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It has been 8 years since the World Health Assembly 
passed a resolution that viral hepatitis is indeed a major 
public health threat. Already, the World Health Organization 
(WHO) has set ambitious targets for 2030 to reduce new 
viral infections by 90%, diagnose 90% of infections and 
have 80% of eligible patients treated. For hepatitis C (HCV), 
as highly effective therapies to cure almost 100% of  cases 
with 3 months of oral therapy have been achieved, the 
strategy has shifted to public health, resource allocation 
and utilisation, and policy and implementation. 

In Singapore, formulation of  a national strategy is slowly 
taking place, with a possible micro-elimination approach. 
However, the infrastructure to identify and deliver therapy 
needs to be put in place. For hepatitis B (HBV), while 
excellent agents to control the disease are available, the goal 
of functional cure—defined as loss of  hepatitis B surface 
antigen (HBsAg) 6 months after stopping therapy—has yet 
to be achieved in significant numbers of  patients. Efforts 
to address this requires understanding the pathogenesis 
of chronic hepatitis B (CHB) clearance—a key goal of 
the ‘Hepatitis B Translational Clinical Grant’—as well as 
identification of  new targets and agents that are likely to 
lead to a functional cure. Thirty-six agents encompassing 
10 classes of compounds are in preclinical and clinical 
testing, making this likely in the near future.

It is timely to see how far we have come, and how far 
we still have to go to address the spectre of  viral hepatitis. 
It is a leading cause of  mortality in the Asia Pacific and is 
estimated to cause over 1 million deaths per year according 
to the Global Health Survey1 (the vast majority due to 
chronic CHB  and the remainder due to chronic hepatitis 
C [CHC]). In Singapore, the impact of viral hepatitis is 
relatively smaller, in large part due to the foresight  of  early 
implementation of the HBV vaccination programme,2 a 
strategy that has led to a considerable reduction in CHB. The 
overall prevalence of  CHB was reduced to 3.6%2 in 2010, 
from 5% to 6% in the 1980s.3 However, HBV-related liver 
disease is still a substantial problem.4 Hence, there should 
be no room for complacency as the patients who develop 
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these complications are generally above 50 years of age, 
while the oldest vaccinees are in their mid-20s. Does this 
mean that we have to wait another 2 to 3 decades before 
the benefits of vaccination are realised? Certainly not since 
much can be done to address the issue. First, however, we 
should take a page from the war against CHC to determine 
the strategic direction for CHB. HCV differs from HBV 
in that the virus is entirely cytoplasmic in its replication 
cycle,5 and has no nuclear lifecycle,6 nor does it integrate 
into the host genome.7 In the decade of 2000 to 2010, the 
standard of care was interferon therapy, with the addition 
of  ribavirin and pegylation of  interferon; treatment of 
HCV could be optimised no further with SVR rates of 
40% to 70% at the cost of toxicity of antiviral therapy.8 
Nonetheless, these SVR rates comprise a cure of  HCV and 
are rates well above that achieved for HBV with existing 
therapies today. The eradication of HCV at that time was 
not even a consideration and many patients who were 
treatment failures or ineligible for therapy had no possibility 
of  cure and either perished from advanced liver disease 
or liver cancer, with only a few fortunate patients being 
transplanted. With the advent of  continually improving 
oral direct acting antiviral (DAA) therapy, we now have 
approved pan-genotypic oral DAA therapy with SVR rates 
close to 100%, representing an easy, safe cure strategy.9,10 

At this time, we can contemplate HCV eradication—the 
WHO has set optimistic goals and timelines to achieve this.11 
This is a remarkable development for a condition that was 
unrecognised by the WHO only 8 years ago.12 

Now, the war has moved to a different stage as the search 
for a cure is over. In a sense, the easy work has been done, and 
the search for HCV-positive patients takes on public health, 
financial, socioeconomic, policy and political overtones.13 
The WHO has set the template, but each country has to 
make its own decisions on whether, and how to implement. 
For Singapore, the challenges are more straightforward 
since the prevalence rate is extremely low (approximately 
0.1%)14 and likely to be archived in well characterised risk 
groups such as renal dialysis patients, blood transfusion 
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recipients, people who inject drugs and migrants from 
countries that harbour high rates of HCV. Once HCV-
infected patients in these risk groups are identified, they 
can be progressively treated and cured (a strategy called 
micro-elimination).15 In Singapore, the low burden of 
disease is counterbalanced by the high cost of  treatment, 
but the consequences of non-treatment may be even 
higher in increased morbidity and mortality and the even 
higher cost of managing complications.16 Notwithstanding 
the policy issues, there are infrastructure needs that can 
streamline the path to elimination. The WHO defines 
elimination as the complete cure of  that disease in a defined 
geographical region.17  The first question is how do we know 
we have achieved this? This requires 2 components—the 
absence of new cases and the cure of all known cases. In 
Singapore, viral hepatitis is a notifiable disease,18 hence 
all cases should be captured by the Ministry of Health. 
In reality, only acute cases are reported. Consequently, 
the capture of data on cases is incomplete and bulk data 
is not available to determine disease burden or outcome. 
Countries that have the most successful programmes (such 
as Australia) have a comprehensive notification system 
that detects new cases of chronic HCV, track outbreaks, 
monitor treatment, and outcomes. Australia estimates that 
75% of   the disease burden has been diagnosed, and are 
on the path to treatment and cure.19 We can learn much 
from such infrastructure. Since viral hepatitis is already a 
notifiable disease in Singapore, setting up such a system 
could be possible. The benefits are potentially enormous, 
particularly in the detection of disease outbreaks, linkage 
to care and outcomes such as disease complications and 
mortality, and linkage to therapy. One big difference between 
Australia and Singapore is the much lower prevalence of 
HCV here—1.4%20 compared to approximately 0.1%. A 
screening strategy for low prevalence countries needs to 
utilise a micro-elimination strategy15 targeting pockets of 
high-risk patients which include blood transfusion recipients 
before 1990, renal dialysis patients, patients with liver 
disease, individuals with frequent transfusions or blood 
products, people who inject drugs and migrants from 
countries with high prevalence rates. HCV antibody testing 
should be routinely added to multiphasic health screening 
in addition of  HBsAg. Overall, a targeted testing strategy 
for such high-risk groups will allow for a more precise 
picture of  the burden of disease—a necessity in planning 
healthcare budgets and health resources. Ultimately, an 
affordable treatment strategy is needed for elimination, 
and such a strategy is being evaluated in Singapore. What 
HCV has today that enables the public health approach is 
a highly effective cure that can be universally delivered 
to large groups of infected patients. This, unfortunately, is 
what is missing in HBV today.

Returning to CHB, we have highly effective oral antiviral 
agents that are able to control disease.21 A recent consensus 
workshop has proposed that loss of  HBsAg can be called 
functional cure,22 and should be the objective of  therapy. 
This is a substantial milestone in the approach of CHB which 
has been thought to be lifelong and “incurable.” However, 
there is increasing evidence of  success in a functional cure, 
and Singapore has been one of the global centres taking a 
leading role in this field. The award of  the Translational 
Clinical Research (TCR) Grant of $25 million for the 
eradication of  HBV has consolidated a national effort for a 
HBV cure. The investigators of  the grant comprise a national 
translational  group  of   29 researchers and scientists who 
have been working collaboratively on the eradication of  
CHB through a comprehensive approach via 3 integrated 
themes of  examining host/viral interactions, target discovery 
with validation, novel agents, and experimental therapeutics. 
The team has found and characterised immune cells in CHB 
infection, as well as important proteins used by the virus to 
replicate. A novel animal model is now being validated and 
8 compounds have been found to be active against HBV 
and are now being tested. In order to optimise a functional 
cure of  CHB with existing therapy, we conducted a clinical 
trial to test the combination of interferon and nucleoside 
analogues, and preliminary data suggests that this can lead 
to a functional cure of  CHB in about 11% of patients. 
However, before we can address the issue of elimination 
of  HBV, we need better treatments similar to HCV that are 
able to cure high proportions of patients with short-term 
therapy. The infrastructure laid down in the push for HCV 
elimination can then be seamlessly utlised to treat HBV. 
In the interim, there are 10 new classes of compounds and 
36 new agents23 in clinical or preclinical testing that raise 
expectations that a functional cure is not too far away.

Acknowledgement
The first author, Lim SG, declares the following conflicts of interest: 

Advisory Board – Gilead Sciences, Merck Sharpe and Dohme, Abbvie, 
Abbott Diagnostics, Roche, Springbank; Speakers Bureau – Gilead Sciences, 
Abbvie, Abbott Diagnostics; Educational/research funding – Merck Sharpe 
and Dohme, Gilead Sciences, Abbott Diagnostics, Roche.

Hepatitis Elimination and Control—Seng Gee Lim and Guan Huei Lee



November 2018, Vol. 47 No. 11

437

REFERENCES
1.	  	Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et 

al. Global and regional mortality from 235 causes of death for 20 age 
groups in 1990 and 2010: a systematic analysis for the Global Burden 
of Disease Study 2010. Lancet 2012;380:2095-128.

2.		 Ang LW, Cutter J, James L, Goh KT. Seroepidemiology of hepatitis B 
virus infection among adults in Singapore: a 12-year review. Vaccine 
2013;32:103-10.

3.		 Guan R. Hepatitis B virus infection in Singapore. Gut 1996;38 Suppl 
2:S13-7.

4.		 Muthiah M, H Chong C, G Lim S. Liver disease in Singapore. Euroasian 
J Hepatogastroenterol 2018;8:66-8.

5.		 Dubuisson J, Cosset FL. Virology and cell biology of the hepatitis C 
virus life cycle: an update. J Hepatol 2014;61:S3-13.

6.		 Hu J, Seeger C. Hepadnavirus genome replication and persistence. Cold 
Spring Harb Perspect Med 2015;5:a021386.

7.		 Tu T, Budzinska MA, Shackel NA, Urban S. HBV DNA integration: 
molecular mechanisms and clinical implications. Viruses 2017;9(4). 
pii: E75. 

8.		 Lim SG, Dan YY. A 2015 roadmap for the management of hepatitis C 
virus infections in Asia. Korean J Intern Med 2015;30:423-33.

9.		 Weisberg IS, Jacobson IM. A pangenotypic, single tablet regimen of 
sofosbuvir/velpatasvir for the treatment of chronic hepatitis C infection. 
Expert Opin Pharmacother 2017;18:535-43.

10.	 	Abutaleb A, Kottilil S, Wilson E. Glecaprevir/pibrentasvir expands reach 
while reducing cost and duration of hepatitis C virus therapy. Hepatol 
Int 2018;12:214-22.

11.	 	World Health Organization. Global Health Sector Strategy On Viral 
Hepatitis 2016-2021. Available at:  http://www.who.int/hepatitis/
strategy2016-2021/ghss-hep/en/. Accessed on 8 July 2018. 

12.	 	World Health Organization. World Health Assemby A63/15 Viral Hepatitis 
Report World Health Organisation, 2010. Available at: http://apps.who.
int/gb/ebwha/pdf_files/WHA63/A63_15-en.pdf. Accessed on 8 July 2018. 

13.	 Calvaruso V, Petta S, Craxi A. Is global elimination of HCV realistic? 
Liver Int 2018;38 Suppl 1:40-6.

14.	 	Lim SG. Time for action on viral hepatitis. Ann Acad Med Singapore  
2016;45:27-30.

15.	 	Lazarus JV, Wiktor S, Colombo M, Thursz M, Foundation EIL. Micro-
elimination – a path to global elimination of hepatitis C. J Hepatol  
2017;67:665-6.

16.	 	Dan YY, Lim SG. Hepatitis C: an Eeastern perspective. Gastroenterol 
Clin North Am 2015;44:793-805.

17.	 	Heymann DL. Control, elimination, eradication and re-emergence of 
infectious diseases: getting the message right. Bull World Health Organ 
2006;84:82.

18.	 	Ministry of Health, Singapore. List of Infectious Diseases Legally 
Notifiable under The Infectious Diseases Act. In: Ministry of Health S, 
editor; 2007.

19.	 	Hajarizadeh B, Grebely J, McManus H, Estes C, Razavi H, Gray RT, et 
al. Chronic hepatitis C burden and care cascade in Australia in the era 
of interferon-based treatment. J Gastroenterol Hepatol 2017;32:229-36.

20.	 	Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and natural history 
of HCV infection. Nat Rev Gastroenterol Hepatol 2013;10:553-62.

21.	 	Sarin SK, Kumar M, Lau GK, Abbas Z, Chan HL, Chen CJ, et al. Asian-
Pacific clinical practice guidelines on the management of hepatitis B: a 
2015 update. Hepatol Int 2016;10:1-98.

22.	 	Lok AS, Zoulim F, Dusheiko G, Ghany MG. Hepatitis B cure: from 
discovery to regulatory approval. J Hepatol 2017;67:847-61.

23.	 	Schinazi RF, Ehteshami M, Bassit L, Asselah T. Towards HBV curative 
therapies. Liver Int 2018;38 Suppl 1:102-14.

Hepatitis Elimination and Control—Seng Gee Lim and Guan Huei Lee


