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We used the rhesus macaque model of heterosexual human immunodeficiency virus (HIV) transmission to
test the hypothesis that in vitro measures of macrophage tropism predict the ability of a primate lentivirus to
initiate a systemic infection after intravaginal inoculation. A single atraumatic intravaginal inoculation with
a T-cell-tropic molecular clone of simian immunodeficiency virus (SIV), SIVmac239, or a dualtropic recombinant molecular clone of SIV, SIVmac239/1A11/239, or uncloned dualtropic SIVmac251 or uncloned dualtropic simian/human immunodeficiency virus (SHIV) 89.6-PD produced systemic infection in all rhesus macaques tested. However, vaginal inoculation with a dualtropic molecular clone of SIV, SIVmac1A11, resulted
in transient viremia in one of two rhesus macaques. It has previously been shown that 12 intravaginal inoculations with SIVmac1A11 resulted in infection of one of five rhesus macaques (M. L. Marthas, C. J. Miller,
S. Sutjipto, J. Higgins, J. Torten, B. L. Lohman, R. E. Unger, H. Kiyono, J. R. McGhee, P. A. Marx, and N. C.
Pedersen, J. Med. Primatol. 21:99–107, 1992). In addition, SHIV HXBc2, which replicates in monkey macrophages, does not infect rhesus macaques following multiple vaginal inoculations, while T-cell-tropic SHIV 89.6
does (Y. Lu, P. B. Brosio, M. Lafaile, J. Li, R. G. Collman, J. Sodroski, and C. J. Miller, J. Virol. 70:3045–3050,
1996). These results demonstrate that in vitro measures of macrophage tropism do not predict if a SIV or SHIV
will produce systemic infection after intravaginal inoculation of rhesus macaques. However, we did find that
the level to which these viruses replicate in vivo after intravenous inoculation predicts the outcome of
intravaginal inoculation with each virus.
transmitted during sexual contact represents a variant present
at low frequency in the transmitting partner’s viral population
and that the transmitted virus is macrophage tropic and nonsyncytium inducing (NSI) (51). Three hypotheses have been
proposed to explain the discrepancy between the heterogeneous virus population in the transmitting partner and the
homogeneous virus recovered from a recently infected partner.
The homogeneous virus observed in a newly infected person
could reflect (i) exposure to a low titer of virus from the
transmitter, (ii) selective amplification of one variant after
entering the new host, or (iii) selective transmission of viral
variants across the genital mucosa (51). The observation that
the transmitted virus represents a minor, macrophage-tropic,
NSI variant in the blood of the transmitter is consistent with
either of the last two explanations (51). In addition, studies
which characterized the immune cell populations in the genital
tracts of women and female rhesus macaques have demonstrated that antigen-presenting cells (macrophages and CD1a1
Langerhans cells) are the most abundant CD41 cells in the
cervicovaginal mucosa (25, 38). Thus, it is possible that viruses
which can replicate efficiently in macrophages and dendritic
cells may be more efficient at crossing the vaginal mucosa and
initiating a systemic infection than viruses which cannot replicate in these antigen-presenting cells. Transmission studies utilizing molecular clones of SIV with specific phenotypes may
provide insight into the viral variants which are capable of
initiating infection after vaginal inoculation. The capacity of a

Human immunodeficiency virus (HIV) is transmitted primarily by sexual contact, and, by use of the simian immunodeficiency virus (SIV)-rhesus macaque system, an animal model of sexual HIV transmission has been developed (21–24, 27,
28). It has been shown that cell-free SIVmac251 (reviewed in
reference 21) and some strains of SIV/HIV chimeric viruses
(SHIV) (16) are capable of crossing the vaginal mucosa and
initiating a systemic infection in rhesus macaques. It has further been shown that sufficient target cells exist in the vaginal
mucosa for SIV to be transmitted after virus infusion into blind
vaginal pouches of hysterectomized rhesus macaques (22).
These studies utilized uncloned SIVmac251 as the viral inoculum. The SIV-rhesus macaque model has also been used to
demonstrate the presence of SIV-infected cells in the vaginal
mucosa of acutely and chronically SIV-infected rhesus macaques (28, 41). On the basis of these studies, a hypothesis to
explain the dissemination of SIV and HIV after vaginal inoculation has been proposed (27). This hypothesis predicts that
macrophages and dendritic cells in the vaginal mucosa are the
initial target cells for virus inoculated into the vagina.
Some studies of small numbers of individuals acutely infected with HIV through sexual contact suggest that the virus
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VAGINAL TRANSMISSION OF SIV AND SHIV

MATERIALS AND METHODS
Animals. All animals used in this study were colony bred, multiparous, female
rhesus macaques (Macaca mulatta) from the California Regional Primate Research Center. The animals were housed in accordance with American Association for Accreditation of Laboratory Animal Care standards. When necessary,
the animals were immobilized with 10 mg of ketamine HCl (Parke-Davis, Morris
Plains, N.J.) per kg of body weight injected intramuscularly. The investigators
adhered to the recommendations of the guide prepared by the Committee on
Care and Use of Laboratory Animals of the Institute of Laboratory Resources,
National Resource Council (5a). Prior to use, the animals were negative for

antibodies to HIV type 2 (HIV-2), SIV, type D retrovirus, and simian T-cell
lymphotropic virus type 1.
Virus stocks. The SIVmac239 stock used in this study originated from a vial of
infectious virus generously supplied by R. Desrosiers (New England Regional
Primate Center) and was expanded by a single short-term passage on CEMx174
cells. The second stock was a chimera of SIVmac239 and SIVmac1A11 (designated SIVmac239/1A11/239) and was grown in rhesus peripheral blood mononuclear cells (PBMC). A detailed description of the chimeric virus has been
published elsewhere (2). This SIV chimera causes immunodeficiency in some
rhesus macaques infected by i.v. inoculation inoculation (20). The SIVmac1A11
stock was grown in rhesus PBMC. A detailed description of this virulenceattenuated virus has been published previously (2). This SIV clone does not
cause immunodeficiency in rhesus macaques infected by i.v. inoculation (20).
The SIVmac251 stock used in this study was produced by short-term culture of
a previously used infectious virus stock in rhesus PBMC. All four of the above
SIV virus stocks had a titer of 105 tissue culture infective doses (TCID50)/ml as
determined by endpoint titration on CEMx174 cells and estimation of the 50%
endpoint by the method of Reed and Muench (34). This new SIVmac251 stock
has not been used in previously published vaginal inoculation studies. A description of the technique used for intravaginal inoculation has been published elsewhere (24). Seminal plasma was not used for the vaginal inoculations, and
although no attempt was made to inoculate animals at specific points in the
menstrual cycle, animals were not inoculated during menses. i.v. inoculations
were performed by standard techniques.
A detailed description of the SHIV stocks has been previously published (16).
Briefly, both SHIV clones contain functional HIV-1 vpu, tat, rev, and env genes
in the context of the SIVmac239 provirus and were grown in rhesus macaque
PBMC. The first virus was designated SHIV HXBc2 (14) and was constructed by
using the HIV-1 IIIB/LAI variant, which is the prototype of the T-cell-tropic
viruses. The second virus, designated SHIV 89.6 (37), was identical to SHIV
HXBc2 except for the KpmI (nucleotide 5925)-to-BamHI (nucleotide 8053)
fragment, which encodes the ectodomain of the gp120 and gp41 envelope glycoproteins. This env fragment in the SHIV 89.6 virus was derived from HIV-1
89.6, a highly cytopathic, macrophage-tropic variant (5). The SHIV HXBc2 stock
contained 4,800 TCID50/ml and the SHIV 89.6 stock contained 1,800 TCID50/ml,
as determined by endpoint titration on CEMx174 cells and estimation of the 50%
endpoint by the method of Reed and Muench (34). Both SHIV HXBc2 and
SHIV 89.6 initiate i.v. infection of rhesus macaques with an inoculum of approximately 1 TCID50. The frequency of virus isolation is comparable to that of the
animals infected i.v. with SHIV HXBc2 and SHIV 89.6 over the first 2 months of
infection (48a). A description of the in vivo passage of SHIV 89.6 has been
published elsewhere (36, 37). To produce the SHIV 89.6-PD stock used in this
study, a plasma sample was collected from a rhesus macaque 2 weeks after it was
inoculated with a SHIV 89.6-P stock. This plasma was generously provided by
N. Letvin. The virus stock was amplified by culturing 3 ml of plasma with 2 3 106
CEMx174 cells. The level of SIV p27 antigen in the culture supernatant was
higher than 5,000 pg/ml after 10 days, at which time supernatants were collected,
filtered, and used to infect fresh concanavalin A-stimulated rhesus macaque
PBMC. After 10 days in culture, the supernatant of the PBMC culture was
collected and filtered, and aliquots were frozen. This stock is designated SHIV
89.6-PD to indicate that the stock was plasma derived. This designation also
distinguishes the SHIV 89.6-PD stock from the SHIV 89.6-P stock (passaged),
which was derived from PBMC from the same animal (36). The titer of the SHIV
89.6-PD stock is 25,000 TCID50/ml, as determined by endpoint titration on
CEMx174 cells and estimation of the 50% endpoint by the method of Reed and
Muench (34).
Assessment of in vitro macrophage tropism of SIV and SHIV stocks. In order
to characterize the ability of the virus stocks used in the vaginal transmission
studies to replicate in rhesus macaque macrophages, a series of in vitro studies
was performed, using a modification of previously published techniques (33).
Briefly, PBMC were isolated from heparinized whole blood obtained from three
naive rhesus macaques. The PBMC were suspended in RPMI 1640 containing
20% fetal bovine serum, 10% human AB serum (Gemini Bio-Products, Inc.,
Calabasas, Calif.), 2 mM L-glutamine, and 10 U of penicillin-streptomycin per ml.
The PBMC (4 3 106/well) were placed in a 24-well plate and incubated overnight. Nonadherent cells were removed by repeated washing with 37°C serumfree RPMI 1640. A second medium, macrophage growth medium (MGM),
consisting of RPMI 1640 with 20% fetal bovine serum, 200 U of granulocytemacrophage colony-stimulating factor (Genzyme, Cambridge, Mass.) per ml,
2 mM L-glutamine, and 10 U of penicillin-streptomycin per ml, was added to
each well. The macrophages were cultured for 7 to 10 days, and the MGM was
changed twice a week. By the end of this period, each well contained approximately 4 3 105 well-differentiated macrophages. Immunohistochemical analysis
of cells harvested from representative wells demonstrated that all cells were
CD681 (EBM-11 monoclonal antibody; Dako, Carpenteria, Calif.), and no
CD31 T cells (anti-CD3 monoclonal antibody; Dako) were detected in these
preparations. Aliquots of the same SIV or SHIV stocks used for the animal
inoculation studies were added to duplicate wells containing the macrophages.
The volume of virus stock added to each well was based on the concentration of
the virus stock (see above). For the experiments using the SIV stocks, the
multiplicity of infection (MOI) was 0.05; for the experiments using the SHIV
stocks, the MOI was 0.001. The virus was incubated with the macrophages
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virus to infect and productively replicate in discrete populations of cells is defined as tropism (45), and HIV and SIV
variants have been classified on the basis of their in vitro ability
to replicate in macrophages (macrophage tropic) or T-cell
lines (T-cell tropic) or both (dualtropic). We hypothesized that
the SIV or SHIV molecular clones that had a macrophagetropic phenotype in vitro would be more likely to cross the
vaginal mucosa and initiate a systemic infection than viral
clones that were strictly T-cell tropic. We sought to test this
hypothesis using well-characterized clones of SIVmac and
SHIV and two uncloned viral stocks.
For these studies, three clones of SIVmac were used. The
prototype pathogenic molecular clone, SIVmac239, is T-cell
tropic in vitro but does not replicate in rhesus macrophages (2,
3, 29, 30). Rhesus macaques inoculated intravenously (i.v.)
with cloned SIVmac239 develop persistent viremia, produce
antiviral antibodies, and develop a fatal AIDS-like disease (10,
11). This infectious molecular clone has been completely sequenced and has a truncated nef gene (30, 35). The second
clone used was SIVmac1A11 (20), a nonpathogenic molecular
clone of SIV that is macrophage and T-cell tropic in vitro (2).
The third SIV clone used was a chimera between SIVmac239
and SIVmac1A11. This recombinant SIV clone, designated
SIVmac239/1A11/239, is macrophage and T-cell tropic in vitro
(2). SIVmac239/1A11/239 contains the long terminal repeats
(LTRs), a small portion of the 39 end of gag, gp41, nef, and the
second exon of rev from SIVmac239, and the rest of the virus
is derived from SIVmac1A11. Rhesus macaques inoculated i.v.
with this clone develop persistent or intermittent viremia and
produce antiviral antibodies, and some of the animals develop
a fatal AIDS-like disease (20).
We characterized the in vitro replication kinetics of infectious virus stocks of SIVmac251, SIVmac239, SIVmac1A11,
and SIVmac239/1A11/239 in rhesus macaque monocyte-derived macrophages. We also characterized the in vivo replication kinetics of the stocks of SIVmac239, SIVmac1A11, and
SIVmac239/1A11/239 after i.v. inoculation of rhesus. We then
determined the ability of stocks to initiate systemic infection
following vaginal inoculation of rhesus macaques. Further, we
characterized the replication of infectious virus stocks of SHIV
HXBc2, 89.6, and 89.6-PD in rhesus macaque monocyte-derived macrophages. These results are compared to the published data of others regarding the ability of these SHIV to
replicate in rhesus macaques after i.v. inoculation and our
previously published studies describing the ability of these viruses to initiate systemic infection after intravaginal inoculation. Our results demonstrate that in vitro measures of the
ability of a virus to replicate in rhesus macaque macrophages
do not correlate with the ability of the virus to cause systemic
infection following vaginal inoculation. However, the ability of
a virus to be transmitted vaginally was associated with its in
vivo replication capacity. Thus, systemic infection was detected
only in rhesus macaques that were intravaginally inoculated
with SIV clones (SIVmac239 or SIVmac239/1A11/239), SHIV
89.6, or the uncloned viruses (SIVmac251 and SHIV 89.6-PD),
all of which produce plasma viremia after i.v. inoculation.
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FIG. 1. In vitro replication of SIV and SHIV molecular clones in rhesus macaque monocyte-derived macrophages. The results shown here are representative of three separate experiments using monocyte-derived macrophages isolated
from three rhesus macaques. (A) Replication of SIV molecular clones and uncloned SIVmac251. Note that SIVmac1A11, SIVmac239/1A11/239, and SIVmac251
replicate well in rhesus macaque macrophages. (B) Replication of SHIV molecular clones and uncloned SHIV 89.6-PD. Note that only SHIV HXBc2 and SHIV
89.6-PD replicate in rhesus macaque macrophages.

with ethidium bromide. Densitometry analysis of PCR products was conducted
with an ISO 1000 gel analysis and documentation system (Alpha Innotech, San
Leandro, Calif.). Quantitation of plasma RNA was accomplished by the method
of Staprans et al. (42) and reported as RNA copies per milliliter of plasma.
PCR-based detection of SIV gag. Nested PCR was carried out on genomic
PBMC DNA in a model 9600 Thermal Cycler (Perkin-Elmer Cetus, Emeryville,
Calif.) as previously described (26). Briefly, cryopreserved PBMC isolated from
whole blood were washed three times in Tris buffer at 4°C and resuspended at
107 cells/ml. Ten microliters of the cell suspension was added to 10 ml of PCR
lysis buffer (50 mM Tris-HCl [pH 8.3], 0.45% Nonidet P-40, 0.45% Tween 20)
with 200 mg of proteinase K per ml. The cells were incubated for 3 h at 55°C and
then for 10 min at 96°C. Two rounds of 30 cycles of amplification were performed
on aliquots of plasmid DNA containing the complete genome of SIVmac1A11
(18) (positive control) or aliquots of cell lysates under conditions described
elsewhere (46). DNA from uninfected CEMx174 cells was amplified as a negative
control in all assays to monitor potential reagent contamination. b-Actin DNA
sequences were amplified with two rounds of PCR (30 cycles/round) from all
PBMC lysates to detect potential inhibitors of Taq polymerase in cell lysates (26).
Following the second round of amplification, a 10-ml aliquot of the reaction
product was removed and run on a 1.5% agarose gel. Amplified products in the
gel were visualized by ethidium bromide staining. Blood samples for PCR analysis were collected at the times indicated in Table 1.
Serum antibody responses in inoculated animals. Immunoblots were performed to detect antibody responses to specific SIV proteins in the sera of the
vaginally inoculated animals by a previously described technique (44).

RESULTS
In vitro replication of SIV and SHIV molecular clones in
rhesus monocyte-derived macrophages. All the virus stocks
used in these studies replicate well in mitogen-stimulated rhesus macaque PBMC (data not shown). The macrophage tropism studies were repeated at least three times, and the results
were consistent for monocyte-derived macrophages from three
rhesus macaques. SIVmac1A11 and SIVmac251 consistently
replicated well in rhesus macaque macrophages (Fig. 1A).
SIVmac239 did not replicate in rhesus macaque macrophages,
and SIVmac239/1A11/239 replicated to intermediate levels in

Downloaded from http://jvi.asm.org/ on October 22, 2019 by guest

overnight at these MOIs; then 1 ml of MGM was added to the wells, and the
incubation was continued for an additional 24 h. Excess virus was then removed
from the wells by at least four washes with 37°C serum-free RPMI 1640. Following the last wash, 1.5 ml of MGM was added to each well, and 0.5 ml of the
added medium was removed immediately as the day 1 sample. To assess p27
antigen production, beginning at day 4, 0.5 ml of supernatant was removed from
each well and replaced. This was repeated every 2 or 3 days until day 15. A
commercial p27-SIV antigen assay kit (Coulter Immunology, Hialeah, Fla.) was
used to quantify p27 in the culture supernatants.
Virus isolation. Virus was isolated from heparinized whole blood obtained
from the SIV-inoculated rhesus macaques. PBMC were isolated by Ficoll gradient separation (Lymphocyte Separation Medium; Organon Teknika, West
Chester, Pa.) and cocultured with CEMx174 cells (9) (provided by James A.
Hoxie, University of Pennsylvania) as previously described (15). Except where
otherwise noted, 5 3 106 PBMC were cocultivated with 2 3 106 to 3 3 106
CEMx174 cells. Aliquots of the culture media were assayed regularly for the
presence of SIV major core protein (p27) by antigen capture enzyme-linked
immunosorbent assay (ELISA) (15). Cultures were considered positive if they
were antigen positive at two consecutive time points. A detailed description of
the technique and criteria to determine if an aliquot was antigen positive has
been published elsewhere (20). All cultures were maintained for 8 weeks and
tested for SIV p27 by ELISA before being scored as virus negative. Blood
samples for virus isolation were collected at the times indicated below (see Table
1).
Quantification of cell-free and cell-associated viral load in i.v.-inoculated
rhesus macaques. In order to assess the relative in vivo replicative capacities of
the SIV molecular clones in the i.v.-inoculated animals, the concentrations of
cell-free virus in plasma and cell-associated virus in PBMC were measured in a
limiting-dilution assay (47). Fresh plasma was centrifuged to pellet contaminating cells, diluted serially 10-fold in complete medium, and cocultured with
CEMx174 cells in 1 ml in a 24-well plate. Likewise, PBMC were washed, diluted
serially 10-fold from 106 cells per ml, and cocultured with CEMx174 cells. After
4 weeks, cells from all negative wells at 106 cells per well were pooled and
transferred to a T25 tissue culture flask (Fisher Scientific) and cultured for an
additional 4 weeks. In addition, 107 PBMC were cocultured with 2 3 106
CEMx174 cells in T75 tissue culture flasks (Fisher Scientific) and maintained for
8 weeks before being terminated as negative. The TCID50 of cell-free and
cell-associated virus were calculated by the method of Reed and Muench (34).
Negative cultures correspond to less than 1.0 TCID50 per ml of plasma or less
than 0.1 TCID50 per 106 PBMC, the limits of detection for these assays.
Antigen capture ELISA to quantitate plasma p27 antigen in i.v.-inoculated
rhesus macaques. In order to assess the relative in vivo replicative capacities of
the SIV molecular clones in the i.v.-inoculated animals, p27 antigen levels in
plasma were assessed in the animals inoculated i.v. with SIV clones by using a
commercial antigen capture ELISA kit (Coulter Immunology, Hialeah, Fla.)
according to the manufacturer’s instructions.
bDNA quantitation of SIV RNA in plasma in i.v.-inoculated rhesus macaques.
In order to assess the relative in vivo replicative capacities of the SIV molecular
clones in the i.v.-inoculated animals, quantitative assays for the measurement of
SIV RNA were performed using a branched DNA (bDNA) signal amplification
assay specific for SIV (6). This assay is similar to the Quantiplex HIV RNA assay
(32) except that target probes were designed to hybridize with the pol region of
the SIVmac group of strains including SIVmac251 and SIVmac239. SIV pol
RNA in plasma samples was quantified by comparison with a standard curve
produced with serial dilutions of cell-free SIV-infected tissue culture supernatant. The quantitation of this standard curve was done by comparison with
purified, quantitated, in vitro-transcribed SIVmac239 pol RNA. SIV RNA associated with viral particles was measured after being pelleted from 1 ml of
heparinized plasma (23,500 3 g for 1 h at 4°C). The lower quantitation limit of
this assay was 10,000 copies of SIV RNA per ml of plasma.
RT-QC-PCR quantitation of SIV RNA in plasma in i.v.-inoculated rhesus
macaques. Reverse transcription quantitative competitive PCR (RT-QC-PCR)
was also used to quantify SIV RNA in plasma of i.v.-inoculated animals. The
details of this assay have been published previously (42). Briefly, blood was
collected into tubes containing acid citrate dextrose as an anticoagulant. The
plasma fraction was centrifuged at 17,500 3 g (model GS-15R centrifuge; Beckman Instruments, Fullerton, Calif.) at 4°C for 1.5 h. RNA was extracted from the
resulting viral pellet with Trizol reagent (Gibco-BRL, Gaithersburg, Md.) and
was then subjected to chloroform extraction, isopropanol precipitation, and a
70% ethanol wash. The RNA pellets were resuspended in RNase-free water and
stored at 270°C until analyzed. To generate wild-type control and competitor
RNAs, runoff transcripts were produced (Ribomax Large Scale RNA Production
System; Promega, Madison, Wis.) from plasmids (generously provided by
S. Staprans, Gladstone Institute, San Francisco, Calif.) containing either a 162bp fragment of gag from SIVmac239 (pSIVgag; wild-type control) or an analagous fragment with a 40-bp insert (pSIVgag140; competitor). A 5-ml volume of
competitor RNA (10, 50, 100, 500, 1,000, or 5,000 copies) and 5 ml of wild-type
RNA (2,000 copies) or sample RNA were added to each reaction mixture.
Reverse transcription was carried out, and the resulting cDNA was amplified by
using primers and PCR conditions as previously described (42) to generate a 190bp competitor fragment and a 150-bp sample fragment. PCR products were
analyzed on 3% Metaphor (FMC, Rockport, Maine) agarose gels and visualized
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ma of both animals, although the peak levels were at least 3 log
lower than in the SIVmac239-infected animals (Fig. 2). The
peak levels of infectious virus in PBMC were lower than in
the SIVmac239- and SIVmac239/1A11/239-inoculated animals, but significant levels (approximately 103 TCID50/106
PBMC) were found in the SIVmac1A11-inoculated animals.
Interestingly, the peak viral RNA levels occurred at 1 week p.i.,
while the peak cell-associated virus occurred at 2 or 3 weeks
p.i. The SIVmac1A11-inoculated animals maintained the lowest virus load throughout the study period, compared to the
monkeys infected with SIVmac239/1A11/239 or SIVmac239.
The analysis of four parameters of virus replication by five
assays in animals inoculated i.v. with three SIV molecular
clones demonstrated three distinct levels of virus replication.
These results demonstrate that SIVmac239 replicates well and
SIVmac1A11 replicates poorly in i.v.-inoculated rhesus macaques. Furthermore, the chimeric virus SIVmac239/1A11/239
has a capacity to replicate in vivo that is intermediate to that of
the two parental viruses. The most obvious distinction was that
infectious virus and viral antigen were detected in the plasma
of both animals inoculated with SIVmac239 and one of two
animals inoculated i.v. with SIVmac239/1A11/239. In sharp
contrast, plasma viremia or antigenemia was never detected in
the animals inoculated i.v. with SIVmac1A11. These results are
consistent with previously published, but less detailed, comparisons of the in vivo replication capacities of these viruses (12,
20). Thus, it seems that SIVmac1A11 does not replicate sufficiently well in rhesus macaques to produce detectable plasma
viremia or antigenemia. The analysis also demonstrated that
two assays (bDNA and RT-QC-PCR) for measuring SIV RNA
in plasma of rhesus macaques yielded very similar but not identical results.
Vaginal transmission of SIVmac239. At 14 days p.i., SIV was
isolated from the PBMC of both of the female rhesus macaques inoculated intravaginally with SIVmac239 (Table 1).
PCR analysis of proviral DNA in PBMC confirmed the results
of the virus isolation studies: both animals had detectable proviral DNA in PBMC. The PBMC from the animals remained
PCR positive throughout the 24-week observation period. In
addition, proviral DNA was detected in lymph node mononuclear cells (LNMC) collected at 2, 8, and 16 weeks p.i. Both
animals seroconverted to SIV antigens by 16 weeks p.i. (data
not shown). Thus, both rhesus macaques intravaginally inoculated once with SIVmac239 developed a persistent viremia.
Vaginal transmission of SIVmac239/1A11/239. All four female
rhesus macaques inoculated intravaginally with SIVmac239/
1A11/239 were virus isolation positive at 14 days p.i. (Table 1).
At 24 weeks p.i., virus could not be isolated from the PBMC of
two of these animals (25815 and 25578), while the other two
animals (25273 and 25418) remained virus isolation positive.
PCR analysis of proviral DNA in PBMC confirmed the results
of the virus isolation studies: all four animals had detectable
proviral DNA in PBMC collected at 14 days p.i., and one
animal (25273) was PCR positive at 7 days p.i. The PBMC of
all animals remained PCR positive throughout the 24-week
observation period. Thus, at 24 weeks p.i., proviral DNA was
detected in the PBMC of the animals (28515 and 25578) that
were virus isolation negative. With the exception of the 2-week
LNMC sample from one animal (25273), proviral DNA was
detected in LNMC collected at 2, 8, and 16 weeks p.i. from all
four animals. All four of the animals inoculated intravaginally
with SIVmac239/1A11/239 were seropositive for SIV antigens
by 16 weeks p.i. (data not shown). Thus, rhesus macaques inoculated intravaginally once with SIVmac239/1A11/239 developed a persistent viremia, and they remained PCR positive for
at least 24 weeks p.i.
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rhesus macaque macrophages (Fig. 1A). These results are consistent with those of previously published studies (2, 3, 29). Of
the SHIV studied, SHIV HXBc2 replicated in rhesus macaque
macrophages, SHIV 89.6-PD replicated to only a limited extent (Fig. 1B), and SHIV 89.6 failed to replicate to detectable
levels in rhesus macaque macrophages (Fig. 1B). Results of the
macrophage replication studies using SHIV 89.6 are similar to
previously published results for the same stock; however, our
results with the SHIV HXBc2 stock differ from previously
published results (37). This difference may be due to the source
of the rhesus macaque macrophages (bone marrow versus
monocyte derived) or other differences in the culture systems.
The replication pattern of the SHIV in rhesus macrophages
was unexpected because the HIV clones from which the env of
the SHIV was derived have exactly the opposite pattern of
replication in human macrophages. Thus, HIV HXBc2 does
not replicate in human macrophages, while HIV 89.6 replicates
well in human macrophages (5). It is possible that the difference between the patterns of replication of the parental HIV in
human macrophages and the SHIV in macaque macrophages
reflects differential expression of virus coreceptors (chemokine
receptors) on the cells from the two species. It is perhaps
equally likely that the inability to detect p27 in the supernatants of some of the macrophage cultures is due to postentry
blocks to virus replication or assembly.
In vivo replication of SIV molecular clones following i.v.
inoculation of rhesus macaques as assessed by virus load in
plasma and PBMC. In order to assess the in vivo replication
capacity of each of the stocks derived from SIV molecular
clones and used for vaginal inoculation, two naive rhesus macaques were inoculated i.v. with 0.5 ml of each virus stock (5 3
104 TCID50). The level of plasma p27 antigenemia, the number
of SIV RNA copies in plasma as determined by using bDNA
and RT-QC-PCR assays, the TCID50 of cell-free SIV in plasma (plasma viremia), and infectious virus in PBMC were determined at 1, 2, 3, and 4 weeks postinoculation (p.i.). Animals
inoculated with each of the three molecular clones of SIV
exhibited distinct patterns of plasma antigenemia, infectious
virus titer, and viral RNA as measured by both RT-QC-PCR
and bDNA assay (Fig. 2). By all measures, the monkeys infected with SIVmac239 had the highest levels of virus replication
(Fig. 2). While levels of SIV p27 and viral RNA in plasma and
the infectious titer in PBMC peaked at week 2 p.i., the peak
level of infectious virus in plasma occurred at 2 weeks in 1
animal (22317) and at 3 weeks in the other animal (24190). The
SIVmac239-inoculated animals maintained a greater virus load
throughout the study period than the monkeys infected with
SIVmac1A11 or SIVmac239/1A11/239. The monkeys inoculated with SIVmac239/1A11/239 had intermediate levels of
virus replication (Fig. 2). SIV p27 and infectious virus in plasma were detected in only one of the two animals (19519)
inoculated with SIVmac239/1A11/239. Viral RNA was detected in the plasma of both animals, although the peak levels were
at least 1 log lower than in the SIVmac239-infected animals.
The peak levels of infectious virus in PBMC were more similar
in the SIVmac239- and SIVmac239/1A11/239-inoculated animals. Interestingly, the peak antigenemia and viremia (infectious virus, RNA, and cell-associated virus) occurred at 3 weeks
p.i., 1 week later than in the SIVmac239-inoculated animals.
The SIVmac239/1A11/239-inoculated animals maintained an
intermediate virus load throughout the study period compared to that of the monkeys infected with SIVmac1A11 or
SIVmac239. The monkeys inoculated with SIVmac1A11 had
the lowest levels of virus replication (Fig. 2). SIV p27 and
infectious virus in plasma were not detected in animals inoculated with SIVmac1A11. Viral RNA was detected in the plas-

VAGINAL TRANSMISSION OF SIV AND SHIV

J. VIROL.
MILLER ET AL.
3252

Downloaded from http://jvi.asm.org/ on October 22, 2019 by guest

VOL. 72, 1998

VAGINAL TRANSMISSION OF SIV AND SHIV

3253

FIG. 2. In vivo replication capacities of SIV molecular clones in rhesus macaques following i.v. inoculation. Three groups of animals (two animals per group) were
inoculated i.v. with one of the three SIV molecular clones. The results of the analysis shown for each group of animals are arranged in columns, and the virus used
to inoculate the animals in each group is noted at the top of each column. The rows are the data from a single assay: plasma p27 level (A), titer of infectious virus in
plasma (B), cell-associated virus titer (C), viral RNA in plasma as measured by RT-QC-PCR (D), and viral RNA in plasma as measured by bDNA (E). Note that by
all measures SIVmac239 has the highest replicative capacity, SIVmac1A11 has the lowest replicative capacity, and SIVmac239/1A11/239 has an intermediate replicative
capacity. The most distinctive difference among the three SIV clones is that, unlike SIVmac239 and SIVmac239/1A11/239, i.v. inoculation with SIVmac1A11 did not
result in sufficient virus replication to produce plasma antigenemia or infectious virus in plasma.

TABLE 1. Virus isolation from PBMC of rhesus macaques
inoculated intravaginally with SIV molecular clonesa
Animal

DISCUSSION
For the purposes of this study, vaginal transmission of SIV
or SHIV is defined as the ability to detect virus in PBMC, by
virus isolation or PCR, after vaginal inoculation. This definiTABLE 2. Virus isolation from PBMC of rhesus macaques
inoculated intravaginally with uncloned SIVmac251a

Isolation of virus at the
indicated wk p.i.b

Virus

converted to SIV or HIV antigens (data not shown), and both
were euthanized with clinical signs of AIDS by 28 weeks p.i.
Vaginal transmission of SHIV molecular clones and uncloned SHIV 89.6-PD. A summary of published vaginal transmission studies (16) using the two SHIV molecular clone stocks
is provided in Table 3. SHIV HXBc2 does not infect rhesus
macaques even after four vaginal inoculations, whereas a less
concentrated stock of SHIV 89.6 can be transmitted to rhesus
macaques after three intravaginal inoculations (16). Both of
these SHIV infect rhesus macaques after i.v. inoculation but do
not cause disease (13, 16, 37). Five of six animals inoculated
intravaginally once with 1 ml of the undiluted SHIV 89.6-PD
stock (25,000 TCID50) became persistently virus isolation positive (Table 4). The five infected animals developed a peak
level of p27 antigen in plasma at 2 weeks p.i. (Fig. 3). One
animal (25772) remained virus isolation negative after the first
intravaginal inoculation and was reinoculated with the same
virus dose 145 days after the first inoculation. This animal
remained virus isolation negative for more than 170 days after
the second inoculation. One of two animals inoculated once
intravaginally with 1 ml of the 1021 dilution of the SHIV 89.6PD stock (2,500 TCID50) became persistently virus isolation
positive (Table 4). Three of the animals infected by intravaginal inoculation (25902, 25788, and 26814) did not seroconvert
to SIV and HIV antigens (data not shown), and they were
killed with clinical signs of AIDS by 24 weeks p.i. The other
three infected animals made anti-SIV antibody responses which
were detectable at 4 weeks p.i. (data not shown), and they have
survived for more than 44 weeks p.i. Anti-SIV or anti-HIV
antibodies in serum were not detected in the multiply exposed
uninfected animal (25772).

2

4

6

8

12

16

24

25817
25835

SIVmac239
SIVmac239

1
1

1
1

1
1

1
1

1
1

1
1

1
1

25418
25578
25273
25815

SIVmac239/1A11/239
SIVmac239/1A11/239
SIVmac239/1A11/239
SIVmac239/1A11/239

1
1
1
1

1
1
1
1

1
1
1
1

1
1
1
1

1
1
1
1

1
1
1
1

1
1
1
1

21237
25742

SIVmac1A11
SIVmac1A11

2
2

2
2

1
2

1
2

2
2

2
2

2
2

a
All virus inoculations consisted of 1 ml of virus stock, and all inoculations
summarized in this table were done without addition of seminal plasma.
b
1, virus isolated; 2, no virus isolated.

Animal

20573
20960
24668
24786
25790
26875
21743
24762

Isolation of virus at the indicated wk p.i.b
1

2

4

8

12

2
2
1
2
1
1
ND
ND

1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1

1
1
1
1
1
1
1c
1c

1
1
1
1
1
1

a
All virus inoculations consisted of 1 ml of virus stock (105 TCID50), and all
inoculations summarized in this table were done without addition of seminal
plasma.
b
1, virus isolated; 2, no virus isolated; ND, not determined.
c
This animal was necropsied at this time for reasons unrelated to this study.
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Vaginal transmission of SIVmac1A11. Two rhesus macaques
were inoculated intravaginally with 1 ml of SIVmac1A11 (105
TCID50). Virus could not be isolated from PBMC collected at
any time point from one animal (Table 1). This animal did not
develop detectable serum antibodies to SIV antigens. Virus
was isolated from the PBMC of a second animal (21237) at 6
and 8 weeks p.i. (Table 1). Subsequent attempts to isolate virus
from this animal were unsuccessful. Thus, this animal had a
transient viremia but did not seroconvert to SIV antigens by 16
weeks p.i. (data not shown). It was previously shown that 12
intravaginal inoculations with SIVmac1A11 resulted in transient viremia in only one of five rhesus macaques (19) (see
Table 3).
Vaginal transmission of uncloned SIVmac251. In order to
compare the ability of uncloned SIVmac251 to produce systemic infection after vaginal inoculation with the results of the
transmission studies using the SIV clones, we intravaginally
inoculated eight mature female rhesus macaques with 1 ml of
uncloned SIVmac251 (105 TCID50/ml). All eight animals became viremic (Table 2) and seroconverted to SIV antigens by
8 weeks p.i. (data not shown). Our previous experience with
vaginal transmission using several different SIVmac251 stocks
is summarized in Table 3.
In vivo replication of SHIV 89.6-PD following i.v. inoculation of rhesus macaques as assessed by plasma antigenemia.
Two animals (20458 and 19854) inoculated i.v. with 1 ml of the
undiluted SHIV 89.6-PD stock (25,000 TCID50) became persistently virus isolation positive (Table 4). Viral antigen was
detected at 1 week p.i. (Fig. 3). In both animals, the peak
plasma antigenemia occurred at 7 days p.i., but antigen was still
detectable at 14 days p.i. By 21 days p.i., SIV p27 was detectable in plasma of one animal (20458) but undetectable in the
other animal. At 2 weeks p.i., 1 week after the antigenemia
peak, the two i.v.-inoculated monkeys had a precipitous drop
in CD41 T-cell counts (data not shown). Neither animal sero-
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TABLE 3. Summary of relevant previously published vaginal
transmission studies from this laboratory
Virus

TCID50 of
inoculuma

No. of
inoculations

No. of animals
infectedb/no.
of animals
inoculated

Reference

105
104
105
105
105
4,800
4,800
1,800
1,800

1
1
1
12
2
4
3
4
3

8/8c
8/8c
4/4c
1/5
2/2
0/2
0/2
2/2
2/2

23
23
23
15
25
12
12
12
12

SIVmac251
SIVmac1A11
SIVmac239
SHIVHXBc2
SHIV 89.6

tion does not rule out the possibility that a virus can cross the
mucosa and not disseminate systemically. The in vitro phenotype of a virus stock with regard to macrophage tropism did
not predict the ability of the virus to be transmitted following vaginal inoculation. Of the three SIV clones used in this
study, two (SIVmac239/1A11/239 and SIVmac1A11) replicated well in rhesus macaque macrophages in vitro, while one
clone (SIVmac239) did not. The uncloned SIVmac251 stock
replicates well in rhesus macaque macrophages and adherentcell-depleted PBMC. SIVmac239, a T-cell-tropic molecular
clone, and SIVmac1A11/239, a dualtropic molecular clone,
readily initiated systemic infection in rhesus macaques after
one intravaginal inoculation. Dualtropic SIVmac1A11 was not
efficiently transmitted by vaginal inoculation. In this study, one
of two animals became transiently viremic after one vaginal
inoculation with SIVmac1A11, but it has previously been shown
that only one of five rhesus macaques intravaginally inoculated
a total of 12 times each with SIVmac1A11 became viremic (19)
(Table 3). Of the three SHIV stocks tested, two (SHIV HXBc2
and 89.6-PD) replicated in rhesus macaque macrophages,

TABLE 4. Virus isolation from PBMC of rhesus macaques inoculated once with SHIV 89.6-PDa
Animal

Route of
inoculation

Virus dose
(TCID50)

Isolation of virus at the indicated wk p.i.b
1

2

3

4

6

8

12

16

20
c

24

28

1

1c

19854
20458

i.v.
i.v.

25,000
25,000

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

25757
25788
26904
25772
26428
25902

IVAGd
IVAG
IVAG
IVAG
IVAG
IVAG

25,000
25,000
25,000
25,000
25,000
25,000

1
1
1
2
1
1

1
1
1
2
1
1

1
1
1
2
1
1

1
1
1
2
1
1

1
1
1
2
1
1

1
1
1
2
1
1

1
1
1
2
1
1

1
1
1
2
1
1

1
1
1
2e
1
1c

1
1c
1
2
1

26261
26814

IVAG
IVAG

2,500
2,500

2
1

2
1

2
1

2
1

2
1

2
1

2
1

2
1

2
1c

2

a

32

36

40

44

1

1

1

1

1

1
2
1

1
2
1

2
2
1

1
2
1

1
2
1

All virus inoculations consisted of 1 ml of virus stock, and all inoculations summarized in this table were done without addition of seminal plasma.
1, virus isolated; 2, no virus isolated.
Results of virus isolation from PBMC at the time of necropsy. Animals were necropsied due to severe clinical signs of AIDS.
d
IVAG, intravaginal.
e
This animal was reinoculated intravaginally with 1 ml of undiluted SHIV 89.6-PD at this time.
b
c
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a
All virus inoculations consisted of 1 ml of virus stock, and all inoculations
summarized in this table were done without addition of seminal plasma.
b
An animal was considered infected if virus could be isolated from its PBMC
on at least one occasion.
c
Transient viremia was noted in some of the animals inoculated intravaginally
with this virus stock. The animals inoculated with the lower doses of virus were
more likely to become transiently viremic than animals inoculated with the
higher doses of virus. Please refer to reference 23 for details.

while one (SHIV 89.6) did not. It has previously been shown
that four intravaginal inoculations of SHIV HXBc2 do not
produce viremia in rhesus macaques, while three intravaginal
inoculations of SHIV 89.6 do infect rhesus monkeys (16). We
have also shown that one intravaginal inoculation with SHIV
89.6-PD (25,000 TCID50) results in infection of five of six rhesus macaques and one of two animals inoculated intravaginally
with SHIV 89.6-PD (2,500 TCID50) became infected. These
results demonstrate that two viruses (SIVmac1A11 and SHIV
HXBc2) which replicate well in rhesus macaque macrophages
do not efficiently initiate infection after vaginal inoculation,
while two viruses (SIVmac239 and SHIV 89.6) which do not
replicate well in rhesus macaque macrophages (“T-cell tropic”)
and three viruses (SIVmac239/1A11/239, SIVmac251, and
SHIV 89.6-PD) which replicate in rhesus macaque macrophages (“dualtropic”) do infect rhesus macaques after intravaginal inoculation. Thus, the ability of a virus to infect a
rhesus macaque after intravaginal inoculation is not predicted
by the capacity of the virus to replicate in rhesus macaque
macrophages in vitro.
The results of this study should not be used to suggest that
macrophages in the vaginal mucosa are not target cells for
virus during vaginal transmission of SIV. Although SIVmac239
is unable to replicate in specific types of differentiated macrophages in vitro, SIVmac239 mRNA can be detected in bone
marrow macrophages 3 days after i.v. inoculation of rhesus
macaques (17). Because the readout for the in vitro macrophage assay used in our study was p27 production, it is possible
that the failure to produce antigen is due to a postentry block
in virus replication. In fact, it has been previously demonstrated that SIVmac239 can enter macrophages and integrate
into the host genome as a provirus and that viral genes are
transcribed and proteins are produced but that virion assembly
does not occur (43). Similar studies using SHIV 89.6 and
SIVmac239/1A11/239 have not been conducted, but on the
basis of the results of the studies using SIVmac239, it is clear
that in vitro experiments do not predict the range of cells that
a virus can infect in vivo. This leaves intact the possibility that
mucosal antigen-presenting cells, including macrophages, are
targets for early infection after intravaginal inoculation with
SIV. It should also be noted that SIVmac1A11 mRNA can be
detected in macrophages of the bone marrow (17) after i.v. inoculation of rhesus macaques. Thus, even the ability to repli-
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cate in macrophages in vivo is not sufficient to confer on a virus
the ability to initiate a systemic infection after vaginal inoculation.
In contrast, the in vivo phenotype of a virus stock as related
to replication capacity was predictive of the ability of a virus to
produce systemic infection after intravaginal inoculation of
rhesus macaques. After i.v. inoculation of rhesus macaques,
plasma antigenemia, titers of infectious virus in plasma (viremia), levels of viral RNA in plasma, and cell-associated virus
load are measures of the capacity of the virus to replicate
in vivo. In rhesus macaques acutely infected with SIV by i.v.
inoculation, viruses which produce plasma antigenemia and
viremia, high viral RNA levels in plasma, and high cell-associated viral loads have a relatively high in vivo replication capacity compared to that of viruses which do not produce plasma antigenemia and viremia and produce relatively low levels
of viral RNA in plasma and low cell-associated viral loads. Of
the SIV stocks used in this study, SIVmac239 consistently produced plasma antigenemia and viremia and high levels of viral
RNA in plasma and cell-associated virus in i.v.-inoculated animals. Thus, SIVmac239 has a relatively high in vivo replicative
capacity, and SIVmac239 is efficiently transmitted by vaginal
inoculation. SIVmac239/1A11/239 produced plasma antigenemia and viremia in one of two i.v.-inoculated macaques and
moderate levels of viral RNA in plasma and cell-associated
virus in both i.v.-inoculated animals. SIVmac239/1A11/239 has
a moderate in vivo replicative capacity, and it is efficiently
transmitted by vaginal inoculation. SIVmac1A11 did not produce plasma viremia and produced only low levels of viral
RNA in plasma and cell-associated virus in i.v.-inoculated
macaques. SIVmac1A11 has a relatively low in vivo replicative
capacity and is not transmitted efficiently by vaginal inoculation. SIVmac251 produces plasma antigenemia (12) and high
levels of viral RNA in plasma and cell-associated virus after i.v.
inoculation of rhesus macaques (data not shown). SIVmac251
has a high in vivo replicative capacity and is transmitted efficiently by vaginal inoculation. Rhesus macaques inoculated i.v.
with SHIV 89.6 have higher levels of antigenemia and increased numbers of in situ hybridization-positive cells in lymph
nodes than macaques inoculated i.v. with SHIV HXBc2 (37).
Thus, SHIV 89.6 has an increased ability to replicate in rhesus
macaques compared to that of SHIV HXBc2, and SHIV 89.6
initiates systemic infection in rhesus macaques after multiple
vaginal inoculations, whereas SHIV HXBc2 does not. SHIV

89.6-PD produces high levels of plasma antigenemia following
i.v. inoculation of rhesus macaques. SHIV 89.6-PD has a high
in vivo replication capacity and can be efficiently transmitted to
rhesus macaques by a single vaginal inoculation. In summary,
of the five virus clones and two uncloned virus stocks tested,
the five viruses (SIVmac239, SIVmac251, SIVmac239/1A11/
239, SHIV 89.6, and SHIV 89.6-PD) which have moderate to
high in vivo replication capacities can be transmitted to rhesus
macaques by vaginal inoculation, whereas the two viruses
(SIVmac1A11 and SHIV HXBc2) that have relatively low in
vivo replication capacities are not efficiently transmitted to rhesus macaques by vaginal inoculation. Thus, the in vivo replicative capacities of the SHIV and SIV clones or isolates used in
these studies predicted the ability of each virus to produce
systemic infection after intravaginal inoculation. These results
are consistent with a recently published study of heterosexual
HIV transmission cases which demonstrated that men who
transmitted HIV to their female partners had higher levels of
viral RNA in plasma than men who did not transmit the virus
to their partners (8).
These results demonstrate that SIV and SHIV variants can
be transmitted across the vaginal mucosa regardless of whether
they are able to replicate in rhesus macrophages in vitro. Because viruses which replicate well in vivo are consistently transmitted by vaginal inoculation, it is likely that the major virus
variant in the plasma of an HIV-1-infected individual at the
time of a sexual contact will be transmitted to a sexual partner.
Numerous studies have demonstrated that individuals acutely
infected with HIV-1 have virus variants which can grow in
primary macrophages in vitro but not in T-cell lines and that
these variants do not cause syncitia in MT-2 cells, defined as a
macrophage-tropic, NSI phenotype. It has been widely presumed that viral variants with a macrophage-tropic, NSI phenotype are selectively transmitted by sexual contact. However,
this apparent restriction of viral phenotype in acutely infected
people occurs regardless of the route of transmission. One
study of a relatively large number of acute-phase seroconverters infected by sexual contact found that the virus that was
transmitted to the donor had the same phenotype as the major
viral variant in the donor (7). In that study, all the HIV-1
isolates from 21 individuals with primary HIV-1 infection replicated in monocyte-derived macrophage cultures. Seven of
these isolates also replicated in T-cell lines and were thus
dualtropic. Furthermore, studies of 10 pairs of individuals con-
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FIG. 3. Viral p27 antigen in plasma of rhesus macaques inoculated with SHIV 89.6-PD. Plasma collected at the time points shown was tested for the presence of
SIV p27 with a commercial antigen capture kit (Coulter Immunology). (A) Results for two animals i.v. inoculated with 25,000 TCID50 of SHIV 89.6-PD. Note that for
both animals, the peak antigenemia occurs at 7 days p.i. (B) Results for five animals intravaginally inoculated with 25,000 TCID50 of SHIV 89.6-PD. Animal 25722 was
negative in plasma p27 and virus isolation assays and is not included in the graph. Note that for the five infected animals, the peak plasma antigenemia occurs at 14
days p.i. Thus, the detection of viral antigen in the plasma of intravaginally inoculated animals was delayed by 7 days compared to that of the i.v. inoculated animals.
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these two viruses is that env is derived from different parental
HIV-1 clones. Thus, this is clear evidence that in the SHIVrhesus macaque system, the env gene influences the ability
of a virus to produce systemic infection after intravaginal
inoculation. Use of three molecular clones of SIV to assess
transmission of viral variants during vaginal inoculation yielded similar results. i.v. inoculation of SIVmac239, SIVmac1A11,
and SIVmac239/1A11/239 reliably results in infection of rhesus
macaques (20). However, while animals inoculated intravaginally with SIVmac239 and SIVmac239/1A11/239 reliably become infected after a single intravaginal inoculation, animals inoculated intravaginally with SIVmac1A11 only rarely
become infected. The only difference in the genotypes of
SIVmac1A11 and SIVmac239/1A11/239 is that the latter contains the LTRs, a small portion of the 39 end of gag, gp41, nef,
and the second exon of rev from SIVmac239 (20). Thus, the
nucleotide sequences of nef, the gp41 gene, and/or the LTR
can influence the ability of a virus to produce systemic infection after intravaginal inoculation. These results clearly demonstrate that the genotypic determinants that permit SIV or
SHIV to produce systemic infection in rhesus macaques differ,
depending on the route of virus inoculation. The findings in the
SHIV and SIV studies summarized here are a clear demonstration that there is selection, or exclusion, of specific lentivirus genotypes during vaginal transmission.
When all the published data is reviewed, it seems clear that
there is no restriction on the sexual transmission of HIV-1
variants which can replicate in vitro in T-cell lines but not in
macrophages. The results of the in vivo SIV and SHIV studies
described here support that conclusion. It is likely that viral
determinants of vaginal transmission are multifactorial and
include in vivo cell tropism and in vivo replicative capacity. A
recent report suggests that the HIV-1 strains that are associated with the heterosexually transmitted epidemics in southeast Asia and Africa replicate relatively efficiently in Langerhans cells in vitro (40). To date, we have been unable to
establish an in vitro infection assay using rhesus macaque
Langerhans cells, and we do not know if any of the SIV clones
used in this study can replicate in Langerhans cells in vitro. It
has been shown that rhesus macaques chronically infected with
SIVmac251 do have infected cells in the vaginal epithelium
and that these cells are likely Langerhans cells (28). Understanding of the types of viruses which cross the vaginal mucosa
and initiate systemic infection is important for development of
vaccines to prevent sexual transmission of HIV. The results presented here suggest that vaccine development efforts should
not be limited to preventing transmission of macrophagetropic HIV variants but rather should be focused on preventing
transmission of HIV variants with a high in vivo replicative
capacity.
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Volume 72, no. 4, p. 3252, Fig. 2B: The y axis numbers “0, 20, 40, and 60” should read “0, 2.0 3 104, 4.0 3 104, and 6.0 3 104;”
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16.” In footnote c, last sentence, “23” should read as “24.”
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