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❑Hepatitis B vaccine was universalised nationwide in 

2011. The UIP schedule recommends hepatitis B birth 

dose to all infants within 24 hours, followed by three 

doses at 6, 10 and 14 weeks

❑ Hepatitis-B birth dose coverage was 

❑45% in 2015 and 60% in 2016. 

❑Missed opportunity 40%

❑ Coverage amongst institutional deliveries for Hepatitis -B 

birth dose reported to be 76.36% as of December 2017.

Universal Immunization Program





Chronic HBV infection in children 
Majority have 

• infancy-acquired infection 
(Mother to child transmission, 
Household contacts, 
Multitransfused, infected 
syringes)

• normal transaminases

• high HBV DNA

• minimal histological changes

• ‘immunotolerance’ to HBV



Perinatal Transmission

Immunotolerant phase
Few yrs to several decades2-3,20

Horizontal Transmission

Immunoactive phase
Several weeks to years37

HBeAg seroconversion

HBeAg –ve chronic 

active hepatitis

HBsAg clearance

HBV Inactive Carrier

70-95%
2,20

10-15%/yr
37

10-20%
3,37

10%
3

0.6-1%/yr
3,20

80-90%
3

HCC

Cirrhosis

20%
2,3

8-15%/yr
37,91

Decompensation

3%/yr
46

20-25%
46

2-7%/yr
46,91



Chronic HBV infection 
Long term outcome   

Before adulthood

• 3-5% develop cirrhosis

• 1-3/10000 have HCC 

Whole lifetime 

• Risk of cirrhosis - 2-3% / yr 



Natural History in children

• Perinatal + HorizontalTransmision

Risk of Chronicity as per age of acquistion

1. Infancy- >90%

2. 1-5 Years- 25-50%

3. > 5 Years- 5-10 %

Seroconversion Rates

Perinatal Transmission- Asians

1. < 3 Yr Age- 2%/Year

2. > 3 Yr Age- 4-5%/Year

Horizontal Transmission- Europeans

70-80% over 20 Years



Perinatally Acq. HBV: Natural History

➢Loss of tolerance at a median age of 30y

➢Two-third: Inactive carrier

➢One-third: Chronic hepatitis with subsequent 
risk of cirrhosis, liver failure, HCC

➢Risk of HCC: Higher than in horizontally 
acquired HBV

➢Asymptomatic but highly infectious

Andreani T et al. Clin Gastroenterol Hepatol 2007; 5; 636-41



Outcome of HBV infection by age at infection



Stages of HBV infection

20 x 106-109 IU/ml

2 x 105-109 UI/ml

<2 x 103 UI/mL

>2 x 103-7 UI/mL



Adapted from Fattovich G. Sem Liver Dis. 2003;23:47-58

Stages of chronic HBV infection

HBeAg(+) HBeAg(-) / anti-HBe(+)

ALT

HBV DNA

Normal/
mild CH

Moderate/severe CH Moderate/severe CHNormal/mild CH 

Cirrhosis

Inactive carrier 
state

HBeAg(-) CHBHBeAg (+) CHB 

Immune 
tolerance

Immune 
clearance

Low replicative

phase

Reactivation 
phase

Cirrhosis Inactive cirrhosis

< >><

elevated ALTnormal ALT

HBeAg to  anti-HBe

< 5%/yr   
Incidence  cirrhosis

0.5%/yr

HBeAg to anti-HBe

10-15%/yr   

incidence  cirrhosis

2-5%/yr

Rare remission

Incidence cirrhosis

8-10%/yr

Very good 

prognosis



Phase Labs and Histology

Immunotolerant ➢ HBsAg & HBeAg +ve

➢ HBV DNA > 20,000 IU/ ml (> 105 Copies / ml)

➢ ALT Normal

➢ Absent or Minimal Liver Inflammation and Fibrosis

Immunoactive/ Immunoclearance ➢ HBsAg & HBeAg +ve

➢ HBV DNA > 20,000 IU/ ml (> 105 Copies / ml)

➢ ALT persistently elevated

➢ Liver inflammation and Fibrosis may develop

Incative Chronic Hepatitis ➢ HBsAg +ve

➢ HBeAg –ve/ Anti HBe +ve

➢ HBV DNA < 2000 IU/ml (< 104 Copies/ ml) or Undetectable

➢ ALT Normal

➢ Absent or Minimal Liver Inflammation or Fibrosis

HBeAg Negative Chronic Active

Hepatitis (Immune Escape)

➢ HBsAg +ve

➢ HBeAg –ve/ Anti HBe +ve

➢ HBV DNA > 2000 IU/ml (> 104 Copies/ml)

➢ ALT Raised

➢ Active Liver Inflammation + Fibrosis

Phases of Chronic Hepatitis B in Children



Spectrum of Chr. HBV in Children (n=203)

56%
12%

29%

3%

Immune-

tolerant

Low replicating

Immune-clearance

e- negative hepatitis

56%
12%

29%

3%

Am J Gastroenterology 2011; 106: S552-553



Immune-tolerant phase in young 
patients: evidence for treating earlier

HBV infection in younger patients is not associated with an 

immune profile of T-cell tolerance. On the contrary, children 

and young adults with chronic HBV infection have an HBV-

specific immune profile that is less compromised than that 

observed in older patients.



Do we need to treat these patients?

Pros

• Asians with Perinatal
Transmission- Long I-T 
Phase- Higher risk of Cx

• High Viral Load- Decrease 
makes sense to prevent risk 
of HCC and Cirrhosis

• Prevent the spread of 
infection

• Psychological trauma/social 
stigma

Cons

• Why treat when liver 
Disease is minimal?

• Risk of antiviral resistance-
Lack of future options







Scenario 1

• 8yrs/ Male

• Resident of Delhi

• Born FTND to 2nd para mother 

• Birth weight 3 kg

• Antenatal & Perinatal periods uneventful



History

• Mother HBeAg+ on family screening

• Father – HBsAg +ve

• Elder sibling – HBsAg -ve

No maternal  H/O jaundice, 

blood transfusion, body 

piercing, tattooing, dental 

extraction, operative 

procedure



Examination

• Vitals stable
• No pallor / icterus / edema / clubbing / 

LNs
• No stigmata of CLD

• P/A – soft, non distended 
Liver 2 cm BCM (span 6 cm)
soft, rounded margins, smooth surface 
Spleen not palpable, no FF

• Rest systems: NAD

Child with Incidentally detected 

Asymptomatic HBsAg+

?Vertically transmitted

No peripheral stigmata of CLD



Investigations

6 mo 7 mo 10 mo

INR 1.0

Bil/D (mg/dL) 0.4/0.1 0.3/0.0 0.4/0.1

AST (IU/L) 56 59 35

ALT (IU/L) 35 35 27

Alb (g/dL) 3.8 3.4 3.7

HBsAg +

HBeAg +

Anti Hbe Negative

HBV DNA(IU/mL) >1.1X10^8

USG abdomen: Normal

Fibroscan = 6.3 kPa

Role of Fibroscan as 

a non-invasive tool 

for liver fibrosis

Is Liver Bx

indicated at this 

stage?

Immunotolerant phase 

of chronic hepatitis-B



Investigations

6 mo 7 mo 10 mo

INR 1.0

Bil/D (mg/dL) 0.4/0.1 0.3/0.0 0.4/0.1

AST (IU/L) 56 59 35

ALT (IU/L) 35 35 27

Alb (g/dL) 3.8 3.4 3.7

HBsAg + +

HBeAg +

Anti Hbe Negative

HBV DNA(IU/mL) >1.1X10^8

18 mo

1.1

0.4/0.1

56

65

3.8

+

+

>1.1X10^8

Liver Biopsy- Chronic Hepatitis with Minimal Activity

Ishak's Modified HAI-3

Fibrosis- 0

Indication of Liver Bx at this stage



Diagnosis – Scenario 1

• Chronic Hepatitis B infection
– Immunotolerant→ Immunoclearance phase

e+, Anti e-, HBV DNA >1.1X10^8 IU/mL, ALT-65

• Perinatal transmission 

• Liver Biopsy - Chronic Hepatitis with Minimal 
Activity Ishak's Modified HAI-3, Fibrosis- 0

• Fibroscan – 6.3 kPa



Family screening
• HBsAg

• Anti-HBs titre

• Total Anti-HBc

HBsAg
Total

Anti-HBc
Anti-HBs Status Remarks 

1. - + <10 mIU/mL Exposed
Offer vaccination

2. - - <10 mIU/mL
Unexposed

Unimmunized
Offer vaccination

3. - - >10 mIU/mL
Unexposed

Immunized
No vaccination

4. + + <10 mIU/mL Infected
Further testing HBeAg, 

Anti-HBe, DNA



Chronic HBV infection : Who to treat 

• High ALT

• Inflammation in biopsy

• Low HBV DNA

• Late acquisition of infection

Better 

Response 

to 

treatment

Mei-Hwei Chang. Pediatric Gastroint Dis. 2004 





Evolution of Chronic HBV Therapy 

Interferon alfa-2b

Lamivudine

Adefovir

Peginterferon alfa-2a

Telbivudine

Tenofovir

1990 1998 2002 2005 2006 2008

Entecavir



Approved HBV treatments

Immunomodulator :

▪ Interferon alfa 2a & 2b  

Oral Antiviral ( Nuc’s)

▪ Lamivudine 

▪ Adefovir

▪ Entecavir

▪ Tenofovir



r-IFN was safe but had no long-term beneficial 

effects on HBsAg carriage in Chinese children.



Therapeutic strategy for CHB

5-10 years

Long-term "suppressive" treatment

HBV DNA < 200 UI//ml

NUC

HBsAg 

seroconv.

Short-term ”curative" treatment

On treatment

response

IFN / Peg-IFN

HBsAg 

seroconv.
HBV DNA < 2000 UI/ml

ALT < UNL

Inactive carrier



Which route to take ?

IFN / PEG-IFN ANTIVIRALS

Advantages • Finite duration

• No resistance

• Sustained response    
(30% HBeAg+, 20% HBeAg -)

• HBsAg clearance

• New NUCs (ETV,TDF) 

might inhibit viral replication

as monotherapy in most pts

for at least 5 yrs

• Well tolerated

• oral

Disadvantages • Side effects

• Injections

• Contraindicated for 

decompensated pts

• Long/indefinite therapy

• drug resistance

• Expensive if long term

• Long term toxicity

unknown



Treatment goal

Ideal end point  : 
Loss of HBsAg , anti-HBs seroconversion and 

loss of cccDNA

Functional Cure : 

Sustained viral suppression along with Hbe

seroconversion (HBeAg-ve, anti HBeAb+ve)



Options in Immunotolerant phase

• No treatment recommendation

• Sequential treatment

Lam X 8 wks → LAM + IFN X 44 wks (2 studies)
D’Antiga

(n=23)

Poddar

(n=28)

Age (years) 10 (3-17) 6 (2-13)

End treatment seroconversion 5 (22%) 10 (36%)

Sustained seroconversion 5 (22%) 11 (39.3%)

HBsAg loss 4 (17%) 6 (21.5%)

Durability of response 100% 91%

YMDD mutation Nil Not done



Options in Immunoclearance phase
in children

Drug Duration HBeAg loss DNA loss ALT N HBsAg loss

IFN-alpha 24 wks 33-48% 26% - 8-10%

Lamivudine 1-2 yrs 26-51% 23-28% - 2%

Adefovir 1-2 yrs 17-58% 11-39% - 2%

Entecavir 24 wks to >1 yr 38%
88% in e-

23% in e+
88% -

Tenofovir 72 wks 21% - 74% 2%

Sequential treatment Duration Seroconversion

IFN + LAM → LAM 6mo → 6 mo 49-60% 

LAM X 2 mo →

LAM + IFN X 6 mo → LAM X 4 mo
2 mo → 6 mo → 4 mo 34%



Bikrant et al 2017….ILBS

• Sequential therapy

• Effective in IC phase with ALT more than 100

• Not effective in IT 

Pegylated interferon-based sequential therapy for treatment of HBeAg

reactive pediatric chronic hepatitis B-First study in children.

Lal BB, Sood V, Khanna R, Rawat D, Verma S, Alam S.

https://www.ncbi.nlm.nih.gov/pubmed/30168073


Conclusion

• Universal immunization HB vaccine
• Immunotolerant children may not be treated 

unless family history of Cirrhosis and HCC
• Immunoactive patients with high ALT may be 

treated ……60-70% may seroconvert
• Hbe Ag negative and those with higher levels of 

activity and fibrosis can be treated
• Need for more studies on treatment indications 

and stopping rule of the therapy
• Family screening and vaccination







HBeAg seroconversion

Cirrhosis

HCC

Determinants of outcome



Interferon / Peg - Interferon



HBeAg/HBVDNA neg

at 24 weeks 18 (26%) 8 (11%) <0.05

at 48 weeks 23 (33%) 8 (11%) <0.05

HBsAg neg 7 (10%) 1 (1.2%)      <0.05

Treated Untreated p

70 74



After 5 yr observation :

• HBeAg clearance : 60% of treated  patients 

65%  of controls

But

• HBsAg clearance : 25 % in early IFN responders

0 % in controls 



HBeAg-positive CHB: 3-year follow-up 

of HBeAg responders to PEG-IFN

HBeAg

negative

ALT

normal

HBV DNA

<10,000

copies/ml

HBsAg

negative
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NUC’s
Lamivudine, Entecavir, Adefovir, Tenofovir



NUC’s in children with chronic HBV 

Jonas et al – 2002 NEJM – Lamivudine
Jonas et al – 2008 Hepatology – Adefovir

Murray et al – 2013 Hepatology – Tenofovir



HBeAg seroconversion during 

continued treatment

Adefovir

Entecavir

Year

21%

31%

12%

48%

21%
29%

32% 36%

25%

Lamivudine

%
 p

a
ti

e
n

ts

Year

Telbivudine

22%
30%

1 2 3 4 5 1       2 3 4         5

39%

29%
43%



Resistance Rates in Nucleoside-Naive Patients

1. Chang TT, et al. J Gastroenterol Hepatol 2004; 19:1276-1282;  2. Hadziyannis S, et al. Gastroenterology 2006;131:1743-1751; 

3. Standring DN, et al. J Hepatol. 2006;44(Suppl 2):S191 (Poster 514);  4. Lai CL, et al. Hepatology. 2006;44(Suppl 1):222A (Oral 91). 

Genotypic resistance to LAMIVUDINE1100

Genotypic resistance to ADEFOVIR2
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Antibody Levels and Protection after Hepatitis B Vaccination: Results

of a 15-Year Follow-up

1 March 2005 Annals of Internal Medicine Volume 142 • Number 5 333



Antibody Levels and Protection after Hepatitis B Vaccination: Results

of a 15-Year Follow-up

1 March 2005 Annals of Internal Medicine Volume 142 • Number 5 333



HBV - NEW MARKER



HBsAg levels 

• Serum levels of HBsAg correlates with 
intrahepatic cccDNA concentration

• Decline in HBsAg level on treatment may 
herald induction of immune control

• HBsAg levels during treatment can indentify
patients with very high or very low 
probability of response.



Hepatology : 8, Issue3 2013, 

• 803 adults (3 global studies)

• Stopping rule –
• Wk 12 - No decline of HBsAg titre for genotype A,D 

HBsAg titre >20,000 IU/ml in genotype B, C

• Wk 24 - No decline from baseline at wk 24

• Prediction rule –

• High probability of response – HBsAg <1500 IU/ml 

• Low probability of response – HBsAg >20,000 IU/ml 

http://onlinelibrary.wiley.com/doi/10.1002/hep.v58.3/issuetoc


Lok ASF, et al. Hepatology. 2007;45:507.

Definitions



CAN WE DO BETTER WITH EXISTING 
TREATMENTS?



Chronic HBV infection 

Who should be treated?

• Those with active disease who are more 

likely to clear the virus spontaneously

• Those with tolerant disease who are less 

likely to clear the virus spontaneously





Harnessing the innate and adaptive immune system: 
rationale for combining IFN and NUCs in HBV treatment

Figure adapted from Thimme R, et al. J Hepatol 2013;58:205–9. Micco L, et al. J Hepatol. 2013;58:225–33.

Restoration of immune response

Chronic infection NUC therapy IFN therapy NUC + IFN therapy

NK NK NK NK

CD8 CD8 CD8 CD8

Hepatocyte HepatocyteHepatocyteHepatocyteHBV HBV HBV

cccDNA cccDNAcccDNAcccDNA

Subgenomic RNAs Subgenomic RNAsSubgenomic RNAsSubgenomic RNAs

Pregenomic RNAs Pregenomic RNAsPregenomic RNAsPregenomic RNAs



8 weeks lamivudine followed by 44 weeks lamivudine + IFN-α

• 23 children (16 oriental)
• Anti-HBe seroconversion :   5/23     (22%)
• Anti-HBs seroconversion :   4/23     (17%)
• No YMDD mutations 

J Paediatr, 2006

J Paediatr, 2006



King’s pilot treatment study in children 
with infancy-acquired CHB

Therapy response results

End of therapy Follow-up Week 
24

Follow-up 
Year 1

Follow-up 
Year 5

Follow-up 
Year 10

HBeAg
clearance

5 patients

(22%)

5 patients

(22%)

6 patients

(26%)

7 patients

(30%)

11 patients

(48%)

HBsAg 
clearance

4 patients

(17%)

5 patients

(22%)

5 patients

(22%)

5 patients

(22%)

5 patients

(22%)

HBV DNA 
<100 IU/ml

4 patients

(17%)

5 patients

(22%)

5 patients

(22%)

5 patients

(22%)

5 patients

(22%)

YMDD 
mutation

0 patients

(0%)

0 patients

(0%)

0 patients

(0%)

0 patients

(0%)

0 patients

(0%)



• 28 children

• Anti HBe seroconversion – 11/28 (39%)

• Anti HBs seroconversion – 6/28 (21%)





Ongoing treatment trial

1. Pegylated Interferon monotherapy for 
children with chronic HBV infection with 
abnormal liver function tests

2. Pegylated Interefron +/- Oral NUCs for 
immunotolerant children with chronic HBV 
infection



FUTURE DIRECTIONS FOR HBV 
TREATMENT - ? CURE 



Future directions: drugs in development

Immune modulation
• Toll-like receptors 

agonists, e.g. 
GS-9620

• Anti-PD-1 mAb, e.g. 
BMS-936559

• CYT107
• GI13000

Development stage: preclinical, clinical
Zoulim F, et al. Antiviral Res 2012;96(2):256–9; HBF Drug Watch, Available at: http://www.hepb.org/professionals/hbf_drug_watch.htm. Accessed 
15 Aug 2013. Zoulim F, et al. Gastroenterology 2013;144:1342–4.

HBx

Endosome

rcDNA

cccDNA

Polymerase

pgRNA

Core

Surface 

proteins

Entry inhibitors
• Lipopeptides, e.g. 

Myrcludex-B

Inhibition of 
cccDNA
formation

Inhibition of nucleocapsid assembly, 
e.g. Bay 41-4109, NVR1221

Polymerase inhibitors 
• Nucleoside 

analogues, e.g. 
emtricitabine, 
amdoxovir, 
MIV-210

• Non-nucleoside, 
e.g. LB80380

Inhibitors of HBsAg 
release, e.g. REP 9AC

RNA interference,
e.g. ARC-520







Future curative CHB regime : 



Thank you 



➢ 82% HBeAg +

➢ 43% normal ALT (≤19 IU/l females; ≤30 IU/l males)

➢ genotypes: A 9%

B 12%

C 14%

D 49%

E 16%

Predictors of outcome

Infancy-acquired chronic HBV infection

Carey et al, submitted to AASLD 2014

➢ 169 patients with infancy-acquired chronic HBV infection

➢ 91 males, median age 9.9 years, median follow-up 8 years



➢ 4% HBsAg seroconversion

➢ 65% normal ALT

predictors of HBeAg seroconversion

➢ low HBeAg & HBsAg levels

➢ low HBV DNA 

➢ high IP10 levels

Predictors of outcome

Infancy-acquired chronic HBV infection

Carey et al, submitted to AASLD 2014

at last follow-up ➢ 38% HBeAg seroconversion

predictors of HBsAg seroconversion

➢ genotype A

at diagnosis


