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Types of hepatitis B infections

ØpdsDNA virus that infects the liver

ØAcute infections

ØOccurs in 85-90% of adult infections

ØHigh virus load that is cleared in less than a year

ØResults in long lasting immunity

ØChronic infections

Ø95% of prenatal transmissions

Ø50% in young children infections

Ø leads to cirrhosis and hepatocellular carcinoma 

Ø It is believed that the difference between acute and chronic disease is host mediated with immune 

responses being responsible for liver disease 

Goyal, JTB 2018



Age-influenced immune priming determines disease outcome

Baron, J Clin Invest 2011, 2013, Hepat 2016



Are early virological and immunological events important in 
disease resolution?

ØIs initial immune priming relevant for protection?
ØIs the initial virus more or less fit?
ØVirus kinetics versus immune kinetics?
ØVirus magnitude versus immune response magnitude?



Relationship between virus stages of infection (and inoculum size) 
and disease outcome: HIV/SIV

Ø Later virus is less infectious due to the presence of immune modulators.



Relationship between virus stages of infection (and inoculum size) 
and disease outcome: HBV

Ø No decrease in virus infectivity during later stages.
Ø Consistent results for high virus inoculation regardless of age, size, sex and monkey 
Ø genetics (stealth virus early on).



Immune responses essential in resolution of adult infections



While stages of infection do not mater, inoculum size does!
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• Seven HBV negative chimps were inoculated with serial dilutions of

monoclonal HBV isolates: ,10 ,10 ,10 ,10
• High and low dose infected 100% of the liver.

• Intremed

10 (two)  (two) GE.

iate dose 10  a 4

10 0

1

• CD 4 T cell priming simila

nd 

r for 10 and 10  GE.

• CD4 T cell

10  infected 0.1%

 priming delayed

 of the

 for 10

 liver.

 GE.



Role of CD4 T cell in CD8 T cell priming is controversial 

ØNot needed in acute infections, needed for memory activation?



What is the role of CD8 T cell in HBV and ALT kinetics? 
Does it correlate with CD4 T cell data?
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Fitting procedure

Ø Functional we want to minimize

Ø Parameter space: 

Ø Procedure: fminsearch and fminbnd in MATLAB.
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Results

V(0)=         GE1010

V(0)=        GE710

V(0)=        GE410

V(0)= 10 GE

V(0)=0.1 GE



Parameter estimates

Ø Delayed CD8 T cell expansion for super low inoculum of 1 GE.
Ø CD8 T cell exhaustion for low inoculum of 10 GE.
Ø Similarity in the strength of CD8 T cell response between super low and high dose.
Ø Strong non-cytolytic response for one subject on low inoculum, similar to       GE.

Ø No synchrony between CD4 T cell results and CD8 T cell dynamics!
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Half-maximal CD8 T cell expansion does not correlate with CD4 T 
cell priming.

Dose from 
simulations

CD4 T cell priming from 
experiment

GE Week 19 Week 3

GE Week 12 Week 1

GE Week 18 Week 3

10   GE Week 42 Week 13

10  GE Week 14 Week 13

1   GE Week 47 Week 7

1   GE Week 40 Week 7
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Timing of the combined cytolytic and non-cytolytic effects is similar 
with the timing of cytokine production.
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How do CD8 T cell dynamics (half-maximum stimulations      ) 
change when CD4 T cells are knocked out?

ØTwo additional monkeys were infected with       GE.

ØOne was treated with an anti-CD4 antibody;
ØThe other was treated with a control antibody;

ØBoth led to 100% liver infection; 

ØFirst had chronic disease;
ØThe second had acute disease.
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Data fitting results



Results

Ø The CD4 T cell immunocompromised monkey has exhausted CD8 T cell function.
Ø ChA3 005 has intermediate CD8 T cell function.



Tradeoff between inoculum size and CTL strength



Conclusions

ØEarly CD4 T cell priming synchronizes with potent CD8 T cell response, rather 
than CD8 T cell expansion.

ØDelayed CD4 T cell priming correlates with  CD8 T cell exhaustion.

ØCorrelation between the CD4 T cell priming , percentage of infected liver 
cells and persistence. 

ØCorrelation between peak immune response and CTL markers (granzyme B, 
perforin, PD-1, FAS-L).

ØWhy does medium inoculum dose lead to 100% liver infection?
ØNeed a better definition for the cut-off between high, intermediate and low 

doses. 



Are CD4 T cells needed for CD8 T cell responses? What is their 
role in protection? How can this inform management of 
chronic infection? 

ØOur results suggest that CD4 T cell priming prevents CD8 T cell exhaustion: 
quality rather than quantity important for protection.
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