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What determines HIV-1 viral 
load?

Acute infection

VL set point
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Why is Gag targeting better

Better quality response?

Gag mutations poorly tolerated by the 
virus?



Studying HIV-Linked Transmission Pairs

VIRUS: IERYLKDQQL

HOST#1: HLA-A2,3; B-14,8

HOST#1: HLA-A2,3; B-14,8
VIRUS: IERYLQDQQL

Donor

HOST#2: HLA-non B14

VIRUS: IERYLQDQQL

Recipient 1

VIRUS: IERYLKDQQL
HOST#2: HLA-non B14

Recipient 2

Are both viruses associated with similar viral loads?



Methods 1

Determine HLA-I associated HIV 
polymorphisms for clade C infection

680 South Africans with chronic infection 
(ART naïve)
HLA class I typing
gag and nef sequencing
Limit to those within or flanking known CTL 
epitopes



HIV-1 mutations associated with HLA-I alleles in 
chronically infected South Africans

HIV-1 subregion
Common mutations (shaded) 
within known CTL epitopes Specific HLA-I association 

Gag-p17 ---RLRPGGKKHY—- B*4201, p= 7.6x10-11; q=0.19 
Gag-p24 ---ISPRTLNAW--- B*57, p= 2.5x10-14; q=0.00 
 ---ISPRTLNAW--- B*57, p= 1.6x10-8; q=0.05 
  ---KAFSPEVIPMF- B*57, p= 1.4x10-15; q=0.00 
 ---TPQDLNTML--- B*8101, p= 3.2x10-5; q=0.06 
 ---TPQDLNTML--- B*8101, p= 3.21x10-5; q=0.06 
  ---TPQDLNTML---  B*8101, p= 3.9x10-7; q=0.05 
  ---TSTLQEQIAW--  B*57/5801, p= 3.7x10-15; q=0.00
 ---TSTLQEQIAW-- B*57, p= 1.7x10-5; q=0.05 
  ---DRFFKTLRA--- B*14, p= 2.6x10-11; q=0.03 
 ---YVDRFFKTL--- Cw*0304, p= 0.0002; q=0.07 
 ---QATQDVKNW--- B*5801, p= 3.9x10-7; q=0.05 
 ---QATQDVKNW--- B*44, p= 3.0x10-9; q=0.033 
  ---GPSHKARVL--- B*0702, p= 0.001; q=0.15 
Nef ---EEVGFPVRPQV- B*4501, p= 8.3x10-9; q=0.00 
 ---FPVRPQVPL--- B*0702, p= 9.4x10-13; q=0.00 
 ---RPQVPLRPM--- B*8101, p= 1.9x10-10; q=0.00 
 ---VPLRPMTY---- B*35, p= 9.9x10-8; q=0.00 
  ---KAAFDLSFF--- B*5801, p= 7.3x10-6; q=0.07 
  ---KRQEILDLWVY- Cw*0701, p= 7.8x10-7; q=0.00 
 ---QEILDLWVY--- B*18, p= 1.3x10-7, q=0.00 
 ---GPGVRYPLTF-- B*35, p=6.3x10-6; q=0.00 
  ---RYPLTFGW---- A*2402, p= 0.0001; q=0.20 
 ---RYPLTFGW---- A*2301, p= 6.8x10-12; q=0.00 

 



Determination of in vivo viral 
fitness
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Methods 2

Determine whether “CTL escape mutations”
impact viral replication in vivo

88 Zambian transmission pairs
HLA class I typing
gag and nef sequencing
Determine transmitted virus 
VL in recipients 3-6 months post transmission
Analyze data according to presence of Gag or Nef
mutations



Nef CTL escape mutations have no 
effect on plasma viral load

HLA class I associated Nef mutations
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Gag CTL escape mutations induce a 
viral fitness cost

HLA class I associated Gag mutations
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Studying CTL Escape in Linked 
Transmission Pairs

VIRUS: IERYLKDQQL

HOST#1: HLA-A2,3; B-14,8

HOST#1: HLA-A2,3; B-14,8
VIRUS: IERYLQDQQL

Donor

HOST#2: HLA-A1,32; B-14,81

VIRUS: IERYLQDQQL

Recipient 2

VIRUS: IERYLKDQQL
HOST#2: HLA-A1,32; B-14,81

Recipient 1

Higher VL? 
(Goulder et al. Nature, 2001)



Exclusion of matched HLA recipients infected 
with CTL escape mutations in Gag 
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Which recipients benefit the 
most?

CTL escape 
mutations in 
Gag

Recipients
Potent Gag 
CTL responses

Weak Gag CTL 
responses



Recipients without effective 
Gag CD8 T cells
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Determination of in vivo viral 
fitness: Proposed model
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Conclusions
CTL escape mutations in Gag are associated with in 
vivo fitness costs

Nef CTL escapes are not associated with obvious viral 
load differences even those induced by favorable 
alleles

Recipients who most benefit are those not able to 
target Gag efficiently themselves

Gag based CTL vaccine may benefit both the 
vaccinee and potential recipients
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All HLA-B associated HIV 
polymorphisms

1 2 3 4 5 >5
10

100

1,000

10,000

100,000

1,000,000

r = -0.57; p=0.0002

p=0.002

HLA-B Gag Mutations

Pl
as

m
a 

vi
ra

l l
oa

d 
(c

op
ie

s/
m

l)


