
Macrophage-tropic Variants Initiate Human Immunodeficiency Virus Type 1
Infection after Sexual, Parenteral, and Vertical Transmission
Ang6lique B. van't Wout,* Neeltje A. Kootstra,* Greetje A. Mulder-Kampinga,* Nel Albrecht-van Lent,'
Hennitte J. Scherpbier,.11 Jan Veenstra,' Kees Boer,§ Roel A. Coutinho,' Frank Miedema,* and Hanneke Schuitemaker*
* Department of Clinical Viro-Immunology, Central Laboratory of the Netherlands Red Cross Blood Transfusion Service and the
Laboratory of Experimental and Clinical Immunology of the University of Amsterdam, tDepartment of Virology, I1§ Department of
Neonatology, Gynaecology and Obstetrics, and II1 Department of Paediatrics, Academic Medical Centre, and I Municipal Health Service,
Amsterdam, The Netherlands

Abstract

Macrophage-tropic, non-syncytium-inducing, HIV-1 vari-
ants predominate in the asymptomatic phase of infection
and may be responsible for establishing infection in an indi-
vidual exposed to the mixture of HIV-1 variants. Here, geno-
typical and phenotypical characteristics of virus popula-
tions, present in sexual, parenteral, or vertical donor-recip-
ient pairs, were studied. Sequence analysis of the V3 domain
confirmed the presence of a homogeneous virus population
in recently infected individuals. Biological HIV-1 clones
were further characterized for syncytium inducing capacity
on the MT2cell line and for macrophage tropism as defined
by the appearance of proviral DNAupon inoculation of
monocyte-derived macrophages. Both sexual and parenteral
transmission cases revealed a selective outgrowth in the re-
cipient of the most macrophage-tropic variant(s) present in
the donor. In three out of five vertical transmission cases,
more than one highly macrophage-tropic virus variant was
present in the child shortly after birth, suggestive of trans-
mission of multiple variants. In three primary infection
cases, homogeneous virus populations of macrophage-
tropic, non-syncytium-inducing variants were present prior
to seroconversion, thus excluding humoral immunity as the
selective pressure in favour of macrophage-tropic variants.
These observations may have important implications for
vaccine development. (J. Clin. Invest. 1994. 94:2060-2067.)
Key words: human immunodeficiency virus type 1 pheno-
type * maternal transmission * monocyte * AIDS * primary
infection

Introduction

Human immunodeficiency virus type I (HIV-1) isolates can
display differences in biological properties such as syncytium
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inducing (SI)' capacity, replication rate, and cytotropism (1-
5). T cell line-tropic SI HIV-1 variants appear during the
asymptomatic phase of infection in about 50% of infected indi-
viduals and are associated with accelerated CD4+ cell decline
and more rapid progression to AIDS (6). In contrast, in the early
asymptomatic phase in general only non-syncytium-inducing
(NSI) HIV-1 variants are present, which, unlike SI HIV-1 vari-
ants, are highly macrophage tropic (7). These macrophage-
tropic NSI variants persist during all stages of infection, even
after the emergence of SI variants (7, 8), indicating their impor-
tance for viral persistence. The appearance of SI variants in
later stages of infection in about half of the infected individuals
would suggest the presence of SI variants in at least some
individuals that may be involved in HIV-1 transmission. How-
ever, in more than 95% of recently HIV-1-infected individuals
only NSI variants are detected (5, 9). It has been suggested that
at the time of primary infection cotransmitted SI variants are
immediately cleared from the body by the immune system, due
to their high level of replication (10-12). In the described cases,
however, this clearance was transient and may not explain the
absence of SI variants in the majority of HIV-1 -infected indi-
viduals.

Several groups have analyzed envelope sequences of virus
populations present during primary infection. The identification
of specific amino acid residues in the third variable domain
(V3) of the HIV-1 envelope gpl2O molecule as major determi-
nants for SI capacity and macrophage tropism (13-15) provided
the possibility for a biologically significant interpretation of
available sequence data. The V3 sequences of HIV-1 variants
present around the moment of seroconversion all show a re-
markable homology with sequences that are characteristic for
macrophage-tropic NSI viruses (16-18). In these studies the
biological phenotype of HIV-1 clones was deduced from the
sequence and was not tested in biological assays. However, the
selection of macrophage-tropic or NSI variants upon sexual
transmission has indeed been reported (19). In the present study
we performed genotypical and phenotypical analyses of virus
populations present in donor-recipient pairs between whom
sexual, parenteral, or vertical transmission of HIV-1 was docu-
mented. Moreover, the clonal composition of HIV-1 populations
present at the time of seroconversion following sexual transmis-
sion was studied.

Methods
Patients. From two homosexual couples, participating in the Amsterdam
cohort studies of AIDS and between whom sexual transmission was

1. Abbreviations used in this paper: CTL, cytotoxic T lymphocyte;
MDM,monocyte-derived macrophages; NSI, non-syncytium inducing;
SC, seroconversion; SI, syncytium inducing; V3, third variable domain
of the HIV-1 envelope gpl2O molecule.
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documented, PBMCwere isolated from donor and recipient around the
time of seroconversion of the recipient. Both recipients had engaged in
unprotected anal intercourse with their respective partners.

From two parenteral transmission cases PBMCwere available from
donor and recipient. In one case the recipient HIVA. 127 had been
accidentally injected with a minute amount of blood from patient
ACH704 who suffered from wasting syndrome CDCIVa (20). In the
other case, a few milliliters of blood were deliberately transferred from
an AIDS patient HIV,m,,1 99 to recipient ACH9012 (Veenstra et al.,
manuscript in preparation). PBMCwere isolated from five mother-
child pairs, that participate in the Dutch prospective study of HIV-
seropositive womenand their children and between whomvertical trans-
mission was documented. PBMC, isolated during pregnancy from the
mother and after delivery from both mother and child, were used for
analysis.

PBMCfrom three individuals (one heterosexual and two homosex-
ual), who presented at the Academic Medical Centre with clinical symp-
toms of primary HIV-l infection, were sampled frequently before and
after seroconversion. All PBMCsamples were cryopreserved before use
except for PBMCfrom patient HIVA. 199 that were used freshly.

Virus isolation. Isolation of biological virus clones was performed
as described (8). Briefly, patient PBMCwere cocultivated with 3-d
PHA-stimulated PBMCfrom noninfected donors in 96-well plates.
Fresh medium and PHA-stimulated healthy donor PBMCwere added
every week. Virus replication as reflected by the presence of HIV antigen
in culture supernatant was determined by an in-house p24 antigen cap-
ture ELISA. SI capacity of the virus clones was determined by cocultiva-
tion with MT2cells. After 4 wk PBMCand supernatant from each HIV-
1 positive culture were transferred to a T25 flask with 5 x 106 PHA-
stimulated PBMC. Whenthese cultures showed evidence for virus pro-
duction, cells were frozen and 1 x 106 cells were used for isolation
of DNA. HIV-l positive supernatant from the PBMCcultures was stored
at -70'C until testing for macrophage-tropism by inoculation of mono-
cyte-derived macrophages (MDM).

PCRand sequence analysis. Total DNAfrom PBMCharboring the
biological HIV-1 clones was isolated as described (21). V3 sequences
were amplified by PCRas described (22). Products were purified with
a Geneclean kit (BIO 101, Inc. Vista CA), and sequenced directly using
the dideoxy chain termination method with Sequenase (USB, Cleveland,
OH), both according to instructions from the manufacturers.

Macrophage-tropism of HIV-I clones. About 50% of primary HIV-
1 variants completely lack macrophage tropism (7, 23). These variants
are restricted at an early step of the viral replication cycle, presumably
entry (24). Their non-macrophage tropism is determined by the viral
envelope (25, 26). The other 50% of primary isolates carry an envelope
that, in principle, allows entry into macrophages. For establishment of
productive infection, these variants show a variable dependency on cel-
lular requirements that may vary between MDMderived from different
donors (23). To minimize the influence of host cell restrictions, we used
the presence of newly synthesized proviral DNAupon inoculation of
MDMfrom two or more donors as a measure for macrophage-tropic
envelopes.

Monocytes were obtained by centrifugal elutriation of Ficoll gradi-
ent-separated PBMCfrom blood donor volunteers and were plated at
a concentration of 106 cells per ml endotoxin-free Iscove's modified
Dulbecco's medium containing 10% pooled human serum and cultured
for 5 d. Thus obtained MDMwere then exposed to 0.2 ml of virus
stock, which had been DNaseI (200 ng/ml RQl DNase; Promega Biotec,
Madison, WI) treated for 1 h at 37°C in medium containing 6 mM
MgCl2 and filtered through a 0.22-lim filter. Before inoculation, part of
the cells were incubated for 1 h at 37°C in the presence of 10 pM
zidovudine, which prevents reverse transcription, to discriminate newly
synthesized DNA from DNA present in the inoculum. Virus stocks
obtained from donor and recipient of each transmission couple had
similar p24 contents. Cells were washed 1 d after inoculation and cul-
tured for 6 more d. DNAwas then extracted as described (21), amplified
in a nested PCR amplifying the p24 region of gag (27), and reaction
products were analyzed by agarose gel electrophoresis. No PCRprod-

ucts were obtained from the zidovudine-treated controls. MDMfrom
one to four seronegative blood donors were tested with each virus stock.
For the analysis of macrophage tropism, MDMfrom the same blood
donors were used for all the HIV-1 clones derived from one donor-
recipient couple. Macrophage tropism of HIV-1 variants is defined as
the percentage of MDMcultures that show evidence of proviral DNA:
0%, -; 1-25%, ±; 26-50%, +; 51-75%, ++; and 76-
100%, +++.

Results

Clonal HIV-1 populations in donors and recipients of two ho-
mosexual transmission cases. From both donors and recipients
in two homosexual transmission cases phenotype and genotype
of clonal virus populations, present around the time point of
seroconversion of the recipient, were analyzed. Biological
clones, isolated on PHA-stimulated PBMC, were analyzed for
SI capacity and macrophage-tropism and, in addition, V3 se-
quence analysis was performed. The results are depicted in
Table I. From donor ACH486 both SI and NSI clones were
obtained 3 and 12 mo after the seroconversion date of recipient
ACH491. Virus clones with the SI phenotype constituted 76%
of the total virus population at the 12-mo time point. From the
recipient, only NSI clones were obtained. V3 loop sequence
analysis was performed on seven SI and seven NSI clones from
the donor and on two NSI clones from the recipient. These two
NSI clones had identical V3 loop sequences (sequence 9) that
showed highest homology to the NSI clones present in donor
ACH486 (sequences 2, 3, 7, and 8). When tested for macro-
phage tropism on MDMfrom four different donors these NSI
variants appeared to be the most macrophage-tropic virus vari-
ants present in the donor.

In the second homosexual transmission case only NSI HIV-
1 clones were obtained from both donor and recipient. The
major variant present in donor ACH455 (sequence 1) was also
detected in recipient ACH1140. When the HIV-1 clones from
donor ACH455, representing three variants with genotypically
distinct V3 domains, were tested for their macrophage-tropism,
the virus clones with highest homology to the HIV-1 clone
isolated from recipient ACHI140, most efficiently infected
MDMfrom the four different donors tested.

Composition of HIV-I populations in donors and recipients
of two parenteral transmission cases. In the first parenteral
transmission case, the recipient (HIVA,,.127) was exposed to a
minute amount of blood from a patient (ACH704) with wasting
syndrome CDCIVa (20). A total of 11 clones were obtained
from the donor of which five clones had the SI and six clones
had the NSI phenotype (Table HI). All NSI clones were able to
replicate in MDMto some extent, whereas only one of the SI
clones (sequence 4) was macrophage-tropic. Interestingly, this
macrophage-tropic SI clone was the only virus variant present
upon infection of recipient HIVAms 127, possibly due to the
low inoculum size. Biological clones from recipient HIVAmS127
were obtained on PHA-stimulated PBL as well as on MDM(8).
Both methods yielded clones with exactly the same V3 loop
compatible with the presence of a clonal virus population.
Shortly after seroconversion of the recipient all clones were
macrophage-tropic, but after 5.5 monone of the clones isolated
on PHA-stimulated PBL were macrophage-tropic, possibly re-
flecting evolution to T cell-tropic viruses.

In the second parenteral transmission case, the recipient
(ACH9012) was exposed to a few milliliters of blood from an
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Table I. Genotype and Phenotype of Biological Clones Obtained from Two Homosexual Donor-Recipient Pairs

Macrophage tropism*
Mo after SC V3 consensus

Case recipient No. CTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHC n Sit A B C D Classification'

D ACH 3 1 ----G---KR--Y-------H--DR---------- 1 + nt nt 0 0 -
486 2 ----G----R--P----K--F--.Q --------- 2 - nt nt 2 2 +++

3 ----G----R--P----KV-F--.---------1-- - nt nt 1 1 +++
12 4 ----G---KR--Y ------H--DR------K--- 1 + 0 0 0 0 -

5 ----G---KR--Y-------H--DR------R--- 3 + 0 1 1 0 +
6 ----G---KR--Y-------Q--DR------R--- 2 + 1 0 0 0 +
7 ----G---KR--P----KV-F--.----------- 2 - 2 1 0 0 +
8 ----G---KR--P----K--F------------- 2 - 2 1 2 0 ++

R ACH 0 9 ----G----R--P----K--F--.----------- 2 - 2 0 2 2 ++
491

D ACH -5 1 ---H------------------------------ 5 - 5 5 2 3 ++
455 2 ------------N---------------------- 4 - 3 2 1 2 +

3 ---H--------N---------------------- 1 - 1 0 1 1 ++

R ACH 1 1 -H------------------------------- 1 - 1 0 0 0 +
1140

SC, seroconversion; D, donor; R, recipient; no., sequence number; n, number of clones; SI phenotype was determined by cocultivation with the
MT2 cell line, * Number of macrophagetropic clones from the total number of clones with that particular V3 loop, each column represents results
obtained with MDMfrom one blood donor A, B, C, and D. * As defined in Methods; nt, not tested.

Table 11. Genotype and Phenotype of Biological Clones Obtained from Two Parenteral Donor-Recipient Pairs

Mo after Macrophage tropism'
exposure V3 consensus

Case recipient No. CTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHC n Si' E F Classification'

D ACH -8.0 1 -------------------W--------N------ 5 - 2 2 +
704 2 ------------N------W--------- 1 - 1 0 +

3 ----------RVTM----VW--------N------ 2 + 0 0 -
4 ----------RVTM----VW--------N-K---- 2 + 0 1 +
5 ----------RVTM-----VW ----V---N------ 1 + 0 0 -

R Ams 1.5 4 ----------RVTM----VW--------N-K---- 4P + 3 2 ++
127 4 ----------RVTM----VW--------N-K---- 6m + 6 6 +++

5.5 4 ----------RVTM----VW--------N-K---- 4P + 0 0 -
4 ----------RVTM----VW--------N-K---- 3m + 3 3 +++

D Ams 4.5 1 ----------G----------A--D---------- 9 - 2 1 +
199 2 ----------G------S---A--D---------- 3 - 1 2 +

3 -----------G------K---A--D---------- 2 - 0 0 -
4 ----------G---------FA--D---------- 1 - 0 0 -
5 ------Y---G-R------V-AAEK---------- 9 + 2 5 +
6 ----------G-R----S-VIA-EK---------- 3 + 2 3 +++

R ACH 3.5 1 ----------G----------A--D---------- 29 - 17 18 ++
9012 5 ------Y---G-R------V-AAEK---------- 2 + 2 2 +++

7 ------Y---G-R------VIA-EK---------- 2 + 2 2 +++
8 ----------G-R------V-A-EK---------- 1 + 1 0 +

D, donor; R, recipient; No., sequence number; n, number of clones; P isolated on PHA-stimulated PBMC; m isolated on MDM; * SI phenotype
was determined by cocultivation with the MT2 cell line; t Number of macrophagetropic clones from the total number of clones with that particular
V3 loop. Each column represents results obtained with MDMfrom one blood donor E, F. ' As defined in Methods.
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AIDS patient (HIVAl,,199). In this case several of the donor's
virus variants, both SI and NSI, were transmitted (Table II). In
the recipient a majority of highly macrophage-tropic HIV-1
clones and a selective expansion of NSI clones was observed;
19 out of 34 clones (56%) in the donor had the NSI phenotype,
whereas in the recipient 31 out of 36 (86%) were NSI. The
absence of immune control in the donor, who was diagnosed
for AIDS already at the moment of transmission, may have
allowed more diversification of the virus population.

Clonal HIV-J populations in mothers and children involved
in vertical transmission. Five mother-child pairs (Table III),
between whom HIV- 1 transmission was documented, were
studied. In pair 114 intrauterine transmission was proven, based
on the presence of virus in umbilical cord blood samples, where
contamination with maternal blood could be ruled out (28). The
time point of transmission in the other four cases is unknown.
From all mothers and their children only HIV-1 clones with
NSI phenotype and genotype were obtained. Shortly after birth
the vast majority of virus clones detected in the children were
highly macrophage tropic. In four out of five mothers, clones
with certain V3 loop variants were not able to replicate in MDM
of at least one of two donors tested. In two cases a minor variant
of the mother (sequence 4 in M102 and sequence 5 in M137)
seemed to have initiated infection in the child. The virus trans-
mitted in pair 102 (sequence 4) was the minor one of two highly
macrophage-tropic variants present in the mother 2 wk before
delivery. The other three variants detected at that time point
were less macrophage-tropic. The virus transmitted in pair 137
(sequence 5) was the major variant of three highly macrophage-
tropic variants (sequences 5, 6, and 7) present in the mother
9.5 mo after delivery, but not 1.5 mo before delivery.

In three cases (114, 127, and 133), several variants present in
the children were also detected in their mothers before delivery,
suggestive of transmission of multiple clones. All variants pres-
ent in M127 2 wk before delivery were detected in child C127,
either in PBMCobtained 10.5 mo after birth or in serum taken
6 wk after birth (sequence 4, G. A. Mulder-Kampinga, unpub-
lished observation). The major variant in C127 (sequence 5)
was not detected in mother M127 either 7 or 0.5 mo before
birth.

Clonal HIV-J populations present around the moment of
seroconversion. To determine at which level selection for mac-
rophage-tropic variants occurs, we analyzed biological clones
obtained during viremia occurring at the time of seroconversion
(Table IV). For each of the three individuals tested, virus popu-
lations were extremely homogeneous in V3, already prior to
seroconversion, which is in agreement with previous studies
(16, 17). In one individual (scB), sequence diversification was
first shown after more than one year following seroconversion.
All virus clones were of the NSI phenotype and had the corre-
sponding genotype. Moreover, cell free infection of MDMindi-
cated that the majority of these clones was highly macrophage
tropic.

Discussion

In the course of asymptomatic HIV-1 infection T cell line-
tropic SI HIV-1 variants develop in about 50% of infected
people. NSI HIV-1 variants are present during all stages of
infection even after the emergence of SI HIV-1 variants. Al-
though both NSI and SI HIV-1 clones can be transmitted (11,
29, 30), in 95% of recently infected individuals only NSI HIV-

1 clones can be detected (5, 9). Several groups (16-18) have
found that the amino acid sequences of the V3 loop of virus
populations, present during primary infection in an individual,
are very homogeneous and remarkably homologous to se-
quences characteristic for macrophage-tropic NSI viruses (13-
15). Clonal analysis of V3 sequences of HIV-1 in documented

transmission cases showed that viruses in the recipients had the
NSI genotype, even when viruses with SI-type V3 sequences
were present in the donor (31). Apparently, during or following
transmission strong selective pressures are exerted on this part
of the envelope, resulting in positive selection for macrophage-
tropic HIV-l clones. In the present study, genotypical and phe-
notypical analysis of virus populations in donors and recipients
of homosexual, parenteral, and vertical transmission cases, iso-
lated around the deduced time of transmission, indeed provided
evidence of this assumption. Independent of the route of trans-
mission and the clonal composition of HIV-1 in the donors, in
all recipients initially only macrophage-tropic HIV-1 variants
were detected.

All HIV-1 clones studied here were lymphocytotropic, but
displayed differences in their capacity to infect MT2 cells and
MDM. Biological characterization of HIV-1 clones obtained
from two homosexual transmission cases pointed to selective
establishment of infection by a highly macrophage-tropic clone
regardless of the presence of SI variants in the donor. The
selection of macrophage-tropic or NSI HIV-1 strains upon sex-
ual transmission has indeed been reported previously (19). In
three of five vertical transmission cases most of the mother's
variants were macrophage tropic and more than one of these
macrophage-tropic variants were detected in their children. In
two other cases (102 and 137), however, selection for only
one highly macrophage-tropic variant upon transmission was
observed. Interestingly, reinterpretation of HIV-1 V3 sequences
obtained by Scarlatti et al. (32) from five vertical transmission
cases, shows the presence of SI-type V3 sequences in the moth-
ers, while only NSI-type V3 sequences were detected in the
corresponding children.

In the present study, in one parenteral (donor HIVA,,s 199
and recipient ACH9012) and in three vertical (114, 127, and
133) transmission cases, more than one of the HIV- 1 variants
detected in the donors were present in the cognate recipients.
There were up to six amino acid differences in V3 sequences
between the different SI and NSI HIV-1 clones detected in
recipient ACH9012 and four amino acid differences between
the two NSI HIV-1 clones in child C133. This variation is too
large to assume parallel evolution of HIV- 1 clones in both donor
and recipient. The NSI HIV-1 clones from the other children
(114 and 127) differed by only one amino acid. Sequencing
additional regions in the biological clones from these mother-
child pairs may show whether the minor variant in the child
either has evolved from the major HIV-1 variant in the child
or was transmitted simultaneously. Transmission of multiple
HIV-1 variants via the vertical route has previously been sug-
gested (33) and may be related to the long exposure time in
utero or to the large inoculum to which the newborn may be
exposed during delivery.

In donor and recipients as well as within one individual,
virus clones with identical V3 loops but different macrophage
tropism could be identified. This not only confirms requirements
of other envelope regions in macrophage tropism (14, 25, 26,
34-36), but also suggests that the selective pressure is specifi-
cally directed at the V3 loop, confirming previous studies (16-
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Table III. Genotype and Phenotype of Biological Clones Obtained from Five Mother-Child Pairs

Macrophage topism*
Mo after V3 consensus

Case delivery No. CTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHC n G H Classification*

-6.5 1
2

-0.5 1
2
3
4
5

2.5 4

-2.0 1
2

31.0 3
1
4

1.0 1
2
5

10.0 2
1
5
6
7
8

-7.0 1
2

-0.5 3
4
2

10.5 5
3
2

-0.5 1
2
3

6.0 1
4

0.0§ 1
2

9.5 1
4
2
5

-1.5 1
2
3

9.5 4
5
6
7
2
8
3
9

12.5 5

P---W--------D--

P---W--------D---N--

-s---- R-V-W--- ----D---N -Y
- P---- W-- - -D

-----s - V-W--------D------

------------------------ - ----- -Y-
------------------------D-V-------Y-

- -- -- -- - ---- P-- - ---W- - --D-- -- -- - ---

------------P------W----D---N------

-R-V-------W----D---N------
------------ P------ W----D----------

-S --------- VP------W----D----------

------------ P------ W----D----------

------------P------W----D---N------

-------------------W----D---N------
------------ P------ W----D---N- - -- ---

------------ P------ W----D----------

------------SK-----W----D----------

-I------K---TF---Q--- A-SN ---N---- Y-

----------TF---Q---A-SN ---N---- Y-

-----------TF---Q---A-SN ------- Y-

-----------TF---Q---A-SN-----K--Y-
----------TF---Q---A-SN ---N----Y-

-I--------- TF ---Q---A-SN ---------

-I--------- TF ---Q-- -A-SN ------- Y-
-I--------- TF --Q---A-SN ---N---- Y-

---------RG-N -----------D----------
-----------------K------D----------
-----------------K-L---------------
---------RG-N -----------D----------
---------RG -------------D----------

---------RG-N -----------D----------
-----------------K------D----------
---------RG-N -----------D----------
---------RG-------------D----------
-----------------K------D----------

-----------------K------D--------Y-

----------- -QM--------------
----------G--M ---K-----------------
-------------M--------------
-------------M---K-----------------
------------QM---K-----------------
------------QM---K----------E------
----------G-QM---K-----------------
----------G--M ---K-----------------

----------G------------------------
------------ -M---------------
------------NM---------------------

------------QM---K-----------------

M102

C102

MI 14

C114

M127

C127

M133

C133

M137

C137

9 1/4
1 0/1
7 1/1
6 1/2
1 0/1
4 1/1
1 0/1

14 2/4

1 0/1
1 nt
2 2/2
1 1/1
1 1/1

14 1/6
1 1/1
1 1/1

15 3/3
2 1/1
2 2/2
2 1/1
2 2/2
1 0/1

4 1/2
2 0/2
5 2/4
3 2/2
2 1/2

6 5/6
4 1/2
1 0/1

1 nt
1 nt
1 nt
8 1/2
1 1/1

1 1/1
2 1/2
1 0/1
1 1/1
4 0/1
1 0/1

1 0/1
1 0/1
1 0/1
1 0/1
6 5/6
1 1/1
1 1/1
1 0/1
7 1/7
1 0/1
5 0/5

6 2/6

4/4
1/1
1/1
1/2
1/1
1/1
1/1

4/4

1/1
nt

2/2
1/1
1/1

5/6
1/1
1/1
3/3
1/1
2/2
1/1
2/2
1/1

1/2
1/2
3/4
2/2
2/2

6/6
2/2
1/1

nt
nt
nt

2/2
1/1

1/1
2/2
1/1
1/1
1/1
0/1

1/1
1/1
1/1
1/1
6/6
1/1
1/1
1/1
7/7
1/1
5/5

6/6

++

++

+

++

++

+++

++

++

++

++
++

+++

+++

+++

++

+++

++

+

++

++

++
++

++

+

+++

M, mother; C, child; No., sequence number; n, number of clones. * Number of macrophagetropic clones from the total number of clones tested
with that particular V3 loop. Each column represents the results obtained with MDMfrom 1 blood donor G, H. t As defined in the Methods; nt,
not tested; ' cord blood sample.



Table IV. Genotype and Phenotype of Biological Clones Obtained from Three Patients with a Primary HIV-J Infection Around the Time
of Seroconversion

Macrophage tropism*
V3 consensus

Patient D after SC CTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHC n I J Classificationt

scA -8 ----G------VR----QT--A--A---N ------ 14 14/14 14/14 +++

----G------VR----QT--A--A-T-N ------ 3 3/3 1/3 ++

-2 ----G------VR----QT--A--A---N------ 8 8/8 8/8 +++

o ----G------VR----QT--A--A---N------ 14 14/14 14/14 +++

6 ----G------ VR----QT--A--A---N------ 23 22/23 22/23 +++

----G------VR----QT--A--A-T-N ------ 1 1/1 1/1 +++

8 ----G------VR----QT--A--A---N------ 20 19/20 13/20 +++

62 ----G------VR----QT--A--A ---N- ----- 2 2/2 1/2 ++

scB -2 ----S-----G------------------------ 4 2/2 nt +++
0 ----S-----G------------------------ 4 3/3 nt +++

6 ----S-----G------------------------ 3 1/1 nt +++

13 ----S-----G------------------------ 1 nt nt nt

20 ----S-----G ------------------------ 1 1/1 nt +++

55 ----S-----G------------------------ 2 2/2 nt +++

349 ----S-----G------------------------ 3 3/3 nt +++

636 ----S-----G----- -G----- A---------- 1 nt nt nt
----------G------------------------ 1 1/1 nt +++

------------Q---------------------- 1 nt nt nt

scW -5 6 3/4 4/4 +++

-3 7 1/4 4/4 ++

0 22 2/5 4/5 ++

4 6 1/2 2/2 ++

SC, seroconversion; * Number of macrophagetropic clones from the total number of clones tested with that particular V3 loop. Each column
represents the results obtained with MDMfrom one blood donor I, J. t As defined in Methods section; nt, not tested.

18), and may not be a reflection of macrophage tropism alone.
The selective pressure during transmission favoring macro-
phage-tropic variants remains to be identified. Hypothetically,
selection for macrophage-tropic viruses could already occur in
the donor. Differences in the clonal composition of HIV- 1 popu-
lations in different body compartments have indeed been de-
scribed (32, 37, 38). An abundance of macrophage-tropic HIV-
1 variants in semen or amniotic fluid would indeed facilitate
selective transmission of these variants. Currently, however,
there are more data in favor of selection during transmission
and for selective elimination in the recipient. It has been postu-
lated that macrophages, present in the mucosa and placental
tissues, may be the first target cells that HIV-1 encounters (39).
This was supported by the observation that HIV-1 infection of
uterine cervical explants is only achieved using the macrophage-
tropic strain HIV-1 Ba-L and is restricted to macrophages pres-
ent in the explants (40). Here, in three cases with primary HIV-1
infection the clonal macrophage-tropic NSI HIV-1 populations,
homogeneous in the V3 loop, were already present before sero-
conversion. This indeed suggests that selection for macrophage-
tropic HIV- 1 clones may occur already before the induction of
the humoral immune response. Moreover, a recent study re-
vealed that in an individual the virus population present during
primary infection was homogeneous for a cytotoxic T lympho-
cyte (CTL) epitope in V3, which was recognized by a CTL
clone of that person (41). This would thus also exclude CTL
activity against V3 as the selective pressure in favor of macro-
phage-tropic variants.

These observations favor selection at the level of the first
target cell. The selective elimination of SI variants in recipient
ACH9012 of one of the parenteral transmission cases, however,
points to selective pressure in favor of macrophage-tropic NSI
variants also after establishment of infection, as suggested pre-
viously (10, 11). This relatively late selection may be directed
by immune control. In the asymptomatic phase of HIV- 1 infec-
tion the presence of high neutralizing antibody titers may allow
virus transmission only during direct cell to cell contact, as
would occur between macrophages and T cells during noncog-
nate adhesion or cognate antigen presentation. The observation
that peripheral blood T cells in this phase of infection carry
only macrophage-tropic viruses (7, 42) is indeed indicative for
recent infection of these T cells by progeny from HIV-1 infected
macrophages. The emergence of non-macrophage-tropic SI
variants in general only at a stage where CD4' cell numbers
are decreased and T cell function is affected (6) indeed suggests
that immune control may be responsible for suppression of
highly replicating SI HIV-1 variants. This, together with their
macrophage tropism, could also explain the incomplete clear-
ance of the SI HIV-1 variants in recipient HIVA,,.127, who was
immune compromised at the moment of infection (20).

This is the first time that both genotype and phenotype of
HIV- 1 clones has been studied in donors and recipients between
whomvirus transmission via different routes was documented.
Our data show that, although efficiency may be dependent on
the route of transmission, both SI and NSI HIV-1 variants can
be transmitted. However, in either case a selective expansion
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of macrophage-tropic HIV-1 variants seems to occur in a newly
infected individual. Efficiency of transmission and susceptibility
for HIV-1 infection may thus be determined by HIV-1 suscepti-
bility of tissue macrophages and the presence of macrophage-
tropic variants in the inoculum. This finding may have important
implications for vaccine development and the understanding of
AIDS pathogenesis.
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