


69Bull World Health Organ 2010;88:66–73 | doi:10.2471/BLT.08.065722

Policy & practice
Hepatitis B vaccine resistanceC John Clements et al.

treatment programmes expand in de-
veloping countries.

The second potentially problem-
atic feature of current treatment pro-
grammes is the way patients are selected. 
Antiviral drugs are the only long-term 
treatment option for chronic hepatitis B 
infection,40 and many investigators have 
argued that all patients who are viraemic 
should be treated. Because of the strong 
correlation between HBV viral load and 
the likelihood of developing cirrhosis 
and hepatocellular carcinoma, reducing 
viral replication as early as possible after 
infection is likely to be beneficial. In 
addition to being costly, this approach 
may generate antiviral drug resistance 
since current agents never lead to eradi-
cation of the virus, but only to control 
of replication. This effect, in turn, can 
complicate second-line therapies and 
may favour the appearance of ADAP-
VEMs. Treatment in industrialized 
countries is therefore usually reserved 
for patients likely to respond to therapy 
and those who have advanced disease.41 
However, there is no consensus glob-
ally regarding which patients to treat, 
and WHO has not yet produced in-
ternational recommendations to guide 
therapy (Daniel Lavanchy, personal 
communication, 2008). Inappropriate 
inclusion criteria, improper application 
of these criteria or lack of compliance 
with treatment could greatly influence 
the emergence of both drug resistance 
and ADAP-VEMs.

The public health risk of treatment 
programmes in different populations 
may also depend upon features of the 
circulating viral genotype. There is 
evidence that the genotype of the virus 
influences the speed and frequency 
of development of resistance to treat-
ment, which may in turn influence 
the likelihood that ADAP-VEMs will 
emerge. For example, genotype A-1 
(common in north-western Europe 
and North America) more frequently 
develops surface protein changes with 
lamivudine therapy than genotype 
D-1 (concentrated in Mediterranean 
countries but distributed globally).42 
The viral genotype also influences how 
frequently infected individuals develop 
antibodies to the hepatitis B “e” antigen 
(HBeAg). During the natural history 
of chronic hepatitis B, persons infected 
with genotype D-1 are more likely to 
become HBeAg-negative than those in-
fected with genotype A-1.43 In general, 

Fig. 2. Potential impact of hepatitis B VEMs and ADAP-VEMs on public health
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when HBeAg is detectable in the blood, 
the infection is more transmissible. 
Among children born to mothers who 
are HBeAg-positive, 90% will become 
infected whereas only 10% of children 
born to HBeAg-negative mothers will 
become infected. The disease process 
can also be more active and more 
rapidly progressive in HBeAg-positive 
individuals,43 although disease progres-
sion may also be influenced more by 
the underlying HBV genotype than 
by HBeAg status alone.44,45 The pro-
portion of infected individuals who 
are HBeAg-positive could therefore 
influence the total numbers of persons 
treated with antiviral medications, the 
risk of generating ADAP-VEMs and 
the subsequent risk of secondary trans-
mission of these mutants.

Given these features, the likelihood 
that escape mutants will emerge as a 
result of HBV treatment programmes 
is probably greatest in settings of high 
HBV prevalence, where treatment is 
widely available and where regimens are 
inappropriate or adherence is uneven. 
Escape mutants may also appear in 
settings where HIV/HBV co-infection 
is prevalent since HIV is known to 
increase HBV replication,46 but it has 
not been confirmed that co-infection 
alters the rate of developing resistance. 
Within these settings there may be 
subgroups of particular interest. For 
example, the efficiency of transmission 
from an HBeAg-positive mother to 
her child during the perinatal period 
creates a very high risk for chronic 

hepatitis B infection. This risk makes 
it important to monitor for ADAP-
VEMs among treated women of child-
bearing age, especially if lamivudine 
is used as monotherapy, since neither 
hepatitis B immunoglobulin nor active 
immunization would prevent infection 
with an ADAP-VEM transmitted from 
mother to child. In addition, the child 
may then spread the ADAP-VEM to 
other children, immunized or not. Sub-
sequent treatment of chronic hepatitis B 
in all persons infected when young is 
also complicated if they have been in-
fected with a drug-resistant strain. On 
the other hand, it has been estimated 
that the proportion of all HBV infec-
tions acquired among children more 
than 5 years of age ranges from 10% 
where prevalence of hepatitis B infec-
tion is high to as much as 90% where 
prevalence is low.47 These numbers sug-
gest that monitoring for ADAP-VEMs 
may be needed in other populations 
in addition to HBV-infected HBeAg-
positive women of childbearing age.

Geographical sites of high risk 
for the emergence of ADAP-VEMs 
of public health importance should 
be mapped. To this end, official and 
unofficial treatment programmes that 
already record the type of antiviral treat-
ment, treatment criteria and the extent 
of substandard medications could be 
combined with descriptive epidemiol-
ogy (e.g. high burden of disease, viral 
genotype, proportion of HBV-infected 
individuals with surface antigen posi-
tivity) to identify high-risk settings.
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Discussion
In this article we raise the possibility 
of a threat to the global hepatitis B im-
munization programme because of the 
use of lamivudine and other nucleoside 
or nucleotide analogue therapeutic 
agents to treat individuals with chronic 
hepatitis B infection. Although the 
threat is theoretical, there is already 
evidence that current treatment regi-
mens have resulted in the selection of 
stable ADAP-VEMs. Even though the 
transmission of ADAP-VEMs to indi-
viduals immunized with HBV vaccine 
has been observed in only one case,36 
VEMs generated by hepatitis B vaccine 
have spread more widely and caused 
infection in previously immunized 
individuals.

Knowing this, what should our 
response be now? At the very least, we 
must learn more about ADAP-VEMs, 
their transmissibility and their potential 
to cause infection and disease in im-
munized individuals. This will require 
virological surveillance and clinical 
follow-up of infected individuals and 
those undergoing treatment, and also, 
possibly, surveillance of their close 
contacts. The initial focus of these 
activities should be high-risk settings 
until the level of risk is defined and 
understood better. Incident cases of 
HBV in these situations could also be 
examined for VEMs, especially if a new 
case is epidemiologically linked to an 
individual undergoing treatment for 
chronic hepatitis B infection. Follow-up 
of such cases of HBV, however, would 
depend on the availability of testing, 

and currently no suitable commercial 
tests are available.

At present, treatment aims to pre-
vent the long-term complications of 
HBV infection, with little consider-
ation given to potential adverse public 
health impacts. The number of potent 
antiviral agents is limited, their devel-
opment by manufacturers is episodic 
and trials that have evaluated combina-
tion therapies are lacking. Because of 
these factors, monotherapy remains the 
usual practice in most settings. As with 
other infections, more potent combina-
tion therapies for HBV would reduce 
the chance of drug-resistance and lead 
to early and longer-lasting control 
of HBV replication. Such therapies 
would not only benefit the individual 
but would also simultaneously reduce 
the likelihood that ADAP-VEMs of 
global public health significance will 
emerge. Trials are urgently needed to 
identify the optimal combination of 
existing drugs that can address both 
individual and public health needs. 
International therapeutic guidelines for 
chronic hepatitis B such as those issued 
by the Asian-Pacific Association for 
the Study of the Liver,48 the European 
Association for the Study of the Liver 
International Consensus Conference49 
and the American Association for the 
Study of Liver Disease 50 should ide-
ally consider both of these elements, 
and will need to be refined as more is 
learned about ADAP-VEMs. More ef-
fective novel agents are clearly needed 
that target other parts of the virus.

It is still essential to prevent the 
spread of wild, vaccine-sensitive strains 

of HBV. Well-tested measures such as 
safe sex and avoiding the risks associ-
ated with injection drug use will also 
help to reduce horizontal transmission 
of both the wild virus and VEMs. 
Hepatitis B immunization for infants 
of mothers with HBV will reduce peri-
natal transmission of the wild virus but 
may not prevent transmission of VEMs. 
The global hepatitis B immunization 
programme will continue to reduce 
new incident infections of hepatitis B 
and the burden of chronic HBV disease 
globally, although it is simultaneously 
generating VEMs. One simulation has 
predicted that the spread of VEMs 
selected out by immunization would 
result in relatively few new infections 
for the foreseeable future.51 However, it 
is not yet clear whether the emergence 
of ADAP-VEMs in a population will 
be speeded up by the simultaneous 
use of both the vaccine and treatment. 
Of course, hepatitis B vaccines that 
incorporate HBV proteins not altered 
by immunization or drug therapy are 
the ultimate solution to prevent the 
appearance of viral escape mutants gen-
erated by vaccines or antiviral drugs.  ■
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Résumé

Lutte mondiale contre le virus de l’hépatite B : les modifications antigéniques induites par le traitement ont-
elles des effets sur la vaccination ?
Depuis son introduction à grande échelle, le vaccin contre 
l’hépatite B est devenu une composante essentielle des 
programmes de vaccination infantile partout dans le monde. 
Ce vaccin est particulièrement important pour les pays où 
l’incidence des carcinomes hépatocellulaires liés à une infection 
par le virus de l’hépatite B (VHB) est élevée. Jusqu’en 1998, 
date à laquelle est apparue la lamivudine, premier analogue 
nucléosidique, les options thérapeutiques efficaces pour traiter 
les individus atteints d’hépatite B chronique étaient limitées. 
En tant qu’agent thérapeutique unique, la lamivudine présente 
cependant un inconvénient notable : elle induit l’apparition de 
souches de VHB résistantes à la lamivudine qui risqueraient de 
compromettre les programmes de vaccination contre l’hépatite B 
à l’échelle mondiale. Les mutations associées au traitement par 

ce médicament peuvent entraîner des modifications au niveau des 
protéines antigéniques de surface, c’est-à-dire précisément dans 
la partie du virus qu’imite le vaccin contre l’hépatite B. Cependant, 
l’apparition de «mutants d’échappement au vaccin» potentiellement 
associés au traitement antiviral (ADAP-VEM), chez les malades 
traités ne représente pas nécessairement une menace importante 
et imminente pour le programme mondial de vaccination contre 
l’hépatite B. Néanmoins, il existe déjà des preuves de la sélection 
par les schémas thérapeutiques actuellement appliqués de mutants 
ADAP-VEM stables. On administre aujourd’hui le traitement pour 
prévenir les complications à long terme d’une infection par le VHB, 
en accordant peu d’attention à ses impacts négatifs éventuels sur 
la santé publique. Pour répondre aux préoccupations individuelles 
et de santé publique, il est urgent de procéder à des essais pour 



71Bull World Health Organ 2010;88:66–73 | doi:10.2471/BLT.08.065722

Policy & practice
Hepatitis B vaccine resistanceC John Clements et al.

Resumen

Control mundial del virus de la hepatitis B: ¿afecta a la inmunización la variación antigénica inducida por el 
tratamiento?
Desde su introducción generalizada, la vacuna contra la 
hepatitis B se ha convertido en un elemento esencial de los 
programas de inmunización de los lactantes en todo el mundo. 
La vacuna ha sido además especialmente útil en los países con 
alta incidencia de carcinoma hepatocelular relacionado con 
el virus de la hepatitis B. Las opciones terapéuticas eficaces 
para las personas con hepatitis B crónica eran limitadas hasta 
1998, año en que se introdujo la lamivudina, el primer análogo 
nucleosídico. Como tratamiento único, sin embargo, la lamivudina 
tiene un inconveniente importante, y es que induce la aparición de 
cepas de virus de la hepatitis B resistentes a ese medicamento, 
fenómeno que puede hacer peligrar el programa mundial de 
inmunización contra la hepatitis B. Las mutaciones asociadas 
a la farmacoterapia pueden alterar la proteína del antígeno de 
superficie, precisamente la parte del virus mimetizada por la 
vacuna contra esa hepatitis. Sin embargo, la aparición de posibles 
mutantes de escape de la vacuna asociados al uso de antivirales 

(MEV-AUAV) en los pacientes tratados no supone necesariamente 
una amenaza relevante e inminente para el programa mundial de 
inmunización contra la hepatitis B. Así y todo, existen ya datos 
que demuestran que los actuales regímenes terapéuticos han 
provocado la aparición de MEV-AUAV. El tratamiento se orienta 
actualmente a prevenir las complicaciones a largo plazo de la 
infección que causa el virus de la hepatitis B, sin considerar apenas 
el impacto potencial en la salud pública. A fin de responder a la 
inquietud que ello ha suscitado en relación con la salud individual 
y la salud pública, es preciso emprender urgentemente ensayos 
que permitan hallar la combinación óptima de medicamentos 
ya existentes que sean eficaces pero no induzcan la aparición 
de MEV-AUAV. En este artículo se estudia el mecanismo de los 
cambios provocados por los antivirales en la parte del genoma 
viral que afecta también al antígeno de superficie, y se analiza 
el impacto potencial en los actuales programas de inmunización 
contra la hepatitis B.

sélectionner une combinaison optimale de médicaments existants, 
qui soit efficace sans induire l’émergence de mutants ADAP-VEM. 
Le présent article étudie le mécanisme régissant les modifications 
sélectionnées par les antiviraux dans la partie du génome viral qui 

influe aussi sur l’antigène de surface ainsi que l’impact potentiel 
de ces modifications sur les programmes actuels de vaccination 
contre l’hépatite B.

ملخص
المكافحة العالمية لفيروس التهاب الكبد بي: هل تؤثر المعالجة بتحريض التغيير المستضدي على المناعة؟

أساسياً  أصبح جزءاً  نطاقٍ واسع،  الكبد بي على  التهاب  لقاح  أدخل  أن  منذ 
من برامج تمنيع الرضّع في العالم. وللقاح أهمية خاصة في البلدان التي تعاني 
من معدلات انتشار مرتفعة لسرطانة الخلية الكبدية المرتبطة بالتهاب الكبد 
بي. وقد كانت اختيارات المعالجة الفعّالة للمصابين بالتهاب الكبد بي المزمن 
محدودة حتى عام 1998 حين أدخل اللاميفودين، وأهو أول دواء مضاهئ 
للنكليوزيد. إلا أن للاميفودين، باعتباره دواء منفرد للمعالجة، عوائق هامة؛ 
للاميفودين، وهو  المقاومة  الكبد بي  التهاب  ذراري فيروس  يحرضّ  أنه  منها 
الكبد بي للخطر. فالطفرات  التهاب  للتمنيع ضد  العالمي  البرنامج  ما يعرض 
التي رافقت المعالجة بالدواء يمكن أن تغّري البروتينات على سطح المستضد 
التهاب  لقاح  يشابهه  أو  يحاكيه  الذي  الفيروس  من  الدقيق  الجزء  وهو 
للقاح  الحدوث  المحتملة  الهروبية  الطفرات  بزوغ  فإن  ذلك  ومع  بي.  الكبد 
الذين  المرضى  لدى  للفيروسات  المضادة  الدوائية  المعالجة  مع  تترافق  والتي 
عولجوا بتلك الأدوية لا يعني بالضرورة تهديداً هاماً ووشيكاً للبرامج العالمية 

للتمنيع ضد التهاب الكبد بي. ولكن هناك بيِّنات متوافرة حالياً على أن النُظُم 
الحدوث  المحتملة  الهروبية  الطفرات  انتقاء  إلى  أدت  قد  الراهنة  العلاجية 
المعالجة  للفيروسات. وتهدف  الدوائية  المعالجة  تترافق مع  والتي  اللقاح  في 
بفيروس  للعدوى  الأمد  الطويلة  المضاعفات  من  للوقاية  الحالي  الوقت  في 
المحتملة  الضائرة  للتأثيرات  الاهتمام  من  القليل  إيلاء  مع  بي،  الكبد  التهاب 
صعيد  وعلى  الأفراد  لدى  القلق  لجوانب  وللتصدي  العمومية.  الصحة  على 
الصحة العمومية، تمس الحاجة للتعرُّف على التوليفة المثلى التي تضم الأدوية 
الطفرات  أن تحرِّض على بزوغ  بالفعالية دون  تتمتع  والتي  الموجودة حالياً 
الدوائية  المعالجة  مع  تترافق  والتي  اللقاح  مع  الحدوث  المحتملة  الهروبية 
المضادة للفيروسات. ويدرس الباحثون في هذه الورقة آلية التغيرات المنتقاة في 
الأدوية المضادة للفيروسات والتي تطرأ على جزء من جينوم الفيروس والذي 
تؤثر على سطح المستضد، كما تستكشف الدراسة التأثيرات المحتملة لها على 

برامج التمنيع ضد التهاب الكبد بي في الوقت الحالي.
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