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Abstract

To analyze HIV-1 subtype distribution, sequence analysis was performed on serum specimens obtained in 1994
from the Rakai Health Sciences community cohort in Uganda. Portions of gag-p24 and env-gp41 were sequenced
and HIV subtype was determined for 773 subjects residing in 10 community clusters in rural Uganda. Subtypes
A (17%) and D (70%) were the most common strains in the population. Subtype distribution varied by geo-
graphic region with significantly more subtype A in northern community clusters compared with southern
clusters (21% vs. 8%, p< 0.001) and more subtype D in southern clusters compared with northern clusters (78%
vs. 65%, p< 0.008). These data illustrate the geographic complexity of subtype variation, which has important
implications for HIV-1 vaccine design.

Adistinct characteristic of HIV-1 is its high degree of
genetic diversity, which is demonstrated in the multiple

subtypes and circulating unique recombinant forms of the
virus. HIV-1 is divided into nine different subtypes, identified
through their genetic compositions, which can differ in their
biological characteristics and geographic distribution.1,2 The
predominant subtypes in Uganda are HIV-1 A, D, and re-
combinant forms of A and D.3,4

In this study, we analyzed the geographic subtype dis-
tribution in Rakai district, Uganda, where AIDS was first
identified in East Africa.5 There were 12,164 participants
aged 15–59 years enrolled in a community-randomized trial
of STD Control for HIV Prevention who provided interview
information on sociodemographic, behavioral and health in-
formation, and a serum during a baseline survey in 1994.
Participants resided in 50 rural communities that were ag-
gregated into 10 clusters, which are separated into 10 com-
munity clusters within Rakai: Kyotera, Kalisizo, Rakai,
Kabira, Kakuuto, Katana, Buyamba, Lwanda, Kasasa-Sanje,
and Lwamaggwa.6 Enrollment and study details have been
previously described.2 Institutional Review Board approvals
were obtained from Uganda Virus Research Institute’s Sci-

ence and Ethics Committee, Uganda National Council for
Science and Technology, and from the Institution Review
Boards (IRBs) of collaborating U.S. institutions (Columbia
University and Johns Hopkins University).

Viral RNA was extracted from all available samples of HIV-
1-positive subjects using a QIAmp Viral RNA Mini Kit (Qia-
gen, Valencia, CA). The eluted RNA was used for RT-PCR
and nested PCR in two separate reactions to amplify portions
of gag (HXB2 nt 1249 to 1704) and gp41 (HBX2 nt 7858 to
8260).7,8 Amplified samples were purified using ExoSAP-IT
(USB, Cleveland, OH), and then sequenced using the Applied
Biosystems 3730xl DNA Analyzer. Subtype assignments of
the sequence data were generated using the NCBI genotyping
database. Those subjects with both gag and gp41 sequences
that were uniformly subtype A, C, or D were considered in-
fected with that subtype.7,8 If the genomic regions differed by
subtype, the subject was classified as infected with a recom-
binant strain.

Subtype distribution was analyzed by community cluster
and then more broadly according to northern, central, and
southern regions of Rakai district. Southern clusters were
Kibale-Rakai, Kakuuto, and Kasasa-Sanje, northern clusters
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FIG. 1. Map of Rakai district Uganda. The 10 community clusters are shown with the approximate coverage of roads and
trails present in 1994 indicated. The town of Masaka, Uganda is indicated.

Table 1. Percent Subtype and Genetic Diversity of the Community Clusters Grouped by Geographic Region

Subtype (N) (%) Diversity gag (%) Diversity gp41 (%)

Community cluster N A D C R A D A D

North
Kalisizo 140 22.1 (31) 66.4 (93) 0.7 (1) 10.7 (15) 4.9 4.1 6.8 6.4
Katana 106 23.6 (25) 60.4 (64) 0.9 (1) 15.1 (16) 4.0 4.0 6.3 6.2
Buyamba 72 9.7 (7) 77.8 (56) 1.4 (1) 11.1 (8) 5.0 4.7 7.9 6.1
Lwamaggwa 46 30.4 (14) 54.3 (25) 0 15.2 (7) 4.3 3.8 6.3 6.5

All northern region 364 21.2 (77) 65.4 (238) 0.8 (3) 12.6 (46) 4.6 4.2 6.8 6.3

Central
Kyotera 78 15.4 (12) 75.6 (59) 0 9.0 (7) 4.7 3.9 7.4 6.7
Kabira 87 13.8 (12) 77.0 (67) 0 9.2 (8) 5.5 3.8 6.2 6.2
Lwanda 87 17.2 (15) 65.5 (57) 1.1 (1) 16.1 (14) 4.7 4.5 6.5 5.6

All central region 252 15.5 (39) 72.6 (183) 0.4 (1) 11.5 (29) 5.0 4.1 6.7 6.1

South
Kibale-Rakai 42 9.5 (4) 88.1 (37) 2.4 (1) 0 3.8 4.5 4.3 6.0
Kakuuto 36 13.9 (5) 72.2 (26) 5.6 (2) 8.3 (3) 8.2 5.3 6.3 6.3
Kasasa-Sanje 79 5.1 (4) 74.7 (59) 0 20.3 (16) 5.8 3.5 8.0 6.1

All southern region 157 8.2 (13) 77.7 (122) 1.9 (3) 12.1 (19) 5.8 4.2 6.6 6.1

Total 773 16.7 (129) 70.2 (543) 0.9 (7) 12.2 (94) 5.0 4.2 6.7 6.2
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were Lwamaggwa, Buyamba, Katana, and Kalisizo, and
Kabira, Kyotera, and Lwanda were designated as centrally
located (Fig. 1). Chi-square tests were used for statistical in-
ference.

There were 2058 HIV-positive subjects identified in 1994, of
whom 89% (1837=2058) had sufficient serum volume for PCR
and 42% (773=1837) of samples successfully generated inter-
pretable sequence data for gag and gp41. The overall subtype
distribution was 70% (543=773) HIV-1D, 17% (129=773) sub-
type A, and 12% (94=773) recombinant strains.

In the southern region, 78% (122=157) of individuals were
infected with HIV-1D. This was significantly higher than HIV-
1D infections in the northern region (65%, 238=364, p< 0.007)
(Table 1). In the northern region, 21% (77=364) were infected
with HIV-1A, compared to only 16% (39=252, p< 0.05) in the
central region. The northern region communities also had a
significantly higher percentage of HIV-1A infections com-
pared to the southern region (8%, 13=157, p< 0.001).

Sequence diversity within subtypes A and D was calcu-
lated for both the gag and gp41 genomic regions and for
both regions within each of the 10 community clusters.
Overall sequence diversity of HIV-1A was 4.9% (�1.3) for gag
and 6.8% (�1.1) for gp41 fragments, and 3.9% (�0.54) in the
gag region and 6.2% (�0.30) in gp41 for HIV-1D fragments
(Table 1). A t-test showed that diversity was not different
between the two subtypes within gag ( p¼ 0.056) or gp41
(0.277).

A previous study conducted between 1989 and 2000,
examining portions of the envelope by sequencing and het-
eroduplex mobility assay, determined that the relative fre-
quencies of subtypes among young pregnant women in
15 antenatal surveillance were spread evenly throughout
Uganda centers. HIV-1A (45%) was the most prevalent, fol-
lowed closely by subtype D (41%) in this study.9 Additionally,
no significant change was found in relative frequencies of
subtypes over the 11 sample years, nor were there significant
differences in geographic distribution within Uganda. Re-
ports from Kampala and Entebbe reported that HIV-1A (48%
and 51%) was the most common subtype.10–12 A previous
study based on full length sequencing of 46 HIV-1 samples
from the Rakai district between 1998 and 1999 demonstrated
that the predominant subtypes were D (54%), A=D (30%) re-
combinants, and A (15%). Compared with these full-length
data from the same cohort, our data demonstrated a higher
percentage of HIV-1D and a lower prevalence of recombi-
nants.

Phylodynamic analyses of Ugandan viruses suggest that
HIV-1A was introduced earlier than HIV-1D.13 In addition,
HIV-1A appears to have originated in the Congo and spread
from east to west, whereas HIV-1D appears to have origi-
nated from Tanzania and spread from south to north. These
analyses are consistent with the findings of the present study
in which HIV-1D was more common in the southern region
located on the Tanzanian border compared to the northern
region of Rakai district. Conversely, HIV-1A was least fre-
quent in the south compared to the northern region.

These data demonstrate that HIV-1 subtypes were not
randomly distributed in Rakai in 1994, with significantly
more HIV-1D in the southern-most communities and signifi-
cantly more HIV-1A in northern-most regions. Varying sub-
type distribution poses major implications for vaccine

development, especially when, as in this study, variation and
high frequency of recombination reflect the historical per-
spective.14 It is possible even in a small geographic region
such as the Rakai district, Uganda that a broadly reactive
vaccine would need to be developed to accommodate all
subtypes and variations within those subtypes.
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