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“Prime-Boost” Immunization
• Live recombinant virus for priming

– “Adjuvant” activity of live virus infection
– Generate long-term memory
– Present immunogens in native conformation
– Induce both antibody and cell-mediated 

immunities
• Subunit protein for boosting

– Minimize effects of pre-existing vector 
immunity

– Augment specific B- and T-cell responses







Objectives

• To compare immune responses generated 
by recombinant viral vector, DNA plasmid 
and protein immunogens in different 
“prime-boost” combinations 

• To evaluate their protective efficacy 
against a pathogenic R5 SHIV infection



Overall experimental plan
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Immunogens, dose and route
• DNA: 

– pCMV SF162 Env gp140; pCMV SIVmac239 Gag-Pol
– 2 mg/dose in normal saline
– IM injection

• Virus vectors: 
– Replication competent vaccinia virus (v-NY) expressing:

• SF162 Env gp160 & SIVmac239 Gag-Pol on separate vectors   
• 108 plaque-forming units/dose
• Skin scarification

– Chimeric alphavirus (VEE/SIN) replicon expressing 
• SF162 Env gp160 & SIVmac239 Gag-Pol on separate replicons
• 108 particles/dose
• IM injection

• Proteins:
– SF162 Env gp140 (CHO cells); SIVmac239 Gag-Pol particles 

(recombinant vaccinia virus infected BSC cells)
– 0.1 mg each/dose formulated in MF59 adjuvant
– IM injection



Immunization schedule
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HIV-1 gp120-specific antibody response to 
“prime-boost” immunization
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HIV gp120-specific antibody titer on 
day of challenge (DOC)
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SF162 neutralization titer on DOC 
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DOC gp120-specific Ab titer correlates with 
NtAb titer against the homologous virus

r = 0.9482
p ≤ 0.0001



Neutralization of heterologous primary viruses by DOC sera
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SHIVSF162 P4 challenge stock
• A macaque-passaged stock SHIVSF162 P3, was 

established in Dr. Cecilia Cheng-Mayer’s lab (Harouse et 
al., Science 1999). Lymph node and PBMC from a 
macaque infected with SHIVSF162 P3 collected at 2 weeks 
after infection were amplified in human PBMC to 
generate a SHIVSF162 P4 stock. 

• Plasma from SHIVSF162 P4-infected macaque was 
passaged twice by successive IV injection in naive 
Indian rhesus macaques.

• PBMC from the second infected macaque were collected 
at peak viremia and expanded in vitro by co-culture with 
PBMC from naïve macaques. 

• The 50% tissue culture infectious dose (TCID50) of this 
stock was 3.6 x 103/ml determined on rhesus PBMC.



SHIVSF162 P4 has similar infectivity in 
rhesus and pig-tailed macaques
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But, infected pig-tail macaques had 
higher peak viral load …
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Peripheral blood CD4+ T-cell depletion in 
SHIVSF162 P4-infected pig-tailed macaques
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Pig-tailed macaques offer a more robust model than rhesus 
macaques for a pathogenic R5 SHIV infection



SHIVSF162 P4 Challenge 

• Four weeks after the last immunization
• Route: Intrarectal inoculation
• Dose: Single dose of 1,800 TCID50 



Reduction of plasma viral load in immunized 
macaques after intrarectal SHIVSF162 P4 challenge 
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“Sterilizing immunity” in DNA- or vaccinia-primed 
animals boosted with protein immunogens
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No anamnestic response after SHIV challenge 
in animals with “sterilizing immunity”
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Neutralizing antibody titer on DOC inversely 
correlates with peak plasma viral load
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Maintenance of peripheral blood CD4+ T cell levels in 
immunized macaques challenged with SHIVSF162 P4
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Summary and Conclusions
• Vaccinia or DNA prime, followed by protein boost, generated 

significant better antibody responses than boosting with DNA 
or heterologous viral vector 

• “Sterilizing immunity” was achieved against a high-dose 
intrarectal challenge by SHIVSF162 P4 in 5/12 (>40%) of animals 
that were primed  with the vaccinia or DNA and boosted with 
protein immunogens

• Homologous neutralizing antibody titers (NtAb) on DOC 
correlated inversely with plasma viral load after challenge

• Heterologous NtAb were generated against a typical subtype B 
and two easy-to-neutralize subtype A & B primary isolates 

• “Prime-boost” immunization protected animals against 
peripheral CD4+ T-cell depletion induced by a relatively easy-
to-neutralize, but moderately pathogenic R5 SHIV

• Protein vaccines may be an essential component in “prime-
boost” strategies aimed at the generation of both cell-mediated 
and antibody responses 
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