Disease Progression after Intrasubtype Superinfection in an HLA-B57-Positive Asymptomatic Long-Term Nonprogressor
Initially Infected with a nef-Defective HIV-1 Strain

BACKGROUND

We describe the case of an HLA-BS7-positive long-term nonprogressor in whom we previous-
ly showed that PBMCs accumulated HIV-1 subtype B proviruses defective in the env gene
(Braibant et al., J Acquir Immune Defic Syndr 47:274-84). However, atter more than 10 years
of control of infection, plasma viremia increased progressively, with a concomitant progres-
sive loss of CD4+ T-cells. We show here that this patient was 1nitially infected by a nef-detec-
tive HIV-1 variant and that loss of control was due to superinfection with a fully competent

virus belonging to the same clade B.

METHODS

Nested PCRs were used to amplify and clone four regions of the HIV-1 genome at different
time points. These regions were a fragment of the env gene encompassing the gp120 coding se-
quence, the complete nef and vif genes and a fragment of the gag gene encompassing part of
the P24 coding sequence. The ability of the plasma to neutralize pseudotyped viruses expres-
sing env from the superinfecting virus was analyzed. The time course of CD8+ T cells respon-

ses specific for Gag and Nef proteins was assessed 1in IFN-y-ELISpot assays.

RESULTS

1. Loss of control of HIV-1 infection of patient 4050

Course of Iinfection in patient 4050 over the five years after inclusion in the LTNP cohort.

Patient 4050, a 58-year-old homosexual male, was included in the French "Asymptomatiques
a Long Terme" cohort (ANRS CO15) in June 19935, after 10 years of seropositivity and five
years of stable CD4+ T-cell count > 600 cells/mm-. He had no clinical symptoms and had not
received antiretroviral therapy, thus fulfilling the LTNP critera. On inclusion in the cohort, he
had extremely low viral loads, 1.e. a plasma HIV-1 RNA level of 135 copies/mL and a cellular
HIV-1 DNA level of 28 copies/10° PBMCs. However, after this long period of stability, plasma
viremia increased progressively, reaching 10,350 copies/mL in March 1999 (month 45 fol-
lowing T1, the time of patient inclusion), with a concomitant progressive decline 1in the CD4+

T-cell count to below 600 cells/mm? after January 1999.
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2. Patient 4050 was infected initially by a nef-defective HIV-1 virus
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Alignment of nucleic acid and deduced amino acid nef sequences.

A, Nucleic acid consensus sequence derived from the quasispecies population recovered from
DNA extracted from PBMC:s of patient 4050, collected at time of inclusion 1n the cohort (T1),
1s aligned with the nef sequence of the NL4.3 reference strain. Identical and absent nucleotides
are represented by dots and dashes, respectively.

B, Amino-acid consensus sequence 1s aligned with NLL4.3 Nef sequence. Identical and absent
nucleotides are represented by dots and dashes, respectively. Known Nef functional
motifs/regions are indicated.

A total of 28 nef clones present on inclusion, were obtained and sequenced. All sequences
contained a deletion of 20 nucleotides (between nucleotides 224 and 243 of the reference se-
quence), leading to a truncated Net protein (premature stop codon at position 261 to 263 of the

nucleotidic reference sequence) that lacked major functional motifs

3. Loss of viral control was associated with superinfection

Phylogenetic analysis of env, nef, vif and gag sequences obtained from PBMC samples
collected at time of inclusion (T1, closed triangles), one year after inclusion (T2, gray dia-
monds) and 2 years after inclusion (T3, open circles).

A distance scale 1s given for each neighbor-joining tree. Bootstrap values are expressed as per-
centages per S00 replicates; only values above 60% are indicated on nodes. Reference sequen-
ces of various subtypes are included 1n each tree. Defective sequences are indicated by aste-
risks.

Phylogenetic analyses of env, nef, vif and, to a lesser extent, gag sequences clearly suggested
the sequential infection of patient 4050 by two phylogenetically distinct subtype B strains
(strains 1 and 2).

4. Absence of potent heterologous neutralizing antibody responses

Neutralization activity in plasma from patient 4050 collected at time of entry into the
cohort (T1).

Neutralization activity was determined for viruses pseudotyped with functional envelope pro-
teins corresponding to 5 env sequences from the superinfecting virus (CL1 to CL4 and CL6)
or with the envelope protein of the laboratory adapted strain NL4-3. Percentage of neutraliza-
tion 1s plotted as a function of serum dilution.

Neutralization levels of the superinfecting virus were very low, failing to reach 90% neutrali-
zation even using a 1:20 dilution of plasma, the highest plasma concentration tested. The cal-
culated IC50 values (defined as the reciprocal of the plasma dilution resulting in 50% neutrali-
zation) were very low, ranging from 125 to 167. In contrast, antibodies present at T1 were

able to neutralize the neutralization-sensitive NL4-3 pseudotyped virus.
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S. Time course of CD3+ cellular immune responses

A

Time course for CD8+ cytotoxic T-lymphocytes responses.

A. Total CD8+ T-cells responses specitic for the Gag protein, the RT protein and the Net pro-
tein were assessed at three time points (T1, T2 and T3) in IFN-vy-ELISpot assays by stimula-
tion with overlapping peptide pools (3 p17 pools, 5 p24 pools and 3 PP pools tor Gag, 4 pools
for the RT and 3 pools for Net).

B. Sequences of known HLA-BS57 restricted epitopes in Gag (IW9, KF11 and TW10) and Neft
(HWO9 and YY9) and of their mutated variants (TW10™, HW9™t, YY9™" and Y Y9™) obser-
ved 1n viral sequences recovered from patient 4050 are shown. The number of viral sequences
corresponding to each of these wild-type or mutated epitopes 1s shown.

C. Peptide-specitic CD8+ T-cell responses were tested individually for Gag and Nef epitopes
at two time points (T1 and T2).

Dominant responses were observed at T1 and T2 and were directed mainly toward two epito-
pes 1in Gag, IW9 and KF11, but more moderately toward TW 10 and TW10™".

CONCLUSION

Overall, our study suggests the limited capacity of even a long-lasting natural infection with a
supposed attenuated nef-deficient HIV-1 strain to elicit potent immune responses able to pre-
vent and control superinfection with a second virus of the same clade. Such observations 1n
this and other reports of superinfections, highlight the considerable difficulties that need to be

overcome to develop a successful rational for a preventive vaccine.



