EPI no outreach costs are included. 

 

3.2.8.2.ii PMTCT 
Total birth dose vaccine costs included: 

Consumables: the unit cost of monovalent birth dose HBV vaccine; 

Delivery:  the human resources cost of administering the vaccine. For the purposes of our 

model it was assumed that in order for a woman to receive birth dose vaccination within the 

recommended 24-hour period after birth, it needed to be given by a trained healthcare 

professional in a health facility. There are other innovative ways of delivering birth dose 

vaccination at the community level, which are currently being piloted,240 rather than in the 

hospital facility, but for purposes of this study, these other strategies were not costed.  Our 

delivery cost of birth-dose vaccination assumes administration at the hospital level. 

Outreach: Given that in some regions there is a low percentage of deliveries, that are attended 

by skilled health staff, we attempted to account for this by including an outreach cost for all 

but the high-income regions. Outreach costs were assumed to be equal to zero for the High-

income region as there is high ANC coverage and the majority of women deliver in health 

facilities and therefore it can be assumed that no additional costs are incurred to get the 

pregnant mother tested. However, this will still overestimate the costs in other regions, where 

varying proportions of deliveries occur in hospital, but was thought to be a useful 

approximation.  

 

PMTCT through birth dose vaccination and PPT, includes screening for whether the mother is 

HBsAg positive and HBeAg positive, in order to stratify risk of transmission and therefore 

prevention method needed. For this reason, PMTCT also includes: 
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Consumables for ANC screening: cost of HBsAg test at the antenatal care visit. 

Consumables for peripartum treatment: These consist in the 80% of drug cost for person year 

of treatment. Although peri-partum antiviral therapy is normally only prescribed for up to 6 

months, both treatment and delivery costs of peri-partum treatment were assumed to be 80% 

of those of person year of treatment, to account for losses due to attrition and more regular 

follow-up during the peri-partum period, than during routine treatment; 

Delivery of peripartum treatment: This was assumed to be 80% of those of person year of 

treatment, for the reason described above; 

Outreach: For ANC screening, it was assumed that the pregnant women attended clinic, and 

that no extra outreach costs were incurred. As improving maternal and child health is a health 

universal goal, we assumed that the costs of improving ANC uptake is likely to be spread 

across disease areas.   

 

3.2.8.2.iii Treatment   
Total costs for person year of treatment were given by: 

Consumables: Drug prices of tenofovir were taken from the global fund 2015 procurement 

price index.222 Costs of drug therapy are based on generic global minimums currently 

observed in HIV programmes and we are therefore assuming price reductions, in anticipation 

that costs can fall to these levels in all low and middle-income countries;    

Delivery: Delivery costs for treatment were unique for all the regions, and were taken from 

available literature (Table 8). These included costs of outpatient consultation including 

human resources and standard monitoring tests.  

 

3.2.8.2.iv General population screening 
Total costs of general population screening were given by: 

Consumables: point-of-care HBsAg test; 

Outreach: it includes costs which are required to reach every individual to determine their 

HBsAg infection status. Outreach costs for general population screening were only available 

for SSA, LA and HIC region. Where data was not available for screening outreach costs for 

hepatitis B, suitable approximations were made by comparing ratio of delivery and treatment 

costs from SSA, for which information perceived more reliable and representative.  
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3.2.8.2.v Cure  
The introduction of a curative strategy in the model was assumed to be a one-time 

intervention that results in their sustained viral suppression or loss of HBsAg, removing the 

need for prolonged antiviral therapy. This was assumed to be a low-cost intervention available 

from 2025. Recent trials are showing promising results with finite treatment courses in certain 

patient groups241, which could provide this low cost option, but also and new drugs are in 

various stages of research and development,242 the costs of these are however unknown, and 

therefore not accounted for in the model. 

 

3.2.9 Modelled Scenarios 
 

Five scenarios were used to quantify the impact of the scale-up of available interventions 

from 2015 (Table 10).  In addition, there is a status quo scenario where the coverage of all 

interventions remains at their current levels, and a ‘no historic intervention’ scenario, where 

the effects of all interventions are removed. In the ‘infant vaccination’ scenario, coverage of 

infant vaccination is scaled up linearly over 5 years to 90% (or maintained at a higher level if 

already achieved), consistent with the WHO Global Action Vaccine Plan targets of ≥90% 

vaccination coverage by 2020.243 The addition of BD vaccination involves a linear scale-up 

over 5 years of BD vaccination coverage among HBsAg mothers to 80% (or maintains it at 

higher level if already achieved) and the scenario with addition of peripartum antivirals 

involves a scale up over 10 years so that 80% of HBeAg positive mothers receive peripartum 

antivirals in the last trimester of pregnancy by 2025. The addition of ‘test and treat’ includes 

such testing, linkage and adherence interventions as would be necessary to provide successful 

treatment with durable viral suppression to 80% of persons becoming eligible,4 a value that 

signifies “Universal Health Coverage” across a range of essential health services, and has 

commonly been used as a target for Universal Access to HIV treatment.244 Treatment is 

assumed to be based on either tenofovir or entecavir and include such monitoring and 

adherence as is sufficient for patients to maintain viral suppression. Adverse events and 

contraindications are rare and were not considered in the model. We also included a 

representation of a hypothetical curative strategy whereby patients on treatment can be 

provided with a one-time intervention that results in their sustained viral suppression or loss 

of HBsAg. Assumptions used to represent the efficacy of each intervention are outlined in 

Table 4. 
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A number of useful definitions of elimination exist which are discussed in the introductory 

chapter. The recently adopted Sustainable Development Goals (SDGs) include goals for the 

elimination of HIV, TB and malaria, each of which uses a threshold definition of what 

constitutes elimination ‘as a public health threat’. Using this approach, we chose to adopt a 

threshold approach for incidence and HBV-related deaths, of fewer than 10 and 50 per million 

population, respectively, which is intermediate to the levels used in TB and HIV. 

 

Table 10: Table of intervention strategies modelled, coverage levels and scale-up times.  

*If the regional coverage is already above these levels, it remains at current higher coverage. 

§ Peripartum antivirals are given to HBeAg +ve mothers only. HBIG not implicitly modelled 

as data not available, but continues at current levels. ± To include case finding and treatment. 

**80% incorporates a strategy of 90% case finding, 95% linked to care, 95% durable viral 

supression.  HBeAg = Hepatitis B e antigen. BD = Birth Dose. PPT = peripartum antiviral 

therapy (given to HBeAg + mothers).1 WHO data on vaccination coverage upto 2013. 2 

Assumption. 3 Global Policy report on viral hepatitis & expert opinion. 

 

 
 

We first used the model to generate predictions regarding the incidence of new chronic 

carriage, prevalence of people living with chronic HBV and deaths due to HBV under 

assumptions that interventions remain at current levels (‘status quo’). We then compared this 

to a scenario when all historical interventions were removed to estimate how the epidemic 
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would have unfolded if nothing had been done to date. We then used the model to estimate 

the impact of scaling up prevention and treatment interventions by considering the five 

alternative strategies. Incidence refers to incidence of new chronic carriage, rather than acute 

infection, throughout the chapter. 

 

3.2.10. Sensitivity Analysis  
 

Although the efficacy of interventions was parameterised from literature review, ‘real-life’ 

wide-scale implementation does not always replicate the efficacy rates found within studies. 

Therefore, sensitivity analysis was performed, in order to parse out the contribution of 

assumptions on the efficacy of the major interventions to the forward projections. 

The rates used for the lower limits of efficacy in the sensitivity analysis were as follows; 88% 

efficacy of infant vaccination against chronic carriage,245 85% efficacy of BD vaccination 

against MTCT if maternal HBeAg negative (assumption), 75% efficacy of BD vaccination 

against MTCT if maternal HBeAg negative,208 85% efficacy of antiviral treatment on PMTCT 

(assumption) and 65% for adherence to antiviral treatment (assumption). These lower efficacy 

parameters are conservative, but were chosen in order to give an idea what would happen in a 

‘worst-case’ situation. 

 

3.3. Results 
 

3.3.1 Calibration 
 
The model reproduces the global epidemiology of HBV well (Figure 7) and several key 

epidemic patterns are noted: prevalence of HBsAg (a marker of chronic infection) is highest 

in West Africa; the prevalence of HBeAg tends to be higher in East Asian regions than 

African regions; and, the number of cancer deaths increases sharply with age and is greatest in 

East Asia, where prevalence has been high and treatment is not widely available.  

 

 

Figure 7: Model Calibration. These graphs represent calibration of the model outputs to 

available epidemiological data from each of the 21 world regions. Data versus modelled 
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results by region for HBsAg prevalence (ages 5-70), HBeAg prevalence among those HBsAg 

positive (birth-40 years old) and HBV related cancer deaths (all ages in 2012). The lines are 

colour coded to represent the seven different continent groupings. Males are represented by 

crosses and females by circles. HBsAg = Hepatitis B surface Antigen. HBeAg = Hepatitis B e 

antigen. Prev = Prevalence. 

 

 
 

The modelled global estimate of HBV-related mortality (850 000 deaths in 2010) and the 

number of persons living with HBV (290M in 2010) are consistent with previously published 

sources.10,77 Modelled incidence of new chronic infections is 6.7M. For the year 2010, 30% of 

the HBV-related deaths, 40% of the persons living with HBV and 70% of new chronic 

infections occurred in the five regions encompassing the majority of the low-income 

countries. 

 

3.3.2 Epidemiological Projections 
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The model projects that at status quo, there will be 4.3M new chronic infections, 270M people 

living with HBV and 1M deaths due to HBV, in the year 2020 (Figure 8). Between 2020 and 

2050, the number of new infections per year will drop by 70% to 1.3M per year, as a result of 

sustained vaccination coverage. By 2050, the number of persons living with infection will 

decrease by 40% to 165M, due to reducing incidence and the continued death of those 

infected with HBV. The number of HBV-related deaths per year will increase in the coming 

years, reaching 1.14M deaths per year in 2034, due to cohorts of infected persons reaching 

older ages when the risk of HBV-related death is greater, and then decline slightly so that by 

2050 there will be 1.06M deaths per year. 

 

Figure 8: Global Epidemic Projections for HBV. (A) HBV incidence (of new chronic 

carriage), HBV prevalence and deaths under the status quo scenario (all intervention remain at 

current levels; blue line) and a counterfactual scenario (assumed no interventions have ever 

been applied; dashed black line). 

 
 

Current vaccination scale-up is already having a large impact on the epidemic. Without any 

infant or birth-dose vaccination, there would be 25M new cases in 2020; that is, interventions 

have already reduced new cases by 83% and cumulatively averted 310M new cases between 

1990 and 2020. The impact is largely mediated by the effects of infant vaccination (Figure 9).  
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By our definition, some regions with high infant vaccination coverage are projected to reach 

elimination of new infections, between 2060 and 2070, even at status quo coverage levels (eg 

East Asia, Central Asia, Eastern Europe and The Caribbean). Infant vaccination is highly 

effective at reducing chronic carriage among children but does not directly impact on the risk 

of acquisition among neonates. A consequence of that is the proportion of new chronic cases 

that arise through mother-to-child transmission is set to increase substantially, from 16% in 

1990 to 50% in 2030 (Figure 10). Therefore, in most regions, additional interventions will be 

required to drive infection rates to lower levels. 

 

Figure 9: Epidemiological projections with historic birth dose vaccination removed. This 

graph gives dissagregated information of status quo projections with historic infant and birth 

dose vaccination (in blue) and projections with historic birth dose coverage removed (in red). 

This reveals that the majority of the global impact to date, has been due to infant vaccination, 

rather than birth dose vaccination coverage. HBV = Hepatitis B Virus. 
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Figure 10: Global Epidemic Projections for HBV (B). Ages of persons in which cases of 

new chronic carriage occur under the status quo scenario. HBV = Hepatitis B virus. 

 

Furthermore, these existing interventions have not yet led to substantial reductions in numbers 

living with chronic infection or in HBV-related deaths (30% and 4% reduction, respectively, 

in 2020 compared to no intervention), due to the lack of global scale-up of treatment which is 

needed to reduce the risk of death for those already infected. Also, the long interval between 

acquisition of chronic carriage and death means that the pool of persons living with HBV 

changes slowly in response to intervention.  

3.3.3 Impact of Intervention scale-up 
 
Without further scale-up of interventions, the number of persons living with HBV is going to 

remain at the same high levels for 40-50 years and there will still be a cumulative 63M new 

chronic infections and 17M HBV-related deaths between 2015 and 2030.  

However, a scale-up of existing interventions could lead to a worldwide 90% reduction in 

incidence of new chronic infections and 65% reduction in mortality by 2030 (Figure 11).  
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Figure 11: Global impact of interventions against HBV on: A) Incidence of New Chronic 

Infections. B) Number of persons living with CHB infection and C) HBV-related deaths. For 

description of intervention and targets see Table 10. In the first and third, the yellow lines are 

nearly completely overlapped by the purple lines. In the first panel, the green line is nearly 

completely overlapped by the light blue line. PPT = Peripartum antiviral therapy (for HBeAg 

positive mothers). BD = Birth Dose. Vacc = Vaccination.  

 

In the first scenario, scaling-up infant vaccination to 90% globally would avert 4.3M new 

incident infections between 2015 and 2030 compared to status quo. The addition of scale-up 

of BD vaccination and PPT to 80% enhances this impact, averting a further 19.3M new 

infections, with the majority of that incremental impact achieved by birth-dose alone (18.7M 

new cases averted). The large incremental impact due to PMTCT intervention is due to the 

fact that vertical transmission increases in relative importance as other transmission routes are 

reduced. None of these prevention strategies reduce the prevalence or mortality in the short 

term, but the addition of a ‘testing and treating’ intervention with 80% coverage could reduce 

deaths by 65%, and could avert 7.3M deaths, including 1.5M cases of cancer deaths, between 
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2015 and 2030, compared to status quo. The addition of a cure would not impact on incidence 

or mortality, if it is applied to those already on successful treatment.   

Such a set of combined interventions would bring forward the date of elimination of new 

incident chronic infections, as well HBV-related deaths in all settings (Figure 12). Half of the 

global regions would be projected to reach elimination of new incident chronic infections 

before 2060 with the scale-up of this set of interventions. Time to elimination of HBV-related 

deaths is more heterogenous, with some regions, like Western Europe, achieving this by as 

early as 2017, and regions in SSA and Asia not reaching this threshold until closer to 2090. In 

both cases, the region projected to achieve elimination last is West Africa, where the burden 

is high, current coverage of interventions is low and population growth will lead to 

proportionately more mother-to-child transmission. 
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Figure 12: Time to elimination by world region. (A) Year of Elimination of incidence of 

new chronic infections under status quo scenario and with maximal interventions. (B) Year of 

Elimination of HBV-related deaths. *Elimination defined here as reduction of incidence of 

new chronic infection to lower than 10 per million population or reduction in HBV related 

deaths to below 50 per million population. Yellow bars represent the year of elimination at 

status quo and purple bars represents the year of elimination with maximal interventions 

(minus cure). If the bar is open ended, this means that elimination is not achieved by 2100..  

 

 

3.3.4 Sensitivity Analysis 
 
Figure 13 shows the effect of varying intervention efficacy on projections of the 
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comprehensive package of interventions (infant vaccination, BD vaccination, PPT for HBeAg 

positive mothers and screening and treatment). This sensitivity analysis reveals that even in a 

‘worst-case scenario’, with the lowest efficacy rates for all interventions, there would be a 

projected 18.4M new incident chronic infections averted and 4.7M HBV-related deaths 

averted between 2015-2030, compared to continuing at status quo. Adherence rate to antiviral 

therapy is most influential on mortality benefits and infant vaccination efficacy is most 

influential on incidence. 

These projections of incidence are most sensitive to a lower effectiveness of infant 

vaccination, followed by a lower efficacy BD vaccination on PMTCT if HBeAg positive and 

low adherence rates of treatment. A lower efficacy of infant vaccination alone would result in 

4.8M more infections between 2015-2030 compared to the ‘best-case’ scenario. Lower 

efficacy of BD vaccination on PMTCT in HBeAg positive and low adherence rates of 

treatment alone, would each result in 1.8M more infections between 2015 compared to the 

‘best-case’ scenario.  

The sensitivity analysis for HBV-related mortality reveals that the rate of adherence to 

antiviral therapy is the most influential factor and has a large effect. A reduced adherence rate 

of 65% globally would lead to 2.5M more deaths between 2015-2030, compared to ‘best-

case’ projections.  

The overall direction of health benefits gained were consistent even with much lower than 

predicted efficacy rates and revealed that large health impacts would still be achieved. 

Adherence to antiviral treatment affects both incidence, as well as HBV-related mortality, 

because it impacts on PMTCT as well as reduced progression of liver disease. 

 

Figure 13: Sensitivity Analysis on the effect of lower intervention efficacy rates on 

projections of incidence of new chronic infection. In panels 2 to 6, the dashed purple line 

represents the effect of lowering the efficacy rate of one intervention at a time, whilst keeping 

the others at base-line. The intervention varied corresponds to the subtitle of the panel.  
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Figure 14: Sensitivity Analysis on the effect of lower intervention efficacy rates on 

projections of HBV-related deaths. In panels 2-6, the dashed purple line represents the 

effect of lowering the efficacy rate of one intervention at a time, whilst keeping the others at 

base-line. The intervention varied corresponds to the subtitle of the panel.  

 

Year
2020 2040 2060 2080 2100

M
illo

ns

0
1
2
3
4
5
6

i. Worst Case Scenario

Status Quo
Best Intervention Efficacy
Worst Combined Intervention Efficacy

Year
2020 2040 2060 2080 2100

M
illo

ns

0
1
2
3
4
5
6

ii. Lower efficacy of Infant Vaccination

Year
2020 2040 2060 2080 2100

M
illo

ns

0
1
2
3
4
5
6

iii. Lower efficacy of BD vaccination on PMTCT (HBeAg -ve)

Year
2020 2040 2060 2080 2100

M
illo

ns

0
1
2
3
4
5
6

iv. Lower efficacy of BD vaccination on PMTCT (HBeAg +ve)

Year
2020 2040 2060 2080 2100

M
illo

ns

0
1
2
3
4
5
6
v. Lower efficacy of antiviral treatment on PMTCT

Year
2020 2040 2060 2080 2100

M
illo

ns

0
1
2
3
4
5
6

vi. Lower Adherence Rate

Sensitivity Analysis of Efficacy Rates on Incidence of New Chronic Carriage of HBV



 106 

 

3.3.5 Economic forecasts 
 
The global cost required to meet these targets is forecast to peak at $7.5bn annually and 

averaging $5.5bn p.a. between 2015 and 2030 (Figure 15). The majority of the total cost 

would be for the screening (39%) and treatment components (59%) in 2025 (Figure 16). 

Costs reduce rapidly to $4.7bn p.a in 2030 due to an initial period of screening completing 

and would decline further after 2030 as there would be progressively fewer persons becoming 

in need of treatment due to the impact of the prevention interventions and with a cure, the 

costs reduce more rapidly.  The total present cost to 2030 of this strategy would be $88.7bn, 

reduced to $83.7B if a cure was developed. The countries which may be most reliant on 

international financing are the low-income countries (LIC) and lower-middle income 

countries (LMIC). The costs in these regions, represent 45% of the global costs and peak at 

$3.4 B annually. 

 

Figure 15: Cost of combined interventions (with and without cure). The solid lines 

represent the cost of the  combined interventions in the absence of a cure. The dotted lines 

represent the costs with the introduction of a cure in 2025. The blue lines represent the total 

global cost. The red lines represent the costs incurred in low and lower-middle income 
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countries only (as defined by World Bank 2014). LIC = low-income country. LMIC = lower-

middle-income country.  

 

 

 

Figure 16: Cost components of the combined comprehensive strategy. The relative cost 

components of infant vaccination, PMTCT interventions, screening and treatment are shown. 

(A) Projections of cost components in the absence of a cure (B) Projection of cost 

components in the presence of a cure. Costs are expressed in US$ 2014. PMTCT = prevention 

of mother-to-child transmission. ANC = Antenatal Care. Gen Pop = General Population. 
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The feasibility and method of scale-up may vary between regions. In SSA, the number of 

people estimated to require treatment for HBV under this strategy is of similar order of 

magnitude to those requiring treatment for HIV (Figure 17); whereas in Asia, those requiring 

treatment for HBV, far exceeds that of HIV, with a ratio of greater than ten in some areas, and 

this intervention could bring a considerable challenge to health systems. 

 

Figure 17: The ratio of those requiring treatment for HBV (modelled estimates  for 

2025) compared to number requiring treatment for HIV (HIV estimate from UNAIDS 

2013). HBV = Hepatitis B Virus. HIV = Human Immunodeficiency Virus. 

 

 

3.3.5.1 Further discussion of costing results  
 

Table 7 shows total unit costs per macro-region estimated using the two approaches: CPI 

method and with PPP adjustment (represented graphically in Figure 18). Treatment is the 

most expensive intervention for all countries and according to both approaches. Total 

treatment costs are high both in their consumable (tenofovir) and in their delivery (medical 

visits) components.  
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Costs of infant vaccination are higher than costs associated with BD vaccination in terms of 

consumables (infant vaccination implies three vaccine doses while birth dose vaccination 

implies one dose); however, BD vaccination implies, particularly for some regions, higher 

outreach costs. In South Asia outreach costs for BD vaccination are the highest across 

regions, mainly driven by the high costs of institutional delivery coverage, which is assumed 

to be necessary to administer BD vaccine within 24 hours in our model, in India. India has 

high health intervention costs and has the largest impact in the South Asia region given its 

large population.  

 

 

Figure 18: Global Costings by region (CPI method). Note that all costs are one off per 

person, apart from person-year-of treatment, which is incurred annually for those on 

treatment. Costs given in US$ 2014. CPI = Consumer Price Index. BD Vacc = Birth Dose 

Vaccination. ANC = Antenatal Care.  
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Figure 19: Global Costings by region (PPP adjusted). Note that all costs are one off per 

person, apart from person-year-of treatment, which is incurred annually for those on 

treatment. Costs given in international dollars 2014. PPP = purchasing power parity. BD Vacc 

= Birth Dose Vaccination. ANC = Antenatal Care.  

 
 

Due to lack of data (Table 8), estimates of outreach costs for general population screening are 

the most uncertain. For most of the regions, information on this type of costs was not found 

and estimates were derived from the SSA region by adjusting for the ratio between treatment 

delivery costs, which provides a weight of the different human resources costs between each 

region and SSA: human resources are a wide component of general population screening and 

associated costs are always the largest component of the total costs of any intervention. 

Subsequently, our estimates of population screening costs might be underestimated, as the 

ratio of costs from our study in The Gambia (Chapter 6) might not be generalisable to other 

regions. However, that being said, given the natural history of hepatitis B (particularly the 

reduced risk of developing chronic infection if infected at older ages and the individual 

remaining immune after clearing infection), repeated screening campaigns are not needed like 

other infectious diseases. Furthermore population testing is dependent on cheap rapid point-

of-care test kits. Compared to annual antiviral therapy, it is unsurprising that the share of costs 

that screening takes, is not as high as antiviral treatment.   
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Although we attempted to represent the regional variability in costs, there is a lack of 

economic evaluations and cost estimations for HBV interventions for most world regions, 

meaning that there remains uncertainty around these estimates. 

 

PPP adjusted costs were higher than CPI adjusted costs for low income regions, particularly 

for South Asia. This is generally the case for healthcare and also for non-health costs, being 

the purchase power in low-income regions lower than in high income countries.  

 

For the PPP method, the global cost for the comprehensive package of intervention is forecast 

to peak at 10.2bn international dollars annually (Figure 20) and at $6.5bn international 

dollars for LIC and LMIC regions. Compared to the primary costing approach, a larger 

proportion of the global costs are incurred in the LIC and LMIC regions (45% and 64%, 

respectively), due to differences described above. 
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Figure 20: PPP adjusted cost projections of combined interventions (with and without 

cure). The solid lines represent the cost of the combined interventions in the absence of a 

cure. The dotted lines represent the costs with the introduction of a cure in 2025. The blue 

lines represent the total global cost. The red lines represent the costs incurred in low and 

lower-middle income countries only (as defined by World Bank 2014). PPP = purchasing 

power parity. LIC = low-income country. LMIC = lower-middle income country. 

 
 

3.4. Discussion 
 

Major progress has been made in the prevention of hepatitis B infection through vaccination 

and we will soon enter an era where we will start reaping the rewards in reduced HBV deaths. 

However, a maintenance of a ‘business as usual’ approach will not end the epidemic and will 

lead to 17 million avertable deaths over the next 15 years.  

A comprehensive and ambitious package of interventions which tackle prevention and 

treatment could lead to a 90% reduction in incidence of new chronic infections and 65% 

reduction in mortality globally by 2030. This could be achievable with a global investment 
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that peaks at $7.5bn p.a. In high and upper-middle income countries, programme costs may be 

largely funded through domestic resources, given the low cost of the interventions. These 

costs would also be substantially offset by reduced costs of caring for persons with advanced 

liver disease and are likely to provide positive return on investment, especially, once 

productivity gains are considered.246 In those settings where patients bear the cost of that 

treatment, these interventions would also significantly reduce the risk of persons suffering 

catastrophic health expenditure.80,247 On the other hand, international financing will likely 

need to supplement resources required for combatting HBV in low and lower-middle income 

countries, estimated here to represent a peak annual cost of $3.4bn/year. This is of 

comparable or significantly smaller magnitude to recent forecasts for HIV funding 

requirements, which were estimated to be $8.1bn/year from donor governments in 2013,248 

with a projected requirement of $18.4bn in LIC & LMICs needed in 2020 to end the AIDS 

epidemic.249 In the case of HBV, the reduction in costs over time is assured because 

transmission is reduced by immunisation.  

We have provided targets for control and elimination that can frame and prioritise further 

innovation and operations research that will be required to address three main challenges. 

Firstly, the need to prioritise a reduction in MTCT presents a significant operational challenge 

as available interventions require the mother attending pre-natal care and the neonate being 

administered with a vaccine within 24 hours of birth. However, in SSA and SE Asia, an 

estimated 77% of women have at least one antenatal visit and only 50% and 68% of 

deliveries, respectively, are attended by skilled health staff.250 An additional challenge is that 

the birth-dose (monovalent) vaccine is not funded by GAVI, which does fund other important 

vaccines. New highly scalable strategies will be needed to reach mothers in time to administer 

these interventions. One promising approach may be to follow the lead of HIV’s “PMTCT 

Option B and B+”, whereby antivirals to the mother (which may be continued indefinitely) 

are provided following an antenatal assessment, but an evaluation into the effectiveness and 

feasibilities of such an approach is needed. 

Secondly, the proposed strategy calls for an enormous scale up of case finding and delivery of 

antiviral therapy. Targets can be achieved in different ways for different regions, according to 

existing engagement with health systems and health system capacity. In countries, especially 

in SSA, which have developed infrastructure and trained personnel for delivery of HIV care, 

vertical programmes may be expanded to also deliver HBV interventions (Figure 17). The 

global success of 15 million persons on HIV antiviral treatments demonstrates that such an 
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ambition is feasible and further specific trials and demonstration projects of large-scale 

screening and treatment programs, such as PROLIFICA in West Africa,251 will show how 

such operations could be delivered most effectively. The issue of linkage between testing and 

treatment centres and of long-term adherence to treatment should be investigated and, more 

generally, lessons should be drawn from the experience in HIV treatment scale-up, especially 

in monitoring and strengthening the ‘cascade of care’.  

Thirdly, progress towards development of a cure for HBV infection could be a significant 

factor in reducing the scale of the projected costs. The ability of the virus to persist and 

integrate into the host genome has been the major barrier in the successful development of a 

curative treatment, but new drugs are being developed that promise to overcome this.242 It is 

important to note that our modelled results may not fully capture the benefits of curative 

therapy over current treatment and may underestimate the impact and reduction in costs that 

may be achievable. In addition to direct financial implications, a cure could overcome the 

barriers of adherence to therapy associated with any long-term treatment. Whether the 

availability of a cure could have further indirect effects like increasing uptake of testing or 

reducing overall stigma is uncertain. As we enter the era of HCV curative therapy, hopefully 

many lessons will be learnt for the future. 

Earlier mathematical models have investigated the burden of HBV-related morbidity and 

mortality at the global level77 and in particular high34 and low prevalence countries.115,116 

However, these do not fully reflect current understanding of the clinical behaviour of HBV 

and did not include testing and treatment interventions. Also in comparison with previous 

analyses, the dynamic and mechanistic structure of our model means that we can examine the 

current and historic burden of disease under different counterfactual conditions, and make 

projections forward in time that take appropriate account of feedback between treatment, 

infection and vaccination impact. 

Our study is unique in providing a global view of the hepatitis B epidemic and the potential 

impact and costs of a comprehensive set of interventions (vaccination, PMTCT, screening and 

treatment). Furthermore, it incorporates the latest data and understanding of HBV disease 

progression and treatment eligibility, as well as all available data on HBV prevalence and 

mortality and program coverage indicators. Our results show that that although enormous 

progress has been made through vaccination, a step-change in scale-up of both prevention and 

treatment interventions is needed in order to reduce HBV as a public health threat.  
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Limitations 

The model is calibrated to existing estimates of prevalence (of HBsAg and HBeAg) and liver 

cancer mortality. However, due to a paucity of data, especially in sub-Saharan Africa, 

published estimates of prevalence are based on extensive model-based extrapolation.8 

Similarly, due to incomplete cause-of-death and cancer registry data, especially in SSA,252 

estimates of HBV-related mortality also have to rely on statistical adjustments. Due to limited 

data, and the availability of reliable region-specific estimates, the model groups countries 

within a region together but this is at the expense of obscuring between-country variation. We 

have used uncorrected vaccination coverage data reported to WHO, despite this being of 

unverified quality. In particular, concerns have been raised about reported birth-dose coverage 

values not reflecting that often a dose is not administered within the required 24 hour 

period.253 Furthermore, numbers of people receiving treatment for hepatitis B and regimens 

used worldwide are not collated at country and regional levels, especially in LIC & LMICs, 

therefore, in the model, regions were classified using available data and expert knowledge. 

Finally, we assumed a linear relationship between unit cost of the interventions and 

intervention coverage levels, which could underestimate the true costs, because accessing the 

hardest to reach populations is often more costly and scale-up costs would vary depending on 

existing country-level infrastructure.  

Our analysis incorporates the most important factors in the HBV epidemic and included 

interventions and ambitious scale-up levels consistent with an elimination strategy. Variables 

which were either felt unlikely to impact on the overall global epidemic, had insufficient 

global-level data to parameterise the model to make useful forward projections or were not 

felt to be interventions applicable to widespread scale-up especially in high burden settings, 

were not included in our model. We discuss some of these limitations below.  

    

Firstly, global migration patterns have not been included in the model. Migration from high 

endemic regions to low endemicity, high-income regions could affect the epidemic 

projections in these countries.254 However, this effect is likely to be small relative to the 

global numbers of those living with HBV, and therefore have a small impact to the overall 

epidemic. On a country level, these complex relationships between migration patterns, cost 

implications, access to health care and coverage of interventions within immigrant 
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populations would be important considerations for further research and need to be considered 

when planning strategies of local intervention scale-up. 

Secondly, we did not include surveillance and subsequent treatment for HCC, although this 

could potentially reduce HBV-related mortality, as it requires a level of radiological, surgical 

and oncological expertise, which is not widely available in LMIC. Furthermore the efficacy 

and cost-effectiveness of surveillance remains controversial even in well-resourced 

environments.  

 

Thirdly, our model did not include HBV-HIV co-infection, which can impact on the 

progression rates of liver fibrosis and intervention efficacy. Although the data is sparse, and 

often conflicting, in countries which are highly endemic for HBV, HIV and HBV seem to be 

independently distributed among the population.255 Since only 0.02-0.05% of the total world 

population are estimated to be co-infected (2-4million people are estimated to be living with 

HIV-HBV co-infection,62 this is likely to only represent a small contribution to the overall 

global HBV epidemic. 

 

Finally, although our base-case analysis used ambitious high adherence rates to antiviral 

therapy, we explored the impact that a lower adherence would have on the outcomes in our 

sensitivity analysis. However, a further useful step would be to update the model with actual 

practice data for countries that have adopted elimination programs.  

 

Implications for WHO goals 

This study provided the epidemiological modelling which helped inform the global WHO 

elimination targets on hepatitis B. The intervention coverage targets used in the modelled 

scenarios presented here were developed in close collaboration with the WHO Global 

Hepatitis Programme. The intervention coverage targets presented here are theoretically 

compatible with achieving a 65% reduction in mortality and 90% reduction in the incidence 

of new chronic infections, by 2030. 

 

The implication of this work for the WHO goals, are in providing supporting evidence 

regarding the overall direction and magnitude of health impact achievable with high 

intervention coverage levels. We have seen that although these ambitious targets are 
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theoretically possible, quantification of this impact will depend on how widespread scale-up 

of interventions will translate into practice. In order to refine estimates, research is needed to 

fill epidemiological and costing data gaps, through further implementational studies.  

 

Although longer-term time-frames are often not attractive to governments or policy makers, 

for a chronic disease like hepatitis B with a long natural history, the longer term 

epidemiological trajectory is useful to understand in order to fully appreciate the impacts and 

benefits of changing public health strategy, as well as to see the returns on investments. I 

therefore present results both over the shorter term using 2030, which is consistent with the 

WHO goals, as well as over the medium term, using 2050 values.  Furthermore, the results are 

presented as both a percentage reduction by 2030 (as was subsequently adopted by WHO) as 

well as a reduction in incidence and mortality below a threshold level by region.  

 

3.5. Conclusions & Public Health Implications 
 
This study aims to frame and quantify the major issues that will be addressed as momentum 

increases to tackle HBV globally. It proposes targets around which strategies can develop and 

identifies the main implementation research priorities and innovations needed in order to 

achieve this goal. This directly responds to the World Health Assembly resolution that calls 

for an evaluation of feasibility of global elimination and control of Hepatitis, as well as one of 

the new Sustainable Development Goals of ‘combating hepatitis’.  

 

The current global approach to tackle HBV – a reliance on infant vaccination – has brought 

enormous health gains, but a step-change in strategy will be required to bring a target of HBV 

elimination within reach. This change must see a large increase in the proportion of births that 

benefit from a package of prevention interventions and in the proportion of persons with 

chronic carriage that are diagnosed and treated when eligible, as well as maintenance and 

expansion of infant vaccination programs. This will require substantial new innovations but 

these can be synergistic with developments in many other parts of the health-system – 

especially in mother and child health and screening for HIV and non-communicable diseases, 

and HIV treatment delivery. These targets are well aligned with forward-looking development 

goals that emphasize cross-health system strengthening, chronic diseases and the alleviation 

of risk of catastrophic health expenditure. More generally, there should be significant 

momentum toward making the successes of the HIV response, like innovating to deliver large 
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reduction in mother-to-child transmission and providing wide-scale treatment programs, the 

rule rather then exception in global public health.248 

The analyses presented here considered the epidemic from a global perspective, with data 

aggregated at the regional level. In the next chapter I present the first case study, to see what 

can be achievable from a country perspective and consider the wider economic implications 

to society of scaling up interventions against HBV, which will be informed by national and 

subnational estimates. 
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Abstract 
 
Background and Aims: Although vaccination has decreased chronic HBV infection among 

children <5y by 90% to a prevalence of less than 1%, China continues to face a high burden 

of adult HBV, with an estimated 90 million people chronically infected and nearly 400 000 

liver cancer deaths each year. Most are unaware of their infection status and only a small 

fraction of eligible persons receive antiviral treatment, with many on sub-optimal regimens. 

We present the case for a comprehensive scale-up package of HBV interventions. 

Methods: The previously described dynamic simulation HBV model, incorporating China 

specific demographic data, national sero-survey data and assumptions about the natural 

history of HBV, was used to simulate the Chinese HBV epidemic. A costing model was 

developed which included direct costs of the intervention, costs of management of end-stage 

liver disease and costs of premature death, the latter was quantified based on the human 

capital approach. A societal perspective was taken. Costs and health outcomes were 

discounted at 3% p.a. We evaluated the impact, costs and return on investment of a 

comprehensive package of prevention and treatment interventions. Various co-financing 

strategies between patient and insurance were also explored as well as uncertainty analysis. 

Results: Infant vaccination and interventions for the prevention of mother-to-child 

transmission (PMTCT) will need to be maintained for at least three more decades to achieve 

elimination of the disease. And, even with that, a large number of adults with chronic HBV 

infection will become at high risk of developing HBV-related cirrhosis and liver cancer. 

Without scale-up of antiviral therapy for adults infected with chronic HBV, there will be 9M 

HBV-related deaths, including 3.46M HBV-related cancer deaths between 2015-2030. A 

comprehensive public health programme with prevention, highly active case-finding and 

optimal treatment components would avert 2.1 million deaths by 2030 and is likely to be cost-

saving. Overall the return on investment in this package of intervention would be 1.54 RMB 

per RMB invested from the long-term perspective of whole population.  

Conclusions: Increasing HBV-related deaths for the next few decades poses the major public 

health threat. Active case-finding and optimal treatment is required, together with maintained 

infant vaccination and PMTCT interventions. This combined strategy averts the public health 

threat and is likely to be cost-saving.  
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Contributions and disseminations 
 
The work presented in this chapter was initiated and developed by myself, Professor Hallett, 

CDC China and WHO China. It was performed collaboratively between researchers at 

Imperial College (UK), the China World Health Organisation, Chinese Centre for Disease 

Control and Prevention (China CDC) and other key stake-holders in China. Two meetings 

were convened in Beijing, China in 2015 (February 2015 & May 2015) to inform this work. 

The model was designed and analyses presented in this chapter were performed by myself, 

under the guidance of Professor Hallett.  The development of the costing methodology 

benefitted from the expertise of Elisa Sicuri. Where primary costing data was required, this 

was collected by Kun Zhoa and colleagues (Division of Health Policy Evaluation and 

Technology Assessment, China National Health Development and Research Centre, Beijing). 

The final strategies to be included in the modelled scenarios were developed after a ‘think-

tank’ consultation meeting with key stake-holders. The author presented various aspects of 

the model methodology, context and data needs during each of these meetings in Beijing. 

 

This work was presented at the International EASL conference in Barcelona in April 2016; 

Nayagam S, Chan P, TB Hallett et al; Investment Case for a Comprehensive Package of 

Interventions against Hepatitis B in China. Journal of Hepatology, 2016; Vol 64(2): S469 

(Poster presentation EASL International Liver Congress, April 2016) 

 

The work presented in this chapter also provided the HBV epidemiological and cost 

projections which informed the policy brief presented to the Chinese Ministry of Health in 

2015; WHO China, unpublished data.  

 

The results presented here informed a section of the WHO document: Combatting hepatitis B 

and C to reach elimination by 2030: Advocacy Brief, May 2016: 

http://www.who.int/hepatitis/publications/hep-elimination-by-2030-brief/en/).  

 

Lessons learnt from Chapters 4 and 5, informed the guidance document that I prepared for 

WHO, on behalf of the Imperial College Applied modelling group (S Nayagam, TB Hallett, E 

Sicuri, L Conteh and M Thursz): Guidance Document: Key considerations for Hepatitis 

Investment Cases. April 2016 (see Appendix 3)  

http://www.who.int/hepatitis/publications/hep-elimination-by-2030-brief/en/
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4.1 Background 
 

4.1.1 Overview of HBV burden in China 
 
China is recognised as a region with one of the highest prevalence rates of HBV infection 

globally and correspondingly the incidence and mortality rates from liver cancer are 

extremely high.7,256 China has achieved high rates of coverage of infant and birth dose 

vaccination since the 1990s, and this has lead to a 90% reduction in HBsAg prevalence in 

under 5 year olds between 1992 and 2006: from 9.67% to less than 1%.20  

  

However, despite these significant advances, China continues to face a high burden of adult 

HBV, with nearly 90M people estimated to be infected with chronic HBV and there are nearly 

400 000 liver cancer deaths annually. Liver cancer is the fourth highest cause of cancer, and 

the third highest cause of cancer deaths in China257,258 A recent systematic review of global 

prevalence data has estimated that China constitutes 30% of the 2010 global burden of people 

living with chronic HBV infection.7 Furthermore, 51% of global liver cancer deaths are 

thought to occur in China, where almost 80% of liver cancer cases thought to be attributable 

to CHB.259,260  

 

In the pre-vaccination era both horizontal and vertical transmission of HBV were the most 

important routes of ongoing infection in China.261 Unsafe blood transfusions, non-sterile 

injection practices and other routes, although less significant in terms of the overall epidemic, 

accounted for some of the transmission of HBV, but has been reducing over the last couple of 

decades, due to improved blood screening, sterilisation, hygienic practices and improved 

socio-economic conditions. However, the exact relative contribution of each of these routes 

and reduction in their relative force of infection over time is difficult to quantify, in the 

absence of accurate data. A study in 2013 in Xi’an Blood Service, showed that although 

declines in HBV infection in blood donations have been seen over the last two decades, HBV 

infection still remained a threat to blood safety.262 

 

4.1.2. HBV prevention in China: history of the public health policy 
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Vaccination against HBV for infants was first introduced in China in 1992,. Initially user fees 

were charged to patients, which contributed to unequal nationwide coverage; a survey in 1996 

revealed an overall coverage rate of 70%, with large inter-regional variations (for example, 

highest in Beijing and lowest in Tibet).20,263 

 

The following events were important in China’s timeline of improving control of Hepatitis B, 

through increasing coverage of interventions against hepatitis B, particularly immunisation. In 

2002 the HBV vaccination was integrated into the EPI. At this time the cost of vaccination 

began to be paid by the government, with administration fees continuing to be incurred by the 

parents (upto $1.10 per dose), but in 2005 this administration fee was abolished for all 

vaccinations, which were part of the EPI.  In addition, between 2002-2006, GAVI (the Global 

Alliance for Vaccines and Immunization) collaborated with the Ministry of Health to 

financially support the vaccination programme in poorer central and western regions of 

China, in order to help decrease the inequalities in coverage (Figure 21).263  

 

In 2005, control of Hepatitis B was named as one of China’s leading four disease priorities 

(the others being HIV/AIDS, schistosomiasis and tuberculosis) and the following year 

national guidelines for prevention and treatment were released, which adopted the goal of 

reduction in HBsAg prevalence among children under 5 to less than 1% and overall all age 

HBsAg prevalence below 7% by 2010.70 This target was more ambitious than the regional 

target that had been adopted by the Western Pacific Regional Office (WPRO) WHO region 

the previous year (recognising the high burden of hepatitis, WPRO was the first WHO region 

to adopt a regional goal against HBV) of a reduction to less than 2% HBsAg prevalence by 

2012 in under 5 year olds, with an eventual goal of less than 1%.264 
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Figure 21: Map of China GAVI Project hepatitis B vaccination funding – 2002–2006. 

(Taken from Hadler et al, Vaccine 2013265) 

 
 

 

It has been estimated that vaccination had prevented 24 million chronic HBV infections and 

would prevent 4.3 million future deaths in China, between its first introduction in 1992 and 

2009.265 However, these estimates are based on the use of a static model by Goldstein and 

colleagues,77 which as described previously in Chapters 2 and 3, may underestimate benefits 

because the impact of herd immunity is not taken into account. This study also uses the China 

GAVI Project costs of $76 million over a 4-year period, to estimate a cost of $28.7 per 

chronic HBV infection prevented, and $160 per future HBV death prevented 

(undiscounted).265 

 

In addition to infant vaccination, the coverage of timely birth dose administration was also 

strengthened, mainly by promotion of births in health-care facilities,266 with a rural reform 

policy, which provided re-imbursement for women who delivered in hospitals being a major 

contributing factor.267 However, improving the availability of vaccines, collaborations 

between various sectors of the health sector, increased education regarding the importance of 

receiving a timely birth dose vaccination and improved training have also contributed to 

increase in coverage rates.263,268  
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In 2010, the Ministry of Health recommended systematic screening of pregnant women for 

HBsAg and BD vaccination and HBIG to be given to babies of mothers who are HBsAg 

positive (within 24 hours). Although this was occurring prior to the official recommendation, 

it was not systematic and at the expense of the mother, leading to variable levels of coverage 

depending on region, patient awareness and follow-up.269,270 A study to evaluate management 

of PMTCT in China, which examined over 800 000 birth summary records in 244 facilities, 

revealed improvements from 2002 to 2009270; 98% of those who delivered in health care 

facilities received timely BD vaccination (compared to 73% in 2002) and 84% of pregnant 

women were screened for HBsAg (compared to 64%). The coverage of BD plus HBIG 

coverage varied depending on region (34-66%). Another study in Guizhou province, by 

Huang and colleagues269, found that for mothers who delivered in 2010, there were high rates 

of antenatal testing for HBsAg (98%) and delivery of birthdose vaccination in 24 hours 

among those found to be HBsAg positive (96%). However, this study reported low levels of 

awareness of testing (55%), low rates of HBIG administration (13%) and low rates of follow 

up of HBsAg testing for infants born to HBsAg positive mothers (20%).  

 

4.1.3. Nationwide Hepatitis B Serosurveys 
 
Three nationwide serosurveys of HBsAg prevalence have been carried out in 1992, 200620 

and 2014 (unpublished data). They have provided valuable information on the age-stratified 

prevalence of HBsAg as well as other important demographic and health system indicators 

about determinants of high prevalence, as well as a longitudinal view on the changing 

epidemiology of HBV over time. A particularly important indicator provided by these 

serosurveys is the HBsAg prevalence in under 5 year olds. Primary endpoint health goals of 

reduction in cancer and cirrhosis deaths can take decades to be realised, therefore, childhood 

seroprevalence can be used as a short term proxy for chronic HBV infection. This can be used 

in monitoring and evaluating of the impact of a vaccination programme as it one of the first 

measurable indicators that will be affected.  

 

The results of the 2006 serosurvey (which included over 80 000 people between the ages of 1-

59 years in 31 provinces; with hepatitis B serology bloods and a standard questionnaire 

survey) showed a decrease in overall prevalence (among those 1-59 years), from 9.75% in 

1992 to 7.18% in 2006. The biggest decrease in prevalence was seen in the under 5 age group, 

between the two surveys (from 9.67% to 0.95%) (Figure 22).20 
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Figure 22: Comparison of Prevalence of HBsAg in 1992 and 2006 serosurveys. (figure 

taken from Liang et al, Vaccine, 2009)20. 

 

 

 

 

 

 

 

 

4.1.4 Treatment for chronic hepatitis B (CHB) in China 
 
Despite enormous progress in prevention efforts, there continues to be a significant burden of 

disease, with an estimated 90 million people chronically infected with HBV in China. 

Countries in Asia lack large-scale comprehensive screening programmes for HBV, despite the 

high prevalence of disease 271), meaning that many remain undiagnosed until later stages of 

HBV-related liver disease. 

 

Country, regional and global-level HBV treatment guidelines exist, which are available to 

clinicians involved in the management of CHB in China; the Chinese society of Hepatology 

& Chinese Society of Infectious Diseases,272 Asia Pacific Association of the Study of the 

Liver (APASL) HBV guidelines (first launched 2005 but regularly updated)55 and the recently 

released WHO treatment guidelines.4 

 

Only about 6.5% of those requiring treatment for HBV are estimated to be receiving antiviral 

treatment, although uncertainty exists around this estimate (personal communication, WHO 

China). Furthermore, the majority of them are on sub-optimal regimens; a 2012 survey of 

over 30 000 patients treated for CHB in China Registry of HBV, revealed that although 70% 

of treated patients were prescribed nucleos(t)ide analogue therapy (10% interferon), less than 

a third were on optimal regimens (30% entecavir, 0.5% tenofovir) (Figure 23). 272 The use of 

traditional chinese medicines with various active ingredients are also common in China, either 
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alone, or in combination with antiviral therapy.273,274). In many regions in China, the barriers 

to prescription of entecavir and tenofovir as first line therapy, include the fact that they are 

often not re-imbursable, unavailable or cannot be afforded.272 273 

 

 

Figure 23: Distribution of antiviral drugs for CHB in China. (from Hou, Front Med 

2014)272 

 

 

 

 

 

 

 

 

 

 

4.1.5. Overview of healthcare financing in China 
 
The economic situation, health care structure and the history of health care reforms in China 

are complex, with a range of existing published articles, reports and analyses. A full 

description of this political landscape is therefore out of the scope of my current thesis. 

However, I will aim to highlight some key principles, events and concepts, which are 

important and are especially relevant to the context of control of hepatitis B.  

 

There has been remarkable economic growth in China over the last few decades, which has 

seen China transitioning into a World Bank classified middle-income country.275 However, 

disparities in per capita wealth between urban and rural areas and certain population groups 

have widened.276 Currently, total health expenditure China represents 5.5% of China’s GDP, 

55.8% of which is public expenditure (as a percentage of the GDP, public health expenditure 

is 3.1%). The total health expenditure per capita was US$420 in 2014.275  
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Government policies to strengthen health systems were introduced in the early 2000s. 

However, in 2009 significant reforms were initiated, which included universal health 

coverage (UHC) at the core of its aims.276 Among many goals, increasing coverage of all 

populations by health insurance was one of the components.  

 

In China, in contrast to other Asian countries, decisions about reimbursement policies are 

made by Ministry of Human Resources and Social Security, rather than the by the Minstry of 

Health. Furthermore, provincial governments are responsible for reimbursement policies, not 

central government and therefore the percentage of re-imbursement varies between 

provinces.271 

 

A large study using national survey data in 2003, 2008 and 2011 by Meng and colleagues 277 

showed that between 2003 and 2011 there was an increase in coverage of health insurance 

(29.7% - 95.7%), increase in proportion of inpatient costs re-imbursed (14.4% - 46.9%) and 

an associated increase in health-care usage. The discrepancies in access and financial 

protection between urban versus rural, eastern versus western regions, and income quartile 

levels, were also seen to reduce over this time period. However, in 2011, 12·9% of 

households were reported to continue to experience catastrophic health expenditure (with no 

change in equity over time), as well as an average 12.9% of household spending dedicated to 

health. In 2014, they also published a longitudinal analysis using the same databases, which 

saw the same overall trends, but additionally reported a decline in out-of-pocket expenses 

(Figure 24) and overall impoverishment rates (although impoverishment rate actually 

increased among the lowest income group).276  
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Figure 24: Percentage of out-of-pocket payment in total health expenditure. Data source: 

Report on China’s Health Account Study, 2012. Figure taken from Meng, Plos Med 2014277 

 

 

4.1.6. Healthcare expenditure in chronic hepatitis B infection 
 
Historically most patients incurred significant out-of-pocket expenses and there was little or 

no reimbursement for antiviral therapy for HBV. However, some recent healthcare reforms 

including inclusion of interferon and nucleos(t)ide analogue drugs in the list of re-imbursable 

medications catalogue, partial reimbursement policy for antiviral therapy in Beijing 

introduced in 2011 (75-85% reimbursement upto a maximum on 20 000 yuan) and overall 

improvement of universal health coverage (see above) have been attempts to reduce out-of-

pocket expenditure for patients infected with HBV.278   

 

A study by Qui and colleagues 278, which retrospectively analysed over 90 000 patient clinical 

and claims data, in Beijing between 2008-2012, showed that over this time-period, there was 

a greater increase in direct medical costs and utilisation of antiviral therapy among those with 

medical insurance than those who paid out of pocket, particularly after the introduction of the 

new re-imbursement policy in 2011. This study also estimated the annual cost of CHB alone, 

to be 5-40% of disposable personal income (which they estimated to be $5353 in Beijing in 

2012), which represents a significant financial burden. Other studies have also demonstrated 

that patients often experience high, or even, catastrophic health expenditure, particularly in 

rural areas, due to out-of-pocket costs for end-stage liver disease.80,279,280 
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4.2. Methods 
 

4.2.1 Methods Overview 
 
The previously developed global model described in Chapter 3, was applied to the Chinese 

epidemic, to evaluate the impact, costs and return on investment of a comprehensive scale-up 

package of prevention and treatment interventions (Nayagam et al, in press). 

 

The global epidemiological model of the HBV epidemic described in Chapter 3 was adapted 

for this analysis in order to make China specific projections. The main features of the model 

that were methodologically different to the global model include; Firstly, China-specific 

epidemiology was used for model calibration and country-specific demography, costs and 

historical intervention coverage were used as data inputs; Secondly, the economic module of 

the global model was developed further, namely to include wider health systems costs & the 

adoption of an overall societal perspective. Thirdly, the intervention scenarios that were 

modelled and are presented here are not based on the ambitious global ‘elimination’ targets, 

but were decided upon in collaboration with key local stake-holders. Intervention scale-up 

took into account existing recommendations, as well as the presumed capacity of the local 

health care system to absorb scale-up of interventions. 

 

A comprehensive package of possible interventions against HBV was evaluated. Exact targets 

of coverage and methods of PMTCT were informed by discussions with local stake-holders. 

The interventions included the scale-up of the following components: 

1. Infant vaccination 

2. Interventions for the Prevention of Mother to child transmission; to include birth dose 

vaccination within 24 hours, Hepatitis B immunoglobulin and Peripartum antiviral 

therapy. 

3. Screening and treatment for chronic hepatitis B (CHB). 

 

Three main methods were used to inform this analysis: primary data collection, secondary 

data analysis, and consensus expert opinion. Details of specific primary data sources are later 

on in this chapter. Secondary data was identified in published literature, publicly available 

reports, databases (including World Bank, UN World Population Prospects) and other 
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government reports. Expert opinion was used to inform the missing parameters, provide 

health system context and reflections on scale up.  

 

The epidemiological component of the model was used to make projections of the incidence, 

prevalence and deaths due to HBV, under different intervention coverage scenarios (including 

a status quo scenario). The economic model was attached to the epidemiological model to 

make projections of intervention costs and wider non-intervention costs to society under the 

different coverage scenarios, as well as to consider return on investment. We assumed an 

overall societal perspective by considering both direct and indirect costs associated with HBV 

interventions. The former were mainly the costs associated with seeking and obtaining 

prevention or treatment interventions (medical costs) while the latter were the costs to society 

due to the premature death of people infected with HBV. Uncertainty surrounding costing 

projections were also explored.  

 

4.2.2 Epidemiological component of HBV model 
 
The dynamic model was adapted to the Chinese epidemic by incorporating relevant local 

demographic data including population size, age-specific background mortality and fertility 

schedules160 to produce projections for the future of the epidemic. A full list of efficacy 

parameters, natural history transition rates and calibration methods have been described in 

Chapter 3 and is therefore not discussed further in this chapter, unless there were 

methodological differences specific to this analysis.  

 

Vaccination Coverage data over time in China (infant and birth dose vaccination) was used to 

populate the model with historical vaccination coverage (unpublished data from China 

national immunisation programme). (see Figure 25) 
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Figure 25: Percentage coverage of Vaccination in China. Infant vaccination & Birth dose 

vaccination.  

 
 
 

4.2.3 Calibration 
 
Calibration of the model was done against three key indicators: HBsAg prevalence data, 

HBeAg prevalence data and liver cancer mortality estimates. Previously published 1992 and 

2006 China nationwide serosurvey study data, which provides sero-prevalence by age and 

gender, were used for HBsAg and HBeAg prevalence patterns.20 Liver cancer mortality data 

was taken from GLOBOCAN 2012 database 159, to which an age and region specific 

population attributable fraction for HBV was applied. 

 

4.2.4 Baseline situation in China 
 
At baseline, it was estimated that currently 90 million people in China are HBV positive, of 

whom an estimated 3.5 million people are on antiviral therapy for HBV (personal 

communication, WHO China Office), the majority of whom are on suboptimal regimens with 

a low barrier to resistance. Assuming that only 25% of patients with HBV require antiviral 

therapy (personal communication, WHO China Office), we have assumed that 14 million in 

total are aware of their diagnosis (Figure 26). Other than patients presenting themselves to 

clinical services, national serosurveys or research projects, there is currently no systematic 

screening for CHB in China, therefore exact values of those who have been tested and aware 

of their diagnosis is difficult to acertain.271 
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Figure 26: HBV Cascade in China. (Note that this figure is not to scale). 

 

 
 

4.2.5 Scenarios Modelled 
 
We first used the model to generate predictions regarding the incidence of new chronic 

carriage, prevalence of people living with chronic HBV and deaths due to HBV under 

assumptions that interventions remain at current levels (‘status quo’). We then compared this 

to a scenario where all historical interventions were removed to estimate how the epidemic 

would have proceeded if nothing had been done to date, and to estimate the deaths averted by 

historical vaccination coverage alone. We then used the model to estimate the impact of 

scaling up prevention and treatment interventions by considering five theoretical strategies, to 

establish what would be sufficient to reduce the burden of hepatitis B related disease in China 

(see Table 11 for intervention scenarios) 
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In contrast with the global model, the intervention targets were adapted to be as appropriate as 

possible to the local setting, whilst still being able to achieve significant health benefits.  This 

includes considerations around existing coverage of interventions, feasibility and 

acceptability, which were informed by key stake-holder consensus during the two meetings 

held in Beijing in 2015. The final strategies to be modelled were chosen during these ‘think-

tank’ consultation meetings. 

 

Specific considerations for modelled scenarios included the following: 

 

i. PMTCT interventions: In contrast to the global average, in China, the coverage of timely 

birth dose vaccination for reducing PMTCT has been high particularly since 2005.20,155 

Furthermore, screening for HBsAg with selective HBIG use for those born to all HBsAg 

mothers forms part of national recommendations, although levels of coverage of this are 

lower (as outlined in the introduction). In the global model, HBIG administration was not felt 

to be a feasible strategy for use on a global scale, especially for LMICs, 151,203 due to high 

costs, requirement for cold chain and unavailability, and instead of being scaled up, continued 

at status quo levels. However, this is not directly applicable to the context in China.  

 

Therefore, for PMTCT in China, we modelled a scenario with 100% coverage of PMTCT 

interventions (to include all available methods) and chose not to specify the exact method of 

PMTCT. The exact method chosen (ie whether a peripartum antiviral therapy strategy would 

be considered in addition to HBIG only (as is current status quo) or instead of HBIG (as is a 

possible theoretical strategy used in the global model), will need to be driven by further 

implementation research and country-specific considerations on feasibility and cost-

effectiveness.  

 

We did not separately model a scale-up scenario for infant vaccination, as coverage is already 

very high at 99%. Instead, we combined this scenario with PMTCT scale-up interventions. Of 

note, this target is not necessarily meant to serve as a service target, rather than a 

representation of what more can be achieved by scale-up to this high level.  

 

ii. Case-finding & Treatment: The case-finding and treatment scenarios presented were 

chosen to reflect the varying feasible options for country programmatic consideration. 

Ambitious 80% global targets for case-finding and treatment, were thought not to be feasible, 
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given the population size, HBV burden and resources in China. Therefore the maximum 

scenario of case-finding and treatment modelled was at a 50% level. Within the existing 

healthcare structure of China, there are already patients who are diagnosed with CHB and 

treated sub-optimally. Therefore an extra scenario of treating those already in care, without 

extra active case-finding was modelled. Given the high burden of CHB, the impact of a 

prioritisation strategy, which involved treatment only for those with cirrhosis was also 

considered, as was a lower 20% case-finding and treatment scenario. 

  

Throughout this chapter, the comprehensive package of public health interventions, refers to 

the maximal package (scenario 5) which consists of 100% infant vaccination, 100% PMTCT 

and 50% of case finding and treatment (treatment of all those eligible for treatment).  

 

 

Table 11: Intervention Scenarios, China. *Assuming 3.5M currently treated (suboptimally) 

ie 3.8% of all assumed 90M HBV positive patients (source:  personal communication). § of 

those requiring intervention  

 
 

4.2.6 Economic analysis  
 

4.2.6.1 Costing strategy and Return on Investment 
 
A societal perspective was taken for the analysis. Estimated costs associated with each 

strategy were evaluated in the model as follows: (where sc represents the scenario that is 

under consideration (see Table 11). 
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Intervention costs were composed of costs of infant vaccination, costs of PMTCT (to include 

birth dose vaccination, HBIG and peripartum antiviral therapy), costs of case-finding, 

diagnostic work up and monitoring and cost of drug. For each component unit costs as well as 

delivery costs were attached (see Figure 27 & Table 12). Non-intervention costs were 

composed of costs of ‘care’  (direct and indirect) and costs of premature death (see Figure 28 

and details below) 

 

Figure 27: Intervention Cost Groupings 

 

 
 

Figure 28: Wider non-intervention costs groupings. 

 
 

 

 

Health facility medication
Medical costs

Self medication
Direct costs

Non medical costs
Costs of care

Wider non-intervention costs Indirect costs Productivity loss

Costs of premature death Wage loss from death until expected age of retirement

Inpatient and outpatient costs

Drug costs at private pharmacies

Transportation

Wage loss during days of care

Total Costs(sc) = Intervention Costs(sc)  + Non-intervention Costs(sc)  
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We used the epidemiological model to output the number of people in each health state over 

time in each scenario and then attached relevant costs to each individual in the model. Costs 

were adjusted for inflation (3% per annum representing the average inflation rate in China 

over the last 10 years)281 and discounted at 3% pa, in keeping with WHO guidelines on 

economic evaluation.282 

 

The return on investment (ROI) is defined as the ratio between money defrayed in the 

collateral costs to the money invested in the interventions (see equation in box below). When 

investment costs are less than returns, this means that the strategy is cost saving. The ROI was 

calculated for scenario 5, which is the ‘comprehensive package’ of interventions.  

 

 

 

 

4.2.6.2 Details of cost estimates 
  

4.2.6.2.i Intervention Costs 
 

x Prevention 

Infant vaccination costs were obtained from CDC China; 3.9RMB ($0.64) per dose 

(personal communication, CDC China). Consumable and delivery costs were assumed 

to be the same price for the birth dose vaccination. Given that vaccination is delivered 

as part of the EPI, this is likely to be conservative estimate. The costs of purchasing 

HBIG can vary between 60-100 RMB ($9.7-$16). A conservative estimate of 

100RMB ($16) was used (personal communication, WHO China Office). The cost of 

delivering HBIG was assumed to be two times the cost of delivering birth dose 

vaccination.   

 

x Screening 

𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕𝒔𝒄 =  𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡𝑠𝑠𝑐 −  𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡𝑠𝑠𝑡𝑎𝑡𝑢𝑠 𝑞𝑢𝑜 

𝑹𝒆𝒕𝒖𝒓𝒏𝒔𝒔𝒄 =  𝑁𝑜𝑛𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡𝑠𝑠𝑡𝑎𝑡𝑢𝑠 𝑞𝑢𝑜 −  𝑁𝑜𝑛𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡𝑠𝑠𝑐 
 
 

𝑹𝒆𝒕𝒖𝒓𝒏 𝒐𝒏 𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕 (𝑹𝑶𝑰) =  
∑ 𝑹𝒆𝒕𝒖𝒓𝒏𝒔𝒔𝒄 − ∑ 𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕𝒔𝒄

∑ 𝑰𝒏𝒗𝒆𝒔𝒎𝒆𝒏𝒕𝒔𝒄
 

 
 



 139 

In the absence of local data on active case finding costs in China, these were assumed 

to be 1240 RMB ($200) per HBV positive case detected. This is based on experience 

in case-finding pilot studies for HIV.  

 

x Diagnosis & monitoring 

Primary local data was used to represent the standard package of care for diagnostic 

evaluation and treatment monitoring (unpublished data, Kun Zhoa and colleagues; 

Division of Health Policy Evaluation and Technology Assessment, China National 

Health Development and Research Centre). The components which were to be 

included in the standardized package of care was based on a consultative process with 

local hepatology specialists who are involved in the treatment of those infected with 

CHB. This package was intended to reflect a set of minimum tests that were required 

for optimal care of those infected with CHB. The costs of these tests were collected 

from Beijing Friendship hospital. A limitation is that the costs of investigations in 

Beijing may not be representative of the costs throughout the rest of China. Costings 

do not include the cost of consultation fees, human resources, equipment or any 

overheads incurred by a hepatitis treatment programme. 

 

x Cost of drug 

The drug price of tenofovir used was 1800 RMB ($290), which is the price of 

tenofovir currently available to the national HIV programme in China (personal 

communication, WHO China). Although entecavir is an equally effective antiviral 

therapy against CHB, for the purposes of this analysis, it was assumed that all patients, 

when indicated would receive tenofovir montherapy. 
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Table 12: Cost of interventions. *China National Health Development & Research Centre. 

Costs in this table are presented in RMB (1 US$ = 6.2 RMB). 

 

4.2.6.2.ii Wider non-intervention costs 
 
We also included wider non-intervention costs in our analysis. This includes health-system 

and household costs associated with providing care (referred to as ‘care costs’ throughout this 

chapter and in the figures) and costs of premature death. Costs of ‘care’ represent costs that 

are incurred at later stages of disease and were split further into direct and indirect costs. The 

data inputs used were from a study by Hu et al (see Table 13).279 Although in their study, 

costs were collected from the two provinces of Beijing and Guangzhou, we have only used 

the Beijing estimates, in order to be consistent with the Beijing costings used for the 

standardized treatment intervention package. As the new interventions start to take effect, 

these costs are displaced as fewer people are in late stages of disease and requiring less 

hospitalization etc. 

 

x Direct Costs (medical & non-medical) 
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Direct medical costs are used here to describe costs of management of HBV-related 

liver disease. This includes outpatient and inpatient costs, as well as costs of self-

purchased medications in pharmacies (Table 13).  

 

For these direct costs we have adapted the data collected from the published study by 

Hu et al,279 which provides direct cost data for inpatient, outpatient and self purchased 

medicine in retail pharmacies. However their study does not separate out proportion of 

total cost attributable to drug or cost of investigations, within each of these categories.  

 

We have assumed that for CHB and CC, most outpatient costs would be for antiviral 

therapy plus evaluation and monitoring. Since this is already costed in the 

standardised package of interventions, in order not to double count the cost of the 

management of CHB and CC, after the intervention comes into effect, we have 

excluded the direct outpatient costs from Hu et al, for CHB, and halved them for CC. 

We have similarly excluded self-purchased medicines for each of these stages after the 

intervention comes into effect. For the stages of decompensated cirrhosis and 

hepatocellular carcinoma, we assume that the majority of inpatient and outpatient 

costs are not antiviral therapy related but rather related to management of end-stage 

liver disease complications and therefore include these in full.  

 

Direct non-medical costs include transportation costs incurred to reach the place of 

treatment. Hu et al, have found that these non-medical costs can comprise upto 8-23% 

of total economic burden.279 

 

x Indirect Costs 

Indirect costs were represented by productivity loss quantified based on the loss of 

income of the patient and her/his relatives during days of care due to hospital visits, 

again taken from Hu et al.279  

 

 

Table 13: Costs of Care for CHB. Source: Hu and Chen.279 ±Only Beijing costs included. § 

Assumed that 15% of patients with HBV will be ‘in care’ (based on 3.5M on treatment 

currently, 16M in ‘care’, 90M estimated total HBV positive). *Assumed that after the 
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intervention, these were not included ** assumed that after the treatment intervention, these 

were halved. 

 
 

 

x Cost of premature death 

Costs of premature death were quantified based on the human capital approach283 and 

represented by the net present value of potential future earnings lost from the year of 

death up to 65 years of age. Average unemployment rate of 5% was factored into this 

estimate (10 year average) 284 The average annual wage in China of 10,348 RMB 

($1670) was used.285  

 

We assumed that HBV is evenly distributed among the population and therefore, the 

spread of income and earnings is the same among patients infected with HBV as the 

general population. However, although this estimate maybe conservative as men are 

disproportionately affected by HBV-infection and are more likely to be in 

employment, conversely, it might overestimate earnings as rural provinces in China, 

with lower average earnings have higher burden of CHB infection.20 

 

Further discussion of limitations of this method in the estimation of cost of premature 

death and alternative methods are covered in Chapter 5. 
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Table 14: Other economic parameters used. Costs in this table are presented in RMB (1 

US$ = 6.2 RMB).*assume remain constant over time. 

 
 

 

4.2.6.3 Uncertainty 
 
To represent the uncertainty in our costing estimates, multivariate probabilistic sensitivity 

analysis was performed using cost parameter ranges of 0.5 – 2 times the default estimate. 

Sampling was performed using the Latin Hypercube method, a form of stratified sampling 

that can be applied to multiple variables.   

 

4.2.6.4 Co-financing strategies 
 
The financing of health care is complex in China and varies between urban and rural settings 

and entitlement to coverage of certain treatment depends on the type of disease or exact 

therapy being utilized.272 (see section 4.1.5. Overview of healthcare financing in China, 

above for further details). Therefore the amount of out-of-pocket payment incurred varies, 

with some costs falling on insurance, as well as the government. 
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We assumed that interventions for prevention of HBV (vaccination and PMTCT 

interventions) would be funded by the government, both historically and in the future. We 

assumed, however, that in the future, any case-finding would also be funded by the 

government as part of a public health strategy. This has a precedent in the sectors of TB and 

HIV case-finding in China (personal communication, WHO China office). 

 

We assumed that historical co-payment for drug costs, diagnosis and evaluation and care costs 

were split 50-50% between insurance and patient. However, we projected future stream of 

these costs under the assumption that this co-payment factor would increase to 90-10% 

between insurance and patient (the fraction co-payed by insurance would increase from a 

status quo level to 90% over a 5 year period). This 90-10% split was used to reflect the co-

payment systems in other disease areas which are considered to represent a significant public 

health threats (personal communication, WHO China office).  

 

 

4.3. Results 
 

The fit between the modelled results and the data for HBsAg prevalence, HBeAg prevalence 

and HBV-related cancer deaths can be seen in Figure 29. 
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Figure 29: Calibration Figures – data versus modelled estimates (China). 

 
 

 

Our model suggests that, in China, vaccination scale-up has already averted over 100M new 

chronic infections since its introduction in 1992 (with the majority of those - 72M - averted 

since 2002), compared to no historic intervention. Given the time-delay between vaccination 

and impact of HBV-related death, the full mortality benefits are yet to be seen. However, an 

estimated 110 000 HBV-related deaths are likely to have been averted to date, due to historic 

interventions against HBV.  

 

Since coverage of prevention interventions have been strong in China and the cohort of those 

already infected with CHB are ageing, continuation of efforts at status quo levels will mean 

that we will see a decline in incidence and prevalence of chronic HBV. Therefore, from 2030 

to 2050 the incidence of chronic new infections will fall from 127,000 to 26,000 per year, 

HBsAg prevalence among those under 5 years old will fall from 0.18% to 0.014% and the 

number of people living with HBV will decline from 77M to 38.5M. 

 

However, without a change in strategy, there will be 77M people still living with HBV in 

2030 and the major public health threat will come from HBV-related deaths, which will 
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continue to rise and are projected to be nearly 600 000 annually, in the year 2030 (declining to 

500 000 by 2050). Continuing at status quo, without scale-up of treatment, will therefore 

mean that cumulatively over the next 15 years (2015-2030), there will be a projected 9M 

HBV-related deaths, including 3.46M HBV-related cancer deaths (Figure 30). 

 

 

Figure 30: Epidemiological Projections of HBV in China.  

 
 

A comprehensive public health programme for hepatitis B with infant vaccination, PMTCT 

and high levels of active case-finding and treatment (at 50% levels) could avert 1M new 

infections and 2.1M HBV-related deaths (700 000 of which will be cancer deaths) between 

2015 – 2030, compared to status quo (Figure 31).  

 

The other strategies individually would yield smaller mortality and incidence benefits than the 

comprehensive package. The scale-up of full prevention efforts, alone, has large incremental 

gains and would avert 450 000 new chronic infections compared to status quo. The addition 

of a 50% case finding strategy would avert 570 000 additional new chronic infections 

compared to just prevention efforts alone. 
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The lower intensity of case-finding and treatment strategies would yield the following 

incremental benefits in HBV-related mortality compared to status quo, between 2015-2030; 

treating those already in care would avert 168,000 deaths, 20% case-finding and treatment as 

per guidelines would avert 960,000 deaths, 20% case-finding and treatment of cirrhotics only 

would avert 840,000 deaths. These therefore yield lower mortality benefits in comparison 

with the comprehensive package, which would avert 2.1M deaths.  

 

Although treatment of those with cirrhosis only (scenario 4) would have high short-term 

mortality benefits, when compared to full vaccination & PMTCT efforts, this strategy only 

has limited incremental benefits in preventing new chronic infections in the next 15 years 

(5700). The other case-finding and treatment options would avert a further 45 000 (scenario 

2), 255 000 (scenario 3) and 257 000 (scenario 5) new chronic infections compared to full 

vaccination and PMTCT efforts (scenario 1). 

 

Even at a 50% level of screening and treatment of HBV in China alone, this would account 

for a 15% reduction in the predicted 17M global HBV-related deaths between 2015-2030 (See 

Chapter 3).  
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Figure 31: Impact of intervention scale-up on HBV in China. Panels representing HBsAg 

prevalence among 5 year olds, number of people living with HBV and HBV-related deaths.  
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Figure 32: Cumulative 15-year impact on deaths and incidence in China. 

 
 

For the comprehensive public health programme, the total costs of the intervention 

components alone would be 23 Bn RMB ($3.7 billion) in 2020, rising to 28 Bn ($4.5 billion) 

RMB in 2030, and would have reduced to 12 Bn ($1.9 billion) by 2050. In 2020, these total 

costs would be composed of 0.1% vaccination costs, 5% PMTCT costs, 95% case-finding and 

treatment costs.  

 

Taking into account the collateral, as well as the intervention costs, this combined total is 

projected to be 178 Bn RMB ($29 Bn), 117 Bn RMB ($19 Bn) and 32 Bn RMB (5 Bn) at 

status quo, but 165 Bn RMB ($27 Bn), 104 Bn RMB ($17 Bn) and 32 Bn RMB ($5 Bn) with 

the comprehensive package of maximal interventions in 2020, 2030 and 2050, respectively 

(Figure 33). 

 

Cumulative costs of premature death are estimated to be 690 Bn RMB ($111B Bn) between 

2015-2030 at status quo, but reduced to 530 Bn RMB ($85 Bn) with maximal interventions, 

meaning that nearly 160 Bn RMB ($26 Bn) of productivity losses would be averted. As the 

new interventions start to take effect, direct medical costs are also displaced as less people are 

in late stages of disease and requiring less hospitalization. 
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Figure 33: Comparison of cost projections at status quo versus the comprehensive 

package (China). The left bar at each time point represents status quo costs and the right bar 

represents the comprehensive package scenario. Costs are presented in RMB (1 US$ = 6.2 

RMB). 

 
 

4.3.1 Return on Investment 
 
Between 2015 and 2030, investing 339 Bn RMB ($55 Bn) into this comprehensive package of 

interventions is projected to give an economic return of 661 billion RMB ($107 Bn), from an 

overall societal perspective. This would amount to a return on investment of 1.54 RMB per 

RMB invested  & could avert 2.1M deaths by 2030. (Figure 34) 

 

This economic returns are largely driven by two main factors, namely the reduced costs of 

premature death (due to increased life expectancy and therefore increase in income generated) 

and also the reduced medical costs of management of end-stage liver disease as less people 

are in late stages of disease (reduced care costs).  
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Figure 34: Return on investment of the comprehensive package of interventions in 

China. Costs are presented in RMB (1 US$ = 6.2 RMB). 

 

 

4.3.2 Uncertainty  
 
Uncertainty around the cost estimates is represented in Figure 35 and Figure 36. 88% of the 

1000 uncertainty runs show that the comprehensive intervention will be cost-saving, as 

defined as the net cost between 2015 and 2030 being less than zero. We can therefore be 

fairly confident about the direction of the economic benefits, although exact quantifications 

about the magnitude of benefits remain uncertain.  

Figure 37 examines more closely how variation in two of the main types of cost parameters 

(care costs and treatment costs, which are most uncertain inputs into our analysis) would 

affect whether the comprehensive package would be cost saving, both independently, and in 

combination. If our study has under-estimated treatment costs, our comprehensive package is 

unlikely to be cost-saving. If we have overestimated care costs, this uncertainty has a less 

profound effect on the result, although the intervention might be slightly less cost-saving than 

predicted.  
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Figure 35: Uncertainty Analysis (China). The red line represents the base-case estimate. 

Each grey line represents each of the individual runs in the uncertainty analysis. Multivariate 

probabilistic sensitivity analysis was performed using cost parameter ranges of 0.5 – 2 times 

the default estimate. The y-axis shows the net cost plotted against time. Costs are presented in 

RMB (1 US$ = 6.2 RMB). 
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Figure 36: Frequency distribution of uncertainty runs. Plot showing frequency of runs 

showing net savings. The x-axis represents the net cost between 2015 -2030. Bars in blue 

represent runs which were found to be cost saving. 88% of the uncertainty runs found the 

comprehensive package of interventions to be cost-saving. Costs are presented in RMB (1 

US$ = 6.2 RMB). 
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Figure 37: Separatrix (China). This figure shows the effect of varying treatment costs and 

care costs on the likelihood that comprehensive package will be cost saving. The current base-

case estimate is represented by the point of intersection of both axes at 1, 1. The dashed white 

line represents the boundary (‘frontier’) between whether the intervention will be cost-saving 

or not. The shading to the left of this frontier (green and blue) indicates combinations of both 

scalers, which would mean that the intervention would be more cost-saving than base-case 

estimate, and to the right (green to red), indicates less cost-saving combinations. 

 
 

Figure 38 shows how the total costs are partitioned between the different parties over time, 

under the assumption that prevention components of the comprehensive intervention are 

funded 100% by the government and the co-funding of care and treatment increases from 

status quo levels to 90-10% insurance-patient by 2020. To fund a comprehensive package 

under this proposed co-payment scenario, government and insurance spending would increase 

by 1.5 Bn RMB ($0.24 Bn) and 34 Bn, RMB ($5.5 Bn) respectively, in 2020 compared to 

status quo. Government spending will see the biggest relative increase in their projected 

spending, but this will be for a short period of time during the active case-finding. 
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Conversely, costs to the patients and society would be 46Bn RMB ($7.4 Bn) and 10.7Bn 

RMB ($1.7 Bn) less, respectively, than at status quo. Over time, the difference in spending 

will decrease for all parties. 

 

 

Figure 38: Co-payment Scenarios. Note that each of the five panels are not to the same 

scale. Costs are presented in RMB (1 US$ = 6.2 RMB). 

 

 

4.4. Discussion 
 
Maintenance of prevention of HBV infection through high levels of infant vaccination and 

strengthened efforts to reduce mother-to-child transmission are essential in China. However, 

the major public health threat will come from HBV-related deaths, as continuing at status 

quo, without scale-up of treatment, will mean that between 2015 and 2030, there will be 9M 
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HBV-related deaths, including 3.46M HBV-related cancer deaths. Achieving a reduction in 

mortality will require additional case-finding and treatment because the impact of only 

treating those already known to healthcare services is small. A comprehensive public health 

programme for HBV with infant vaccination, PMTCT and high active case-finding and 

treatment could avert 2.1 million deaths by 2030 and is likely to be cost-saving (ROI = 

1.54RMB per RMB invested). Furthermore, this increased effort in one country alone, could 

result in a 12% reduction of the total 17M predicted global HBV-related between 2015-2030.  

 

Although this study has shown the significant health gains, costs and economic savings 

related to a scale-up of a comprehensive package of interventions against HBV, many 

challenges and outstanding questions remain, as to how these targets can be reached and how 

operationally, financially or politically feasible it is.  

 

Firstly, operational questions remain as to how scale-up of case-finding and treatment on such 

a large scale can be achieved and the budgetary impact of this. Systematic screening for HBV 

is not performed in China, although screening for other diseases like TB, HIV have shown 

variable levels of uptake and success. Our research in West Africa, has shown that active 

population based screening for HBV is feasible and cost-effective in The Gambia (see chapter 

6). Although this strategy of active door-to-door screening may not be a feasible strategy in 

China, alternative methods need to be considered. The use of media campaigns to sensitise 

and educate the population about the benefits of early testing for HBV, could be one such 

possibility - an example where this type of outreach strategy has been successful was in 

France, where media campaigns in to promote awareness and screening for HCV, resulted in 

a 26% increase in testing rates between 2000-2001.286.  

 

However, given the complex differences between these world regions in terms of population 

healthcare needs, health systems and financing mechanisms for healthcare, these results 

cannot be directly extrapolated to China. Therefore, how wide-scale testing and treatment 

could be delivered in China needs to be demonstrated through pilot studies. How factors 

including stigma, which is recognised to be an ongoing problem in China,287 could affect 

uptake of testing should also be explored. The method chosen for scale-up of each strategy to 

the target levels, will be guided by implementation considerations, cost-effectiveness and 

budgetary constraints. Furthermore, given the heterogeneity in healthcare structure and 

population needs in each of the provinces of China, the optimal and most cost-effective 
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method of scale-up may vary between provinces. Therefore, as part of a phased 

implementation, the optimal way to find those in need of treatment, inexpensively, 

sustainable, equitably and acceptably must be determined.  

 

Secondly, although we have demonstrated that the cost of the comprehensive package of 

interventions alone will reach 28 Bn RMB ($4.5 Bn) in 2030. Our estimates are crucially 

dependent on price negotiations for the reduction of tenofovir therapy for HBV monoinfection 

to the price available in the HIV programme. Given the scale of predicted treatment 

requirements in China, this should be an achievable aim. Although our study has given 

projection as to the scale of costs and savings, as well as a possible cost-sharing option 

between key funders, careful planning of the financial strategy is crucial to allow equitable 

access for all those who require treatment. Given that China’s health-insurance system is 

managed on a provincial level, the exact details might vary by region. China’s economic 

situation as a upper-middle income country, especially at a time of reduced donor funding 

internationally and the lack of any current global hepatitis funding mechanism, is likely to 

mean that any hepatitis B testing and treatment programme will need to be supported by 

domestic funding. In the HIV response, China has shown that significant progress has been 

possible, and now funds 88% of its HIV response from domestic sources.288). 

 

Thirdly, although prevention efforts have been strong in China, it is important that this does 

not lead to complacency and that coverage of prevention interventions is maintained at high 

levels. Furthermore, elimination of incident new chronic infections cannot be fully realised 

without a change in status quo. In China, 96% of women receive at least one antenatal care 

appointment275 and routine screening for HBsAg during pregnancy forms part of national 

recommendations. Therefore identification of mothers at highest risk of transmitting infection 

to their child (high viral load and HBeAg positive), and targeting them for antiviral therapy in 

the last trimester of pregnancy could be an achievable, but vital step to bringing forward the 

date of elimination of new incident chronic infections.    

 

Previous epidemiological models have been applied specifically to the HBV epidemic in 

China77,127 However, the Goldstein model is that of a static cohort model, which looks at the 

impact of vaccination only and does not take into account treatment or the economic 

considerations. The model by Pang and colleagues is a dynamic model but simplifies the 

natural history of HBV and similarly, does not consider treatment interventions. The 
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limitations of these, and other models of HBV have been discussed more fully in Chapter 2. 

Our model is unique in using China specific data, especially in that it is calibrated to two 

time-points of large nationwide sero-survey data. It is the first economic evaluation in China, 

to our knowledge, which attempts to analyse the returns on investment of management of 

HBV, which incorporates not just the direct, but also wider-non intervention costs to the 

individual and society.  

 

Limitations 

The use of China-specific data was used where possible to parameterise the model. However, 

there are limitations of the available data, which we will discuss below.  

 

Firstly, despite the significant increase in the number of local population-based cancer 

registries in China, from 54 in 2008, to 308 in 2014, many fail to meet quality standards for 

reporting.258 For example, only 14 registries (including Hong Kong & Macau) met criteria for 

inclusion in the International Agency for Research in Cancer (IARC) report in 2014289 and 23 

registries met inclusion for GLOBOCAN 2012. We used the latter GLOBOCAN estimates in 

our model, which has its strengths in the fact it produces estimates by including only data 

from the registries with high reporting standards, however, it only covers 3% of the total 

population,159 therefore true population-level representativeness is difficult to assure. 

Improvement of the validity and completeness of cancer registries are essential to provide 

more accurate predictions of burden of HBV related disease, and efforts to this regard are 

ongoing.  

 

Secondly, our model has incorporated historical demographic data for China. However, it is 

difficult to predict how the recent relaxation of the one-child policy will affect population 

growth in the future, which might affect epidemiological projections. Thirdly, natural history 

parameters used are the same as in the global model, in order to be comparable. Fourthly, the 

numbers of patients diagnosed and in care is an assumption based on expert knowledge. 

 

Fifth, costing of diagnosis and monitoring were based on ‘standardised package of tests’ from 

Beijing, which might not be representative of national level costs in other regions or at other 

levels of health care facilities. However, our uncertainty analysis aims to capture the 

uncertainty in our costing projections. We have also excluded detailed programmatic costs, 

overheads, human resources, training and costs of awareness campaigns. Similarly to the 
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global model approach we have not taken into account the non-linear relationship between 

cost and coverage levels. These factors could mean that our model underestimates the final 

cost. 

 

Sixth, although we assess the financial implications on different sectors, of a theoretical new 

co-financing strategy for hepatitis, which would be aimed at reducing costs to patients and 

society, healthcare utilisation behaviours could be affected by a new financing strategy and 

are likely to have complex non-linear relationships; but these have not been explored in detail.  

 

4.5. Conclusions and Public Health Implications  
 
A comprehensive effort to tackle HBV in China, is likely to have a large impact on the global 

state of hepatitis B epidemic.  Combatting hepatitis B will help China move closer to 

achievement of many international goals including; impacting on Sustainable Development 

Goals, improved Universal Health Coverage and hepatitis-specific targets, which now form 

part of the new Global health sector strategy on elimination of hepatitis.290 The results of this 

work has already been used by China CDC and WHO China in discussions about 

incorporating HBV treatment in the national public health policy, including in negotiations 

around drug pricing. Further modelling work with the national CDC has been initiated in an 

effort to inform programmatic policy planning in improving prevention efforts.  

 

In the next chapter, I apply similar principles of the investment case approach presented here, 

but switch geographical regions to Senegal in West Africa. This is a country with a high 

burden of HBV, but contrasting in many other characteristics including health systems, 

existing levels of intervention coverage and budgetary constraints.  
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Abstract 
 
 
Background and Aims: Similar to China, West Africa also has a high burden of 

HBV-related disease. However, this region contrasts in many characteristics in terms 

of healthcare, economic profile and demography. In particular historical intervention 

efforts against HBV have been lower. We present the case for a comprehensive scale-

up package of HBV interventions in Senegal, as a second case-study.  

Methods: The previously described dynamic simulation epidemiological and costings 

HBV models were paramaterised with Senegal specific data to simulate the HBV 

epidemic in Senegal. We evaluated the impact, costs and return on investment of a 

comprehensive package of prevention and treatment interventions, at coverage levels 

representing the WHO global hepatitis sector strategy target levels.  

Results: Continuation at status quo levels of intervention effort would mean that there 

will be a cumulative 390,000 new chronic infections and 59,000 HBV-related deaths 

over the next 15 years. A comprehensive package of prevention and treatment 

intervention at levels consistent with ambitious global targets would achieve 

substantial health benefits and could avert 206,000 new infections and avert 21,000 

deaths between 2015 – 2030, compared to status quo. The scale-up of birth-dose 

vaccination has the largest incremental gains in averting new chronic infections 

compared to status quo (averting 169,000 new chronic infections compared to status 

quo). Furthermore, the comprehensive package is likely to be cost-saving and 

provides a similar return on investment, to that estimated in China; 1.72 CFA per 

CFA invested from a societal perspective.  

Conclusions: A combined strategy of improved prevention and treatment has the 

potential to have a substantial impact on the burden on the projected HBV-related 

disease burden in Senegal, in particularly a focus on improved prevention of mother-

to-child transmission interventions. This is likely to be cost-saving. However, 

challenges exist into how the scale-up will occur. 
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5.1 Background 
 

5.1.1 Chapter outline & context of this work 
 

Following the work in China presented in the last chapter, the utility of performing a 

similar investment case analysis, in a contrasting setting, was recognised. The burden 

of HBV is high West Africa; liver cancer is the 2nd most frequent cause of cancer 

deaths in males291 and over 70% of primary liver cancer, in those under 50 years is 

due to HBV.18 Senegal, in West Africa, is one of the sites that hosts the PROLIFICA 

screening and treatment study (Prevention of Liver Fibrosis in Africa – an EC funded 

study FP7 P34114, which is discussed in more detail in the next chapter) and 

discussions were already beginning ‘in-country’ about how to scale-up interventions. 

Therefore building on existing collaborations and political momentum, I initiated the 

study in Senegal, as a second investment case. This was to provide a contrasting 

setting to China, with different economic context, healthcare structure and 

demographic structure, but similar high burden of disease.  

 

In this chapter, I apply the similar principles and underlying model as in the previous 

chapter, calibrated and parameterised with Senegal specific data and adapted to the 

country-specific programmatic priorities. I present an analysis of the impact and 

societal returns on investment of a comprehensive scale-up package of interventions 

against HBV in Senegal, over the next 15 years. I quantify the returns to include both 

health and economic benefits.  Health benefits reflect new chronic infections averted 

and HBV-related deaths averted. Economic benefits represent costs averted to the 

health system and household of management of end-stage liver disease and 

productivity gains to the wider economy of a healthier workforce. I will then compare 

and contrast the case-studies in China and Senegal outlining how differing country 

level epidemiological characteristics and budgetary and logistical constraints affect 

the future epidemic, and guide its response. 

 

5.1.2 Overview of HBV in Senegal 
 

We use Senegal as a case study to represent an example of a West African country, 

which is highly endemic for HBV. HBsAg prevalence is estimated to be between 8-
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11%  (8.15% Ott 2012,8 11% Schweitzer 2015,7 9.7% community based screening in 

PROLIFICA study292 (unpublished), 9.75% blood bank screening (personal 

communication).  

 

In Senegal, universal infant vaccination was integrated into the Expanded Programme 

on Immunizations (EPI) in 2004 and coverage was reported at 92% in 2013.293 Birth 

dose vaccination has just been introduced into the national prevention programme in 

January 2016. Until then it incurred a cost to the patient and was performed at the 

discretion of individual health professionals, on an adhoc basis. However, questions 

surrounding to how to deliver birth dose and achieve high coverage rates, especially 

in rural areas remain unanswered. Since only 65% of births are estimated to be 

attended by skilled health staff, this is likely to be challenging.294  

 

There also remains a lack of access to testing, diagnostic facilities and antiviral 

therapy, the latter being limited to major cities, the private sector, or within the 

context of research studies, like the PROLIFICA, which provides valuable data on 

feasibility and cost-effectiveness of general population level screening and treatment 

for HBV, in West Africa).292 Furthermore, limited existing capacity within the health 

care system means that specialists who are trained in the management of viral 

hepatitis are mainly based in the cities of Dakar and Thies.  

.  

5.1.3 Overview of Healthcare system in Senegal 
 

Senegal has a population of 14.54 M (2013)295 and gross nation income (GNI) per 

capita of US$1050 (2014).296 Health care provision is either through public facilities 

(MOH), private facilities or facilities of the armed forces (the latter provides health 

care to civilians as well as military personnel). Of those seeking healthcare, an 

estimated 62% is within the public sector and 38% in the private sector.297 The public 

sector comprises a pyramidal structure of health care with 9 national hospitals (all in 

Dakar) at the top. At a regional level, there are 13 level-two hospitals located in the 

capital of each region and many health centres and health posts, the latter staffed by 

nurses or midwives (Figure 39).298  
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In Senegal, the total expenditure on health as a percentage of gross domestic product 

(GDP) was 4.2% in 2013, and 10.4% as a percentage of total government expenditure 

in 2012.299 In 2013 the country’s commitment towards Universal Health Coverage 

was launched. 300 

 

 

Figure 39: Public Health Care Pyramid in Senegal. (taken from USAID report : 

Measuring progress towards UHC, 2014)298 

 

 
 
 
 

5.2 Methods 
 

5.2.1 Methods Overview 
 

The epidemiological model, calibration strategy, costings model and method for 

handling uncertainty were the same as those described in the previous chapter.  This 

study used Senegal specific data to parameterise the model with different modelled 

scenarios. The salient differences in methodology will be discussed, in more detail, in 

this section. 

 

This study was performed collaboratively between researchers at Imperial College 

(UK), PROLIFICA team members (Le Dantec, Dakar & UFR Santé, Université de 

Thiès), the World Health Organisation and other key stake-holders in Senegal.  

 

 

3 

3. BACKGROUND: UHC INITIATIVES IN SENEGAL 

3.1 Overview of Senegal’s Health System 
This section provides an overview of the service delivery, financing, and governance structures in 
Senegal as well as reforms in these areas. Understanding these reforms is critical, as the implementation 
and measurement of UHC is not an isolated strategy, but rather falls within the overall framework of 
existing structures and ongoing reforms.  

3.1.1 Service Provision 
Health care in Senegal is provided by three types of health providers: public facilities under the Ministry 
of Health (MOH), private facilities, and facilities of the armed forces (MOH 2011). 

Public Health Care Facilities: About 1,200 health care facilities are managed by the MOH. More 
than 90 percent of these facilities are health posts or units managed by a nurse or midwife. Another six 
percent are health centers at the district level. These facilities offer both outpatient and hospitalization 
services and are managed by a physician, typically a generalist. At the next level of Senegal’s “Public 
Health Care System Pyramid” (Figure 1) are 13 level-two regional or urban hospitals located in the 
capital of each region. They serve as referral health facilities for their regions. Finally, the nine national 
hospitals located in Dakar, which have the most specialized health services in the country, form the top 
of the pyramid.  

Figure 1. Public Health Care Facility Pyramid in Senegal 

Source: MOH (2011) 
 

Private Health Care Facilities: The private sector consists of 440 health care structures, including 
four private hospitals; 43 private clinics; 185 physicians’ offices; 11 health posts with and without 
maternity wards; 171 urban and rural not-for-profit clinics (generally faith-based); and 30 ambulatory 
care centers open to the employees of private companies, their families, and the local community where 
they operate. 

National 
hospitals 

Regional hospital 
center 

Health referral 
centers/health centers 

Health post/rural maternity 
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Similar to the method in China, we evaluated a comprehensive package of prevention 

and treatment interventions and exact targets of coverage were informed by 

discussions with local stake-holders. A combination of primary data collection, 

secondary data analysis, and key stakeholders interviews were used. Where primary 

data was used, it was collected from the regions of Dakar and Thiès, representing 

36% of the total population, with 3.1M and 1.8M population sizes, respectively.301  

 

5.2.2 Epidemiology 
 

The dynamic transmission model of the global hepatitis B epidemic described in 

Chapter 3 was used for this study. This was adapted to the Senegalese epidemic by 

incorporating relevant local demographic data including population size, age-specific 

background mortality and fertility schedules160 to produce projections for the future of 

the epidemic. Vaccination coverage data over time in Senegal (infant and birth dose 

vaccination) was used to populate the model with historical vaccination coverage.293 

HBsAg and HBeAg prevalence patterns were taken systematic reviews by Ott et 

al.8,158 Liver cancer mortality data was taken from GLOBOCAN 2012 database159. 

 

Currently there are no local treatment guidelines in Senegal. There is also currently no 

systematic screening for HBV in Senegal or HBV reporting system, therefore exact 

numbers of those who have been tested and aware of their diagnosis are unknown. 

The only place that screening for HBsAg takes places systematically is at blood 

transfusion services, but then linkage into care is advised but limited (personal 

communication). Around 400 people have been started on tenofovir antiviral therapy 

for HBV since 2012, with the drug provided through the HIV programme (personal 

communication). 

 

5.2.3. Scenarios modelled 
 

Six theoretical scale-up scenarios, as well as a scenario where all historic intervention 

was removed were considered in Senegal (Table 11).  
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Similar to the method used in the China study, the modelled scenarios and target 

levels were chosen in collaboration with the local stake-holders; the preference 

expressed was for consistency with those outlined in the global model (Chapter 3). In 

particular, the method of PMTCT scale-up was to exclude HBIG therapy and 

screening was split into population level screening and ANC screening components. 

Accordingly, in this chapter a ‘comprehensive package of interventions’ refers to 

scenario 6 (Table 15) which is 90% infant vaccination, 80% birth dose vaccination, 

80% PPT for HBeAg positive mothers and 80% testing and treatment.  

 

 

Table 15: Table of intervention scenarios modelled (Senegal). A ‘comprehensive 

package of interventions’, refers to the scenario in row 6. 

 
 
 
 

5.2.4. Economic analysis  
 

The overall economic approach adopted was the same as in Chapter 4, with a societal 

perspective, incorporating the cost of premature death using the human capital 

approach and the same definition of the return on investment. Costs were adjusted for 

inflation (3.9% per annum representing the average inflation rate in Senegal over the 
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last ten years).281 The 2015 conversion rate used was 600 CFA to USD.221 CFA is the 

West African Franc (Communauté Financière d'Afrique). 

 

5.2.4.1. Details of cost estimates 
 
In contrast with the China study, there was no existing published costings data for 

Senegal and no local health economics team involved in the investment case process. 

Therefore, more primary data collection for the costings was needed to inform the 

analysis and this was lead by the author. I will discuss the micro-costings used in this 

study, in more detail below. 

 

5.2.4.1.i. Intervention Costs (see Table 16 & Table 17) 
 

x Screening 

General population screening costs were estimated using data from community-based 

screening, which was performed as part of the PROLIFICA research study, in 

Senegal. 

 

The PROLIFICA study is part of a multi-centre screening and treatment programme 

in Senegal and The Gambia251 and is discussed in more detail in Chapter 6. In the 

Senegal study site, screening was performed in the general population using rapid 

HBsAg point-of-care tests in the community (urban and rural), work places and in 

hospital settings. For the purposes of this analysis, to evaluate the cost of general 

population screening, a sub-sample of those screened in rural villages as part of the 

PROLIFICA study in Senegal was taken. An ingredients-costings approach was 

applied, using a combination of interviews with key personnel about time and 

resource allocation, local cost data and retrospective programme costs. We included 

costs of human resources (this comprised of both salaries and per diem costs incurred 

during screening activities which occur at locations other than their normal place of 

work), consumables (point-of-care test and other equipment), transport costs and 

communications. A retrospective review of resource allocation and costs was used to 

calculate cost per person screened.  

 

A day was spent on screening in each of the four villages costed. The screening teams 
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comprised of, on average, 2 doctors, 6 nurses and a virologist or laboratory assistant. 

There was also an average of 2 extra daily workers from each screening site, who 

were only paid per diems. Rapid point-of-care (POC) tests for HBsAg were used to 

screen 1003 people in these four villages, 75 (7.5%) of those screened tested positive 

for HBsAg. 

Household village screening was estimated to be 2876 CFA ($4.8) per person 

screened and 39,298 CFA ($65) per HBV positive case detected. This included 55% 

spent on human resources (29% on salaries, 26% on per diems), 51% on consumables 

(26.2% POC tests, 24.8% other equipment) and 5.6% transportation costs.  

Further analysis is underway, to evaluate other general population screening methods, 

which include the costs of screening in urban areas and costs of screening in 

workplaces.   

In the absence of primary data on antenatal screening costs, we costed this strategy on 

the assumption that women would present to a health-care facility for an antenatal 

visit and the only extra costs incurred were for the POC test. If tested positive, the 

cost of diagnostic evaluation and intervention is included in the other strategy 

costings. 

x Diagnosis & monitoring 

This includes diagnostic evaluation and monitoring costs for those screened positive 

for HBV. Primary data regarding costs of investigations at public and private 

hospitals or laboratories in Dakar and Thiès were collected. These costs were split 

into ‘price before intervention’ and ‘standardised tests’. ‘Standardised tests’ 

represents an assumed package of an ‘acceptable quality at the lowest reasonable 

price’ if the intervention was to be rolled out nationally. This was a weighted average 

of public sector costs. 

 

We used the overall fees of the tests charged by the hospitals, to represent the costs of 

investigations and consultation fees in this analysis. This is a simplifying assumption, 

as in practice, in each health facility there are tiers of actual fees charged depending 

on whether the patient pays for themselves and whether they have insurance. These 

costs might therefore be too high as they might include a level of profit, in which case 
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we would over-estimate the cost of intervention, leading to a conservative estimate of 

the net benefits. Furthermore, the out-of-pocket expenditure to the patient also varies. 

We did attempt, however, to adjust for the different fees charged between the public 

and private sector and between Thiès and Dakar. Given the absence of individual 

level data on insurance types among patients infected with HBV, the overall costs 

were used. 

 

 

We represent the variation in costs currently incurred by the general population when 

they seek evaluation for HBV, as a weighted averaged by region and by type of health 

facility (private or public). It was assumed that 2/3rd sought healthcare in the public 

sector and 1/3rd in private sector.297 The regional prices were weighted by 2/3rd Dakar, 

1/3rd Thies, based on their relative population sizes. 

 

Although, costs of investigations may vary in other regions, the key drivers of cost are 

virology and serology, which is not currently routinely available outside the capital 

Dakar.  Tests are often sent to Dakar for analysis or not performed. A weighted 

average of the costs in Dakar and Thies were thought to be a useful representation of 

costs incurred in the management of HBV Senegal, in the absence of primary data 

from all fourteen regions of Senegal.  

 

x Cost of drug 

For the purposes of this analysis, the drug price of 40 000 CFA ($67) for a year’s 

supply of tenofovir was assumed, corresponding to the highest generic price of 

tenofovir which is available to the local HIV programme (personal communication).  

 

x Vaccination 

In the absence of primary data on costs of infant vaccination and birth dose 

vaccination in Senegal, data from UNICEF and published literature in sub-Saharan 

Africa was used.131,302 These values have been described previously in chapter 3 

(Global model). 
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Table 16: Costs of Vaccination, PMTCT and Screening Interventions in Senegal. 

Costs in this table are presented in CFA (1 USD$= 600 CFA). 

 
 

Table 17: Costs of diagnosis, antiviral treatment and monitoring in Senegal. 

Costs in this table are presented in CFA (1 USD$= 600 CFA). 

 

 

5.2.4.2. Wider non-intervention costs 
 
Similar to the approach taken in Chapter 4, wider non-intervention costs included 

health-system and household costs associated with providing care and costs of 

premature death.  
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x Direct Medical Costs 

 

Direct medical costs describe inpatient management costs of HBV-related liver 

disease. In Senegal there is currently no routine screening and treatment for HBV, 

outside research studies like PROLIFICA. Most patients are therefore unaware of 

their diagnosis until they present with symptoms of advanced liver disease in the 

stages of decompensated cirrhosis and HCC. We therefore assumed that there were no 

hospitalization costs before stages of decompensated cirrhosis (DC) or hepatocellular 

carcinoma (HCC).  

 

Two sources of data were used for direct medical costs of hospitalisation for DC and 

HCC: 

i. Primary data was collected from Saint Jean de Dieu Hospital in Thiès 

through a retrospective study of all patients hospitalized for decompensated 

cirrhosis and HCC over the preceeding 3 years. 

ii. Hospitalisation costs for Dakar was used from a study by Agbassi et al.303  

 

The results showed that the average length of stay for DC and HCC, respectively was 

10.5 and 10.8 days in Thiès and 14.5 and 9.9 in Dakar. The average cost per hospital 

admission for DC and HCC, respectively was 27,0131 ($450) CFA and 23,0354 CFA 

($384) in Thies and 610,003 CFA ($1017) and 417,320 CFA ($696) in Dakar (Table 

18). For the purposes of the analysis, we opted to use the average of these two values. 

We do not use a weighted average for population size of the two cities and 

public/private sector divide, because although the population of Dakar is higher, 

regional costs may be more similar to Thies, and although more people use public 

hospitals, regional public hospitals might be cheaper than these values in Dakar.  
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Table 18: Costs of Hospitalisation for cirrhosis and HCC, Senegal. Data from two 

hospitals in Senegal (in Thies and Dakar). * Hospital Saint Jean De Dieu (SJD). ** 

Agbassi et al.304 Costs in this table are presented in CFA (1 USD$= 600 CFA). 

 

 
x Direct Non-Medical Costs 

There was no empirical data available for the direct non-medical costs (which 

includes transportation, accommodation and food costs associated with treatment). 

We therefore used simplifying assumptions and attached the return cost of local 

transport (120CFA ($0.2) one way305). We assumed that for those in CHB and CC 

stages incurred two return journeys to the hospital a year, whilst those in DC and 

HCC stages of disease, incurred additional transport costs when hospitalized. A study 

found that in many rural households, the closest ‘high-level’ health provider is located 

on average 20km away from the house in Senegal.306 We did not include any costs 

that would be incurred by any care-givers. We recognize that this is a crude 

estimation of transport costs incurred but in the absence of primary data, this was felt 

to be a reasonable approximation. Similar studies from China, have shown that direct 

non-medical costs comprise about 8-23% of total economic burden of HBV-related 

disease, depending on stage of disease.279 However, our modelled results are 

conservative with less that 2% contribution of direct non-medical costs. 
 

x Indirect Costs 

Indirect costs of productivity loss due to hospitalization was estimated by using the 

average length of hospital admission (see Table 18) for DC and HCC of 12.5 and 

10.3 days, respectively, and attaching the average daily wage (see below) to those 

days lost of earnings. Given the lack of primary data from Senegal, this represents a 

conservative approximation. We did not include any loss of earnings due to sick-leave 

outside the days of hospitalization or loss of earnings incurred by any care-givers, as 

this data was not available. This is therefore likely an under-estimation of indirect 

CFA $ CFA $
Cirrhosis: average cost per stay 270370 381 610003 1017 440186.5
HCC: average cost per stay 230354 447 417320 696 323837
Cirrhosis: average length of stay 10.47 14.45 12.46
HCC: average length of stay 10.8 9.89 10.345

AVERAGE
Thies - SJD* Dakar - Dantec & Principal**



 174 

costs, as it is likely that there is a further loss of wages, even after the patient has been 

discharged home, leading to a conservative estimate of returns on investments. 

 

x Costs of premature death 

Costs of premature death were quantified based on the human capital approach283 as 

in the previous chapter. Average unemployment rate of 10% (10 year average) was 

factored into this estimate.284 Data on average earnings in Senegal was limited. The 

median net hourly wage was estimated based on a survey of nearly 2000 people in 

Senegal. The face-to-face survey included respondents from all except two regions of 

the country (sampling was based on the distribution of the population size in the 

respective regions) and from both the formal and informal sector. The median hourly 

wage was 358 CFA ($0.6) (the median, rather than the mean was chosen by the 

authors of the report as not to influence by the small number of high earners).307 This 

represents an annual wage of $1128 (assuming an average 40 hour working week and 

48 week year). 

 

We are assuming that HBV is evenly distributed among the population in Senegal and 

therefore, the spread of income and earnings is the same among patients infected with 

HBV as the general population. However, since men are disproportionately affected 

by HBV-infection and are more likely to be employed, this is likely a conservative 

approach.  

 

Limitations include the fact that about 75% of the economy of Senegal is within the 

informal sector, and therefore this might not be captured fully in the surveys used. 

This could therefore over-estimate net benefit of the intervention by overestimating 

average annual wages. Ideally primary data on the annual wage of those infected with 

HBV should be collected. Although we used 65 years as the age that earnings would 

stop, in Senegal, often people work, if able, until their death,308 therefore 

underestimating the cost of premature death. 

 

5.3. Results 
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In Senegal, our model suggests that infant vaccination alone has averted over 805 000 

new chronic infections, to date since its introduction in 2004, but the mortality 

benefits are not yet being seen (with only about 150 deaths averted so far). 

 

 

Figure 40: Epidemiological projections of HBV in Senegal.   

 
 

However, without further intervention scale-up, in 2030, there will be 4300 annual 

HBV-related deaths and over one million people still living with HBV. This means 

that cumulatively over the next 15 years (2015-2030), there will be a projected 390 

000 new chronic infections and 59 000 HBV-related deaths in Senegal, at status quo 

levels of infant vaccination only (Figure 40). 

 

A comprehensive public health programme for hepatitis B with prevention, PMTCT 

and high active case-finding and treatment could avert 206 000 new infections and 

avert 21 000 deaths between 2015 – 2030, compared to status quo (Figure 41). The 

other strategies yield smaller health benefits than the comprehensive package. The 

scale-up of birth-dose vaccination has the largest incremental gains in averting new 
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chronic infections compared to status quo (169 000). A 50% case finding strategy (in 

addition to full prevention efforts) will avert 12 000 additional HBV-related deaths 

compared to just prevention efforts alone, and an increase in case finding to 80% 

prevents an additional 9200 deaths. 

 

Figure 41: Impact of intervention scale-up in Senegal. The bold lines are in order 

to highlight the status quo and comprehensive package scenarios. 
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Figure 42: Cumulative Deaths and New Chronic infections averted (2015-2030), 

Senegal. 

 
 
 
 

For the comprehensive public health programme, the total costs of the intervention 

components alone would be 17 Bn CFA ($28 million) in 2020 and rise sharply to 

reach 24 Bn CFA ($40 million) a year, by 2030 (Figure 43). In 2020, these total costs 

would be composed of 1.5% infant vaccination costs, 12% PMTCT costs, 8.5% 

screening costs and 78% treatment costs.  

 

Taking into account the wider non-intervention, as well as the intervention costs, this 

combined total is projected to be 64 Bn ($107 million), 59 Bn ($98 million) and 44 

Bn CFA ($73 million) at Status Quo, but lower at 54 Bn ($90 million), 43 Bn ($72 

million) and 26 Bn CFA ($43 million) with the comprehensive package of maximal 

interventions in 2020, 2030 and 2050, respectively (Figure 44). 

 

Costs of premature death would be 364 Bn CFA ($607 million) between 2015-2030 at 

Status Quo, but reduced to 245 Bn CFA ($408 million) with maximal interventions, 

meaning that nearly 120 Bn CFA ($200 million) of productivity losses would be 
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averted. As the new interventions start to take effect, direct medical costs are also 

displaced as less people are in late stages of disease and requiring less hospitalization. 

 

 

Figure 43: Intervention cost projections in Senegal. Costs are presented in CFA (1 

USD$= 600 CFA). 
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Figure 44: Comparison of cost projections at status quo vs comprehensive 

package (Senegal). This includes a breakdown of direct intervention costs, costs of 

‘care’ and costs of premature death. These represent discounted estimates. Costs are 

presented in CFA (1 USD$= 600 CFA). 
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456 billion CFA ($760 million). This would amount to a return on investment of 1.72 

CFA per CFA invested  & could avert 21 000 deaths by 2030. These economic 

returns are driven by two main factors; (i) the reduced costs of premature death (due 

to increased life expectancy and therefore increase in income generated) and, (ii) the 

reduced medical costs of management of end-stage liver disease as less people are in 

late stages of disease (reduced care costs).  
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Figure 45: Return on Investment of a comprehensive package of interventions 

against HBV in Senegal. Costs are presented in CFA (1 USD$= 600 CFA). 
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Figure 46: Uncertainty around cost estimates.  Costs are presented in CFA (1 

USD$= 600 CFA). 
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Uncertainty around the cost estimates is represented in Figure 46, and similar to the 

results from China, show that such an intervention is likely to be cost-saving, 

although exact quantifications of the economic benefits is highly variable 

 

 

Figure 47: Separatrix (Senegal). 

 
 

 

5.4 Discussion 
 
Infant vaccination in Senegal is estimated to have averted over 800 000 new chronic 

infections, to date. However, PMTCT interventions need to be strengthened as we 

have seen that mother-to-child transmission represents an increasingly important 

relative route of transmission, worldwide. There will be a projected 59 000 HBV-

related deaths in Senegal, between 2015-2030, without a scale-up in screening and 

treatment.  
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A comprehensive public health programme for hepatitis B with prevention, PMTCT 

and high active case-finding and treatment could avert 21,000 deaths by 2030 and is 

likely to be cost-saving (ROI = 1.72 CFA per CFA invested). A key area of 

uncertainty in this analysis surrounds the number of people infected with HBV who 

seek medical attention in Senegal, and its associated costs, if and when, this occurs. 

However, even despite this level of uncertainty, there appears to show a high 

probability of the comprehensive package being cost-saving (ie ROI >1), as presented 

in Figure 46 and Figure 47. 

 

Ambitious targets of coverage of interventions have been assumed. However, the 

lessons learnt from the successes that Senegal has achieved in other health sectors, 

especially in the field of HIV, where prevalence has reduced to 0.7%, and in 2014, 

5000 new patients were started on antiretroviral therapy (ART) and uptake of HIV 

screening amongst those attending ANC reached 77% 309, can hopefully be applied to 

the field of HBV. 

 

Success of such a programme will be dependent on many things including price 

reductions (drug & laboratory tests), capacity building (clinical & virology services) 

and implementation research into optimal delivery of interventions. A key challenge 

in Senegal will be how to implement high birth dose coverage, especially in rural 

areas, since only 60-65% of all deliveries are attended by a trained healthcare 

professional. In addition, community-based testing for HBV has been shown to be 

feasible in the Gambia251 and Senegal (unpublished data) within the PROLIFICA 

study. Uncertainty exists as to how results from such trials would translate into 

reality, especially if testing is scaled-up on a country-wide level. Furthermore, an 

important factor that will affect the ability of the country to scale-up treatment will be 

the expertise available in treating patients with HBV infection, both in terms of 

doctors and nursing staff. Currently the majority of specialists are based in the two 

main cities of Dakar or Thies (personal communication). Capacity building, training 

and possibly the decentralisation of care, as we have seen in the HIV model, would be 

important to consider, if interventions are to be delivered in an equitable manner 

throughout the country. This would be coupled with further research looking at how 

models of care could be simplified in order to reduce labour intensity and the need for 

expensive and complex diagnostics.  
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Where possible, Senegal-specific data was used, although it should be recognised that 

this data is limited. Epidemiological data is from global systematic reviews, rather 

than national sero-survey data. Deaths from liver cancer and cirrhosis are often poorly 

defined in low-income settings and are often underestimated. Given the absence of a 

local cancer registry, GLOBOCAN estimates of liver cancer incidence and mortality 

were used. These are however based on data from neighbouring countries.  Although 

we have attempted to represent the uncertainty around the costs, there are data gaps 

and biases, which could affect the results of this analysis. Furthermore, the available 

data is not necessarily representative of the current situation throughout the country. 

There remains a lot of heterogeneity and complex non-linear relationships in health-

seeking behaviours, health insurance coverage and access to healthcare, availability of 

specialist services and economic factors,that are difficult to fully capture in a model.  

 

Further refinement of both epidemiological and cost projections could be improved 

through integration of HBV testing within DHS surveys and the full establishment of 

a national cancer registry with coverage in the rural as well as urban areas. 

Furthermore, results from ongoing large-scale implementational studies in Senegal, 

like PROLIFICA292 (population screening for HBsAg with subsequent antiviral 

therapy), MOBSEN310 (feasibility study of setting up a nationwide cohort of patients 

infected by HBV) and NEOVAC311 (study into methods of delivery of timely birth-

dose vaccination), among others, will be pivotal in informing programmatic 

feasibility and guiding prioritisation.  

 

If a comprehensive strategy is implemented, this could lead to improved access to 

diagnosis and treatment for those infected with HBV, lead to a country-wide 

reduction in incidence of HBV and HBV-related death and reduction in economic 

losses due to HBV-related morbidity & mortality. This would benefit patients infected 

with HBV, with indirect benefits for the whole population including economic 

benefits for Senegal. This could also potentially help Senegal move towards control 

and elimination of HBV, which remains among the leading public health threats in the 

country.  
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Variations in healthcare infrastructure, economics and current levels of intervention 

coverage in neighbouring West African countries, mean that local country-level data 

should be used to form similar analyses. However, the direction of impact and returns 

on investment, is likely to apply to other countries in the region, with similar high 

levels of HBV endemicity. 

 

5.5. Comparison of investment cases 
 

There are, to our knowledge, no previously published studies looking at country-level 

investments for a package of prevention and treatment interventions against HBV.  

The two investment cases presented here aim to help fill this data gap, and provide a 

useful template from which to reflect on how further studies might best be 

approached. In the context of the WHO global targets, such work is essential to guide 

how countries might aim to achieve them, including how much investment would be 

required. We have seen that continuing at status quo levels of intervention coverage 

will mean that, in both China and Senegal, there will be continued new infections and 

significant HBV-related mortality for decades to come. However, investing in a 

comprehensive package of prevention and treatment interventions, at levels described 

in these chapters can over the next 15 years; i. avert deaths due to HBV (2.1 million in 

China and 21,000 in Senegal), ii. avert new infections (1 million in China and 

206,000 in Senegal), as well as iii. save money with a ROI of 1.54 and 1.72, in China 

and Senegal, respectively, from an overall societal perspective. This will therefore 

benefit patients infected with HBV as well as the overall population of these 

countries.  

 

In this section, I will compare the two case studies, discussing the overall lessons 

learnt, approach taken and its limitations. I will compare and contrast key features of 

both countries, which would influence the epidemic and responses to the epidemic. 

Comparisons between the two investment cases can be broadly categorized into 

differences in terms of methodological characteristics (including theoretical 

framework, process of engagement and key sources of data gaps) and country specific 

characteristics (including healthcare structure, HBV epidemiology, existing 

intervention coverage and resources) 
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5.5.1 Theoretical Methodological Framework 
 
The methodological approach for these investment cases was the use of a strong 

epidemiological model, calibrated to country-specific data on HBsAg, HBeAg and 

cancer deaths, combined with a costings model which incorporated both costs to the 

health provider, as well as societal costs. Although the approach took an overall 

societal perspective, it should be noted that costs and savings fall on different parties 

(including the individual, government and society as a whole). The process used to 

inform parameterisation and scenario modelling was a local stake-holder engagement 

process, performed ‘in-country’.  

 

The human capital method of estimating the ‘cost of death’ adopted in the investment 

cases presented in this thesis is based on the theoretical simplifying assumption that 

when an individual dies earlier than normal life-expectancy for the country, the 

economy of the country forgoes potential future earnings pertaining to that individual. 

This method has been used previously in other disease areas, including malaria97 and 

cancer.98 It is important to recognise that this approach is not attempting to ‘value a 

life’ of an individual in a particular country, or imply that the life of those outside the 

‘formal’ labour sector is not valuable. Rather it is a representation of the loss of 

contribution to the national economy given that the individual dies earlier, within the 

current economic and health context of the country. Debate exists around whether 

‘highest global’ life-expectancy and ‘highest global’ wages should be used as the 

comparator, however we chose to adopt the average values specific to the country 

being evaluated. This alternative approach would be potentially more relevant if 

drawing international comparisons or considering ethical approaches to resource 

allocation, rather than a country specific perspective for the local economy. 

 

The human capital approach considers only the market value of health. However, 

other frameworks have been used to encompass broader aspects including the non-

market value of a healthy life, by attempting to capture the value people place on 

increased life-expectancy and attaching this ‘value’ to each extra life year gained. An 

important point to note is that these methods of ‘valuing life’ are not necessarily the 

value that an individual or a health-provider is 'willing to pay for each additional life 
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year gained'. Placing a value on life is highly debated,312 and a full discussion remains 

out of the scope of this thesis. However, one of these approaches includes the concept 

of ‘value of additional life years’ (VLYs), which has been used, along with GDP 

growth, in the full-income approach by the Global Health 2035 Lancet Commission in 

in 2013.313 They estimated that the VLY to be an average of 2-3 times per-person 

income in low and middle income countries. Using such an alternative approach, 

taking into the non-market value of health life would place higher weight on the value 

of health interventions, that we have estimated in our studies. 

 

5.5.2  Process of performing investment case 
 

The process of engagement differed between the two countries. In China the process 

was initiated at the request of the country, was set up locally by WHO China and 

guided primarily by local policy agenda. In-country support and expertise facilitated 

the process. In addition, China is quite a data-rich country with respect to HBV and 

often has led the field in terms of large studies for HBV. In contrast, in Senegal the 

study was initiated by myself, with the support of WHO headquarters in Geneva. 

However, it was strongly supported by the PROLIFICA research team in the country, 

who facilitated a series of individual meetings with key stake-holders and most 

costings were primary data rather than based on published studies.  

 

Results presented in these two chapters should not be viewed as ‘final results’, as this 

forms part of an iterative process. These studies have highlighted data gaps and 

outstanding areas of need. In particular, in Senegal, there are efforts to improve data 

collection in order to inform more accurate projections. In China, having initially used 

the model to advocate for intensifying efforts for HBV, there have been requests to 

increase the granularity of the model in order to answer further questions about 

programmatic implementation. Therefore the ongoing dialogue and importance of an 

iterative cyclic process of policy making, which modelling can be part of, has been 

highlighted in this work. They have helped facilitate important in-country discussions 

including around drug price negotiations. 

 

Collaborations have been established and strengthened throughout the process and 

networks of interested parties have been formed. Although these indirect impacts are 
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difficult to quantify, it is likely to be an important part of ensuring progress and 

pushing forward the public health agenda.  

 

5.5.3 Data gaps 
 
Limitations of the studies included the level of complexity and heterogeneity within 

both health systems, with a lack of data on particular factors including health seeking 

behaviour, insurance systems and coverage levels among the population. Whilst we 

aimed to capture the most salient features, we recognise that there is room for 

improvement of estimates, through more complete and valid data. Furthermore, given 

the limited primary data regarding the costs of HBV-related disease, especially in sub-

Saharan Africa, these costs remain uncertain and further research is needed to 

parameterise these data gaps. In Senegal, our analysis is likely to underestimate the 

economic benefit as it takes a highly conservative approach to the societal costs, for 

example, which are incurred by the household, care givers and out-of-pocket 

expenditure for drugs, as there was no published studies on which to parameterise 

this. Even when data was available in China, we recognise that costs in one province 

are not necessarily representative of the rest of the country. 

 

5.5.4 Country characteristics 
 

Individual country characteristics will affect many things and are either explicitly 

incorporated as a parameter, or are more implicit and can indirectly affect many 

components. Having performed the analysis in two different settings, it is interesting 

to reflect on some of the key differences between China and Senegal, and how these 

differences will affect how the epidemic will progress, what implications they might 

have for the feasibility of future scale-up, what the budgetary implications are, and 

how they might affect prioritization of strategies.  

 

Firstly, the demographics of China and Senegal are highly contrasting; differing in 

terms of population size and structure, characterised, for example, by contrasting 

fertility rates - the fertility rate of Senegal is high at 5.1 births per woman, versus 

China where it is 1.6 births per woman (in 2014), the latter related to the one child 

policy.275 This, balanced alongside historical differences in birth dose coverage and 
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proportion of HBeAg positive mothers in the two countries, will lead to differences in 

the relative importance of PMTCT for the future. Given that PMTCT is an important 

route of transmission, these demographic characteristics are key to understanding the 

behaviour of the local epidemics. 

 

Secondly there are differences in terms of key development indicators. The human 

development index which attempts to combine dimensions of health, country wealth 

and education, ranks China 90th, compared to Senegal which is ranked 170th.314 

Perhaps one of the most important differences, which relates to the ability of the 

country to tackle the epidemic is the difference in GDP. China has transitioned into an 

upper middle-income country with a GDP per capita that is nearly nine times higher 

than Senegal.275 This will directly or indirectly impact on many aspect of how the 

country approaches HBV control or the challenges that will be involved in achieving 

it, including the likelihood of whether external donor funding support would be 

needed or available to the country and the existing level of the healthcare system. 

 

Population level of education is another important factor to consider, as research, for 

example in the field of HIV testing, has shown that low levels of education are 

associated with lower uptake of interventions.315,316  The adult literacy rate is 95% 

versus 42% in China and Senegal, respectively.275  

 

Thirdly, the two countries differ in terms of existing level of healthcare, infrastructure 

and resources available. If judged by indicators such as average life expectancy, 

childhood mortality and number of trained health professionals per capita, China 

performs better in terms of population health.275 China has seen a shift in pattern of 

disease changing from infectious diseases to non communicable diseases, whereas in 

Senegal infectious diseases remain the largest cause of premature deaths, with 

cerebrovascular disease and malaria ranking first, respectively in each country, 

according to the 2013 GBD study. Although the concepts of universal health coverage 

has been officially adopted by both the Chinese and Senegalese governments, in 2009 

and 2015, respectively, they are at different stages of progress towards achievement 

of this aim. 276,298 
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These competing healthcare demands, budgetary constraints and political contexts are 

likely to affect decisions about scale-up and spending on hepatitis B. For example, 

these factors have likely contributed to differences in historic levels of coverage of 

interventions, especially in terms of vaccination. The HBV epidemic in China has 

benefitted from early introduction and high levels of infant and birth dose vaccination 

supported by governments and external funding agencies (eg GAVI). In contrast, in 

Senegal infant vaccination coverage only reached over 50% in 2004 and birth dose 

vaccination was only introduced in January 2016. In Senegal, given the high number 

of births that occur outside healthcare settings, the implementation of high coverage 

of timely birth dose vaccination is likely to pose logistical challenges. Although 

cultural barriers are different and therefore we cannot directly extrapolate, lessons can 

be drawn from China’s approach to improving delivery in health-care settings.263 This 

contrasting historical level of vaccination, along with the demographic differences are 

likely to be the biggest drivers of the difference in the future of the two epidemics at 

status quo.  

 

In summary, each of these factors mentioned above are important to the epidemic, 

either in a direct or indirect way, and the ability of an individual country to respond to 

epidemic. It is possible to use a logical approach like that one that has been presented 

above, to balance up how each of these factors would contribute to epidemic 

differences if this were to be applied to another country. However, what modelling 

allows us to do is simultaneously capture some of the more salient and quantifiable 

elements in a more systematic way in order to provide some quantitative results. 

These other factors beyond those explicitly included in the model, highlight the fact 

that the wider context which includes cultural, educational, societal and geo-political 

relationships, can all play an, unquantifiable, role in the future of an epidemic.  

 

5.6. Conclusions & Public Health Implications 
 

In summary, we have presented case studies of two countries, China in East Asia and 

Senegal in sub-Saharan West Africa, where HBV remains a public health threat; high 

prevalence of HBV and liver cancer rank highly as a cause of cancer mortality. 

However, despite the many differences highlighted above, it is interesting, although 
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perhaps unsurprising, to see that a concerted effort to tackle HBV can achieve 

substantial health impacts and could be cost-saving, with similar ROIs. Lessons learnt 

from these two case studies cannot be directly extrapolated to neighbouring countries 

in each respective region, however can offer a useful guide as to the potential 

direction of the health benefits as well as economic implications and will hopefully be 

useful to spur action more widely. A benefit of performing two case studies, is in 

demonstrating that the methodology can be applied to data-rich, as well as data-poor 

settings and still give valuable added information. Although in an ideal world, each 

country could have an investment case for each new intervention, across each disease 

area, this is difficult due to logistical and financial constraints.  What our work has 

provided is a starting point from which countries can begin to consider the benefits.  

 

The experience gained through developing these investment case studies, formed the 

background to a guidance document that we prepared for WHO on performing 

investment cases for viral hepatitis (Appendix 3), covering the key considerations 

and challenges of the process. These case studies have been referenced in the WHO 

advocacy document entitled ‘Combatting viral hepatitis to reach elimination’.317 

Building on the first viral hepatitis investment case in China, WHO WPRO (Western 

Pacific Regional Office) commissioned similar investment cases to support 

programmatic in-country planning in their region, for example in Mongolia (personal 

communication). 

 

In these two chapters, I evaluated a comprehensive package of prevention and 

treatment interventions and used a CBA approach to economic evaluation. In the next 

chapter, I move to The Gambia, which is a country that neighbours Senegal. I will 

focus on the screening and treatment component of the comprehensive package, 

which has been shown in these previous chapters to be key to reducing HBV-related 

mortality. Using primary data from a large implementation project and a more 

traditional method of economic evaluation (CEA), I examine whether this strategy is 

feasible and cost-effective in West Africa. 
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Abstract 
 

Background: Despite the high burden of hepatitis B virus (HBV) infection in sub-

Saharan Africa (SSA), a lack of access to widespread screening or treatment leads to 

most people remaining undiagnosed until later stages of disease when prognosis is 

poor and treatment options are limited. The aim of this study was to evaluate the cost-

effectiveness of community-based screening and early treatment with antiviral 

therapy for HBV in The Gambia.  

 

Methods: An economic evaluation comparing adult community-based screening 

using a Hepatitis B surface antigen (HBsAg) rapid test and subsequent HBV antiviral 

therapy to a status quo scenario, where no treatment is available, was performed by 

combining a decision tree with a Markov state transition model. This was 

parameterised with primary screening and cost data from the PROLIFICA study. A 

health provider perspective was taken and costs and health outcomes were discounted 

at 3% per annum.  

 

Findings: In The Gambia, where the HBsAg prevalence is 8.8% among those aged 

over 30 years old, adult screening and treatment for HBV, has an Incremental Cost-

Effectiveness Ratio (ICER) of $540 per Disability Adjusted Life Year (DALY) 

averted, $645 per Life Year (LY) saved and $511 per Quality Adjusted Life Year 

(QALY) gained, compared to status quo. These ICERs are in line with willingness-to-

pay levels of one times the country’s Gross Domestic Product (GDP) per capita 

($487) per DALY averted, whilst remaining robust, over a wide range of 

epidemiological and cost parameters.   

 

Interpretation: Adult community-based screening and treatment for HBV in the 

Gambia is likely to be a cost-effective intervention with an ICER that is comparable 

with those of HIV screening and treatment interventions in SSA. Even higher cost-

effectiveness, may be achievable with targeted facility-based screening, price 

reductions of drug and diagnostics and integration of HBV screening with other 

public health interventions. 
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Contributions and Dissemination 
 

The cost-effectiveness analysis presented in this chapter was performed by myself, 

under the guidance of my supervisors. The PROLIFICA study was lead by Dr Maud 

Lemoine, Dr Yusuke Shimakawa, Dr Ramou Njie (MRC Unit, The Gambia) and 

Professor Mark Thursz (Imperial College). 

 

The primary economic evaluation presented in this chapter has been accepted for 

publication in a peer-reviewed journal and has therefore accordingly benefitted from 

contributions from the co-authors and anonymous peer reviewers. This manuscript is 

referenced in the forthcoming WHO HBV testing guidelines (unpublished). Prior to 

publication, a section of this work was also presented at the International EASL 

Conference, London in 2014.  
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6.1. Background 
 

6.1.1 Chapter outline and context 
 

Having looked at the range of all the tools available against HBV, to include 

prevention and treatment in the previous chapters, it is clear that prevention 

interventions alone are not sufficient to reduce mortality and morbidity due to HBV in 

the upcoming decades, and that increased testing and treatment is needed in order to 

achieve this ambitious aim. In this chapter I focus on evaluating the cost-effectiveness 

of a specific intervention of screening and treatment, alongside a large scale 

implementation study in The Gambia. 

 

6.2.2 General Overview 
 

An estimated 250 million people are chronically infected with Hepatitis B Virus 

(HBV), which is often asymptomatic during the early stages of disease.7 If left 

untreated, about 15-25% of those infected were thought to progress to hepatocellular 

carcinoma (HCC) or cirrhosis, when prognosis is poor. However, this figure is based 

on historical hospital cohorts and therefore could be an overestimation of all those 

infected with HBV infection. Approximately 1 million die each year due to HBV-

related end-stage liver disease and the burden is concentrated in resource-poor 

settings, including West Africa, where over 70% of hepatocellular carcinoma (HCC) 

in those under 50 years old is due to HBV.18 Screening, which aims to identify 

asymptomatically infected people and offer early intervention with antiviral therapy, 

could be an important public health measure to prevent HBV–related morbidity and 

mortality.  

 

International recommendations, including the new World Health Organization 

(WHO) guidelines recommend treatment for chronic hepatitis B (CHB).4 However, in 

practice, publicly funded treatment for HBV mono-infection is not available in sub-

Saharan Africa (SSA).156 Lack of infrastructure, high diagnostic and treatment costs, 

lack of community awareness and absence of trained healthcare professionals are just 

a few of the possible contributing factors which account for this. Treatment for CHB, 

without active screening has been shown to be cost-effective in many 
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settings,146,225,231,318-321 however, as my literature review in Chapter 2 highlights, 

screening studies have focused on high-risk target groups in High-Income Countries 

(HICs) rather than the general population in highly endemic low-income countries. 

The advent of potent antivirals like tenofovir, now available at generic prices for HIV 

treatment but effective in the treatment against both HIV and HBV, makes screening 

and treatment for CHB potentially feasible in more low- and middle-income countries 

(LMICs).  

 

6.2.3 HBV in The Gambia 
 
The Gambia is a small country (11 300km2) in West Africa, bordered completely with 

Senegal (Figure 48). It has a population of 1.7 million, GDP per capita of $487, ranks 

165th on the Human Development Index and has a life-expectancy at birth of 

58.8years.275 

 

 

Figure 48: Map of the Gambia. (taken from Lemoine et al 251) 
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Hepatitis B is highly endemic in the Gambia with 15-20% of Gambian adults (> 20 

years of age) chronically infected322 and primary liver cancer is the biggest cancer 

killer among adult males (58% of all cancers)323. A case control study found 57% of 

HCC in the Gambia to be attributable to HBV and a further 20% due to HCV. 324 

 

Based at MRC facilities, research into HBV in The Gambia has been on-going for 

over 3 decades, and therefore provides a wealth of data sets on which to build. The 

work so far, however, focused primarily on HBV prevalence studies, vaccination 

efficacy and cost effectiveness of vaccination programmes. Part of this research drive 

is due to the Gambian Hepatitis Intervention Study (GHIS), a large-scale vaccination 

project, launched in 1986 with the objective of evaluating the effectiveness of 

hepatitis B vaccination in childhood for the prevention of HBV infection, chronic 

liver disease and HCC325. Another valuable resource is the Gambia National Cancer 

Registry, one of the few population-based cancer registries in Africa with national 

coverage.326 

 

Prior to GHIS, surveys of Hepatitis B prevalence in 2 Gambian villages of Kenebar & 

Manduar have taken place from 1973 and provide data of the untreated natural history 

of HBV in The Gambia. In 1984, 190 chronic carriers of HBV were identified and 

followed up periodically. After 19 years, the majority (86%) of HBsAg carriers had 

lost HBeAg positivity and had low levels of viral replication327. 

 

The PROLIFICA study (Prevention of Liver Fibrosis and Cancer in Africa)292, an EU 

funded multi centre study was launched in 2011 in West Africa, involving 3 centres in 

The Gambia (MRC Gambia), Senegal (Le Dantec & Thies University Teaching 

Hospitals) & Nigeria (Jos University Teaching Hospital), in collaboration with 

Imperial College London, International Agency for Research in Cancer (France) and 

Inserm (France). Its objectives were to establish 2 main research platforms i. The 

West African Treatment Cohort (WATCH) study which involved population 

screening and antiviral therapy for patients with chronic HBV with the primary trial 

endpoint of reducing the observed incidence of primary liver cancer by treating HBV 

and ii.Large case control study of HCC (HC4 study), designed to evaluate 

epidemiological, biological and clinical factors for HCC development, in West Africa.  
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The WATCH study provided the study setting for this current economic analysis. In 

brief, after sensitisation of the population, screening for HBsAg was performed in the 

community by field-workers using rapid HBsAg tests (Determine). In each of the 

randomly selected 54 communities, all those above the age of 30 years were offered 

screening after household registration. All those who tested positive were offered 

subsequent diagnostic evaluation in a dedicated hepatology out patients at the MRC 

Unit in Fajara. Those meeting EASL criteria were treated with tenofovir (see Figure 

49). 

 

 

Figure 49: Flow chart of study structure (taken from Lemoine et al251). 

 
 

 

In total there were 8170 people eligible for screening in 54 communities. 5980 

(68.9%, 95% CI: 65.0-72.4%) took up screening with rapid HBsAg tests. 495 (8.5%, 

95% CI: 7·9-9·7%) tested positive for HBsAg. 402 (81·3%, 95% CI: 76·6-85·2%) of 
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those tested positive were  linked to care. 18 (4·4%, 95% CI: 2·5-7·7%) of those who 

attended OPD were eligible for antiviral therapy (see Figure 50).  

 

 

Figure 50: PROLIFICA study results (taken from Lemoine et al251). 

 
 

 

This background provides the setting for the cost-effectiveness analysis. This study is, 

to our knowledge, the first economic evaluation of a community screening and 

treatment strategy for CHB in a LMIC setting. It aims to inform decisions on health 

policy and resource allocation by presenting the possible costs and benefits of 

improving diagnostic and treatment rates of those asymptomatically infected with 

HBV in SSA, a strategy that has up until now had a very limited evidence base.  

 

Community screening 

8,170 eligible for screening  
in 54 communities  

(Dec 2011 – Jan 2014) 

5,980 (68·9%, 95%CI: 65·0-72·4%)* 
screened for HBsAg 

495 (8·8%, 95% CI: 7·9-9·7%)**  
tested positive for HBsAg 

402 (81·3%, 95% CI: 76·6-85·2%)**  
linked to care 

18 (4·4%, 95% CI: 2·5-7·7%)**  
eligible for antiviral therapy 

Absence: 714 
No benefit: 567 

Other reasons: 356*** 
Lost to follow-up: 553 
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6.2 Methods 

 

6.2.1 Model structure 
 
The natural history of CHB infection was represented in a state transition model 

(Figure 51) using eight distinct disease states, recognised in international guidelines 

on HBV management.48 A decision tree, representing the intervention characteristics 

of screening and treatment, combined with Markov models representing the untreated 

and treated natural history of CHB was created in Tree Age Pro 2014 (TreeAge 

Software, Inc., MA, USA) (Figure 52). This was used to follow disease progression 

in the screened population in annual cycles over 40 years. Parameters are presented in 

Table 19. 

 

Figure 51: Simplified schematic diagram representing the disease states of 

chronic hepatitis B infection used for the Markov model. Boxes represent disease 

states and arrows represent transitions between states. See Table 19 for transition 

rates and sources. Treatment is given to those in the Immune Reactive, HBeAg 

negative CHB, Compensated Cirrhosis and Decompensated Cirrhosis states, as per 

international guidelines.  
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Table 19: Table of main model parameters: The base-case parameter values, the deterministic range over which the one-way sensitivity analysis was 

performed, the PSA distributions and parameters used and descriptions, where appropriate are all presented in this table. Where more than one 

reference is given, the final value represents a summary value. §The references provided in brackets represent the sources of the parameter ranges used 

in the sensitivity analyses. * Where transition rates were used from the review by Lin et al197, the original articles are individually referenced. ** The 

equivalent category in GBD 2010, which was used for the disability weight of each of these health states is described. ^In the gamma distributions, the 

λ parameter is equal to mean/sd^2. 

Parameter  
Base-case 

value 

Deterministic 

Range 

PSA 

distribution 

PSA  

parameters 
Source Further Description 

Intervention Costs 

One off activity: 

Screening cost per capita (US$)  7.43 3.72 – 14.9 Gamma^ 
D=100 

λ =13.4 

Primary data, 

PROLIFICA 
 

Initial evaluation visit (US$)  120 60 -200 Gamma 

+/-20% range for 

each component 

part 

Primary data, 

PROLIFICA 

Initial evaluation visit includes 

routine bloods, virology, 

ultrasound scan, fibroscan and 

staff costs.  

Annual management: 
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Drug treatment (US$) 48 24-207 
Point 

estimate 
 328 

Treatment consisted of 

antiviral therapy with daily 

tenofovir at generic price. 

Monitoring on treatment (US$) 36.88 30 – 44 Gamma 

+/-20% range for 

each component 

part 

Primary data, 

PROLIFICA Monitoring in the treated 

stages is performed six-

monthly, and annually in the 

untreated stages of chronic 

hepatitis B infection. Monitoring not on treatment (US$) 15.77 13 – 32 Gamma 

+/-20% range for 

each component 

part 

 

Primary data, 

PROLIFICA 

Hospitalisation Costs 

Cost per day of hospitalisation (US$) 6.66    WHO-Choice329 

WHO-Choice values are given 

minus drug and lab costs, 

therefore we have multiplied 

by a factor of two to account 

for these. 

Average length of hospital stay  7.15 days    WHO-Choice329  



 204 

 

Cost per hospitalisation (US$) 47.24  Gamma^ 
D=3.57 

λ =0.0756 
WHO-Choice329 

Average cost per 

hospitalisation in stages of 

compensated cirrhosis, 

decompensated cirrhosis & 

HCC; is equal to the average 

length of stay multiplied by 

the cost per day of 

hospitalisation.  

No of hospitalisations a year 

Compensated Cirrhosis 
2   Uniform 

low =0 

high =4 
Assumption  

No of hospitalisations a year 

Decompensated Cirrhosis 
3  Uniform 

low =0 

high =6 
Assumption 

 

No of hospitalisations a year HCC 3   Uniform 
low =0 

high =6 
Assumption 

 

Average annual cost of hospitalisation 

for Compensated Cirrhosis  
95.24 0 – 190   Based on above 

Annual cost of hospitalisation 

in each stage is equal to the 
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Average annual cost of hospitalisation 

for Decompensated Cirrhosis  
142.86 48 - 286   Based on above 

cost per hospitalisation 

multiplied the number of 

hospitalisations per year. Average annual cost of hospitalisation 

for HCC 
142.86 48 - 286   Based on above 

Epidemiological Parameters § 

HBsAg prevalence 8.8% 0 – 15% 
Point 

estimate 

 
PROLIFICA 

 

Screening uptake 68.9% 63 – 97% 
Point 

estimate 

 

PROLIFICA 

(Cremin330) 

Percentage who took up 

community HBsAg testing 

divided by all those offered 

screening (over 30 years old). 

Linkage to care 81.3% 62 – 100% 
Point 

estimate 

 

PROLIFICA 

(Rosen331) 

Defined as attendance at the 

first clinic appointment after 

being tested HBsAg positive in 

the community. 

Adherence to treatment (year 1) 80.9% 77 – 95% 
Point 

estimate 

 

 

PROLIFICA 

(Mills332) 

Adherence to antiviral therapy 

in the 1st year of treatment.  
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Annual rate of drop-out of treatment 

(after year 1) 
2% 1-5% 

Point 

estimate 
Assumption 

Yearly drop-out rate from 2nd 

year of antiviral treatment 

onwards. 

Annual resistance to treatment  0%  
0-2%  

(after year 6) 

Point 

estimate 
 219 

 

Annual risk of developing HCC for 

those with Compensated Cirrhosis on 

antiviral therapy 

0.5% 0 to 1% Beta 
D=0.747 

E=149 
52,218 

 

Annual risk of developing HCC for 

those with Decompensated Cirrhosis 

on antiviral therapy 

1% 0 to 4.4% Beta 

D=0.808 

E=80.0 

 

Sensitivity of HBsAg POC test 88.5% 85.1 – 98.2% 
Point 

estimate 

 PROLIFICA333 

(Shivkumar334) 

False positives on screening are 

seen in clinic, where have full 

diagnostic evaluation including 

confirmatory HBsAg serology. 

They are then discharged from 

care and do not receive 

unnecessary treatment. 

Specificity of HBsAg POC test 100% 99.03 -100% 
Point 

estimate 

 

PROLIFICA333 

(Shivkumar334) 
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False negatives are those who 

are tested HBsAg negative at 

screening, and therefore not 

followed up in clinic and do not 

receive treatment. They 

progress in the model as per 

untreated natural history of 

HBV. 

Start age of cohort 38 15-50 
Point 

estimate 

 

PROLIFICA 

Screening was offered to all 

those above 30 years. However, 

the start age of our modelled 

cohort was 38 years, to 

correspond with the median age 

of HBV positive patients 

screened in the community. 

Discount rate (costs) 3% 0 – 6% 
Point 

estimate 

 
282,335 

 

Discount rate (health outcomes) 3% 0 – 6% Point  282,335  
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estimate 

Annual Disease Transition Rates* 

Immune Tolerant to: 

        Immune Reactive 0.1 0.03 - 0.2 Beta 
D=5.063 

E=45.57 
161-163 

 

        HCC                           0.003 0 - 0.006 Beta 
D=3.985 

E=1324.35 
Assumption 

 

Immune Reactive to: 

       Inactive Carrier 0.05735 
0.0458 - 

0.06882 
Beta 

D=11.971 

E=196.76 
164,165 

 

       HBeAg negative CHB 0.005 0 - 0.05 Beta 
D=0.154 

E=30.69 
Assumption 

 

       Compensated Cirrhosis 0.0277 0.01 - 0.054 Beta 
D=6.138 

E=215.45 
168-170,182-185 

 

       HCC 0.0065 0.0027 - 0.01 Beta D=12.596 166-172  
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E=1925.30 

Inactive Carrier to: 

       HBeAg negative CHB 0.0268 0.0115 - 0.0471 Beta 
D=11.173 

E=405.74 
165,173-178 

 

       HCC 0.00065 0 - 0.001 Beta 
D=0.057 

E=94.89 
179 

 

       HBsAg negative 0.01 0.0097 - 0.0226 Beta 
D=17.146 

E=1257.65 
164,175,176,180 

 

HBeAg negative CHB to: 

      Compensated Cirrhosis 0.04 0.01 - 0.052 Beta 
D=11.173 

E=300.92 
168-170,174,180-185 

 

     HCC 0.00616 0.0027 - 0.01 Beta 
D=11.300 

E=1824.50 
180 

 

 Compensated Cirrhosis to: 

        Decompensated Cirrhosis 0.039 0.032 - 0.046 Beta D=2.848 50,172,186,187  
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E=70.18 

        HCC 0.0366 0.008 - 0.08 Beta 
D=3.947 

E=103.88 
161,166,170,172,187-196 

 

       Death 0.039 0.039 - 0.507 Beta 
D= 0.270 

E= 6.66 
197 

 

 Decompensated Cirrhosis to: 

       HCC 0.0376 0.023 - 0.071 Beta 
D=9.411 

E=240.88 
186,188-192,198 

 

       Death 0.314 0.043 - 0.57 Beta 
D=3.583 

E=7.83 
197 

 

 HCC to: 

       Death 0.5 0.4 - 1 Beta 
D=5.056 

E=5.06 
197 

 

Disability Weights ** 

Immune Tolerant 0.053  Beta D=20.13 GBD 2010336 
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E=359.73  ‘HIV receiving ARV’ 

Immune Reactive 0.053  Beta 
D=20.13 

E=359.73 

GBD 2010336 

 ‘HIV receiving ARV’ 

Inactive Carrier 0.053  Beta 
D=20.13 

E=359.73 

GBD 2010336 

 ‘HIV receiving ARV’ 

HBeAg negative CHB 0.053  Beta 
D=20.13 

E=359.73 

GBD 2010336 

 ‘HIV receiving ARV’ 

Compensated Cirrhosis 0.127  Beta 
D=10.02 

E=68.90 

GBD 2010336 

‘Decompensated Cirrhosis of the liver’ (lower CI 

used) 

Decompensated Cirrhosis 0.194  Beta 
D=21.67 

E=90.05 

GBD 2010336 

‘Decompensated Cirrhosis of the liver’ 

HCC 0.519  Beta 
D=18.10 

E=16.77 

GBD 2010 ‘Terminal phase: without medication 

(for cancers,end-stage kidney or liver disease)' 

Treated Immune Reactive 0.053  Beta 
D=20.13 

E=359.73 

GBD 2010336 

‘HIV receiving ARV’ 
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Treated HBeAg negative CHB 0.053  Beta 
D=20.13 

E=359.73 

GBD 2010336 

‘HIV receiving ARV’ 

Treated Compensated Cirrhosis 0.053  Beta 
D=20.13 

E=359.73 

GBD 2010336 

Assumed returns to ‘HIV receiving ARV’ 

Treated Decompensated Cirrhosis 0.127  Beta 
D=10.02 

E=68.90 
Assumed returns to ‘Compensated Cirrhosis’ 
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Figure 52: Decision Tree. This is a simplified skeleton diagram of the decision tree 

used in the model, representing the screening process. At the end of each branch of the 

decision tree there is one of three types of Markov models either corresponding to i. the 

untreated natural history of HBV ii. the treated natural history of HBV or iii. HBV 

negative persons. Under each line is a probability represented by p_. HBsAg = Hepatitis 

B surface antigen.  
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6.2.2 Study Setting  
 

The multi-centre PROLIFICA (PRevention Of LIver FIbrosis and Cancer in Africa) study 

was conducted across the Western Gambia.292 The PROLIFICA study was approved by the 

Gambia Government/MRC Joint Ethics committee. Data from the PROLIFICA study was 

used to parameterise epidemiological, screening and cost information and literature review 

was used to furnish other parameters. See introduction for further details about the 

PROLIFICA study, methods and results. 

 

6.2.3 Strategies 
 
Two strategies were considered: 

 

(1) Status Quo 

Our baseline strategy was a ‘status quo’ strategy to reflect current practice, specifically, the 

absence of publicly provided screening or treatment for HBV in The Gambia.  Costs therefore 

reflect those incurred if and when patients present at the later stages of disease due to 

morbidity from cirrhosis and HCC, when patient outcomes are also poorer.  

 

(2) Screen and Treat Intervention (S&T) 

Community-based screening consisted of initial community sensitization, door-to-door 

household registration of eligible participants (>30 years) and testing for Hepatitis B surface 

antigen (HBsAg; a marker of being infected with HBV), using a rapid point-of-care test. This 

was performed by field-workers. Those found to have a positive test were offered outpatient 

review for diagnostic evaluation including routine bloods, HBV viral load (VL), screening for 

co-infection with HIV, Hepatitis C or Delta Viruses (HCV, HDV), liver ultrasound scan and 

Fibroscan for assessment of liver fibrosis. Patients meeting European Association for the 

Study of the Liver (EASL) criteria48 for treatment were prescribed tenofovir motherapy.251 

Standard monitoring was performed in accordance with international guidelines and we 

assumed lifelong treatment. We assumed that there was no resistance to tenofovir219 and that 

antiviral treatment would halt disease progression (if perfectly adherent). We considered a 

drop-out rate of 19.1% in the first year of treatment (ie 1-adherence rate), as per data from the 

PROLIFICA study (Table 19) and we assumed a 2% dropout rate per year for subsequent 
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years. However, there remained an ongoing risk of developing HCC despite antiviral therapy, 

for those with already established cirrhosis.52,218  

 

6.2.4 Cohort characteristics 
 
Although screening was offered to all those above 30 years, the start age of our modelled 

cohort was 38 years, to correspond with the median age of HBV positive patients screened in 

the community, to attempt to avoid over-estimation of health benefits. It was assumed that 

they had not been vaccinated against HBV, as the universal infant vaccination programme 

only began in 1990 in the Gambia.18 The starting distribution of the infected cohort across 

different clinical states was based on PROLIFICA data (Table 20). We assumed that natural 

history and cost parameters were independent of age and sex, but applied an age structured 

Gambia-specific mortality rate.199  

 

 

Table 20: Starting state distribution of HBV positive cohort. Compensated Cirrhosis is 

defined as LSM>9.5 kPa and/or Metavir F4. Decompensated cirrhosis is defined as cirrhosis 

+ (ascites or encephalopathy or hematemesis or jaundice).  

 

Table S1: Starting state distribution of HBV positive cohort. Compensated Cirrhosis is 

defined as LSM>9.5 kPa and/or Metavir F4. Decompensated cirrhosis is defined as cirrhosis 

+ (ascites or encephalopathy or hematemesis or jaundice). PROLIFICA = Prevention of Liver 

Fibrosis and Cancer in Africa. 

 

Start state  
 

Probability 
Source 

Immune Tolerant 0.015 PROLIFICA 

Immune Reactive (HBeAg positive CHB) 0.015 PROLIFICA 

Inactive Carrier 0.905 PROLIFICA 

HBeAg negative CHB 0.035 PROLIFICA 

Compensated Cirrhosis 0.025 PROLIFICA 

Decompensated Cirrhosis 0.005 PROLIFICA 

Hepatocellular Carcinoma 0 PROLIFICA 
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6.2.5 Natural history 
 
We simulated patients’ progression using Markov models representing both the untreated and 

treated natural history. Eight mutually exclusive health domains were identified which include 

seven states of CHB infection and one of immunity/recovery (Figure 51). These are 

internationally recognized stages of CHB infection (European Association for the Study of 

the Liver (EASL) and American Association for the Study of Liver Diseases (AASLD) 

guidelines48,337), which are based on levels of HBV viral load, ALT level, HBeAg status (a 

serological marker representing high infectivity) and degree of fibrosis +/- presence of 

tumour. These are biologically plausible states which best represent the natural history of 

CHB. Whilst previous models, especially those focusing on economic evaluation of infant 

HBV vaccination, have often grouped stages together, we felt that to fully assess treatment 

impact, we need to separate these stages so as not to obscure the important heterogeneity 

between the states regarding transition rates, mortality rates, requirement for treatment and 

associated costs. 

 

Transition parameters between health states were obtained from published literature and was 

informed by our own literature review, including parameters from a systematic review by Lin 

et al197 on disease progression in the Asia-Pacific Region and Africa (see Table 1). In brief, 

transition between the stages is unidirectional. All states of CHB can transition to 

hepatocellular carcinoma (HCC), although the rates of transition are highest for the health 

states of decompensated cirrhosis (DC), compensated cirrhosis (CC), HBeAg negative CHB 

and immune reactive, which represent the treatment requiring states. Only the CHB states of 

HBeAg negative CHB and immune reactive can transition to CC. It is assumed that DC can 

only be reached via CC. There is a 1% annual rate of spontaneous HBsAg clearance from the 

inactive carrier stage.164 

 

Acute HBV infection was excluded in our model, as it is not a major driver of morbidity and 

mortality in the adult population in SSA. By the age of 30, 90% of the population have 

already been infected by the virus and either cleared it or become chronically infected 338 

 

Unlike Hepatitis C Virus (HCV) infection, which is thought to increase liver-related, as well 

as all cause mortality/morbidity compared to the general population,339,340 this has not been 
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shown to be the case in HBV. However there is excess hepatitis-related mortality from CC, 

DC and HCC states and these rates were populated from the literature (Table 19). All other 

states were assumed to have the same mortality rate as the background population and a 

Gambia-specific age related mortality rate was used.199 

 

Cost of testing for co-infection with HIV, HCV and HDV at initial outpatient review, was 

included in our analysis. However, we did not take into account the impact of co-infection on 

the rates of disease progression in the natural history model. This was beyond the scope of the 

current analysis and co-infection rates were relatively low in The Gambia at 3.3%, 1% and 

2%, for HIV, HCV and HDV, respectively.251Alcohol consumption was also low, with 7.1% 

of HBV positive subjects reporting to ever having taken alcohol, and was therefore felt 

unlikely to have significant impact on disease progression.  

 

6.2.6 Costs 
 

6.2.6.1 General overview 
 
A provider perspective was taken. Direct provider costs of screening and diagnostic 

evaluation were based on retrospective review of the PROLIFICA study budget, public health 

facility activity data and interviews with key health personnel regarding time and resources 

spent on the delivery of each intervention 

 

Costs collected consisted of personnel, equipment, materials, maintenance and shipping costs 

(in the case of fibroscan machine and POC test, which were shipped from the UK). Costs that 

were incurred that were specific to the research arm of PROLIFICA, and felt unlikely to be 

incurred in routine practice, were excluded from our analysis. We also excluded shared 

overhead costs of general services within the health facility or MRC unit (eg electricity, 

maintenance etc). 

 

The cost components of the S&T intervention included one-off costs for screening of $7.43 

per capita offered screening and initial diagnostic evaluation cost of $120 per patient. Annual 

costs were $48 for drugs and $36.88 for monitoring on antiviral therapy, $15.77 if not on 

antiviral therapy (Table 19, but see further details of costings are below). 
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Data from WHO-CHOICE was used to estimate costs of hospitalisation in The Gambia.329 All 

costs are presented in 2013 US$. This was chosen to represent the mid time-point of when the 

costs were incurred and collected during the PROLIFICA study.  

 

Future costs and health outcomes were discounted at 3% p.a., as per WHO guidelines and 

Gates Reference Case. 282,335  

 

6.2.6.2 Screening Costs 
 
To evaluate the cost of screening, a sub-sample of the population screened as part of the 

PROLIFICA study was taken between October 2011 and October 2013. An ingredients-

costings approach341 was applied, using a combination of interviews with key personnel about 

time and resource allocation, local cost data and retrospective programme costs. We included 

costs of human resources, consumables, transport, training and supervision costs. We also 

included per diem costs for the field workers during the screening activities. The costs for the 

screening activities included a supervisory cost, which was performed by international staff at 

the site. 

Over this initial two-year period, 5321 people were screened in 47 areas (22 rural, 25 urban), 

using point-of-care (POC) HBsAg. The total number of eligible participants in the screened 

areas were 7369. 281 days were dedicated to screening activities: 197 days of screening and 

94 days of community sensitisation. A team of eight field workers carried out the screening 

for the first 4 months, with five field workers for the remainder of the screening period. 

Community sensitization was carried out by two field workers. The total distance travelled for 

screening activities was 11 666km. 

In this sub-sample, screening uptake was 72% among those eligible (>30 years) and 450 

(8.46%) of those screened tested positive for HBsAg. Total screening costs were $55211. 

This included 41% field-worker salaries, 26% consumables ($1.53 per POC test) and 17% 

transportation costs (Table 21). 

Cost per person screened was $10.38 and $123 per HBV positive case detected. Cost per 

capita offered screening was $7.43 (where the denominator is all members of the population 

who are eligibile for the screening intervention, over 30 years old). The parameter of cost per 

capita offered screening was chosen for use in the model in preference to the cost per person 
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screened, so that it remains independent on screening uptake and HBsAg prevalence and 

therefore is not double-counted for in the model. Furthermore, it allocates a screening cost for 

those who did not take up screening.  

 

Table 21: Screening costs. Costs components of Community-based screening in The 

Gambia, for a sub-sample of 5321 people screened over a two-year period from 2011 to 2013. 

POC = Point-of-Care test. *Includes cost of $1.57 per rapid Point-of-Care test. ** $0.8/km for 

driver, vehicle & fuel. *** Includes per diem, shipment cost etc. 

 

 

6.2.6.3 Diagnostic Evaluation and Treatment Costs 
 
Initial diagnostics costs included evaluation with routine bloods including ALT and platelet 

count, HBV viral load (VL), screening for co-infection with HIV, HCV or HDV, liver 

ultrasound scan and Fibroscan; a non invasive marker of liver fibrosis that has been validated 

in our cohort.56 As PROLIFICA was part of a research study, monitoring of patients was 

performed at least six-monthly, and more frequently if on antiviral therapy. However, for the 

purposes of our model, we included simplified monitoring; six-monthly HBV VL, ALT and 

creatinine measurements, if on antiviral therapy and annual HBV VL and ALT measurements 

if not on treatment. Recent WHO HBV treatment guidelines, recommend at least annual 

monitoring for untreated categories.4 
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For routine bloods and serology, we used standard laboratory costs at the MRC hospital. HBV 

VL testing was based on an in-house PCR assay342 calculated using an standard ingredients-

costings approach.333,341  

 

We included 30 minutes for initial outpatient consultation and 15 minutes for follow-up visits 

with a medical doctor, as well as 15 minutes with a nurse at each review, to include activities 

such as venepuncture, weight assessment and assessment of adherence.  

  

The cost of tenofovir that was used in the model was $48 per patient per year. This was based 

on the average generic price of tenofovir used in HIV programmes in The Gambia, as 

reported by GPRM in 2013.328 The upper range of price used in the sensitivity analyses was 

taken from the originator company pharmaceutical price of $207, for category 1 countries in 

2013 (Category 1 countries include 111 eligible countries including all countries in SSA).343 

 

6.2.6.4 Costs averted (costs of management of end-stage liver disease) 
 
The cost of CHB in low-income countries is largely unknown and data is lacking. For our 

study, data from WHO-CHOICE 329 was used to estimate costs of hospitalisation in the 

Gambia and average length of hospital admission. Annual hospitalisation costs were 

calculated using the assumed average number of hospitalisations a year in each health state, 

multiplied by the unit cost per hospitalisation (Table 19). The exact number of 

hospitalisations per year for the late stages of HBV in the Gambia is unknown as many people 

do not present to health care facilities for care and treatment. Therefore we made assumptions 

based on expert opinion. Given the uncertainty around annual hospitalisations and costs in the 

Gambia, this was varied over wide ranges in the one-way sensitivity analyses; $0-$190 per 

year for CC, and $48-$286 per year for DC and HCC. The lower ranges represent when low 

costs are incurred for HBV-related disease, which can be either due to low numbers 

presenting to hospital or patients accessing lower cost facilities than we have used in our 

study. We used a zero value for the lower range of CC costs as many patients with CC, do not 

need inpatient management. We assumed that no hospitalisations were incurred for the initial 

stages of CHB infection. 

 

6.2.7 Outcome measures 
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Three outcome measures are presented to allow for greater comparability with existing 

literature and to acknowledge that each one has limitations (i) cost per disability adjusted life 

year (DALY) averted, (ii) cost per life year (LY) saved and (iii) cost per quality adjusted life 

year (QALY) gained.  

 

Disability weights represent the severity of health loss associated with a health state, on a 

scale from zero to one. Disability weights for ‘liver disease’ were used from the Solomon et al 

data (Global Burden of Disease study).  However, there were only disability weights for 

‘decompensated cirrhosis’ and ‘terminal phase: without medications (for cancers, end-stage 

kidney or liver disease)’. Therefore these disability weights were approximated from other 

diseases where liver-specific weights were not available.336 For the CC stage, the lower 

confidence interval of decompensated cirrhosis was used. The early stages of CHB did not 

have an allocated disability weight. Therefore ‘HIV receiving ARV’ was used as the next 

most appropriate disability weight, for the treated and untreated health states of immune 

tolerant, immune reactive, inactive carrier and HBeAg negative CHB (Table 19). Age 

weighting was not used, in line with the most recent GBD recommendation for the use of 

uniform weights. 

For baseline QALY calculations, mean cross-country utilities from a multi-country study 

performed by Levy et al, to elicit HBV health utilities in USA, Canada, UK, Spain, Hong 

Kong and China, were used. These health utilities have been used in previous HBV cost-

effectiveness models.344 For sensitivity analyses, various combinations of health utilities were 

used, representing different instruments used for measurement and between-country variation 

(Table 22). We assumed that antiviral therapy for the stages of immune reactive, HBeAg 

negative CHB and CC would increase the health-related quality of life to ‘normal’ health and 

that antiviral therapy for DC would increase health-related quality of life to that experienced 

in CC. Since tenofovir is a well tolerated drug, we assumed that therapy would not impair 

health-related quality of life. 

 

 

Table 22: Health State Utilities. Health utilities for each chronic hepatitis B health state 

which were used for QALY estimations. The first column represents the utilities used for the 

base-case scenario (Levy et al 345). The other columns represent studies which were used for 

the multivariate sensitivity analysis, and the corresponding ICER results. (Table adapted from 
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Woo et al, Can J Gastroenterol. 2012 346). * It was assumed that treatment increases utility to 

‘normal health’. ** It was assumed that treatment of decompensated cirrhosis increases utility 

to that of the untreated compensated cirrhosis state. Since tenofovir is a well tolerated drug it 

was assumed that therapy would not impair health-related quality of life. § SD = Standard 

Gamble. HU13 = Health Utilities Index Mark 3, EQ5D = EuroQol5D, VAS = Visual 

Analogue Scale. 

 
 

6.2.8 Measurement of cost-effectiveness 
 
The Incremental Cost-Effectiveness Ratio (ICER) between the status quo scenario and the 

S&T intervention was calculated using the formula: 

 

ICER =  Cost screening & treatment – Cost status quo  

              Effectiveness screening & treatment – Effectiveness status quo 

  

For the interpretation of ICER values, the maximum value that a decision maker is willing to 

pay per incremental DALY averted or LY/QALY gained should be considered. A new 

intervention is often deemed cost-effective if the ICER is below this willingness-to-pay 

(WTP) threshold. However, despite the use of such thresholds, to guide healthcare resource 

allocation, especially in HICs (eg UK uses a threshold of £20 000 - £30 000/ QALY 

gained),347 this method has attracted controversy as estimates are not based on empirical 

Table S3: Health State Utilities: Health utilities for each chronic hepatitis B health state 

which were used for QALY estimations. The first column represents the utilities used for the 

base-case scenario (Levy et al 1). The other columns represent studies which were used for the 

multivariate sensitivity analysis, and the corresponding ICER results. (Table adapted from 

Woo et al, Can J Gastroenterol. 2012 2). * It was assumed that treatment increases utility to 

‘normal health’. ** It was assumed that treatment of decompensated cirrhosis increases utility 

to that of the untreated compensated cirrhosis state. Since tenofovir is a well tolerated drug it 

was assumed that therapy would not impair health-related quality of life. HCC = Hepato-

cellular carcinoma. § SD = Standard Gamble. HU13 = Health Utilities Index Mark 3, EQ5D = 

EuroQol5D, VAS = Visual Analogue Scale. 

 

Health State 
Source and method used for calculating utility § 

Levy, SG 
(Average) 

Levy, SG 
(China) 

Woo, 
HU13 

Woo, 
EQ5D Woo, VAS Woo, SG Ong, 

EQ5D Ong, VAS 

Immune Tolerant 0.68 0.52 0.87 0.92 0.8 0.89 1 0.82 

Immune Reactive 0.68 0.52 0.87 0.92 0.8 0.89 1 0.82 

Inactive Carrier 0.68 0.52 0.87 0.92 0.8 0.89 1 0.82 
HBeAg negative 
CHB 0.68 0.52 0.87 0.92 0.8 0.89 1 0.82 

Compensated 
Cirrhosis 0.69 0.57 0.81 0.88 0.78 0.87 1 0.79 

Decompensated 
Cirrhosis 0.35 0.26 0.49 0.73 0.63 0.82 0.85 0.7 

HCC 0.38 0.31 0.85 0.81 0.77 0.84 0.83 0.7 
Treated Immune 
Reactive* 0.7 0.7 1 1 1 1 1 1 

Treated HBeAg 
negative CHB* 0.7 0.7 1 1 1 1 1 1 

Treated 
Compensated 
Cirrhosis* 

0.7 0.7 1 1 1 1 1 1 

Treated 
Decompensated 
Cirrhosis** 

0.69 0.57 0.81 0.88 0.78 0.87 1 0.79 

ICER ($/QALY) 511 310 364 435 307 399 627 321 
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evidence, particularly in LMICs.348 

 

The WHO threshold of less than three times the country’s GDP per capita, to reflect the 

intervention being cost-effective and less than one times the country’s GDP per capita, to 

reflect the intervention being highly cost-effective has often been used in LMICs. However, 

there has been an increasing acknowledgement that the three times GDP per capita threshold 

is likely too high and other thresholds including less than one times the country’s GDP per 

capita is being proposed.349  The World Bank threshold of $240 (1993 value of $150, updated 

to 2013 values using CFI inflation calculator, which uses the average Consumer Price Index 

for a given calendar year350) is a more stringent threshold.351  

 

We therefore present a variety of WTP thresholds to allow the decision maker to put the 

results of our study, into the context of these various WTP thresholds; namely one times GDP 

per capita of The Gambia ($487), three times GDP per capita of The Gambia ($1460) and a 

more stringent World Bank threshold of $240 per DALY averted, for the reader to make 

appropriate conclusions. 

 

6.2.9 Sensitivity analysis 
 
A series of one-way deterministic sensitivity analyses were conducted by varying the 

parameters individually over plausible ranges to test the robustness of our findings and to 

identify key uncertainties and data collection priorities. Multiple combinations of health 

utility values were also explored in the sensitivity analysis  (Table 22). 

 

Multivariate probabilistic sensitivity analysis was also performed to characterise the overall 

combined uncertainty of all the model parameters using second order Monte Carlo 

simulations.352 Distributions for parameter values were specified by a gamma distribution for 

costs (range of +/-20%) and beta distribution for probabilities (range taken from literature, or 

where unavailable +/- 0.2, constrained between 0 and 1).353 Uncertainty in the model is 

presented in a cost-effectiveness acceptability curve (CEAC). 

 

6.3 Results 
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6.3.1 Base case results 
 

The projected total health benefit that a round of screening will impart on this cohort of 8170 

people compared to status quo is an additional 498 DALYs averted, 417 LYs gained or 526 

QALYs gained.  

 

The S&T strategy has ICERs of $540 per DALY averted, $645 per LY saved and $511 per 

QALY gained, compared to status quo (Table 23). The cost per DALY averted compares 

favourably to a three times GDP per capita threshold in The Gambia and is in line with a one 

times GDP per capita threshold, implying that S&T is likely to be a cost-effective 

intervention. However, if the highly conservative World Bank $240 WTP is used, it is not. 

 

 

Table 23:  Summary results for each strategy: Costs and outcomes are presented for the status 

quo and screen & treat intervention strategies. The outcomes and ICERs are given for each 

outcome measure analysed; LY, QALY and DALY.  

 
 

6.3.2 Sensitivity Analysis 
 
One way-sensitivity analyses revealed that the ICER remained below three times GDP per 

capita per DALY averted, regardless of outcome measure, for most plausible ranges of 

parameters, represented in the tornado diagrams (Figure 53). We will discuss below, the 

parameters which were either most influential on the ICERs, most uncertain, or are important 

for programmatic implementation. 

 

 

Figure 53: Tornado diagram showing 1-way sensitivity analyses of influential 

parameters on the ICER. The first nine parameters affected the ICER by greater than $100 

over the ranges specified. The last three parameters affected the ICER less but are included as 

they are important for programmatic implementation. Parameter categories are grouped by 

colour: purple represents costs, green represents transition rates and red represents patient 

behaviours. The values representing the lower and higher ranges over which the parameter 

Cost LY QALY DALY $/LY gained $/QALY gained $DALY/averted
Status Quo 11.15 19.84 16.98 4.28
Screen & Treat 44.08 19.89 17.04 4.22

540511645

Average per person ICERStrategy 
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was varied are shown in brackets. *Treatment adherence refers here to the adherence in the 

first year, when the subsequent yearly drop our rate was kept constant at 2% a year. 

 

 
 

Varying HBsAg prevalence rates to 10% 5%, 2% and 1%, increased the ICER to $526, $633, 

$955 and $1492 per DALY averted, respectively, with a sharp increase in the ICER, at 

prevalence lower than 2% (Figure 54). Varying the age of cohort screened between 15 and 50 

years increased the ICER from $443 to $824/DALY averted. 
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Figure 54: Effect of varying HBsAg prevalence on ICER. The boundaries of HBV 

endemicity categories are marked by dashed green lines and labelled as low, low-

intermediate, high-intermediate and high to represent <2%, 2-5%, 5-8% and >8% HBsAg 

prevalence levels, respectively. The baseline HBsAg prevalence in The Gambia is represented 

by a solid blue line.  

 
 

A two-fold or three-fold increase in the cost of community screening per capita from the 

baseline of $7.43 increased the ICER to $662 or $784/DALY averted, respectively. The 

generic price of tenofovir available for HIV programmes in The Gambia of $48/year328 was 

used for the base-case, but increasing drug price to $207, which represents the current 

pharmaceutical price of tenofovir offered to SSA countries, increases the ICER to 

$1064/DALY averted.354 A reduction of drug cost by half would reduce the ICER to 

$461/DALY averted.  

 

Our baseline treatment adherence rate in the first year was 80.9%, from the PROLIFICA 

study and varying this from 77% to 95% (while maintaining subsequent treatment drop-out 

rate at 2% per year), had a $40 effect on the ICER, reducing it from $610 to $569/DALY 

averted. Similarly, varying screening uptake over a wide range between 63-97.3%, which are 

in broad agreement with the ranges seen in the DHS surveys of HIV screening in SSA,330 had 
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only $46 effect on the ICER. Varying linkage to care (defined here as attendance to first out-

patient consultation) between 62-95% also had only a small impact on the ICER of $13. 

 

The natural history transition parameter which had the greatest influence on the ICER was the 

rate of progression from HBeAg negative CHB to Compensated Cirrhosis (CC). Changing 

this from 0.01 to 0.052 moved the ICER from $458 to $824/DALY averted. The next most 

influential transition rates were from Inactive Carrier (IC) to HBeAg negative CHB, CC to 

death and CC to HCC, which affected the ICERs by $183, $130 and $102/DALY averted, 

respectively. 

 

Using different health utilities for QALY calculations gave a range of ICERs from $307 to 

$627/QALY saved, the lowest ICER when utilities specific to China using a standard gamble 

technique were used345 and the highest ICER when utilities from Singapore, using EuroQol5D 

technique were used 355 (Table 22).  

 

 We performed sensitivity analyses with various combinations of discounting up to 6% (with 

health outcomes being discounted at the same or lower level than costs). As can been seen in 

Table 24, discounting at 6% for both health and costs results in a higher ICER of 

$791/DALY averted, but discounting costs at 6% and not discounting health outcomes results 

in the lowest ICER of $221/DALY averted. 

 

 

Table 24: Effect of discount rate on Incremental Cost-Effectiveness Ratio (ICER). Table 

showing ICERs at various combinations of discount rates from 0 to 6%. Highlighted in red is 

the ICER in the base-case scenario where costs and health effects where discounted at 3% per 

annum. 

 
 

0 0.01 0..02 0.03 0.04 0.05 0.06
0 370 329 297 272 251 235 221

0.01 419 378 346 320 298 281
0.02 476 435 402 375 353
0.03 540 499 466 439
0.04 614 573 539
0.05 695 654
0.06 786

ICERs ($/DALY) at 
various combinations of 

discount rates
Discount rate for Costs (%)

Discount rate 
for Health 

Outcomes (%)
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The following parameters representing effectiveness of treatment had minimal impact (<$20) 

on the ICER; varying resistance to treatment between 0.5 to 2% per year after 6 years of 

treatment initiation, varying failure of reduction in disease progression on antiviral treatment 

between 0 to 2% per year and varying the continued annual risk of development of HCC for 

those with cirrhosis on antiviral therapy, between 0 to 2% for compensated cirrhosis and 0 to 

4% a year for those with decompensated cirrhosis.   

 

Given the uncertainty around annual number of hospitalisations for HBV and costs in The 

Gambia, these parameters were varied over wide ranges in the sensitivity analyses. If the 

annual cost of hospitalisation of CC was higher than we estimated, the intervention would be 

more cost-effective with a lower ICER of $481/DALY averted, but there was <$30 effect on 

the ICER when varying annual hospitalisation costs for DC and HCC stages. 

 

6.3.3 Probabilistic sensitivity analysis & Cost Acceptability 
 
For 2000 Monte-Carlo simulations, mean cost for S&T was $44.70 (95% CI: 44.39-45) and 

for status quo it was $12.45 (95% CI: 12-12.91). Mean DALYs were 4.215 (95% CI: 4.213-

4.217) and 4.27 (95% CI: 4.268-4.272) for S&T and status quo, respectively. The mean ICER 

was $621 (95% CI: 612.8-629.6) per DALY averted. See Figure 55 for ICER scatter plot.  
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Figure 55: Incremental Cost-effectiveness Scatterplot. The graph shows simulation 

iterations plotted for incremental cost and incremental effectiveness of the screen and treat 

intervention compared to status quo. The plots below and to the right of the WTP line confirm 

that the screen and treat intervention is cost-effective if the threshold is one times GDP per 

DALY averted. The ellipse represents the 95% confidence interval.  

 

 

 

The Cost Effectiveness Acceptability Curve (CEAC) in Figure 56 represents the probability 

that the new intervention will be cost-effective over a range of decision makers’ WTP 

thresholds per additional DALY averted. At $1460 WTP, there is a 99.7% probability that 

S&T will be cost-effective, this probability reduces to 95%, 20% and <1% if the WTP is 

lower at $960, $487 or $240, respectively.  
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Figure 56: Cost Effectiveness Acceptability Curve. This figure represents the probability 

that the Screen & Treat intervention will be cost-effective over a range of willingness to pay 

(WTP) thresholds per DALY averted. The dashed lines represent different WTP thresholds 

that could be applied to The Gambia; $1460 (represents 3 times the GDP per capita of the 

Gambia), $974 (represents 2 times the GDP per capita of The Gambia), $487 (represents 1 

times the GDP per capita of the Gambia) and $240 (World Bank Threshold). 

 

 

 
 

6.3.4 Calibration 
 
The modelled HBV-negative, untreated HBV-positive and treated HBV-positive cohorts had 

median survival ages of 70, 62 and 69, respectively. This is consistent with the average life 

expectancy at age 30 of 68 years, in The Gambia,199 and the assumption that treatment for 

CHB restores a near normal life expectancy. This concordance adds strength to the validity of 

the model.  

 

6.4 Discussion 
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6.4.1 General Discussion 
 
Screening and treatment for HBV in The Gambia, where the adult HBsAg prevalence is 8.8%, 

has an ICER of $540, $645 and $511 per DALY averted, LY saved and QALY gained, 

respectively, compared to status quo. Whether this represents a cost-effective intervention 

must be judged in light of the WTP threshold adopted. S&T remains well below the 

commonly used benchmark WTP threshold of less than three times the country’s GDP per 

capita. However, as the use of this high threshold is increasingly questioned,349 we are also 

able to show that the ICERs remain in line with a much more stringent criteria of one times 

GDP per capita. Uncertainty exists around the chance that such an intervention will be cost-

effective at lower WTP. Low screening costs, highly effective and relatively low cost antiviral 

therapy at generic price and only a small proportion of people requiring antiviral therapy help 

drive the cost-effectiveness of the S&T strategy. However, this has to be balanced against 

life-long treatment and the fact that a high proportion with CHB will survive without 

treatment. Recent trials are showing promising results with finite treatment courses in certain 

patient groups,241 and this could help increase cost-effectiveness further. 

 

Existing economic evaluations of HBV interventions in LMICs focus on prevention of HBV 

infection through vaccination. This study is the first, to our knowledge, looking at the cost-

effectiveness of active population-level screening and treatment for HBV in a LMIC, using 

primary data from a large community-based implementation study in The Gambia. 

Furthermore, our model is unique in incorporating all stages of chronic HBV, thereby taking 

into account the dynamic natural history of CHB and allowing separation into treated and 

monitored categories, which have differing associated costs and outcomes. Although the 

paucity of data in SSA can make accurate cost-effectiveness analyses a challenge to perform, 

sensitivity analyses have revealed that the intervention remains cost-effective across a wide 

range of parameter inputs and WTP thresholds. 

 

6.4.2 Drivers of cost-effectiveness 
 

In this section we discuss some of the key drivers of cost-effectiveness. Although the results 

of the studies performed in HICs aren’t directly comparable quantitatively to the results of our 

study, in the absence of other literature on screening and treatment for HBV, we reflect on 

similarities and differences and draw comparisons, where appropriate. 
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Costs  

The cost of community-based HBV screening found in our study, falls at the lower end of the 

broad range of community-based HIV screening costs in SSA presented in a systematic 

review by Suthar et al (cost per person tested: $2.45 - $33.54).356 Although no similar studies 

of HBV screening costs exist in LMICs, cost of HBV screening in HICs varied between 

studies, for example, In the USA by Rein et al143 reported costs per person screened between 

$40 to $280, with the higher values representing the more active outreach strategies. 

Screening costs were only reported to be a driver of cost-effectiveness in a study by Wong et 

al.144 Despite being perceived as a resource and labour intensive strategy, in our study 

screening costs represented only 3-5% of the overall costs of HBV assessment and annual 

treatment & monitoring costs. Furthermore, costs are likely to be overestimated in our 

research study due to field teams dedicated entirely to HBV screening. Integration of HBV 

screening, with testing for other diseases like HCV or HIV could potentially reduce these 

costs further. Understanding how the quality of the intervention outside trial settings will 

impact costs and effects will be vital.  

 

Downstream costs of diagnosis, antiviral therapy and monitoring represent a larger proportion 

of the total costs than the screening part of the intervention. Generic price tenofovir ($48) was 

used for our analysis, but a recent study has shown that entecavir, which is due to come off 

patent in 2017, can be manufactured for a lower cost of $36357 and could be a suitable 

alternative cost-effective therapy to tenofovir. If The Gambia had to purchase tenofovir at the 

current pharmaceutical price of $207 offered to countries in SSA, this would significantly 

decrease cost-effectiveness. 354 Although studies of HBV screening in HICs use much higher 

baseline drug costs, some have also reported that a key driver of cost-effectiveness is the cost 

of antiviral drug.140-142  

 

HBsAg prevalence 

Chronic HBV prevalence can be divided into regions of low (<2%), low-intermediate (2-5%), 

high-intermediate (5-8%) and high (>8%) endemicity.7 Although The Gambia is classified as 

a highly endemic country, our analysis revealed that community screening and treatment 

remains below three times GDP per capita per DALY averted, even at an HBV prevalence as 

low as 1.5%. This has implications when deciding whether to offer wide-scale screening in 
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the post-vaccination era where all age prevalence has begun to decrease358 and for policy 

makers when considering the potential cost-effectiveness of similar interventions in 

neighbouring countries with different HBV prevalence patterns.  

 

Although different baseline HBsAg prevalence was used in low endemicity, high-income 

HBV economic evaluations of HBV screening, most of them similarly found that HBsAg 

prevalence was found to have a relatively small influence on cost-effectiveness, over the wide 

ranges tested. General population screening was found to remain cost-effective (ie ICER 

below the respective WTH threshold) down to a HBsAg prevalence of 0.3% in the USA139 

and screening of migrants in North America remained cost-effective down to a prevalence of 

1%141 - 3%359. This does not imply that an absolute threshold cut-off for HBsAg prevalence 

can be decided on the basis of these studies, but concordance across studies adds strength to 

the economic evidence for screening and treatment even down to low prevalence levels.   

 

Patient Behaviours  

Although increasing uptake of interventions and patient engagement is needed to maximise 

health gains, in our study, uptake of screening, linkage to care and adherence to therapy were 

not big drivers of cost-effectiveness. Our baseline adherence of 80.9%, although higher than 

reported adherence of 77% to HIV treatment in SSA,332 is lower than adherence of 87.8% 

reported to HBV treatment in North America.360 Our base-case estimate of 81.3% potentially 

overestimates linkage to care in routine practice, as it was part of a research study where re-

imbursement of transportation fees, clinics held in rural sites to facilitate access to treatment, 

active reminders about appointments, as well as good sensitisation and counselling of 

screened participants was performed. Variations in these parameters, however, had little effect 

in cost-effectiveness, as low rates reduce both the impact, as well as the costs, which scale 

together. These losses and frailties are similar to what is seen in the HIV care cascade. 

 

In contrast to our study, adherence to treatment and linkage to care were reported as key 

drivers of cost-effectiveness in some studies in the high-income setting142,145. Veldhuijzen et 

al reported that variation in rates of linkage to care and treatment adherence had the largest 

influence on ICER. However it should be noted that in this study the ranges used for their 

sensitivity analysis were wider than in our study (39-75% for linkage to care and 50-100% for 

adherence).   
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Disease Progression rates 

The natural history of HBV is complex and there is marked heterogeneity both between, and 

within populations. The majority of existing data is from South-East Asian and Western 

literature. To account for this uncertainty when translating to a West African population, 

sensitivity analyses were performed over wide ranges, and the ICER was found to be sensitive 

to many of the natural history parameters. As seen in the tornado diagram, the rate of 

progression from HBeAg negative CHB to CC has the biggest influence and varies the ICER 

by $366, but the ICER only increases to $824 even when the slowest progression rate of 0.01 

is used.  

 

Disease progression rates have also been found to strongly influence ICER in other HBV 

screening cost-effectiveness models in high-income settings.139,141,144,145 A Dutch study145, 

showed that varying parameters between a range representing fast disease to slower disease 

progression, showed significant variation in ICER between €5000 and €60000/QALY gained, 

respectively, a trend which was also seen in other studies141,144. The Eckman study showed 

that the ICER was most sensitive to the rate of spontaneous HBeAg seroconversion, which 

they assumed to be 5% at baseline, but exceeded the WTP threshold if increased to 10%. 

However, given the heterogenous natural history of HBV and lack of natural history 

progression rate data specific to all populations, this is likely to remain an inherent limitation 

of all cost-effective models for HBV.  

 

Effectiveness of antiviral therapy  

In our study, varying the parameters representing effectiveness of treatment was found to 

have minimal impact (<$20) on the ICER. This finding contrasts with some of the other 

studies in HICs where antiviral effectiveness was found to be a more influential factor. 141,144 

However, these older studies often used different antivirals and different efficacy 

assumptions, therefore it is difficult to draw conclusions as to the influence of these 

parameters on the result, For example, the older studies often included low-barrier to 

resistance drugs like lamivudine or interferon, whilst the newer studies mainly used tenofovir 

or entecavir and the efficacy assumptions have now been superceded with more current data. 

With the more consistent use of newer drugs like tenofovir and entecavir, with similar high 

efficacy rates and better data on efficacy, the uncertainty around this parameter is less 

important.  
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Other factors 

Other drivers of cost-effectiveness include factors that are inherent to some of the techniques 

used in economic analysis for example health utility values used for Quality Adjusted Life 

Year (QALY) assumptions139,144 and discount rate used144,147.  

 

Although there is general agreement in the literature about the need to discount costs, 

discounting of health effects is much more highly debated. For the baseline scenario, costs 

and health effects were discounted at 3%, as recommended by WHO.220,282 However, HBV 

infection is a chronic disease, with benefits only becoming apparent, often years, after the 

intervention. Discounting health effects therefore negatively impacts on cost-effectiveness 

analyses and needs to be considered before making direct comparisons between economic 

evaluations for acute and chronic diseases.351 

 

6.4.3 Limitations 
 

Our model is of a static cohort and assumes homogeneity of the population with respect to 

age and sex, rather than a dynamic transmission model. This therefore potentially 

underestimates impact, and cost-effectiveness of treatment, to the extent that treatment can 

reduce transmission in the population, especially through prevention of mother-to-child 

transmission by antiviral therapy. However, as only a small proportion of adults in The 

Gambia are highly infectious with low HBeAg positivity rates,38 which is consistent with data 

in other SSA regions, this extra benefit might be limited. 

 

A health provider perspective was used in this study, hence household costs of accessing 

screening and treatment were excluded. In a setting where the majority of people die at home, 

and end-of-life costs are borne by family members acting as care-givers, a societal perspective 

analysis would likely reveal a higher cost-effectiveness of the intervention. Furthermore, in 

The Gambia, where the median age of HCC is 40 years,361 it is often people of working-age 

affected, meaning that the economic impact is potentially greater to the household and 

society.  

 

A limitation of our study is the lack of longer-term adherence to treatment data, beyond year 

one from the PROLIFICA study. Therefore we considered a base-line year one drop-out rate 

of 19.1% (PROLIFICA data), and then assumed a 2% dropout rate per year for subsequent 
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years. Although annual dropout rates for HIV treatment in SSA can be much higher, HBV 

treatment with tenofovir mono-therapy has less side-effects than full ART regimens for HIV, 

and therefore annual drop out rates for HBV might be lower than for HIV. Furthermore, data 

from the USA suggests that adherence rates to HBV antiviral therapy drop early into 

treatment, and are generally maintained later.362 Furthermore, our sensitivity analysis showed 

that varying these parameters had only small impact on ICER (see Tornado diagram, Figure 

53).  

 

Although DALYs are commonly used as the outcome measure in economic evaluations in 

LMICs, the lack of representative weights for all stages of liver disease, limits their use in 

cost-effectiveness analyses for HBV. Furthermore, the stage of DC has been assigned a 

relatively low disability weight of 0.194 in the GBD study, elicited with a lay description of  

‘swollen belly and swollen legs, the person feels weakness, fatigue and loss of appetite’. This 

could be argued is an underestimation of the impact of such a stage, especially given that 

disability weights for other chronic diseases including severe heart failure, inflammatory 

bowel disease and severe COPD are 0.186, 0.225 and 0.385, respectively.336  

 

A limitation of using QALYs is the lack of health utilities for HBV that are specific to SSA 

populations. When using China-specific utilities in our sensitivity analysis, as the closest 

representation of SSA, being highly endemic for HBV as well as a middle-income country, 

this gave the lowest ICER of $310/QALY. 

 

Although the analysis was developed to be as robust as possible, the model has many 

necessary simplifying assumptions, given the need for a trade off between considering all the 

potential combinations of factors and the clarity of the model. Other assumptions which may 

affect the results include; the fact that we assumed that false negatives (ie tested negative but 

actually positive for HBV) on screening would not be captured again in the health system; we 

assumed treatment with tenofovir was life-long which given the finite treatment strategies 

now being considered, may mean that our estimate is conservative. In addition the analysis 

did not account for gender differences in prevalence, health seeking behaviour and disease 

progression. 

 

It should also be recognized that our analysis was based on a research study. However, if the 

S&T was a nationwide implementation project carried out by the ministry of health, this could 
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impact on the final results. It is possible that costs of human resources and investigations 

could be lower, as well as the uptake of interventions or coverage levels.  Although the 

direction of these changes could depend on many factors with complex relationships, an idea 

of how each of these variables could individually affect the overall cost-effectiveness of the 

intervention is demonstrated in the one-way sensitivity analyses. 

 

Finally, although the intervention was found to lie within cost-effective thresholds, it must be 

recognised that the willingness to pay threshold is a theoretical one, especially in LMICs, in 

order to indicate whether an intervention should be entitled to be set as a priority in the 

healthcare agenda. However affordability and how the intervention will be funded (whether 

by governments, out-of-pocket, insurance systems or external donor funding), in addition to 

cost-effectiveness needs to considered before an intervention is adopted on a national level. 

 

6.4.4 Generalisability 
 
Although care must be taken before generalising the results of this study to other regions in 

SSA, because health care structures, costs, patient behaviors, disease prevalence profiles and 

willingness-to-pay thresholds could differ, the fact that our model results were robust over a 

wide range of HBV prevalence, transition probabilities and cost parameters, suggests that 

S&T strategies should be considered in other countries.  

 

Regional literature on cost-effectiveness of interventions against HBV is limited, therefore, 

although it should be interpreted with caution, direct economic comparison between countries 

and across disease areas can help put our result into context. Our findings suggest that S&T 

for HBV is comparable with other interventions in The Gambia, for example, the introduction 

of the pneumococcal vaccine ($670/DALY averted compared to no intervention).363 An early 

study in Guineau 364, a West African country with similar GDP per capita to the Gambia 

($544 2011, UN data) compared and ranked the cost effectiveness of 40 health interventions. 

These interventions included treatment for AIDS, screening of blood for transfusion, and 

construction of a pit latrine, which were $1680, $137 and $439/LY saved, respectively 

(inflated to 2005 prices348), the latter basic intervention being comparable with our S&T 

strategy.  
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A systematic review looking at screening for CHB in high income countries, varied widely 

from €379 per case detected (ANC screening in Australia)365 to  €52000 per QALY gained 

(high risk group screening in Italy).146 However, only one of which was community based and 

these were presented in various outcome measures 137. However, economic evaluations of 

other screening interventions in SSA range from antenatal syphilis screening in pregnant 

women in 43 SSA countries showed which was found to be highly CE at  $11/DALY averted 
366 to  HIV mobile screening in South Africa at $2400/LY saved. 367 A unique feature of HBV 

screening is that, when combined with vaccination, it only requires once a lifetime testing, 

which contrasts with HIV, where a negative individual still remains at risk of re-infection. 

 

In the PROLIFICA study only 4% of HBsAg positive patients met treatment eligibility 

criteria (as per EASL guidelines). A potential explanation for the lower eligibility fraction is 

that the PROLIFICA study involved community based screening. Previous treatment studies 

have been based on cohorts of patients presenting to hospital who are likely to have more 

severe liver disease, rather than asymptomatic populations in the community. Alternatively it 

may be possible that these European criteria are not fully applicable to West African 

populations. Further data from neighbouring Senegal which is still pending would be useful in 

order to see if this finding is replicated in another West African setting. Further long term 

follow up of the untreated PROLIFICA cohort, to look at whether these patients progress to 

cirrhosis or HCC, will be vital to explore this question in more detail. 

 

6.4.5 Other considerations regarding place of screening 
 

In this study we only consider the cost-effectiveness of community-level screening, which 

could be considered the most ‘active’ type of case-finding strategy with outreach components. 

Various examples of community outreach programmes also exist in the field of HIV 356, and 

comparable strategies could be considered for HBV, with the caveat that ‘high risk’ groups 

will not be as applicable to HBV infection.  

  

However, a similar strategy might not be feasible in all settings and there are other places of 

screening which are important to consider. Although this was out of the scope of the current 

study and primary data on other HBV screening programmes is lacking in LMICs, the 

following section aims to provide a discussion on how impact and cost-effectiveness of these 

strategies may differ, based on characteristics of the groups under consideration. 
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i Health-care facilities: Screening at health-care facilities could include primary care 

settings, inpatient and outpatient settings. It could include testing everyone, regardless of the 

reason for presentation or a focus on only those with abnormal liver function tests, abnormal 

ultrasound scan, family history of liver disease or other clinical suspicion of liver disease. 

Testing could also be offered in special dedicated clinics eg HIV, STD clinics.  

 

A clinically guided testing approach is likely to reveal a higher proportion of people with 

HBV in highly endemic settings and therefore a lower cost per positive person found. 

Prelimary data from Senegal (Mboup et al, unpublished) where HBsAg screening has been 

performed in the health facility (inpatient and outpatient settings) as part of the PROLIFICA 

study, guided by clinical indications shows that out of 1000 people screened, 567 have been 

found to be HBsAg positive (52% of those tested).  

 

However, a cost-effectiveness analysis of health facility based screening, in the absence of 

primary data could pose methodological difficulties when attempting to adjust for background 

mortality among those seeking healthcare, which will depend on many factors including 

underlying co-morbdities, age distribution and is likely to be highly heterogenous between 

settings.  

 

ii. ANC Clinics: Cost-effectiveness of HBV screening and treatment in ANC clinics (with 

linkage into care and antiviral treatment for the mother - for the health benefit of the mother, 

rather than just the child), could be affected by the fact that women have been shown to have 

slower rates of progression to HCC324 and have lower prevalence of HBsAg than men368. 

However, women attending ANC screening are likely to be of a younger age group than those 

reached by community-based screening, with a longer life expectancy, and therefore can 

potentially have more impact. The prevalence of HBsAg in women of child bearing age will 

also depend on the historical vaccination coverage in the country and the percentage of 

HBeAg positive mothers will partly depend on the average childbearing age of the country 

and the rate of HBeAg loss in the region under consideration158. However, most importantly, 

since screening of mothers for HBV has benefits to both the mother and child, this is likely to 

be cost-effective.  
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Since there is variable percentage of attendance to antenatal care depending on world 

region,275 with this being the lowest in SSA (77% of women have at least on ANC visit, only 

48% have four ANC visits)250, this approach should also take into factors which will help 

strengthen ANC coverage in general and awareness campaigns. 

 

iii. Blood banks: Blood donor screening for HBV already forms part of WHO 

recommendations in order to prevent transmission of blood-borne viruses to the recipient66. 

However, in LMICs, this is rarely accompanied by the HBsAg positive donor being informed 

of this positive result, counselled and linked into care for clinical evaluation and treatment369.  

 

As part of the PROLIFICA study, linkage into specialist care for blood donors who had tested 

HBsAg positive at the blood bank was performed.251 The main difference found between the 

cohort of blood donors and those screened in the community, were a higher proportion who 

were tested HBsAg positive, majority males, younger ages, a higher proportion requiring 

treatment and a lower proportion who linked to care. A formal cost-effectiveness analysis has 

not yet been performed, but these factors are likely to make it even more cost-effective, for 

this cohort, compared to the cohort who were screened in the community. However, as blood 

donors form only a small fraction of the population, this strategy is likely to be limited in its 

reach and population level effectiveness and probably should be seen as a complementary, 

rather than alternative to a wider screening strategy.  

 

iv. Work Place: Other ongoing research in West Africa as part of the PROLIFICA 

programme, includes HBsAg screening in work places in Senegal (unpublished data). 

Provisional data shows that compared to community screening there is a higher HBsAg 

prevalence, higher proportion of males uptaking screening and a higher proportion requiring 

treatment. 

 

vi. Others: Although other methods of screening are used, to varying levels, worldwide, 

including screening of health worker, couples pre-marriage, military recruits or pre-

employment screening etc, implementation and guidance of these methods are highly 

heterogenous between countries370 and apart from a study in Iran (below), no data was found 

regarding their cost-effectiveness. The study in Iran232, looked at pre-marital HBsAg testing, 

but this was in order to determine whether to offer the partner of someone who is tested 

HBsAg positive should be vaccinated or screened prior to vaccination. This does not include 
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linkage for treatment. Mandatory pre-marital testing is not policy in many countries, therefore 

having limited reach and applicability and can be associated with stigma and discrimination 

and is not considered further.   

 

6.5 Conclusions & Public health implications 
 

This is the first study to look at the cost-effectiveness of adult screening and treatment for 

HBV at the community level in a low or middle-income setting. Furthermore, it is furnished 

with real-life cost and effectiveness parameter data from a large-scale screening and treatment 

intervention programme in The Gambia. The model incorporates clinically salient features 

and is unique in presenting results using three different outcome measures. Ambitious targets 

for improving testing and treatment for HBV form part of the WHO Global Health Sector 

strategy of viral Hepatitis and has been discussed in Chapter 2.371 Evidence on how to achieve 

these targets, will be needed to help guide national policies. This chapter helps inform such 

decisions, whilst highlighting the need for further similar analyses, in other highly endemic 

countries. 

 

Although there is not enough evidence to provide general country specific guidance on 

screening strategies in LMICs, a pragmatic approach could involve encouraging screening 

anywhere that it is feasible within the country context, eg can include ANC, healthcare 

facility, blood bank. PROLIFICA has shown that population-level screening is feasible and 

cost-effective in The Gambia, but further research and large scale-implementation in LMICs 

needs to be done to assess feasibility, impact and cost-effectiveness of different screening 

methods. Further research into the simplification of care, as well as health systems research 

into integration of hepatitis programmes with other health services (eg HIV services), could 

also help guide how impact can be maximised and cost-effectiveness improved. However, 

cost-effectiveness analyses form only a small part of guiding public health recommendations, 

and the overall health impact and key drivers should be considered. 

 

Lack of access to testing and antiviral treatment remains a significant barrier to reducing 

morbidity and mortality in HBV-related disease in SSA. Our analysis has shown that 

community-based screening and treatment for CHB is likely to be cost-effective when using 

generic priced tenofovir, which is currently only available for HIV treatment programmes in 
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SSA. Furthermore, integrating HBV screening with screening for other diseases, utilising the 

already established infrastructure for addressing HIV in SSA, as well as simplifying 

diagnostic evaluation and monitoring, might make this an even more cost-effective 

intervention. 

 

Combining vaccination and screening and treatment raises the possibility of advancing the 

date of elimination of HBV-related morbidity and mortality as a public health threat (as 

discussed in Chapter 3).  
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Chapter 7: Discussion 
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7.1 Summary of chapters 
 
 
Chapter one introduced hepatitis B; specifically, how the burden is distributed; the main 

routes of transmission and important clinical and biological background; the main 

interventions involved in the control of hepatitis B and key epidemiological and economic 

methodological concepts.  Chapter 2 reviewed and critiqued the literature on existing 

epidemiological and economic models for HBV.  

The first results chapter starts at a global level analysis of the state of current epidemic, which 

shows that annual number of new infections and prevalence is already declining due to HBV 

infant vaccination, but deaths are projected to remain high for decades. We found that, a 

comprehensive package of interventions, at ambitious global target coverage levels  could 

avert 28 million new chronic  HBV infections and 7.3 million HBV-related deaths could be 

globally, over the next 15 years. The predicted costs peak at $7.5bn, which is less than annual 

funding commitments seen in HIV, and only $3.4bn if considering low and middle-income 

country costs only.  

Chapters four and five, moved from global to country level analyses.  Two highly endemic 

countries were selected with highly contrasting characteristics; each at different stages of their 

fight against the hepatitis epidemic, notably in terms of historic vaccination coverage levels. 

Investing in a comprehensive package of interventions against HBV are predicted to avert 1 

million new chronic infections and 2.1million HBV-related deaths in China, and 206,000 new 

chronic infections and 21,000 HBV-related deaths in Senegal, over the next 15 years, 

compared to status quo. Furthermore this approach will provide a return on investment  (1.54 

in China and 1.72 in Senegal, $ per $ invested) when approached from an overall societal 

perspective. 

Chapters three to five showed that testing and treatment for HBV is crucial in moving towards 

elimination of HBV-related mortality, as a public health threat. Chapter five focuses 

specifically on this component on the comprehensive package. It demonstrates that in, The 

Gambia, another highly endemic country neighbouring Senegal, active community-based 

testing is feasible and likely to be cost-effective. For this analysis a different method of 

economic analysis of CEA was used, and a static cohort model.  
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7.2 Overall conclusions 
 
I have used applied modelling to answer outstanding questions about scale-up and cost 

implications of strategies towards the control and elimination of HBV. I have attempted to 

quantify the impact and costs, both at a global level and in two contrasting countries with a 

large burden of disease and demonstrated that significant public health gains are achievable. I 

have attempted to look at the wider economic picture, and shown that it is likely to be cost 

saving, in the medium term. Furthermore, the country work presented here has been focussed 

on high prevalence, low and middle-income settings, which contrasts with the historic focus 

of HBV modelling and economic evaluations which have largely been based in high-income, 

low burden settings.28,372 

x What has the impact been of historic interventions against HBV, what is the projection 

of the current epidemic and what can be achieved by the scale up of available 

interventions? 

Highly effective interventions are available against HBV and enormous progress has been 

made in prevention through increased coverage of infant vaccination. However, these efforts 

need to be maintained in all regions, or increased further, especially in SSA. The success of 

infant vaccination in interrupting horizontal transmission has meant that MTCT is becoming 

the more dominant route of transmission. However, efforts to reduce MTCT of HBV have 

been unequal between regions; with China being one of the leaders having over 90% coverage 

of timely birth dose vaccination since 2005, versus Senegal only having introduced birth dose 

vaccination into their national policy this year (January 2006). Efforts to improve PMTCT 

will have the largest incremental impact on reduction in new infections in the decades to 

come. In most low and middle income countries, testing and treatment still remains limited 

and will need to be scaled up in order to prevent the expected mortality due to HBV. The 

ambitious testing and treatment targets however, could achieve significant mortality benefits. 

Our research has shown that active testing is feasible and potentially cost-effective in The 

Gambia.  

x Can HBV be eliminated?  

The question of whether elimination is achievable is confounded by the differing definitions 

of elimination used in public health. In the absence of a cure, eradication of disease or 

elimination as defined to non-zero levels of disease is unlikely to be achievable. However, a 
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substantial percentage reduction or reduction below a threshold level is possible (although 

this level has been arbitrarily defined). This could see HBV ‘eliminated’ as a public health 

threat, ie a major cause of morbidity and mortality. However timelines of what could be 

achieved will vary by region and will be driven by current burden of disease, levels of 

historical coverage and demographic patterns. A concerted effort to intensify prevention and 

scale-up of testing and treatment, in China alone, could contribute to reducing the world’s 

burden of HBV-related mortality by 15% over the next 15 years.  

x What are the economic implications of scaling up interventions against HBV? 

The overall investments for a comprehensive package of interventions predicted on both 

global and country-levels are not insignificant, reaching $7.5bn a year globally. However, the 

case studies have shown that this will provide significant health gains and economic returns 

over the next 15 years when a wider societal perspective is considered, achieving ROIs of 

1.54 and 1.72 in China and Senegal ($ per $ invested), respectively. These economic gains are 

driven by the reduced costs of management of patients with end-stage liver disease and 

increased productivity gains due to longer life expectancy. 

We found that an active case finding and treatment strategy was likely to be cost-effective in 

The Gambia, a country with a low GDP per capita of $487. However, the results of these 

analyses are contingent on gaining access to antivirals at generic level prices, which is still not 

the case in most of SSA for tenofovir, outside the remit of the HIV programme. 

 

7.3 Programmatic considerations & challenges to scale-up 
 

7.3.1 Interventions 
 
This research has shown us what can be achieved both on a global scale, as well as at country 

levels. However, it is important to recognize that there are several programmatic 

considerations and further research needs that pertain to the each in light of plans to scale-up 

interventions, especially to the levels of the ambitious targets presented. Some of these have 

been discussed in the results chapters, but I will recap the most salient features below. How 

countries plan their individual scale-up should be guided by consideration of feasibility and 

resource constraints, and will need further research and political commitment. 
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7.3.1.1 Infant vaccination 
 
The priority for infant vaccination will be to raise coverage in areas of highest prevalence and 

lowest coverage, namely SSA and SE Asia. Universal infant vaccination is likely to remain 

the gold-standard model of immunisation in most countries. However, given migration 

patterns, it might be that some low-endemic countries who currently only perform selective 

vaccination, might need to reconsider their infant vaccination strategy.   

 

7.3.1.2 PMTCT 
 
The delivery of timely birth dose vaccination poses a challenge in many settings due to 

logistical, financial and cultural constraints of gaining access to women in the immediate 

post-partum period. Although there have been successes and innovations in some settings that 

can be translated to other regions. Increasing the number of health facility based births or 

those attended by trained health staff, have been demonstrated in China to have contributed to 

improved coverage rates.373 Ensuring coordination between immunization services and 

maternal health services, expanding vaccine management systems, along with innovative 

outreach to provide vaccine for home births, are important to ensure that the HBV vaccine is 

available in settings where births take place, whether it is in a facility or at home.240,374 In 

Indonesia, for example, the piloting of pre-filled injectable vaccines have been shown to be 

successful out of the cold chain.240,375,376 Efforts to develop new heat-stable and freeze-stable 

hepatitis B vaccine will aid attempts to reach more rural settings. Pivotal to all these efforts is 

improved health promotion aimed at both health providers and parents in order to increase 

awareness about the importance of administering hepatitis B vaccine within 24 hours of birth. 

The cost of monovalent HBV vaccine, although inexpensive (US$0.20 per dose), still remains 

a barrier and is not provided by funding agencies like GAVI.377 In the case of birth dose, 

vaccine the cost implications to the country is much higher than just the cost of the 

consumable. Therefore, for successful programmatic scale-up to be feasible for low-income 

countries, external support is likely to be pivotal to their efforts. Although the need for 

funding agencies to prioritise their financial support is understandable, reconsideration should 

perhaps be considered in light of our study which demonstrates the importance to interrupting 

MTCT in the future of the HBV epidemic. 
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The use of HBIG in addition to BD vaccination, as discussed in previous chapters, has been 

found to be feasible and cost-effective in some high or upper middle-income settings, 

including China were it has been successfully implemented to high levels.132,133,378 However, 

it is unlikely to be useful in low and lower middle-income settings. It requires antenatal 

screening of pregnant women for HBsAg plus or minus HBeAg and the limited added value 

of HBIG for those who are HBeAg negative is debated.39 Also cold chain requirement and 

cost are further limitations. These inter-country differences highlight the importance of policy 

decisions remaining responsive to the needs and the resources of the population under 

consideration.  

 

The use of peripartum antiviral therapy is showing increasingly promising results in addition 

to BD and HBIG, in terms of efficacy and safety profile.44,46 However, this strategy also 

requires antenatal screening of pregnant women for HBsAg and HBeAg, with or without 

HBV DNA levels.  

 

Once a recommendation forms part of national or international policy, it becomes difficult for 

such decisions to be reversed, especially if this involves removal of an intervention that is 

otherwise considered ‘standard of care’. In China, for example, would replacing HBIG with 

PPT only be an equally effective and more-cost effective method of PMTCT? However, in 

such settings is it difficult to ethically justify a trial, which compares birth dose vaccination 

and HBIG (current recommendations) versus birth dose and PPT only? Even in the presence 

of a positive trial result, this would not necessarily translate into a change in practice amongst 

clinicians or a policy change.  

 

Given that the coverage of ANC attendance is higher than rates of delivery in health facilities, 

in some regions (especially in SSA), logistically, antenatal screening with targeted or 

focussed PMTCT interventions for mothers found to be tested positive could potentially be an 

easier strategy for prevention than accessing mother and child at birth (for administration of 

BD and HBIG). Related to the point above about reversing policy decisions, trials in SSA 

comparing a new strategy of PPT only (without birth dose) compared to birth dose 

vaccination (current standard) would provide valuable information, but could be challenging 

to perform and to be accepted by the international community. 
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7.3.1.3 Treatment 

  
Although the PROLIFICA study described in chapter 6 provides compelling evidence and 

support for the feasibility and cost-effectiveness of screening and treatment for HBV on a 

large scale, further research is needed to complement this study; to consider similar strategies 

in different regions, different levels of outreach and different settings for testing, (eg facility, 

antenatal setting, HIV clinics). The added benefit of population level screening is that it can 

also impact on PMTCT by identifying high-risk mothers to target for BD vaccination, with or 

without PPT. 

 

Useful and validated diagnostics for scale-up have been developed (POC HBsAg tests and 

non-invasive markers of liver fibrosis),56,333,334 Although HBsAg point-of-care testing kits 

vary in quality,334 tests with high specificity and sensitivity are now available333. The focus 

should now be to make these more affordable and models of simplified delivery of treatment 

should be investigated through implementation studies. Furthermore any wide-scale screening 

programme should ensure the use of high quality tests in order to achieve optimum outcomes. 

 

Although the use of generic antiviral therapy has seen the drug cost fall dramatically to as low 

as US$48 per year, for tenofovir, these prices are not available to all low-income countries for 

HBV mono-infection.354 An important point to note is that in each of the studies presented 

throughout the thesis, the lowest currently available price of drug was chosen as the baseline 

estimate, rather than the currently available drug price for HBV programmes. This means that 

the results of these analyses are contingent on gaining access to antivirals, at least at prices 

that are available to HIV programmes. Cost of antiviral drug is a major driver of overall initial 

investment needed, cost effectiveness of a screening and treatment strategy and possible 

future cost-savings. 

 
The global analysis uses $48 as the annual price of antiviral therapy for all regions except 

HICs. Even at that price, treatment costs make up the majority of the total cost envelope of 

the comprehensive package of interventions (Figure 16). In China and Senegal, we used the 

local annual price of tenofovir available to the national HIV programme (1800 RMB ($290) 

and 40 000 CFA ($67) respectively), which at the time of the analysis, was not routinely 

available to HBV programmes. In both settings increasing the cost of treatment, above the 

price used in the model, reduced the likelihood that the comprehensive strategy would be 
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cost-saving. Similarly, in The Gambia increasing the drug cost to the price that is currently 

available for HBV programmes, decreases the cost-effectiveness of a screen and treat 

strategy.  

 

Therefore drug price negotiations and finding ways of reducing costs, including through 

potential synergies with ART programs are important in order to achieve maximal public 

health impact. How non-vaccination activities could be supported financially is still not clear. 

Potential sources include local governments, public-private partnerships or larger funding 

agencies like The Global Fund379 or The Gates foundation.380 Although many of these 

organisations are already heavily committed to other diseases, most notably HIV, malaria and 

Tuberculosis.  

 

Another benefit of treatment could be its potential impact on prevention of onward 

transmission of infection. However, in HBV, this is not really considered outside PMTCT. 

Although research in HIV showed initial promise in the use of treatment as prevention 

between adults,381,382 issues surrounding the weak cascade of care including treatment drop-

out rates mean that, in practice, the results are less promising. How and if these principles 

could be translated into HBV, needs further research, particularly regarding questions of 

safety, efficacy, development of resistance, adherence and impact on prevention.  A lower 

side-effect profile of a single antiviral drug for HBV, than combination therapy for HIV might 

contribute to higher adherence rates. Although large-scale studies are lacking, adherence 

seems to be high for those treated for HBV.251,362 Conversely, the need for life-long treatment 

for a disease that is often asymptomatic, could lead to higher drop out rates over time, 

particularly if treatment was at the patients expense and not accompanied by good patient 

counselling. The immune tolerant phase of infection is a state of high infectiousness 

(characterised by both HBeAg positivity and high viral loads), but treatment guidelines do not 

recommend the routine treatment of people who are in the immune tolerant phase of chronic 

HBV infection.383 Furthermore since many people in the immune tolerant phase of infection 

are children, its widespread use, purely as a treatment as prevention strategy could be limited, 

unless further benefits to the individual are demonstrated. 

 

7.3.1.4 Cure 
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Currently antiviral treatment for HBV is not curative, but promising research developments 

raise hope that it may be possible to transition virally supressed patients off treatment after a 

finite period of therapy. Although this research shows that this strategy, in selected patients, 

shows a short term response, as assessed by lack of need for restarting treatment, sustained 

ALT normalisation and sustained low viral load, long term outcomes on development of HCC 

or cirrhosis, are still awaited.241 The development of a cure for HBV could in fact be more 

game-changing that the modelling that we have done indicates. A cure would overcome the 

logistical and financial challenges of currently potential life-long treatment or monitoring. It 

would also side-step the issues of attrition in the care-cascade. These factors might mean that 

a cure might have an increased, non-linear response on the epidemic than what we have 

predicted. Political momentum and galvanisation of support associated with the development 

of an HCV cure has demonstrated how this is much more of an attractive long-term aim. 

 

7.3.1.5 Blood & injection safety 
 
Despite the enormous progress that has been made in this field, fragmented health systems 

make implementation of high quality blood-safety and infection-control systems difficult. 

Even where testing of donors is universal, the quality of the testing is sometimes poor with 

reliance on low-quality tests. High rates of unnecessary medical injections in many countries 

remain a challenge in controlling health-care infection related transmission.68 In 2015, WHO 

launched a new Global Injection Safety Policy, which aims to address some of these concerns 

and provides recommendations for improvement.384 

 

7.3.2 Monitoring and evaluation 
 
Improving data collection is an essential part of the process of scale-up and can be used to 

evaluate programmes, as well as provide accountability, for example that is needed by 

funding agencies. Collection of further data can help improve accuracy of estimates of disease 

burden and provide opportunities for targeting interventions. This will include supporting 

vital registration systems and could include testing for viral hepatitis in population-based 

surveys (for example, Demographic and Health Surveys (DHS), Aids Indicator Survey 

(AIS)). Sero-surveys for evaluating HBsAg prevalence amongst 5 year olds, have previously 

been used as a proxy to represent an early marker of the effectiveness of an immunisation 

programme.70 However, the financial and logistical challenges to performing such large-scale 
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serosurveys, especially among children, are not insignificant and therefore these are often 

carried out on sub-national levels or not at all. China is an example where large-scale 

serosurveys have been successfully performed.20 

The recent viral hepatitis strategic indicators proposed by WHO include cumulative incidence 

of HBV infection in children 5 years of age (indicator C.9.a), defined as one of ten core 

indicators. It aims to use the proportion of children aged 5 years of age with serological 

evidence of past or current infection with HBV, as proxy for this using serosurveys among 5 

year olds.385 However, given the difficulties described above of performing such studies, 

prioritising key countries and time-scales over which they can be carried out may be 

necessary. Modelling could be a helpful tool to estimate seroprevalance levels, against which 

sero-surveys in selected countries could be evaluated. Funding agencies should also include 

data collection for evaluation as an important part of their funding portfolio when considering 

funding support to countries.  

Evaluation of progress towards any proposed service delivery targets and health outcome 

targets should be done through robust systems. However, this should be done alongside 

strengthening of health systems. 

 

7.3.3 Considerations for strategy decisions 
 
The longstanding debate between the benefits of vertical versus horizontal programmes forms 

the basis of much existing literature.386,387 The use of vertical programmes, like those that 

have been used, for example in the field of HIV and malaria, have been significant in terms 

reducing morbidity and mortality in those specific disease areas. Furthermore it has been 

argued, that investment in these diseases have contributed to broader benefits at a population 

level in terms of overall health-care infrastructure developments, capacity-building and 

strengthening of health systems in countries that might otherwise not have benefitted from 

such investments.388,389 However, opponents of vertical programmes argue that conversely, 

they could have led to increasing the disparities between these particular disease which 

receive the majority of support, and other diseases, for example, diarrhoeal diseases which go 

relatively neglected despite similar high burden. Although empirical data to support this 

theory is limited.  
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Whichever theory is supported, the international consensus seems to be a move away from 

purely vertical programmes, where possible, back towards more horizontal programmes of 

integrated health care delivery.389 Therefore the development of another vertical programme, 

solely to address HBV might not be the most appropriate strategy. Rather, extending existing 

efforts to address this high-burden condition, whilst incorporating other viral hepatitis 

programmes might be what is more likely to happen. In this regard HBV is fortunate as it 

straddles many components of existing health systems; with strong synergies with HIV 

treatment, blood safety and maternal and child health – which should be capitalised on. 

Integration into these existing health systems is likely to help both financially and overall to 

population health. Therefore, although our results are presented in terms of health impacts and 

economic costs associated only with HBV, cost sharing between programmes is likely to 

mean that intervention costs may in fact be lower than predicted and economies of scale may 

help with this.  

HBV is an infectious disease, which is vaccine preventable, and can lead to the development 

of cancer, which falls into the category of non-communicable diseases. Although it might 

seem that having multiple interested sectors would be an advantage when it comes to 

prioritising its control or for advocating for increased funding, it might actually serve to its 

disadvantage, as it can lead to disparate efforts and lack of a co-ordinated approach, with 

components of prevention (immunisation and blood safety) and treatment being managed by 

different people at a policy level.  

 

7.4 Methodological considerations 
 
The use of applied modelling presented in my thesis, can be a powerful research tool to 

inform policy decisions. Furthermore, the interface between epidemiological modelling and 

economic evaluation strengthens its usefulness, as often the impact and cost implications are 

both equally important components to decision making in health.  

 

Over the course of my thesis I have used both global level and country-specific analyses, 

dynamic and static models and both a cost effectiveness and type of cost-benefit analysis with 

direct health payer and societal perspectives taken.  There are benefits and limitations to each 

type of modelling analysis, and the exact methodology adopted in each study, included 

consideration about the method most suited to answer the main research question, data 
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availability, the purpose of the analysis (in terms of policy audience) and resources available 

to perform the study. There was however, consistency between the analyses about certain 

aspects, especially regarding disease behaviour and intervention efficacy. 

 

In this section I will first discuss considerations about model complexity, and then discuss 

each of these key dichotomies in turn and reflect on the reasons behind choosing certain 

methods for the studies presented in my thesis. 

 

7.4.1 Model Complexity 
 
An important consideration when developing infectious disease models includes the fact that 

the model should be sufficiently complex in order to answer the proposed question, whilst 

taking into account the data availability needed to parameterise it to such a level. A trade-off 

exists between a simple model, which is easy to be understood and parameterised, versus a 

very detailed model, which tries to capture too many aspects and resorts to numerous 

assumptions. In our HBV models, we tried to encompass as many of the salient 

epidemiological and clinical features as possible, without being too exhaustive in what we 

included. This approach can be thought of as ‘deliberate simplification,’ where we are 

intentional and knowing about the degree of abstraction that we use in our model and report 

this explicitly. 

 

Furthermore, a compromise needs to be made between complex and computationally 

intensive models, which can only be used by a few specifically trained users versus models 

which can be used by a wider audience which are less computationally heavy. The latter is 

particularly important to consider when using modelling as a tool for guiding public health 

strategy at a country level. Country ownership of models and capacity building are useful to 

ensure that they can be used to guide local policy and this will be discussed later, with in 

relation to future research in China. 

 

7.4.2 Global versus country 
 
The strength of a global analysis is that it gives the overall perspective of the epidemic which 

can be very useful to guide international policy, set targets, highlight key drivers of the 

epidemic or areas on which to focus efforts, and identify data gaps and key research priorities.  
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The model presented in Chapter 3 is, to our knowledge, the first global dynamic HBV model. 

The only previous global model in HBV was a static model and considered the impact of 

vaccination only.77 Given the dynamic nature of our model, the calibration to three types of 

disease-related data points, the inclusion of prevention and treatment components and the 

ability to consider both incidence and mortality meant that despite being ambitious in scope, it 

was still methodologically strong and able to provide credible projections.  

 

There was a necessary trade of between the scope of analysis and country-level detail; 

meaning that important inter-country heterogeneity was obscured, therefore limiting its use 

for generating country level projections. Given the uncertainties and lack of readily available 

global-level data of the wider societal costs of HBV, this global model took into account only 

the direct intervention costs.  

 

The country case studies aimed to build on some of the limitations of modelling at a global 

level. The calibration of the model to country-specific data increases validity of output and 

means that it is better tailored to the setting. This aspect is particularly useful in data-rich 

countries, as was seen during our work in China, where the level of detail available is often 

more than what is available in global databases or by searching published literature alone. 

This means that the model can be refined to make more accurate projections as well as be 

more nuanced in the questions it can answer. Even in data-limited settings, often a country-

level approach can be useful, as a stake-holder process of engagement can provide access to 

unpublished programme data-sets. Inter-country heterogeneity in terms of economic 

structures and the variation and lack of published data on costs of drugs, diagnostics and 

management of end-stage liver disease means that the country-level studies are able to 

provide an increased level of detail in the economic analysis than what the global level model 

can offer.  

 

Modelling can be used to support advocacy efforts, for example, at a global scale or, to 

support in-country program planning. The country-level investment cases presented here were 

also performed in order to “make the case” for HBV. However, the focus has changed to 

weighing up the alternative policy options as the country moves towards making 

programming decisions. Accordingly, the level of granularity of the question (for example, in 

terms of strategy, geographic scale, time frame) has built up. This is demonstrated by the shift 
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in pattern of modelling support requested by CDC China this year, which will inform our next 

research steps (see below). 

 

Country level modelling is also relatively more important for diseases where certain 

characteristics of a disease or interventions are not homogenous within a region. In such 

cases, extrapolation of ‘regional level data’, could lead to misleading results. However, this 

would be more relevant, for example in the case of HCV or HDV, which are more patchy in 

their epidemic distribution.390 

 

The methodological process of searching data for model parameterisation and decisions about 

which combination of interventions and level of scale-up to consider in the model, can vary 

greatly between country and global-level modelling. A ‘bottom-up’ approach was performed 

in China and Senegal, in collaboration with key stakeholders from each country and lead to 

the model inputs and outputs being more adapted to local needs. This interface between key 

stakeholders included epidemiologists, clinicians, health economists and policy makers. This 

collaborative process of engagement can help increase ‘buy-in’ of stake-holders at the local 

level and allows the key priorities of useful and feasible interventions to be considered at an 

early stage.   

 

7.4.3. Static versus Dynamic 
 
Dynamic modelling takes into account the changing force of infection over time, relating it to 

the proportion of infectious individuals in each point in time and therefore allows for indirect 

effects like herd immunity to be captured. A strength of the dynamic model, used for the first 

3 results chapters, is also that we can use it to explore the relative balance of the prevention 

and treatment components. As described in more detail in chapter 2, a limitation of many 

other previous dynamic models of HBV, are that they look only at vaccination impact in 

detail or static and focussed on economic evaluation of either vaccination or treatment 

separately. 

 

Despite the advantages of dynamic models in being a more realistic representation of the 

behaviour of infectious diseases, given the extra complexity involved, they are often more 

difficult to parameterise and to be understood by policy makers and require more 

computational power. Furthermore, sometimes such complexity is unnecessary depending on 
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the question that needs to be answered. For example, for the screening and treatment 

intervention evaluation, we chose a static model, which we felt was sufficient to evaluate the 

question under consideration. When considering treatment of an adult population, the main 

benefits are in terms of reduction in mortality and morbidity to the individual. Our static 

model using a cohort of screened adults might underestimate impact, and give a more 

conservative result, as it does not take into account the effect on treatment in preventing 

onward transmission. However, this extra benefit is likely to be small in this setting due to 

faster rates of HBeAg loss and low viral loads in adult populations in SSA, compared to 

Asia.38 

 

The WHO guidelines on economic evaluation of immunisation programmes recommends a 

preference for dynamic modelling when evaluating infant HBV vaccination,391 A pragmatic 

approach to economic evaluations of immunisation programmes suggested by Beutels and 

colleagues, is that if an immunisation programme is found not to be cost-effective, or a 

borderline result is obtained using a static model, then a dynamic model should be considered 

as a next step28  

 

Ultimately, the consideration between whether a dynamic or static model is chosen depends 

on the disease and setting, the question that the model is trying to address, time and resources 

available for the analysis, data availability and the computational power available. In the field 

of HBV, it is likely that a dynamic model will remain the preferred choice, however static 

models can also be used to answer some important questions. 

 

 

7.4.4. Type of economic evaluation 
 

The interface between modelling and economic analyses has been a strong theme throughout 

my thesis. Each of the economic analyses presented involved combining information on the 

epidemiology with costings data.  

 

The main considerations for how the economic evaluation is carried out can be broadly 

categorised as; type of model used to represent the epidemiology (static vs dynamic), the type 

of economic methodology  (CEA or CUA versus CBA) and the perspective taken (provider vs 

societal). Other considerations include process of collecting data and methods, for example 
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micro-costings studies, published literature or costs gathered alongside a clinical trial. The 

decision between the use of a dynamic versus static model will be informed by the 

epidemiological considerations that have been covered in the section above.  

 

In this section I will reflect on the combination of factors that I used in each of the chapters 

and their overall merits and limitations. 

 

In the global model we considered only the direct costs of the intervention. The costs and 

consequences were considered separately. Its purpose was to describe the scale of each of the 

cost components and show how these costs will change over time due to the changing 

epidemiology. This type of evaluation serves an important role in policy planning and speaks 

directly to funding agencies. Similar analyses are performed, for example by UNAIDs for 

HIV.249,392 

 

In chapters 4 and 5, we presented evaluations for China and Senegal, which we refer to as the 

‘investment case approach’. Although, as outlined in the introduction, this is not a well 

defined approach, rather a ‘concept’ which can encompass various methodologies. Our 

chosen approach was to combine the following conceptual and theoretical frameworks; a 

dynamic epidemiological model, adoption of a wider societal perspective to the analysis, 

which incorporated both direct and societal costs, a variation of a CBA methodology and use 

of the human capital approach to capture productivity losses due to premature death. A full 

discussion of the strengths and limitations of the methods used to quantify the societal cost of 

premature mortality, including the human capital approach and value of statistical life has 

been discussed in Chapter 5. 

 

The initial investment case came about at the request of China CDC and WHO, whose 

primary focus was to see whether existing public health policy should be changed in China to 

incorporate testing and treatment for HBV. Since this is not currently supported by public 

budgets in China, it involved answering questions about the new allocation of funds and what 

value for money this would represent, whilst being able ‘to speak’ to various decision makers 

outside the healthcare sector. These salient features guided our choice of adopting a CBA-

type of analysis, over a classic CEA to make evidence based recommendations in a robust and 

understandable way 
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Ultimately the method utilised is likely to depend on why the analysis is being performed and 

the perspective of the target audience. For example, the seemingly more abstract nature of 

statistical value of life methods might make it a more difficult concept for local ministries to 

use for their health policy planning. Conversely, it provides a thorough holistic approach, 

which is important to consider and could be useful as an advocacy tool for pushing the global 

agenda.  

 

Although a classic CEA analysis was thought not to be suited to provide the complexity of the 

argument needed to address the questions about investment costs, impacts and return on 

investment that the governments needed to expand their existing services, CEAs are a 

commonly used and accepted methodology of economic evaluation.  

 

There have been many CEA analyses which have demonstrated the cost-effectiveness of HBV 

vaccination, both in high and low income settings28,372 and treatment in mainly high income 

settings.130 However, our review showed no existing published CEA analyses for HBV testing 

and treatment in LMICs. Therefore our economic evaluation of a testing and treatment 

strategy using data from the PROLIFICA study in The Gambia was aimed to help fill this 

important research gap. We chose a classic CEA/CUA analysis as the most appropriate 

method of economic evaluation, in order to be comparable with the majority of existing 

literature and to inform decisions about priority setting within the health care sector. 

International policy makers, including WHO, are increasingly incorporating information 

about the cost-effectiveness of interventions in their policy-making decisions, although in 

LMICs the number of studies is less that in HICs.392,393 

 

However, the use of CEAs, especially in LMICs is complicated by the lack of consensus on 

the use of WTP thresholds, which are not based on empirical data. Furthermore, even if the 

intervention under consideration falls within these ‘threshold’ criteria (and therefore implied 

to be cost-effective), it does not necessarily mean that it is affordable in these settings. It has 

been argued that the use of the three times GDP threshold per DALY averted to classify an 

intervention cost-effective can have a negative impact on population health and WHO 

recommendations surrounding this issue are under review.349 

 

For CUAs, traditionally QALYs are used in HICs and DALYs in LMICs, although there is 

debate about the optimal method of capturing the quality of health in economic evaluations. 
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In order to overcome this limitation we presented our analysis using three outcome measures 

of DALY, QALY and Life Years, although the numerical results were broadly consistent.  

 

In summary, although the use of CEA or CUA studies dominates the recent health economic 

literature in both HIC and LMIC settings,393 this does not directly imply that this is the most 

appropriate method for LMIC settings. Importantly, the lack of consensus on WTP thresholds 

(both their use and value adopted), the failure of and ICER to deal with key questions about 

affordability and funding, and the suggestion that CEAs speak more to health system users 

rather than ministries and funders – might mean that the approach adopted in LMICs needs to 

be suitably adapted to the purpose it is trying to address. In reality the two types of analysis 

are likely to serve complementary roles in the decision making process. 

 

7.4.5 Process of work 
 

Another consideration which is not always explicity discussed is the process by which an 

impact or economic evaluation is performed. In this thesis I have approached each analysis in 

a slightly different manner. The global model was performed largely as desk-based analysis, 

using data from publicly accessible global databases and published literature review. The 

investment cases utilised a more collaborative process with stake-holder engagement. In 

China this was initiated by the country itself, and was centred around two scheduled 

consultative 3 day workshops, during which the process of data sharing, data gathering to fill 

data gaps and scenarios were discussed. In Senegal, although the investment case was also 

performed in a collaborative manner, the process of stake-holder engagement was through a 

series of individual interviews by myself, including primary data collection. The CEA was an 

investigator lead analysis, performed by myself, with primary data collection undertaken in 

The Gambia. Each method has its strengths and limitations and is, again, primarily driven by 

the purpose, the question posed, resources available and timelines.  

 

7.5.  Data Limitations 
 
Firstly, accurate estimation of hepatitis related burden of disease is challenging for several 

reasons, which I will discuss below. Furthermore, the standard and completeness of the data 

varies greatly by country. These limitations are common to both direct and indirect methods 

of assessing disease burden.   
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There is no direct routine cause-of-death data for 31% of countries and there is no data at all 

for almost all of Africa (Figure 57).394 Furthermore, routine cause-of-death data can be 

difficult to interpret as the cirrhosis and liver cancer have several possible causes other than 

just viral hepatitis (including alcohol and fatty liver disease). Without certain diagnostics to 

assess information on hepatitis infection status, it is not possible to confirm whether viral 

hepatitis is the causative agent. Furthermore, there may be systematic under-reporting of liver 

cirrhosis in health systems, which is difficult to capture and often poorly recorded. 394 

Verbal autopsy (VA) is used to produce cause of death estimates in the majority of settings 

where vital registration data is unavailable. However, HCC and other digestive cancers are 

classified within the same broad category of  ‘digestive neoplasms’, which has been argued to 

be due to the difficulty of symptomatically differentiating between them using standard VA 

questionnaires.395. This leads to further uncertainty surrounding estimates of cancer deaths. 

National cancer registries, which have been developed to collect information from multiple 

sources including hospital records, diagnostic departments and death certificates in order to 

obtain statistics on cancer incidence and survival, have limited coverage (Figure 58). For 

example in SSA, most cancer registries are limited to the country capital (The Gambian 

National Cancer Registry is a unique example in that it has country-wide coverage 396,397). In 

addition in some regions, many reports of cancer are not morphologically confirmed, leading 

to a risk of inaccuracies in reported data. 396,398 Also they do not necessarily collect 

information on the underlying cause of HCC. 

Furthermore, only few countries have reliable country-specific estimates of the prevalence of 

HBV infection based on representative national surveys. Therefore, country-specific 

prevalence estimates are often based on specific groups which often represent sections of the 

population who are easier to test, which could lead to biases in prevalence estimates if 

uncorrected (eg blood bank testing). Furthermore there is often heterogeneity in the quality of 

diagnostic tests used, as well as sampling methods. Our global model used data from a 

systematic review by Ott et al, who used population level data to produce modelled estimates 

of age-specific HBsAg and HBeAg prevalence for 1990 and 2005 by 21 Global Burden of 

Disease world regions 8,158. Despite the inherent limitations of modelled estimates based on 

sparse data, these estimates form the most reliable view on relative HBV prevalence levels 

worldwide. In the absence of data, extrapolation has often been used but questions remain as 

to whether this is reasonable and how the methods can be improved. Increased transparency 
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of methods and data used and demonstrated validation against external data sets can increase 

the confidence in any estimates. 

Secondly, there are data limitations and discrepancies around how vaccination coverage is 

reported to WHO to compile their estimates. Birth dose vaccination, for example, is often 

reported to be given at birth, even though it is sometimes delayed by upto 6 weeks after 

birth.43 Attempts to verify these figures and reduce such discrepancies through surveys with 

individual countries are underway 399 Such a study could provide useful qualitative insights as 

to the direction of the correlation and highlight inaccuracies in reporting methods, which 

could help drive increased standardisation. However, these global databases still represent the 

most comprehensive database of vaccination coverage, especially if quantitative data are 

needed, for example in modelling studies. Both on global and at country levels, there also 

remains uncertainty about numbers of people diagnosed, the numbers of people on treatment, 

as well as which treatment regimens, numbers of people with end-stage liver disease who 

present to health facilities for care versus those who die at home. In the country case studies, 

local data, was used where possible. However, it should be recognised that this data is also 

limited and also not always representative of the current situation throughout the country.  

The third type of data limitation is regarding costings. On a global level it is difficult to 

capture fully the inter-country variation and put them into a common metric but we attempted 

to overcome this by presenting our results in both international US$ as well as international $ 

using PPP adjustments.  Even on a country level, there remains a lot of heterogeneity and 

complex non-linear relationships in health-seeking behaviours, health insurance coverage and 

access to healthcare, availability of specialist services and economic factors that are difficult 

to fully capture in a model.  

Given that testing and treatment for HBV and administration of BD vaccination do not 

constitute routine practice in many high endemic, low-income settings, it is difficult to 

estimate what the true cost of such programmes would be. Furthermore, even where such 

programmes exist, in the field of HBV, the data is often not published in journals. There is 

often a non-linear relationship between costs and coverage levels, when scaling-up 

interventions.  However, there is a lack of useful programmatic data to inform such a 

production function and therefore we did not incorporate such non-linearity in our costings 

estimates. 
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A necessary part of the economic evaluation is to represent the future costs averted, most 

notably in the case of HBV, those of managing end-stage liver disease, which can be very 

variable. However, only a few published studies exist mainly in HICs and in China, but 

otherwise is largely unknown.80,81,400-405 Furthermore, it is difficult to accurately ascertain 

how many people present to a health facility for management of their complications, 

especially in resource poor settings.  

 

Figure 57: Data availability for cirrhosis deaths. Source: Byass, BMC Med 2014.76,394 

 
 

Figure 58: Cancer registry coverage by region (percent of total population). Source: 

Parkin, Nature Reviews Cancer, 2006.252 
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7.6 How can some of these limitations be overcome? 
 

Although there are limitations of modelling, from both epidemiological and economic 

perspectives, it should be recognised that many of the limitations described, arise from the 

limitations of the data (as we have discussed above), rather than the methodological process 

of modelling, per se.  Modelling still remains a useful tool, which complements other 

methods of research and evaluation. There are some methods discussed below which aim to 

overcome or explore some of the limitations described above, and I will address in turn how 

this was applied to our research.  

 

Firstly, propagating uncertainty in the model and undertaking sensitivity analyses allows a 

better understanding of the key factors that drive the direction of the modelled results and this 

can inform further areas of research.  The process of sensitivity analysis also allows the reader 

to judge how the analysis would apply in their particular setting. We attempted to capture 

uncertainty in a way that was most relevant to the question under consideration, in light of the 

key uncertainties for each particular analysis. There is a trade-off between the value of extra 

information gained through an exhaustive sensitivity analysis and an intentional process 

which considers the most important factors only. In the global model we explored the effect 

of varying the efficacy of the interventions as they were more influential to the direction of 

results than variation in natural history parameters, whereas in the country investment cases 

we primarily explored the uncertainty surrounding the costs as these were crucial to informing 

policy decisions. In the CEA, we explored a variety of the parameters in both a deterministic 

sensitivity analysis as well as a probabilistic manner.  

 

Secondly, it is important that a transparent and clearly outlined process of development and 

parameterisation of the model should be available, with reporting and use of standard 

elements which are thought to underlie good modelling methodology.406 The new GATHER 

statement (Guidelines for Accurate and Transparent Health Estimates Reporting)407 aims to 

provide a formal framework of good practice for reporting, which includes standards for 

modelling studies. It is meant to enhance the transparency of the process used, has been 

endorsed by many key stakeholders and will hopefully serve to improve reporting standards, 

like have been seen in other fields. In health economic evaluation, the use of Consolidated 

Health Economic Evaluation Reporting Standards (CHEERS) is recommended.408 These 
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factors attempt to contribute to improve the quality of studies, comparability between studies, 

reproducibility of models and trust in models through a transparent process.  

 

Thirdly, comparative modelling is the use and comparison of different models, in the same 

disease area. Although concordant model outputs are often thought to imply that the results 

are correct, this assumption will not necessarily hold true.409 Therefore, although similar 

results will often add strength to the validity of the results, the aim of comparative modelling 

is more far-reaching than just simple comparison of outputs.409 It can be used as a powerful 

method to understand the differences between the models and what drives these differences. 

This can help determine what the results are most sensitive to, as well as the most uncertain 

input parameters.  

 

However, although comparative modelling is increasingly used and encouraged, the luxury of 

having multiple models and a group of experienced modellers organised to align their models 

requires a level of technical expertise as well as logistical and financial support. However, this 

has been successful in HIV where the modelling consortium was formed.410 Similar 

modelling consortia have also been set up for Neglected Tropical Diseases,411  Tuberculosis412 

and diagnostics.413 Although the limited number of ‘hepatitis modellers’ (especially, specific 

to HBV) means that this poses more of a challenge, a similar process is being considered in 

the field of viral hepatitis. A strategic information & modelling meeting held in June 2016 

discussed this issue as a priority for consideration. 

 

Fourthly, modelling should be viewed as an iterative process with a continual dialogue 

between model and data; and refinement of the model as new data becomes available. This 

means that modelling itself is a research tool that can help guide priority areas for data 

collection including those that highly affect the results. Therefore limited data should not be 

seen as an obstacle to modelling, but should be considered carefully when deciding on what 

type of model to use and in questioning the validity of the results.  

 

7.7. Global health policy impact of this research 
 

Evidence based medicine and the use of modelling to guide or evaluate public health policy is 

an example of translational research that is being increasingly used in public health.86 The 
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results presented in this thesis have already had a direct impact in the global public health 

policy in the following ways.  

 

The global model presented in Chapter 3 was used to inform the elimination targets (health 

indicator targets and intervention coverage targets), which were included in the first Global 

Health Sector Strategy on Viral hepatitis.290,414 These were presented and adopted by the 69rd 

World Health Assembly in May 2016.  

 

The World Health Organisation Hepatitis testing guidelines are forthcoming. Data presented 

in the literature review and Chapter 6 of this thesis provided some of the evidence for the 

section on recommendations about who to test for hepatitis B. This included the literature 

review of previous economic evaluations of screening and treatment for HBV, results from 

our economic analysis in The Gambia, and the PROLIFICA study implementation results.  

 

The investment case for China, was performed at the request of the China CDC and WHO 

China, in collaboration with government ministries.  The results, along with other supporting 

evidence gathered during the consultative meetings have formed part of the policy brief 

presented to the government about investing in a comprehensive package of hepatitis care in 

China. Discussions are underway at a government level regarding improved access to testing 

and treatment for HBV. Furthermore, entecavir has recently been included on the list of drugs 

eligible for re-imbursement by insurance programmes and the price of tenofovir has fallen. 

(personal communication) 

 

The results of the investment case for Senegal were presented at the African hepatitis summit 

in January 2016 in the opening address of Professor Mboup (personal communication). The 

following WHO advocacy brief incorporates some of the country investment studies from 

China and Sengal.317 

 

7.8. Future Work 
 
I hope to continue research in this field and see the future research areas as; adaptation and 

refinement of the models already developed, especially in China, further development of the 

investment case methodology and country-level studies and more broad areas of outstanding 

research needs which span epidemiology, economics and clinical implementational research. 
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i. HBV in China 

The established links in China, through the China CDC and WHO China will allow me to 

continue this collaborative research. There is a need and willingness from stake-holders to 

build on existing work. As a follow-up to the work presented in Chapter 4 of this thesis, we 

were invited back by the National Immunisation Programme (China CDC) and WHO China. 

Key objectives were discussed which build on last years research in the following ways.  

 

Firstly, the model will be calibrated to the latest serosurvey in 2014 (China CDC, unpublished 

data), which will increase the strength of the model and validity of the projections.  

 

Secondly, although prevention efforts have been strong in China, there has been growing 

interest by China NIP, to strengthen this further, particularly in the field of PMTCT. 

Therefore an important next step is to develop the model in more detail, in particular with 

respect to the PMTCT options, including the costings and to include evaluating the impact of 

catch-up vaccination. As explained earlier in this chapter, this is an important transition, 

which sees the re-gearing of the role of the modelling from ‘advocacy’ (ie to make the case 

for something), to ‘programmatic support’, where alternative policy options can be weighed 

up. Accordingly, the level of granularity of the question and the data requirements increases. 

 

Thirdly, the existing model will be adapted to deliver provincial level estimates and 

projections, to help with regional planning. Mainland China has 31 provinces, each of which 

with different epidemic patterns, historic coverage of interventions and demographic 

structures.  Furthermore, healthcare is structured on a provincial basis, in terms of policy 

planning, funding and health insurance re-imbursement. Therefore provincial level models 

will allow the inter-provincial level heterogeneity to be captured more accurately and guide 

local decision making. 

 

Fourthly, in the field of HIV, a suite of models with a user-friendly interface, for the policy 

maker has been developed called SPECTRUM.415,416 The development of a similar user 

friendly platform for our HBV model is to be created for in-country use by the national 

programmes in order to plan their public health responses, both at country and provincial 

levels. This will be accompanied by training workshops held in China for both end-users of 

the model (policy makers) and technical users (for example designated technical experts in 
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China CDC). Recognising that there is a discrepancy between where the burden of infectious 

disease is the highest, and the concentration of resources and expertise regarding infectious 

disease dynamics,86 an essential part of the process is to enable knowledge transfer and 

sharing of models for in-country use. These next steps of this research in China aims to 

contribute to this process to allow for greater useability, transparency and ultimately lead to 

sustainability. 

 

ii. Development of country-level investment cases 

In light of the recently adopted SDGs and, in particular, the Global Health Sector targets on 

viral hepatitis, there has been an increased demand among member states for development of 

investment cases for viral hepatitis in other countries. Along with other researchers in this 

field, how best to respond to these country-level needs should be explored. Although we have 

proposed a methodology in our work, there is more research that needs to be done into finding 

an optimum strategy, that is easily implementable given the heterogeneity of data 

completeness between countries and potentially comparable across countries.  

 

iii. Use of model in monitoring and evaluation 

There is increasing demand for the use of HBV modelling to assess impact and for the use in 

setting monitoring and evaluation targets. Whilst recognising that empirical data should be the 

gold-standard in evaluating impact, in the absence of sero-survey data, models, like our 

existing global-level model can be helpful in predicting expected key indicators, against 

which to compare outcomes.  For example, the model can be used to set targets for the Global 

Hepatitis Sector Stratgy impact indicator of HBsAg prevalence among 5 year olds.385 GAVI 

have historically used the Goldstein model, to assess the impact of their vaccination strategy. 

However, it is now increasingly recognised that the use of a static cohort model could 

underestimate vaccination impact. Comparative modelling, for example, could serve an 

important role, with respect to target setting and monitoring and evaluation.  

 

iv. Expansion of the current dynamic model 

The current global HBV model could be extended to overcome some of the limitations 

discussed in Chapter 3. Primarily, to take into account co-infection, particularly with HIV, 

HDV and HCV. It could also be extended from regional level to present country level 

estimates. This would be useful for developing country level targets, projections, and 

investment cases.  
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In the future the combination of the hepatitis models could be useful – particularly HBV & 

HCV. However, looking to the future, incorporating hepatitis into a broader model, which 

includes other diseases within a health system, so that diseases are viewed as a continuum 

rather than separate entities, could be important. This will allow a more nuanced view of the 

overlapping as well as competing health care demands of a country; so that interventions can 

be prioritised depending on major disease burden and existing systems in place.    

 

v. General research needs & outstanding questions  

 

x More implementation research is needed, especially around the questions discussed in 

Chapter 3; for example how to deliver PMTCT interventions, particularly in difficult 

to access areas as well as innovative methods of scaling up testing and treatment. The 

non-linearities associated between costs and intervention coverage levels need to be 

investigated in more detail to allow better budgetary planning.  

 

x The dynamics of HBV is interesting in its own right and a detailed analysis, like what 

has been presented in this thesis fills a significant research gap that has informed 

global health policy. However the solutions, to both HBV and other diseases, should 

not be siloed. Further health systems research is therefore needed to explore questions 

surrounding, for example, how delivery of HBV interventions integrates with other 

health programmes in a more horizontal approach. HBV spans maternal and child 

health, immunisations, infectious disease, non-communicable disease (cancer) and 

could integrate with HIV programmes and build on existing expertise and 

infrastructure. Also, would a decentralised model of care be appropriate for HBV and 

how would this translate into practise? Following on the experiences of HIV, could 

HBV care commence as decentralised from the start or is a more traditional sequence 

of centralised care to decentralisation needed?   

 

x A continued effort to improve burden estimates is needed. Cross collaborative work 

between governments, research organisations, international agencies and funders 

could help improve data collection, especially of cirrhosis deaths, improvement of 

vital registration and cancer registries and promote the integration of HBV into DHS. 
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This could feed into the iterative process of modelling and refining estimates and 

projections. 

 

x There is also a need to explore the uncertain areas in economic evaluation, especially 

in LMICs. This includes the use of WTP thresholds, the use of health utilities and the 

varying role of different methods of economic evaluation and how they can inform 

decision making.  

 

x The two investment cases presented in this thesis have provided some important 

quantitative and qualitative information. However, it has uncovered more questions, 

which need to be explored. What is the most appropriate method to use for investment 

cases? What constitutes a successful investment case, how can this be evaluated and 

can we assess whether they inform policy decisions? Given that the process is time 

and labour intensive, is a similar process required individually for each country before 

intensifying their local efforts? In which case, who does the work, how is it funded 

and is there expertise and capacity available for such expansion to occur? Is there a 

country-level demand for, and should there be a standardised method and model that 

can be available for use by any country, with a user-friendly interface? Further 

questions surround which stake-holders are chosen to be involved, timelines, how 

missing data is handled, how to address uncertainty and capacity of the process to 

collect further data. 

 

x Other fundamental questions surround how to make such analytics, most relevant and 

useful to different types of stake-holder and at varying stages in a policy discussion. 

Key considerations including who the audience or consumer of this work is, and how 

the interplay between local government, funders and international bodies, like WHO, 

feed into the framework. Should such a framework should be developed across disease 

areas to allow greater comparability? Understanding the complexities between these 

inter-related factors is important in advancing equitable, sustainable and evidence 

based frameworks for global policy decision-making. 

 

7.9. Conclusions 
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This thesis has shown that without a co-ordinated change in global health efforts against 

HBV, there will be a substantial number of avoidable deaths and ongoing transmission for 

decades to come. Although a drive to combat this burden of disease requires investment, we 

have demonstrated that over the medium term, it will be cost-saving in two high endemic 

countries. Furthermore active testing and treatment be feasible and cost-effective in a low-

income setting. Although medium-term targets do not result in ‘elimination’ directly, they 

could achieve a significant reduction in mortality and new infections, which could see 

‘elimination’ of HBV as a public health threat. Applied modelling is an important tool in 

helping drive, guide and answer outstanding questions on policy decisions. This thesis has 

attempted to cover some key components of the framework on HBV-policy, but should be 

seen as the springboard for further action. 

 

Making use of the current political momentum and in light of the recently adopted WHA 

targets, there is an opportunity for a new step-change in strategy. Some countries have already 

even adopted elimination goals for viral hepatitis. However, long-term planning and health 

financing is essential alongside health system strengthening for high impacts to be achieved in 

an equitable and sustainable manner throughout the world. Combatting HBV has the potential 

to reduce preventable deaths from a disease ranked among the top ten causes of major global 

disease burden, that could generate lasting benefits and can make a contribution to SDGs.
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Appendix 3: Investment Case Guidance Document 

 
Key considerations: Investment Cases for Hepatitis B & C 

Imperial College, Applied Modelling Group1 

 
  
This document is intended to serve as a guide towards key considerations when developing 
country-specific investment cases for interventions against chronic hepatitis infection 
(Hepatitis B and Hepatitis C). It is not an attempt at providing a review on investment case 
methodology or as an exhaustive list of data-needs. Therefore, final methodology should be 
guided by local stake-holder consultation, data-availability, implementation research 
question and time and resources available for the analysis.  
 
Background  
The global burden of viral hepatitis is high despite existing prevention and treatment 
interventions, the coverage of which varies by country. WHO global targets are being 
developed for elimination of HBV and HCV as public health threats2 and country level 
planning is needed to guide prioritisation of strategies and allocation of budgets in order to 
achieve these targets.  
 
What is an investment Case? 
The term investment case, when referring to health, can be approached in different ways 
depending on the objective and perspective under consideration. In this document, we 
propose an analysis of the “returns on investment”, to the country, of a comprehensive 
scale-up package of interventions against HBV and HCV, over the longer term (15 years). The 
return can be quantified in many ways and include health benefits (eg. new chronic 
infections averted, life years saved, hepatitis-related deaths averted, liver cancers averted), 
as well as economic benefits (eg costs averted of management of end-stage liver disease, 
productivity costs gained or avoidance of catastrophic health expenditure).  
 
What programme components should be covered?  
The investment case should evaluate a comprehensive package of interventions.  
In the case of HBV, to include scale-up of: 

4. Infant vaccination 
5. Interventions for the Prevention of Mother to child transmission (PMTCT) 
6. Screening and antiviral treatment for persons infected with chronic HBV. 

In the case of HCV: 
1. Harm reduction services (opiate substitution & needle exchange) 
2. Improved blood safety 
3. Screening and antiviral treatment for persons infected with chronic HCV. 

The exact coverage targets and methods of PMTCT or screening, should depend on local 
programmatic preferences and implementation considerations. Depending on local needs, it 
                                                        
 
 
1 S Nayagam, TB Hallett, E Sicuri, M Thursz, L Conteh. (April 2016) 
2 Draft Global Health Sector Strategy on viral hepatitis, 2016-2021. 
(http://www.who.int/reproductivehealth/ghs-strategies/en/) 

http://www.who.int/reproductivehealth/ghs-strategies/en/
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can also cover various strategies for delivery of each intervention to guide implementation 
and resource allocation. Scale-up of other strategies including blood safety can also be 
included, depending on the data availability and model structure. 
 
Implications of Choosing a Perspective for the Evaluation 
Where possible, a societal perspective should be considered to attempt to capture all the 
costs incurred by HBV-related interventions and HBV-related disease, whilst recognising that 
costs and savings may fall on different parties (including the individual, their household, 
government and society as a whole). This broad perspective is preferred as considering only 
short term health care provider costs fails to capture potential savings arising from a 
reduction in costs for caring with those in late stages of hepatitis-related liver disease. 
 
 
Methodology 
 
Process: The investment case should be a consultative process with the key local and 
regional stake-holders who are involved in the all stages of HBV management. This will 
involve evidence gathering, identification of data gaps and stake-holder consensus on 
coverage targets and intervention scale-up combinations. The representatives should 
include, but not be limited to, ministry of health representatives from prevention and 
maternal-child health programmes, local clinicians, epidemiologists & health economists. 
 
Epidemiological Model: In order to quantify the health projections, a dynamic transmission 
model of the epidemic should be used, that is calibrated to country level, or regional level 
data. A cohort-type model would not capture the non-linear relationships and prevention of 
transmission benefits. The epidemiological component of the model should be used to 
produce projections of the incidence, prevalence and deaths due to viral hepatitis, under 
different intervention coverage scenarios (including a status quo scenario). Calibration 
should, as far as possible, incorporate all available data sources. Ideally these would include 
data on prevalence of infections and deaths attributed to sequela of infection. Where 
substantial uncertainty arises from a paucity of data, this should be reflected in results. 
 
Costing Model: This should be integrated with the epidemiological model to provide 
projections on investment needed, returns on investment and cost-effectiveness, if 
required. Uncertainty should be explored.  
 
How to quantify:  

1. Costs components 
Costings should include both provider costs, for example i. intervention costs such as 
the cost of consumables, delivery, and outreach of prevention and treatment 
interventions and ii. medical costs of management of end-stage liver disease (eg 
hospitalisation costs).  In addition, other wider household and health system costs 
should be quantified. These wider non-provider costs include i. direct non-medical 
costs, such as transportation costs incurred in seeking health-care, ii. indirect costs of 
hepatitis B related liver disease, to represent wages lost by the patient and care-giver 
during periods of illness or hospitalisation and iii. costs of premature death (see 
below). 
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For costing the antiviral treatment intervention, a locally agreed ‘standardised 
package of care’ for diagnosis and monitoring which represents a package of 
‘acceptable quality at the lowest reasonable cost’ if the intervention was to be rolled 
out nationally, should be estimated. This should be contrasted with current costs of 
diagnosis and monitoring, which in the absence of an existing publicly funded system 
of HBV treatment, is likely to be a mix of private and public sector costs. 
 
Primary data, published literature or programme data can be used for cost estimates.  

 
2. Economic consequence of premature mortality due to HBV 

Evidence from microeconomic and macroeconomic studies increasingly support the 
link between improved health and higher income both at the individual (household) 
and aggregate (national). Therefore an attempt should be made to quantify these 
losses due to poor-health or premature mortality due to hepatitis-related illness. 
There are various approaches that can be considered, which include the following; 
 
i. The human capital approach3, which is a representation of the loss of future 

contribution to the national economy given that the individual dies earlier 
than country-specific expected age of retirement, and is an attempt to 
capture productivity losses. This method is not attempting to ‘value a life’ of 
an individual. This method has been used previously in the China HBV 
Investment Case4 and in other disease areas (eg Malaria5 and Cancer6). 
Country specific inflation rates, unemployment rates, average annual wages 
and average age of retirement should all be factored in.  

ii. Methods of ‘valuing life’, which attempt to capture the value people place on 
increased life-expectancy and attaching this ‘value’ to each extra life year 
gained  (of note, this is not necessarily the value that an individual or a health-
provider is 'willing to pay for each additional life year gained'). Placing a value 
on life is highly debated7 and a full discussion remains out of the scope of this 
document. However, one of these approaches includes the concept of ‘value 
of additional life years’ (VLYs), which has been used, along with GDP growth, 
in the full-income approach by the Global Health 2035 Lancet Commission in 
20138 (where it was estimated that the VLY to be an average of 2-3 times per-
person income in low and middle income countries). 

 

                                                        
 
 
3 Robinson R (1993) Economic Evaluation and Health Care: Cost-benefit analysis. BMJ. 307: 924-926. 
4 Investment Case for a Comprehensive Package of Interventions against Hepatitis B in China. Applied modelling 
group Imperial College London, WHO China & CDC China. 2015 (unpublished)  
5 Sicuri E, Vieta A et al. The economic costs of malaria in children in three sub-Saharan countries: Ghana, 

Tanzania and Kenya. Malaria J. 2013; 12:307 

6 Hanly PA, Sharp L. The cost of lost productivity due to premature cancer-related mortality: an economic 
measure of cancer burden. BMC Cancer. 2014; 14:224 
7 Tarricone R. Cost-of-illness analysis - What room in Health economics? Health Policy. 2006; 77 (1): 51-63 
8 Jamison DT, Summers LH, Alleyne G, et al. Global health 2035: a world converging within a generation. The 
Lancet; 382(9908): 1898-955. 
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The former approach is a more conservative method as it only considers productivity 
losses in terms of projected individual incomes.  The latter approach tries to 
encompass broader aspects and will give a more flattering view on the value of 
health interventions. 

 
3. Health Benefits 

Various health outcomes can be used in the investment case. The main outcomes 
measures should include projections of incidence of new chronic infections, number 
of people living with HBV, deaths due to HBV and HBV-related cancers. DALYs or 
QALYs, could also be used, although the absence of disability weights for all stages of 
HBV-related disease and a lack of validated HBV related health utilities in many 
LMICs limit their respective use in some settings. 
 

4. Health system factors 
An understanding of the national healthcare system including government 
expenditure on health, health care seeking behaviour in public versus private sectors, 
coverage of health insurance, co-financing strategies for health and country specific 
progress towards universal health coverage will help inform both the costings and 
intervention coverage projections. 
 

5. Country-specific intervention efforts  
Country specific time-trend data is needed on current and historical intervention 
coverage, to include, infant vaccination, birth dose vaccination within 24 hours, 
testing and treatment rates, as well as type of antiviral regimens used. Demographic 
data (fertility, mortality and population structure) will also inform epidemiological 
projections. 
 

How to handle missing data: In instances where local epidemiological or cost data is lacking, 
available data from global databases, expert opinion or assumptions should be used to 
inform the missing parameters.   
 
Time period: The natural history of chronic hepatitis infection means that there is a time-lag 
between interventions starting and when the mortality benefits start to become apparent, 
although the impact on incidence is seen more quickly. It is therefore important to have a 
sufficiently long time period of analysis. Therefore, it is suggested to consider a discount rate 
of at least 3% per annum.   
 
Who will benefit from the results of this work? 
An Investment Case is likely to benefit many stake-holders, including local and international 
policy makers. It will help guide programmatic priorities, which are needed to reduce the 
burden of HBV. By providing projections of costs needed to implement a comprehensive 
package of HBV interventions, and its associated impact, this could help to plan funding 
strategies, including providing quantitative evidence for international funding agencies. 
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