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Abstract

Unique viral variants and resistance mutations may occur in the genital tract of HIV-2 ARV-naive infected
women. We sequenced and phylogenetically analyzed protease (PR), reverse transcriptase (RT), and envelope
(ENV) from PBMC and genital tract samples from four ARV-naive women in Senegal. HIV-2 protease poly-
morphisms that predict HIV-1 protease inhibitor (PI) resistance were common. Two subjects had protease mu-
tations (T771 and 164V) in genital tract samples that were not found in PBMCs. One subject had the HIV-2 re-
verse transcriptase M1841 mutation in CVL DNA (but not PBMCs) that is known to confer 3TC/FTC resistance
in HIV-2. In another subject, the reverse transcriptase A62V mutation was also found in CVL-RNA but not
PBMCs. We found no significant difference in ENV variants between PBMCs and the genital tract. HIV-2 RT
and PR mutations in the genital tract of ARV-naive females may have implications for transmitted HIV-2 re-

sistance and ARV therapy.

IV-2 1s ENDEMIC IN WEST AfricA but unlike HIV-1 has
had limited spread to other locales.! Compared to HIV-
1 infection, HIV-2 is characterized by a much longer asymp-
tomatic stage, lower plasma viral loads, slower decline in
CD4 count, decreased mortality rate due to AIDS, lower rates
of mother-to-child transmission, and lower rates of sexual
transmission.>”> Nonetheless, a significant proportion of
HIV-2-infected individuals eventually progress to AIDS.3
Antiretroviral therapy (ART) has become increasingly
available in West Africa where HIV-2 infects up to 1-2 mil-
lion people. However, HIV-2 is intrinsically resistant to the
nonnucleoside reverse transcriptase inhibitors (NNRTI) and
T-20 (enfurvirtide) and reports suggest that HIV-2 may be
partially resistant to some protease inhibitors (PI) (e.g., am-
prenavir and nelfinavir) and have a low genetic barrier to
nucleoside reverse transcriptase inhibitors (NRTI) resis-
tance.%” Recent reports of HIV-2 polymorphisms in ARV-
naive subjects suggest that outright resistance to NRTIs and
PIs is rare in viruses genotyped from blood specimens, al-
though “minor” mutations that often confer low level resis-
tance in HIV-1 have been found.®® However, at least one re-
cent report from Burkina Faso suggests that the major NRTI

mutations M184V and Q151IM may rarely be detected in
ARV-naive individuals.® Nevertheless, transmitted HIV-2 re-
sistance has not been noted. Furthermore, it remains to be
determined whether resistance mutations can occur in the
genital tract of ARV-naive women infected with HIV-2. The
genital tract, as a potential reservoir of such mutations could
serve as a source of virologic failure once ART in instituted
or lead to transmission of resistant virus.

To assess the HIV-2 viral variation and reverse transcrip-
tase (RT) and protease (PR) polymorphisms that might lead
to ARV resistance, we sequenced RT, PR, and/or envelope
(Env) genes from peripheral blood mononuclear cells
(PBMCs) and genital tract samples from four ARV-naive
women in Senegal.

As part of ongoing HIV cohort studies in Dakar, Senegal,
women 16 years or older presenting to the University of
Dakar, Fann Hospital Infectious Disease Clinic were
screened for HIV-1 and HIV-2 by serologic testing. Sera were
tested using a microwell plate HIV-1/HIV-2 enzyme im-
munoassay (Genetic Systems), with positive sera confirmed
using a rapid synthetic peptide-based membrane im-
munoassay (Multispot; Sanofi Diagnostic Pasteur) that clas-
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sifies subjects as HIV-1, HIV-2, or dually seropositive. At en-
rollment and subsequent (follow-up) visits, subjects under-
went a physical examination and completed an interview
with questions concerning demographic characteristics and
sexual and other behaviors. A routine medical history was
taken and recorded on a standardized form by a clinician
who also performed external genital and bimanual pelvic ex-
aminations as previously described.> Cervicovaginal speci-
mens for detection of genital tract HIV were collected as fol-
lows. With a speculum in place, a lavage of the cervix and
vagina was performed using a plastic mixing cannula con-
nected to a 10-ml syringe. Five milliliters of sterile physio-
logic saline was directed toward the cervix and the wash-
ings were aspirated (noting the volume aspirated) from the
posterior vaginal fornix using the same syringe and mixing
cannula. The sample was tested for occult blood using a
Hemastix test stick, and if positive, was not used for pur-
poses of HIV detection. Ten milliliters of peripheral blood
was collected into tubes containing EDTA and analyzed us-
ing the FACSCount analyzer (Becton Dickinson Biosciences,
San Jose, CA) to determine the number of CD4, CD8, and
CD3 cells/ul of blood and for HIV-2 qualitative and quan-
titative RNA (plasma) and DNA (PBMC) assays.

This study was conducted according to procedures ap-
proved by the Institutional Review Boards of the Universi-
ties of Washington and Dakar and the Senegalese National
AIDS Committee. All subjects provided informed consent for
study participation.

Quantitative and qualitative assays for HIV-2 plasma and
cervicovaginal RNA and PBMC and cervicovaginal DNA
were performed using PCR-based assays developed at Roche
Molecular Systems as previously described.?

Whole blood was collected in EDTA (purple top) tubes.
Purified PBMC DNA was obtained using the QlAamp DNA
Blood Mini Kit (Qiagen Inc., Valencia, CA). Cervicovaginal
lavage (CVL) DNA was purified from the cellular fraction
using the QIAamp DNA Blood Mini Kit (Qiagen Inc., Va-
lencia, CA). HIV-2 viral RNA was purified from CVL su-
pernatants using the QIAamp Viral RNA Mini Kit (Qiagen
Inc., Valencia, CA). HIV-2-specific PCR was performed to
amplify PR, RT, and Env using endpoint limiting dilution to
avoid resampling as previously described.® The HIV-2 pro-
tease-specific first round primers used were PR1 (5'-GGG
AAA GAA GCC CCG CAA CIT C-3') and PR2 (5'-GG-
GTATTATAAGGATTAGTTGG-3’) and the second round
primers were PR3 (5'-GCTGCACCTCAATTCTCTCTT-3")
and DP27 (5'-TAGATTTAATGACATGCCTAA-3").19 The
HIV-2 reverse transcriptase-specific first round primers used
were RTC (5'-ATGACAGGGGATCCCCCAATCAATATTT-
TTG-3', 2309-2339) and RT2 (5'-GAAGTCCCAGTCTG-
GGATCCATGTCACTTGCCA-3’, 3593-3526) and second
round primers were RT3 (5'-GAGGCATTAAAAGAGAT-
CTGTGAAAAAATGG-3', 2474-2504) and RT4 (5'-TCCC-
CAAATGACTAGTGCTTCTTTTTCCTAT-3’, 3500-3529).!!
The HIV-2 Env-specific first round primers used were
GG1 (5 CCATACAGTGCTTGCCTGACAATGATGATTA
3', 6298-6328 outer forward, primer numbering based on
HIV-2 ROD accession no. M15390) and GG2 (5" GGAGGT-
TTTTCGTTCCCCAGACGGTCAGTCG 3’, 7872-7842 outer
reverse) and the second round PCR with primers were
GG3 (5" TAATGGCACTAGAGCAGAGAATAGAACATA
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3’, 6959-6988 inner forward) and GG4 (5" TTTCTTTTGTA-
GGTGCGAAGCTAATTGGTG 3', 7645-7615 inner reverse).’
PCR products were cloned and sequenced using standard
methods as described.’

All PCR amplifications were done with procedural safe-
guards, including aliquoting of all reagents and physical sep-
aration of sample processing and post-PCR handling steps.
Replicate control amplifications with no template were in-
cluded in every PCR experiment to test for carryover conta-
mination, and amplifications with 10 genome equivalents of
HIV-2 (pROD10) were used as an internal control to moni-
tor the efficiency of the PCR.

All sequences were assessed for potential sample mix-up
and contamination as previously described. HIV sequences
were aligned with reference sequences from the Los Alamos
National Laboratory HIV Database (http://hiv-web.lanl.
gov/) using CLUSTALW followed by manual adjustment
using MacClade (version 4). Pairwise nucleotide distances
(excluding gaps in the pairwise alignment) were estimated
using both distance-based and maximum likelihood meth-
ods. Neighbor-joining and maximum likelihood methods
were used to estimate evolutionary models and phylogenetic
trees (PAUP* v4.0 b10). HIV-2 sequences were assigned to
clades based on the above phylogenetic analyses. Pairwise
nucleotide distances were estimated using distance-based
methods and evolutionary models HKY85 or GTR+TI'+1 un-
der maximum likelihood (ML) criteria and implemented in
PAUP*. Viral diversity was measured by determining the
ML pairwise genetic distances between all sequences ob-
tained at a given time point in PAUP*. Viral divergence was
measured by estimating, using ML criteria, a most recent
common ancestor (MRCA) sequence at the root node of each
subject’s clade of sequences, using reference sequence (HIV-
2 ROD accession no. M15390) as the outgroup as previously
described. Slatkin-Maddison tests were performed to assess
for evidence of compartmentalization between sequences
(env, pr, rt) from the PBMCs and genital tract.'?

Protease and RT nucleotide sequences were translated into
amino acid sequences with open reading frames in MacClade
(version 4). Amino acid positions known or suspected to con-
fer antiretroviral resistance in HIV-2 or the corresponding
positions HIV-1 were assessed using the Stanford HIV drug
resistance (http://hivdb.stanford.edu/) and the Interna-
tional AIDS Society-USA (http://www.iasusa.org) data-
bases.

The demographic, clinical, and virologic characteristics of
the four women reported in this study are shown on Table
1. We analyzed a total of 257 contemporaneous PR, RT, and
Env sequences (163 genital tract and 94 PBMC) (Table 2).

HIV-2 protease polymorphisms that correspond to HIV-1
mutations known to confer PI resistance in HIV-1 or have
been described in HIV-2-infected individuals treated with
PIs are shown in Fig. 1. There were HIV-2 polymorphisms
at sites of predicted HIV-1 PI major resistance: V32V/I,
L33V/1, M461/T, 147V, 176M, and V82I/T, as well as poly-
morphisms at other associated HIV-1 resistance sites:
L10V/A, G16G/E, K20V, E34A/T, M3e6l, K43S/R, Q58E,
D60K, 162V, 1641/V, H69K/R, A71V, G73A, V77T/1, V82I,
I85F, and I93L. Two subjects had PR mutations (T771 and
164V) found in genital tract samples that were not found in
PBMCs (Fig. 1). One subject (MIN 3473) had the HIV-2 re-



HIV-2 VARIANTS IN PBMC AND GENITAL TRACT 859
TaBLE 1. DEMOGRAPHIC, CLINICAL, AND VIROLOGICAL CHARACTERISTICS OF SUBJECTS
Plasma HIV-2 CVL HIV-2 PBMC CVL
RNA RNA HIV-2 DNA HIV-2 DNA

Subject CD4 viral load viral load viral load viral load
ID Age WHO count (copies/ml) (copies/ml) (copies/10° cells) (copies/10° cells)
MIN 652 50 3 79 143,116 2027 777 14
MIN 1974 39 3 505 7,267 270 78 ub?
MIN 3473 33 3 125 100,610 1788 160 UuD
MIN 4199 48 1 111 36,536 +¢ 84 NDP

aUD, undetectable (<10 copies/10°).
bND, not done.
Positive but not quantifiable.

verse transcriptase M184I mutation in CVL DNA (1 of 8
clones) but not CVL RNA (16 clones) or PBMCs (10 clones);
although the clone containing the M184I resistance clustered
with other RT sequences from MIN3473, it was truncated at
amino acid position 238, unusually divergent, but without
significant evidence of APOBEC-induced hypermutation us-
ing Hypermute 2.0 (http:/ /www.hiv.lanl.gov/content/hiv-
db/HYPERMUT/hypermut.html) (see Fig. 2). Mutation
M184I is known to confer 3TC/FTC resistance in HIV-1 and
HIV-2. In another subject (MIN 652), the RT A62V mutation
was also found in CVL-RNA (1 of 15 clones) but not CVL-
DNA (25 clones) or PBMCs (14 clones) (Fig. 2). A62V is as-
sociated with multinucleoside resistance caused by Q151M
and the 69-insertion complex in HIV-1; its effect alone and
in HIV-2 is unknown.

To further assess potential differences between viral vari-
ants in the PBMCs and genital tract we used phylogenetic
analyses and Slatkin-—Maddison tests to quantify potential
compartmentalization in HIV-2 sequences [PR, RT and Env
(C2-V5)] obtained from blood (PBMCs) and the genital tract
[CVL-DNA (cell-associated virus) and CVL-RNA (cell-free
virus) (Table 3)]. Using the Slatkin-Maddison test to assess
for compartmentalization only one subject (MIN1974) had
evidence for segregation of sequences (RT) between the
PBMCs and genital tract (see Fig. 2 and Table 3).

To further assess potential differences between viral vari-
ants in the PBMCs and genital tract we intensively sampled

one subject’s (MIN652) envelope sequences and performed
phylogenetic analyses (Fig. 3). Longitudinal sampling of vi-
ral Env sequences in PBMCs over 3.5 years showed evidence
of time-ordered evolution (p values: p = 0.0001, p < 0.0001,
p =026, and p = 0.0002 for SM test between 1995-1998,
1995-1996, 1996-1997, and 1997-1998 sequences, respec-
tively; see Fig. 3). However, we found no evidence of com-
partmentalization between PBMCs and genital tract se-
quences or differences in the levels of diversity or divergence
from the estimated MRCA (see Fig. 3).

To our knowledge this study is the first to analyze HIV-2
protease and RT variants found in the PBMCs and genital
tract of ARV-naive HIV-2-infected women. We found HIV-
2 protease polymorphisms that predict PI resistance in HIV-
1 were common in both the PBMCs and genital tract; how-
ever, their phenotypic effects on ARV resistance in HIV-2
infection remain to be further delineated. That HIV-2 PR
polymorphisms are commonly found in the blood of ARV-
naive HIV-2-infected individuals has been reported in pre-
vious studies;®!3 however, their presence in the genital tract
is of some concern as this may be a site of lower penetration
of some antiretroviral agents and consequently resistance
may develop more easily. In two subjects we found evidence
of potential PR resistance polymorphisms in the genital tract
but not in the PBMCs. In addition, these same two subjects
had evidence of NRTI mutations (M1841 and A62V) in the
genital tract but not the PBMCs. Despite this possible com-

TaBLE 2. PrROTEASE, RT, ENv CLONES FROM PBMC AND CERVICOVAGINAL LAVAGE

Subject ID Sample date PBMC CVL DNA CVL RNA
MIN 652 4/28/98 PR-12 PR-8 PR-13
RT-14 RT-25 RT-15
ENV-15 ENV-7 ENV-10
MIN 1974 3/8/99 PR-0 PR-1 PR-0
RT-6 RT-0 RT-10
ENV-3 ENV-0 ENV-2
MIN 3473 5/25/99 PR-6 PR-5 PR-12
RT-10 RT-8 RT-16
ENV-8 ENV-9 ENV-10
MIN 4199 10/6/97 PR-6 PR-0 PR-0
RT-9 RT-4 RT-5
ENV-5 ENV-0 ENV-3
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FIG.1. HIV protease sequences (amino acids 1-99) from HIV-1 (HXB2), HIV-2 (ROD), and subject’s PBMCs (HIV-2 DNA)
and genital tract [cervicovaginal lavage (CVL) cell-associated HIV-2 DNA (CVL-DNA) and genital secretion-associated HIV-
2 RNA (CVL-RNA)]. IAS-USA and Stanford HIV database predicted protease resistance mutations known to be associated
with PI resistance in HIV-1 are shown (sites of predicted HIV-1 PI major resistance mutations are bolded and underlined
and sites of potential HIV-1 resistance that are polymorphic between HIV-1 and HIV-2 are shaded). Note: Numbers in
parentheses represent the number of identical sequences from that source; (—) represents the presence of a stop codon in

the original nucleotide sequence.

partmentalization of ARV resistance mutations we found no
evidence of more global compartmentalization between se-
quences in the PBMCs and genital tract in these two subjects
(see Table 3). The M184I mutation predicts resistance to 3TC
(lamivudine) and FTC (emtricitabine) in HIV-2. It was found
in a genital tract sequence that although truncated and quite
divergent, was monophyletic with other sequences from this
subject ruling out contamination. It is possible that the se-
quence divergence occurred due to hypermutation, which
was not detected using standard methods, or recombination
between the predominant parental strain noted and an un-
detected second strain. Nevertheless, that a significant mu-
tation NRTI such as M184I can apparently occur in the gen-
ital tract of an ARV-naive subject has implications for HIV-2
treatment (where 3TC is a first line ARV in West Africa) and
transmission of HIV-2 drug resistance. Interestingly a recent

report by Ruelle and colleagues from Burkina Faso found
unlinked M184V and Q151M NRTI mutations in two sub-
jects from a cohort of ARV-naive HIV-2-infected individu-
als.® In their report they could not determine whether the
mutations arose de novo, were transmitted from an ARV-ex-
perienced partner, or whether these two subjects had been
taking unsupervised ARV. In our subjects, we cannot ex-
clude these possibilities, but given their low frequency, we
suspect that they arose de novo.

Despite a significant amount of progress in our under-
standing of the anatomic compartments and viral reservoirs
associated with HIV-1 infection in ARV-naive and ARV-sup-
pressed individuals, almost nothing is known about these
factors in HIV-2 infection.!*1> Although we found evidence
for differential detection of ARV resistance-associated mu-
tations in the genital tract in two of four subjects studied,
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FIG.2. Maximum-likelihood phylogenetic tree of HIV-2 RT sequences from PBMCs, CVL-RNA, and CVL-DNA from four
ARV-naive females. Potential ARV resistance mutations (M184I, A62V) found in CVL of two subjects are shown. Inset: Ex-
ample of Slatkin-Maddison test for compartmentalization of CVL versus PBMC sequences for subject MIN1974. The tree
shows traced character states corresponding to CVL (black lines) and PBMCs (white lines). There are two steps required to
move along the tree between CVL and PBMCs. The histogram shows the of number of steps found during 1000 random
character (taxa) shuffles on the ML tree.

TABLE 3. SLATKIN-MADDISON TEST FOR COMPARTMENTALIZATION BETWEEN PBMC AND GENITAL TRACT?

Subject ID Sample date ENV (p) PR (p) RT (p)
MIN 652 4/28/98 0.19 all 0.74 all 0.72 all
0.31 DNA 0.08 DNA 0.99 DNA
0.59 RNA 0.71 RNA 0.97 RNA
0.77 CVL DNA/RNA 0.25 CVL DNA/RNA 0.71 CVL DNA/RNA
MIN 1974 3/8/99 ND ND 0.001 RNA
MIN 3473 5/25/99 0.54 all 0.19 all 1.0 all
0.64 DNA 0.98 DNA 1.0 DNA
0.50 RNA 0.28 RNA 0.72 RNA
0.98 CVL DNA/RNA 1.0 CVL DNA/RNA 0.73 CVL DNA/RNA
MIN 4199 10/6/97 0.35 RNA ND 0.57 all
0.13 DNA
0.08 RNA

0.75 CVL DNA/RNA

aSlatkin-Maddison test implemented in MacClade, p-value < 0.05/30 = 0.002 (Bonferroni correction) considered evidence for site
segregation.
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FIG.3. Maximum-likelihood phylogenetic trees of HIV-2 Env sequences from PBMC, CVL-RNA and CVL-DNA from sub-
ject MIN652. (A) Boxes represent longitudinal HIV-2 Env PBMC sequences between March,1995 and August,1998. Open
and closed circles represent HIV-2 Env sequences from April, 1998 CVL-RNA and CVL-DNA, respectively. Estimated most
recent common ancestor (MRCA) is shown, as is HIV-2 ROD (M15390) used as an outgroup. Inset shows box-plots of the
levels of divergence of CVL and PBMC sequences from MRCA. (B) Maximum-likelihood phylogenetic tree of HIV-2 Env
sequences from PBMC, CVL-RNA, and CVL-DNA from April, 1998. Inset shows box-plots of the levels of diversity of CVL
and PBMC sequences. P-values are nonparametric (Wilcoxon) between groups, PBMC vs. CVL or CVL-DNA vs. CVL-RNA.

Box-plots show median, 25-75% IQR and range.

neither of these two subjects had statistically significant lev-
els of compartmentalization based upon Slatkin-Maddison
testing or viral diversity or divergence analyses. Only one
subject (MIN1974) had evidence of statistically significant
levels of compartmentalization based upon Slatkin-Maddi-
son testing; it is noteworthy that she had a relatively high
CD4 count and low plasma viral load (see Table 1). In a pre-
vious study, Sankale and colleagues assessed potential com-
partmentalization between PBMCs and female genital tract
HIV-2 envelope C2-V3 region viral sequences; they found
some evidence for differences between the two sites in two
of three subjects but they could not rule out bias due to re-
sampling in these two subjects.!*

Limitations of this study include the small sample size, the
lack of longitudinal genital tract sampling, our inability to

amplify HIV-2 sequences in some subjects/regions, and lack
of plasma HIV-2 RNA sequences available (due to sample
availability /degradation) for comparison with PBMCs and
genital tract sequences. Despite these limitations, this small
study provides new insights into HIV-2 variants and poten-
tial ARV resistance in the female genital tract.

In summary, this study is the first to analyze HIV-2 pro-
tease and RT variants found in the PBMCs and genital tract
of ARV-naive women. HIV-2 RT and PR polymorphisms/
mutations may be found at low levels in the genital tract of
ARV-naive females, which has implications for transmitted
HIV-2 resistance and potentially could serve as a source of
virologic failure once ART is instituted. Ultimately, however,
ARV regimens designed specifically for HIV-2 infection,
with proven benefit from randomized controlled trials, are
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needed in West Africa and elsewhere (Gen Bank Accession
Nos. EU530819-EU531126).
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