AIDS RESEARCH AND HUMAN RETROVIRUSES
Volume 16, Number 5, 2000, pp. 393-401
Mary Ann Liebert, Inc.

Molecular Epidemiology of HIV Type 1 in a Rural
Community in Southwest Uganda

PONTIANO KALEEBU,! JAMES WHITWORTH,! LAURA HAMILTON,'
ALLELUIAH RUTEBEMBERWA,! FRED LYAGOBA,' DILYS MORGAN,! MELANIE DUFFIELD,?
BENON BIRYAHWAHO,' BRIAN MAGAMBO,! and JON ORAM??3

ABSTRACT

The molecular epidemiology of a population-based cohort in a cluster of 15 villages in southwestern Uganda
was investigated by sequencing part of the p24 gag gene and performing heteroduplex mobility assays (HMAs)
of the V3 region of the env gene. Sequence and HMA data, obtained for 69 and 88 proviruses, respectively,
showed that the clade A and D viruses were present at a ratio of about 0.67:1. No other clades were detected.
Thirteen (22% ) of 59 proviruses for which both gag and env data were obtained appeared to be recombi-
nants. Although both clade A and D viruses were present in 13 of the villages, their distribution was unequal:
for example, from env data 59% of clade A viruses were found in the eastern villages, compared with only
27% of clade D viruses. Phylogenetic (maximum likelihood) analysis of the p24 gag sequences showed a total
of five clusters supported by bootstrap resampling values above or close to 75%. Four clusters were sexual
partners, but there was no known sexual contact between the persons in the other cluster. The DNA sequences
showed between 0.5 and 8.3% divergence from the cohort clade A or D consensus sequences. The sequences

were not closely related to those published for other clade A or D proviruses.

INTRODUCTION

HE NUMBER OF UGANDANSs infected with HIV-1 has risen
r]?steadilyl since the early recognition of HIV-induced dis-
ease in Uganda.? There is a wide variation in the prevalence of
the virus, ranging from about 5% in rural to about 20% in ur-
ban areas. The majority of Ugandan viruses are in clades A and
D, with few reports3‘5 of viruses in other clades within the M
group of HIV-1. The relative proportions of clade A and D
viruses appear to vary in different parts of the country’~’ and
it is possible that the ratio of clade A:D viruses may be chang-
ing with time. However, with one exception,’ existing data are
largely confined to hospitals or urban areas, both with high rates
of population change, of limited value in molecular epidemio-
logical studies of HIV in Uganda.

In 1989 the Medical Research Council (MRS) Programme
on AIDS in Uganda established a population-based cohort, con-
sisting of approximately 5000 adults in a cluster of 15 neigh-
boring villages in rural southwest Uganda. This study popula-
tion is followed by annual census and serosurveys and in 1990
arandom selection of a third of all individuals identified as HIV

seropositive were invited to enroll as prevalent cases in a nat-
ural history cohort (NHC). All seroconverters identified over
the subsequent years were invited to enroll as incident cases
and randomly selected, age-stratified HIV-seronegative con-
trols from the general population cohort were also invited to
enroll. By the end of 1995 the NHC, which has been described
in detail,8 comprised 93 prevalent cases, 86 incident cases, and
168 seronegative controls, and those living in the study area
were invited to attend the study clinic every 3 months. During
these visits, participants were given a detailed clinical and phys-
ical examination and are encouraged to attend the clinic for
medical treatment at any time.

In the early years of the MRC program the main emphasis
was on epidemiological and clinical aspects of HIV and AIDS,
with limited attempts to characterize the viruses circulating in
the study area: for example, little was known of the distribu-
tion of viral clades or subtypes in the cohort. The NHC is well
suited for studies of the molecular epidemiology of HIV in rural
Uganda and we now report the first detailed genetic analysis of
the viruses circulating within our study area.

The first objective of the study was to determine the fre-
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quency of viral clades in the study area and to determine the
frequency of gag/env recombinant viruses. The second objec-
tive was to determine the genetic relationships both between
the proviruses in the cohort and also between the cohort
proviruses and those from other African countries by means of
a phylogenetic analysis of gag gene DNA sequence data.

MATERIALS AND METHODS

Subjects and blood samples

Blood samples were taken from 136 seropositive members
of the NHC who attended the clinic between December 1995
and March 1996. The samples were collected in EDTA tubes,
transported to the Uganda Virus Research Institute (UVRI, En-
tebbe, Uganda), and frozen at —20°C prior to DNA extraction.
DNA was extracted from frozen whole blood using either a
commercial Puregene kit (Gentra Systems, Minneapolis, MN)
or a previously described method® with a few modifications.
Briefly, blood was thawed slowly on ice and lysis buffer (10
mM Tris [pH 7.6], 10 mM KCI, 10 mM MgCl, plus 1% Non-
idet P-40 [NP-40]) was added to 3 ml or less of whole blood,
to give a final volume of 6 ml in a 15-ml centrifuge tube. This
was mixed gently and centrifuged at 200 rpm for 10 min. The
pellet was washed with 5 ml of lysis buffer, centrifuged as de-
scribed above, and transferred to an Eppendorf tube. After cen-
trifuging at 13,000 rpm for 20 sec, the deposit was resuspended
in 150 ul of lysis buffer containing proteinase K (200 pg/ml)
and incubated overnight at 56°C.

After the addition of 50 ul of 5X ANE (10 mM sodium ac-
etate, 100 mM NaCl, 1 mM EDTA, 0.5% sodium dodecyl sul-
fate [SDS]), DNA was extracted with phenol and chloroform,
precipitated with 2 vol of ethanol, dissolved in TE buffer (10
mM Tris-HCI [pH 7.5], 1 mM EDTA), and stored at —20°C.

PCR

To minimize the risk of contamination, well-separated lab-
oratories were used for the preparation of DNA and polymerase
chain reaction (PCR) reagents/reaction mixtures: no cloned
DNA was used in either laboratory. First- and second-stage PCR
and the analyses of PCR products were done in three additional
laboratories. About one in five of each set of reaction mixtures
was a negative control, containing either DNA from HIV-
seronegative persons or distilled water. No PCR products were
obtained from any of the negative controls.

Preliminary results showed that primers used to amplify gag
sequences from clade B viruses were not suitable for use with
Ugandan proviruses, almost all of which are in clades A and
D. Therefore, consensus clade A and D sequence data for the
p24 region of the gag gene'® were used to prepare sets of re-
dundant primers for the amplification of Ugandan proviral
DNA. A 520-bp fragment was generated by two-stage PCR, in
which the first stage primers were

gagl: 5'-CAGC/TCAAAATTA/TC/TCCC/TATAG-3’
gag2: 5'-CC/GTCAGCCAAAACC/TCTTGCT-3'

followed by second-stage primers
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gag3: 5'-GGAGCCACC/TC/IGCACAA/GGATC/TTA/GA-3’
gag4: 5'-CATGCTGTCATCATTTCC/TTC/TTAA/GTGT-3’

The first-stage reaction mixtures (50 ul) contained 10X PCR
buffer II (Perkin-Elmer, Norwalk, CT), 5 u1; 0.078 mM MgCl,;
a 200 uM concentration of each dNTP; 10 pmol of primers
gagl and gag?2, and 2.5 units of Amplitaq (Perkin-Elmer). Fi-
nally, approximately 0.5-1 ug of DNA was added to the mix-
tures, which were then thermocycled 35 times at 94°C for 1
min, 55°C for 1 min, and 72°C for 1 min. The first-round prod-
ucts (2 pl) were transferred to the second-stage PCR mixture,
which contained the inner (gag3 and gag4) primer pairs, and
thermocyled as described above. For use as DNA-sequencing
templates, amplified DNA was purified with a Qiagen kit
(Promega, Southampton, UK) and then shipped under ethanol
to the Centre for Applied Microbiology (CAMR, Porton Down,
Salisbury, UK) for sequence analysis.

For heteroduplex mobility assay (HMA), a 0.5-kb fragment
spanning the C2-C3 regions of env, including the V3 region,
was produced by nested PCR as previously described.'! Briefly,
primers EDS/ED12 were used in first-stage reactions followed
by ED31/ED33 as second-stage primers. Replicate samples of
amplification products were mixed and denatured with one of
the reference samples derived from PCR products of plasmids
encoding subtype A-F env DNA; after annealing, the samples
were loaded onto a 5% polyacrylamide gel, which was elec-
trophoresed at 250 V for 2 hr and 15 min, at constant voltage.
Gels were stained with ethidium bromide and the subtype of
the test sample determined by comparing the mobilities of het-
eroduplexes formed with different reference samples.

DNA sequence analysis

All templates were sequenced using primer gag3, shown
above, as the forward primer and most were also sequenced in
the reverse direction, primed by gag5 (5'-TTCTAATGTAG-
CCC/GCTG-3"). Approximately 0.5 pmol of template DNA
was mixed with 4.5 pmol of primer and sequences determined
by dye terminator cycling reactions using Tag FS in an ABI
377 automated sequencer (Perkin-Elmer) and the Sequence
Navigator sequencing programs (Perkin-Elmer).

Phylogenetic analysis

DNA sequences were trimmed to 340 nucleotides and, to-
gether with reference sequences from clade A-H and N
proviruses, '* were aligned by the CLUSTAL program.'? Mol-
ecular trees were produced by the fastDNAml program, '* which
is based on the Maximum Likelihood DNAML program '*; cal-
culations were made with global rearrangements to find the best
trees. Bootstrap values were determined for 1000 replicate data
sets, using the SEQBOOT, DNADIST, NEIGHBOR, and
CONSENSE programs in the PHYLIP 3.52¢ package of Felsen-
stein.!> Additional trees were then produced for clade A se-
quences from the cohort plus all the clade A sequences present
in the Los Alamos/GenBank database in January 1999 and sim-
ilarly for the clade D sequences from the cohort and the data-
bases. This yielded a total of 36 clade A reference sequences,
including 3 from recombinant viruses, which were checked by
RIP analysis (see below), and 13 clade D reference sequences.
Trees were also produced by the maximum parsimony (PAUP)
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TABLE 1. SuMMARY OF COHORT SAMPLES ANALYZED AND GENOTYPE DATA
No. of samples
Genotype®
Genotype

Method of Patient prevalent (P): Clade A Clade D
Gene analysis DNA Amplified Total incident (I) (%) (%)
gag Sequencing 109 109 71b 33PP: 381 25 (36) 44 (64)
env HMA 118 102 88¢ 32P¢:561¢ 37¢ (42) 51¢ (58)

2The clade percentages are calculated on the basis of the genotyped samples (69 for gag and 88 for HMA).
®Includes 66 samples with complete sequence data, 3 samples with incomplete sequence data, and 2 complete sequences that

could not be genotyped; see text.

‘Does not include three samples that gave inconsistent data; see text.

program,'® using a heuristic search with bootstrap analysis of
data sets containing 30 sequences (the maximum allowed by
the program). Phylogenetic trees were drawn using the Tree-
View program.!’

Analysis of recombinant viruses

All the cohort sequences were examined for the presence of
gag chimeras by the Recombinant Identification Program (RIP),
available online from the Los Alamos web site (http://hiv-
web.lanl.gov). The RIP reference sequences were trimmed to
match the cohort sequences and the gaps stripped prior to analy-
sis; several window sizes between 80 and 200 nucleotides (nt)
were used and the threshold for statistical significance was set
at 90%.

V1174 (E)

Vi525 (G)

K3g K85

HXB2 (B)
ELI (D

2

Analysis of base substitutions

The Synonymous Nonsynonymous Analysis Program
(SNAP) available online from the Los Alamos National Labo-
ratory web site (as given above) was used to analyze pairs of
sequences from the four sexual couples for whom sequence data
were obtained. SNAP was also used to make pairwise compar-
isons of all sequences from the cohort and reference samples.

RESULTS

PCR of gag and env regions

Of 109 DNA samples analyzed, gag DNA sequences were
amplified from 96 (88%), using the gagl/2 primers followed

V1191 (F) - ZAM20 (C)

U455 (A)

0.1

FIG. 1.

Newick plot of fastDNAmI'3 analysis of p24 gag sequence data from the NHC and clade A—H and N references: the

tree was plotted using the TreeView program.'’ For greater clarity the NHC sequences are not numbered, except for K36 and
K85, neither of which clustered with any of the reference sequences.
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FIG. 2. Phylogenetic analysis of p24 gag sequence data from the NHC and reference sequences from the databases. Clade A
and D sequences were separately analyzed by the fastDNAmI maximum likelihood program. Cohort sequences are denoted by a
K prexif; gag/env recombinants are indicated as [R] and known sexual partners are indicated by pairs of asterisks. The countries
of origin of the references sequences are shown as follows, either as prefixes or as suffixes in parentheses: BU, Burundi; CI and
IC, Ivory Coast; DJ, Djibuti; G and LBV, Gabon; GR, Greece; KEN, Kenya; NG, Nigeria; RW, Rwanda; SE, Senegal; TN, Thai-
land; U and UG, Uganda; ZR, Zaire (now the Democratic Republic of Congo). Bootstrap resampling values above or close to
75% from 1000 replicates (see text) are shown in parentheses. (A) Clade A sequences, rooted using clade D sequence ELI as an
outgroup; (B) clade D sequences, rooted using clade A sequence U455 as an outgroup.
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by gag3/4 primers and an annealing temperature of 55°C: a fur-
ther 12 samples (11%) were amplified with the same combi-
nation of primers with an annealing temperature of 50°C. The
remaining sample was amplified with other sets of primers, in-
ternal to gap3/4, and an annealing temperature of 50°C (data
not shown). Of 118 DNA samples analyzed, env region DNA
sequences were obtained from 99 (84% ), using the ED5/12 and

Continued.

ED31/33 primer pairs described above. A further three samples
were amplified with ED3/14 as the first primer pair, followed
by the ES7/8 primers. Eighty-eight samples gave unambiguous
HMA data and a further 3 gave variable results, the amplified
DNA comigrating with either clade A or D reference DNAs in
different experiments; these samples may have been derived
from persons infected with more than one clade of virus but no
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other data indicating mixed infections were obtained in this
study. Both sets of data—gag and env—were obtained from a
total of 59 DNA samples.

Sequence analysis of the p24 gag region

Sequence data for a 340-nucleotide region of p24 were ob-
tained from 68 (80%) of 85 template samples, which included
7 duplicates obtained from replicate PCRs: the duplicate se-
quences were either identical or differed by only 1 or 2 nu-
cleotides from the corresponding sequences. More limited data,
which were insufficient for phylogenetic analysis but were suf-
ficient to determine proviral genotype, were obtained from a
further three templates. The 68 unique templates contained a
total of six stop codons resulting from G-to-A substitutions in
tryptophan codons: three stop codons were present in provirus
K83 and one each in proviruses K26, K30, and K89.

The nucleotide sequence data reported in this article are
available from the EMBL, GenBank, and DDBJ Nucleotide Se-
quence Databases under the accession numbers AJ228255-—
AJ228322.

Genotype frequencies and genomic recombinants

The numbers and characteristics of the samples analyzed and
the results obtained from them are summarized in Table 1. The
data obtained by HMA of the V3 env region show that 42% of
the 88 genotyped proviruses had the clade A genotype and that
58% had the clade D genotype. The ratios obtained for the 69
proviruses genotyped by DNA seugence and phylogenetic
analyses of the p24 gag sequences were 36% clade A and 64%
clade D. Although no other clades were identified in this co-
hort, two proviruses could not be genotyped as their sequences
did not cluster with any of the references used in the phyloge-
netic analysis (see below). The clade A and D consensus se-
quence (data not shown) differed at 28 of 340 (8.2% ) positions.

Of the 59 subjects from whom both gag p24 and env V3 data
were obtained, 16 (27%) were p24 gag and V3 env clade A, 30
(51%) were p24 gag and V3 env clade D, and 13 (22%) ap-
peared to be clade A/D recombinants. Ten of these were clade
D in the p24 gag region and clade A in V3 env: the other 3
were clade A in p24 gag and clade D in V3 env. Both partners
of a known sexual couple, K84/K 100 (see below), were infected
with D/A recombinant viruses.

Phylogenetic analysis of gag sequences

A Newick plot of a tree obtained by fastDNAmI analysis of
the gag sequences obtained from 68 members of the cohort plus
representative sequences from proviruses in clades A to H is
shown in Fig. 1. For the sake of clarity the cohort samples are
not numbered, with the exception of K36 and K85, which did
not cluster with any of the reference sequences (see below).
Twenty-five of the 68 sequences clustered with the clade A ref-
erence sequence (U455) and 41 with the clade D reference se-
quence (ELI): as expected from the well-known gag sequence
similarities between clade B and D proviruses, the clade B ref-
erence sequence (HXB2) clustered with the ELI sequence. Sev-
eral of the clade A and clade D cohort proviruses had diverse
sequences that are identified in Fig. 2A and B. A 450-nt region
of the p24 region of the gag gene of the two provirus sequences
that could not be genotyped (K36 and K85) were tested for in-
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terclade recombination by RIP analysis. Both gave ambiguous
results (data not shown). The K36 sequence appeared to con-
tain several clade A/D recombination sites but as threshold sig-
nificance was not obtained over the greater part of the sequence,
the evidence for recombination within the K36 gag gene is
weak. The K85 sequence gave ambiguous RIP data, showing
few similarities with the reference sequences, regardless of win-
dow size. Therefore, the p24 gag region of both of these pro-
viruses appeared to be unusual and could repay more extended
sequence analyses.

Additional fastDNAml and neighbor-joining trees were pro-
duced for clade A and clade D sequences from cohort proviruses
plus all the clade A or D reference p24 gag sequences currently
available in the databases. The fastDNAmlI trees are shown in
Fig. 2A and B as phylograms for clade A and clade D sequences,
respectively: the Fig. 2A tree (clade A) is rooted using ELI
(clade D) as an outgroup and the Flg. 2B tree (clade D) is rooted
using U455 (clade A) as an outgroup. Sequences from gag/env
recombinant proviruses are indicated by an [R], and bootstrap
values above or close to 75% are shown in parentheses.

As shown in the Fig. 2A phylogram, the cohort clade A se-
quences were obtained in several groups. One cluster compris-
ing cohort sequences K1, K12, and K88 plus the Ugandan ref-
erence sequence 96UGO037 had a bootstrap value of 68%, which
is possibly significant, and although some of the cohort se-
quences appeared to cluster with sequences from other African
countries, e.g., Senegal, Ivory Coast, Rwanda, Burundi, and
Kenya, none of these clusterings was supported by bootstrap
values above 52% and they are probably not significant. None
of the cohort sequences appeared to be related to those from
other countries, including Gabon (G), the Central African Re-
public (LBV), or Nigeria (IGNB). Within the cohort, only one
clade A cluster, containing sequences K2 and K5, was sup-
ported by a high bootstrap value (96%). These proviruses were
obtained from known sexual partners and their sequences were
similar, differing by one synonymous (S) and one nonsynony-
mous (NS) amino acid-changing base substitution. This was the
only clade A virus-infected couple from which sequence data
were obtained for both partners.

The clade D phylogram (Fig. 2B) shows a similar lack of
similarity between the cohort sequences and the reference se-
quences from various African countries, including Zaire (De-
mocratic Republic of Congo), Gabon, Senegal, and Kenya.
More surprisingly, they shared little similarity with reference
sequences from other parts of Uganda (UG270, UG274, and
94UG114). Three of the four clade D clusters with high boot-
strap values were of pairs of sequences from sexual partners—
K42 and K90, K66 and K96, and K84 and K100. These three
pairs of sequences were derived from the only known sexual
couples from which both sets of clade D sequence data were
obtained. The fourth cluster comprising sequences K4 and K50
also had a high bootstrap value, but there was no known sex-
ual contact between these persons, who were 50- and 62-year-
old women, but both could have been infected by the same man,
who was either not included in the study group or from whom
no sequence data were obtained. The K42/K90 sequences dif-
fered by 2 S and 2 NS base substitutions, the K66/K96 se-
quences differed by 3 S and 4 NS substitutions, and the
K84/K100 sequences differed by 1 S and 1 NS substitution. The
K4/K50 sequences differed by 3 S and 1 NS substitution.
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Similar trees were produced by the maximum parsimony
(PAUP) method, which also gave bootstrap values over 50%
for the five clusters identified by maximum likelihood/bootstrap
analysis (data not shown). The PAUP/bootstrap analysis
showed an additional clade A cluster, K11/K38/K73, and an-
other clade D cluster, K40/K83; the neighbor-joining/ bootstrap
values of both of these clusters were about 50% and, as the se-
quences came from persons with no known sexual contact, their
significance is uncertain.

Absence of recombination within the gag sequences

As shown in Figs. 1 and 2A and B, some of the cohort clade
A and clade D sequences were diverse, differing by between
0.5 and 8.3% for clade A and between 0.5 and 7.9% for clade
D proviruses from the respective consensus sequences. To de-
termine whether any of the sequences, especially the outliers,
were recombinants within the p24 gag gene, all the sequences
were analyzed by the RIP. With the possible exception of K36
(see above) no evidence was obtained for recombination within
the sequenced region and in almost all cases the match with the
clade A or D reference sequence was above the threshold of
statistical significance for the greater part of the region (data
not shown). The RIP data also confirm the clade assignments
shown in Figs. 1 and 2.

Distribution of proviral clades within the study area

The distribution of proviral clades in the study area was de-
termined from the cohort records, which include details of

A

FIG. 3.
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where the participants normally live. The data for V3 env
(HMA) and p24 gag (DNA sequence) are shown in Fig. 3A and
B, respectively. The numbers of clade A and D proviruses ob-
tained from each village are shown as the first and second num-
bers in each pair. Both the V3 env and gag data show a skew
of the clade A proviruses toward the seven eastern villages and
of the clade D proviruses toward the eight western villages.
Thus, from the V3 env data, 22 (59%) of 37 clade A proviruses
were obtained from inhabitants of the eastern villages and 37
(73%) of the 51 clade D proviruses were from inhabitants of
the western villages. From the gag sequence data, 14 (56% ) of
the 25 clade A proviruses were obtained from people living in
the eastern villages and 30 (68% ) of the 44 clade D proviruses
were obtained from those in the western villages. Therefore
there seems to be an unequal distribution of clades in the study
area. However, since the distribution between western and east-
ern villages was made after the data were collected, formal sta-
tistical testing is not appropriate.

DISCUSSION

One of our main objectives was to determine the frequen-
cies of viral clades and of gag/env recombinant viruses in the
study area. Data from both DNA sequence analysis of proviral
gag and HMA of env gene sequences showed a clade A:D ra-
tio of about 0.67:1. A similar clade A:D ratio has been found
in a cohort in an adjacent part of Uganda’ but other studies®*°
reported a much higher proportion of clade A proviruses in other

e
S

B

NG

Village distribution of proviral clades in the NHC study area. The clade A and D proviruses in each village are shown

as the first and second numbers, respectively, in each pair. The principal road runs north—south through the center of the area
and is shown as a double line. (A) V3 env data from HMA; (B) p24 gag sequence data.
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parts of Uganda. Rayfield et al.> found a clade A:D ratio of
1.36:1 in 594 subtyped Ugandan samples, the great majority
(93%) of which came from the Kampala/Entebbe area, which
is about 120 km from our study area. At present it is not known
whether the clade A:D ratio is changing with time, which could
indicate differences in the rate of infection within a community
or influx from outside. Except in the northernmost villages, both
clades were present in all parts of our study area but there was
a marked skew of clade D viruses toward the people living in
the eastern villages that border the principal road. The distrib-
ution of clades within the study area will be investigated in fu-
ture studies to determine whether there is an influx or more
rapid spread of either clade.

In contrast to reports>*® of other HVI-1 clades in Uganda,
none was found in this study or in a study of a neighboring
area.” However, as two of our cohort sequences did not cluster
with any of the reference sequences, they could not be geno-
typed.

Our analysis of recombination frequency in HIV appears to
contain the largest number of samples to date. Of the 59 sam-
ples for which both gag and env data were obtained, 13 (22%)
appeared to be recombinants between clade A and D viruses.
A similar proportion (20%) of clade A/D recombinants was ob-
tained'® from a smaller number of Ugandan proviruses in the
UNAIDS sample collection. These observed recombination fre-
quencies are considerably higher than the 9% frequency ob-
tained in an analysis'® of 114 entire genomes in the database.
Most of the recombinant viruses in the database originated in
Africa and 11 of 12 full-length hybrids examined?’ included
segments of clade A viruses, which are widely distributed in
Africa. Although one of our gag/env recombinants gave an am-
biguous result, we obtained no firm evidence for A/D recom-
bination within the relatively short gag sequences.

The possibility that many infected cohort members were dou-
bly infected with both clade A and D viruses appears to be un-
likely, as a close examination of our sequencing electrophore-
tograms failed to reveal a mixture of nucleotides at positions
where the clade A and D sequences differ. In addition, repeat
sampling, PCR, and anlaysis of some of the recombinants con-
firmed the initial clade assignments for the gag and env regions.
However, repeat HMA analysis of 3 of 91 samples gave con-
flicting clade A or D heteroduplex mobilities, possibly indicat-
ing that these persons were dually infected.

We found that both members of one pair of sexual partners
were infected with recombinant viruses, indicating that the re-
combinants had been transmitted between partners. There have
been several reports of the heterosexual>' or maternal?? trans-
mission of recombinant viruses between Africans but the rela-
tive efficiency of transmission or rates of disease progression
of recombinant viruses, compared with nonrecombinants, are
not known. As has been noted by others,!?-23 the presence of a
high proportion of recombinant viruses could be a complicat-
ing factor in vaccine development and assessment: recombina-
tion may also have played an important role in the evolution of
HIV-1.%4

We obtained phylogenetic data from 68 persons, a relatively
low proportion of the infected population, which can be calcu-
lated, assuming a total adult population of 5000 and an 8% HIV
prevalence rate,?® to be about 400 persons.
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Since only about 20% of the proviral “pool” was analyzed
and we do not have detailed lifetime sexual histories it is not
possible to make a detailed molecular epidemiological analysis
of HIV in the study population. However, it is of interest to
compare our data with a phylogenetic analysis of pl7 gag se-
quences from 52 persons from three separate sexual networks
in an adjacent part of southwest Uganda,” which found no sig-
nificant correlation between the molecular phylogenetic and
sexual contact data. In contrast, we were able to document sex-
ual contact between four of the five pairs of individuals infected
with viruses encoding gag sequences that clustered with boot-
strap resampling values above or close to 75%. Indeed, all four
pairs of gag sequences from known sexual partners clustered
with high bootstrap values. Our cohort, although located in a
neighboring area, is drawn from a less mobile rural population
with less sexual mixing than those studied by Yirrell et al.” and
this may explain the difference in the results obtained. Like Yir-
rell et al.,” we also found a cluster where there was no known
sexual connection between the persons concerned. Our data do
not support the suggestion’ that the dynamics of viral spread in
Ugandan cohorts are different from those experienced in HIV-
infected populations in the developed world.
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