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strain (SIVcpzUS) and have determined, by mitochondrial DNA
analysis, the subspecies identity of all known SIVcpz-infected
chimpanzees. We ®nd that two chimpanzee subspecies in Africa,
the central P. t. troglodytes and the eastern P. t. schweinfurthii,
harbour SIVcpz and that their respective viruses form two highly
divergent (but subspecies-speci®c) phylogenetic lineages. All
HIV-1 strains known to infect man, including HIV-1 groups M,
N and O, are closely related to just one of these SIVcpz lineages,
that found in P. t. troglodytes. Moreover, we ®nd that HIV-1 group
N is a mosaic of SIVcpzUS- and HIV-1-related sequences, indicat-
ing an ancestral recombination event in a chimpanzee host. These
results, together with the observation that the natural range of P. t.
troglodytes coincides uniquely with areas of HIV-1 group M, N
and O endemicity, indicate that P. t. troglodytes is the primary
reservoir for HIV-1 and has been the source of at least three
independent introductions of SIVcpz into the human population.

Five lines of evidence have been used to substantiate zoonotic
transmission of primate lentiviruses3: ®rst, similarities in viral
genome organization; second, phylogenetic relatedness; third,
prevalence in the natural host; fourth, geographic coincidence;
and ®fth, plausible routes of transmission. For HIV-2, a virus
(SIVsm) that is genomically indistinguishable and closely related
phylogenetically was found in substantial numbers of wild-living
sooty mangabeys whose natural habitat coincides with the epicentre
of the HIV-2 epidemic2,4±7. Close contact between sooty mangabeys
and humans is common because these monkeys are hunted for food
and kept as pets6,7. No fewer than six independent transmissions of
SIVsm to humans have been proposed4,6,7. In contrast, the origin of
HIV-1 is much less certain3. HIV-1 is most similar in sequence and
genomic organization to viruses found in chimpanzees
(SIVcpz)1,10,11, but a wide spectrum of diversity between HIV-1
and SIVcpz11, an apparent low prevalence of SIVcpz infection in
wild-living animals8,9,12, and the presence of chimpanzees in geo-
graphic regions of Africa13 where AIDS was not initially recognized
have cast doubt on chimpanzees as a natural host and reservoir for
HIV-1. Rather, it has been suggested that another, as yet unidenti-
®ed, primate species could be the natural host for SIVcpz and HIV-1
(refs 1, 11).

We recently identi®ed a fourth chimpanzee with natural SIVcpz
infection. This animal (Marilyn) was wild-caught in Africa (country
of origin unknown), exported to the United States as an infant, and
used as a breeding female in a primate facility until her death at age
26 years12. During a serosurvey in 1985, Marilyn was the only
chimpanzee of 98 tested who had antibodies strongly reactive
with HIV-1 by enzyme-linked immunosorbent assay (ELISA) and
western immunoblot12. She had never been used in AIDS research
and had not received human blood products after 1969. She died in
1985 after giving birth to still-born twins. An autopsy revealed
endometritis, retained placental elements and sepsis as the ®nal
cause of death. Depletion of lymphoid tissues was not noted. Here
we used the polymerase chain reaction (PCR) to amplify HIV- or
SIV-related DNA sequences directly from uncultured (frozen)
spleen and lymph-node tissue obtained at autopsy in order to
characterize the infection responsible for Marilyn's HIV-1 seropo-
sitivity. Ampli®cation and sequence analysis of subgenomic gag
(508 base pairs (bp)) and pol (766 bp) fragments revealed the
presence of a virus related to, but distinct from, known SIVcpz
and HIV-1 strains. Because virus isolation from the autopsy tissues
was unsuccessful, we used PCR to amplify and sequence four
overlapping subgenomic fragments that together comprised a
complete proviral genome, which we termed SIVcpzUS. Analysis
of potential coding regions revealed the presence of a vpu gene
(found only in HIV-1 and SIVcpz viruses)1,11,14 in addition to
structural and regulatory genes common to all primate lentiviruses.
None of the genes in SIVcpzUS contained deletions, insertions or
rearrangements, and all reading frames were open except for gag
(p24) and rev (second exon), which contained single in-frame stop

codons. Promoter and enhancer elements of the SIVcpzUS long
terminal repeat (LTR) were indistinguishable from those of other
members of the HIV-1/SIVcpz group.

Only three other SIVcpz strains have been reported, two from
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Figure 1 Phylogenetic analysis of SIVcpzUS. a, Phylogenetic relationship of

SIVcpzUS to other primate lentiviruses. The tree was derived by neighbour-

joining analysis27 of full-length Pol sequences (trees derived by maximum-like-

lihood methods28 yielded very similar topologies). Horizontal branch lengths are

drawn to scale with the bar indicating 0.1 amino-acid replacements per site.

Numbers at each node indicate the percentage of bootstrap samples (out of

1,000) in which the cluster to the right is supported (only values .80% are shown).

Other SIVcpz strains closely or more distantly related to SIVcpzUS are shown in

red and blue, respectively. b, Diversity plots of concatenated SIVcpz protein

sequences depicting the proportion of amino-acid sequence differences

between SIVcpzUS and SIVcpzGAB1 (red), SIVcpzUS and SIVcpzANT (blue),

and SIVcpzGAB1 and SIVcpzANT (black), calculated for a window of 200 amino

acids moved in steps of 10 amino acids along the alignment (available as

Supplementary Information). The x-axis shows the amino-acid positions along

the alignment. The positions of Gag, Pol, Vif, Env and Nef regions are shown. The

y-axis denotes the distance between the viral proteins compared (0:1 � 10%

difference). c, Unrooted neighbour-joining tree of partial Pol protein sequences

(distances are drawn to scale).


