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Sequences encoding the envelope glycoprotein of human immunodeficiency virus type 1 (HIV-1) were
amplified by PCR from plasma and peripheral blood mononuclear cells obtained at four time points from an
acute seroconvertor. Genetic analyses, including nucleotide sequencing and heteroduplex mobility studies,
showed that the patient harbored three distinct populations of HIV-1 clade B envelope sequences, with
nucleotide distances ranging from 9.2 to 17.2%. One population of sequences was clearly distinguishable from
the others on the basis of phylogenetic analysis. In addition, sequences suggesting recombination between two
of the three distinct viral populations were also found. This case of acute seroconversion provides clear and

conclusive evidence that coinfection by multiple HIV-1 strains can indeed occur in vivo.

The finding of distinct populations of human immunodefi-
ciency virus (HIV) in a person would suggest coinfection or
superinfection. A case of possible but unproven HIV type 1
(HIV-1) coinfection has been reported recently (19a), but su-
perinfection of an HIV-1-infected person with another distinct
viral strain has not been documented despite the existence of
a large population of individuals with repeated exposures via
sexual contacts or sharing of intravenous needles. However,
several findings suggest that simultaneous infection of humans
by at least two strains of HIV can occur. Dual infection by
HIV-1 and HIV-2 has been well documented (6, 11, 18). Re-
combinant viruses between different subtypes of HIV-1 (1, 15,
15a) or HIV-2 (10, 10a) have also been described, implying
that dual infection must have occurred at some point. Further-
more, successful superinfection has been achieved in an HIV-
1sp»-infected chimpanzee by experimental inoculation of HIV-
1. (9). Whether or not superinfection by a second strain of
HIV-1 can occur in humans deserves more extensive studies,
because it is important to know the effectiveness of the immu-
nity induced by the initial infection in conferring protection
against subsequent challenges.

During studies to characterize the virus in patients with
primary infection (14, 23), we uncovered a case of coinfection
by multiple subtype B HIV-1 in an acute seroconvertor. More-
over, evidence of viral recombination between two of the vari-
ants was also found in this patient.

The patient, MR, is a 29-year-old Australian homosexual
man who presented to a Sydney physician with fever, rash,
fatigue, myalgia, and headache, along with a low CD4 cell
count (224/mm?) and HIV-1 p24 antigenemia (359 pg/ml). The
acute illness resolved spontaneously after 25 days and was
followed by seroconversion (Fig. 1A), thus confirming the di-
agnosis of primary HIV-1 infection. In addition, a burst of
viremia characteristic of acute infection (2, 3) was also docu-
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mented by using a commercial assay (16) to measure HIV-1
RNA in sequential plasma samples (Fig. 1B).

Following the diagnosis of primary HIV-1 infection, a de-
tailed sexual history was obtained. The patient has a regular
sexual partner who is a known asymptomatic carrier of HIV-1.
They had unprotected sexual intercourse on two recent occa-
sions, once 1 month and another time 3 days before the onset
of the acute illness. However, 17 days prior to the onset of
illness, the patient also had unprotected sexual contact with an
unknown number of persons in a sauna while under the influ-
ence of alcohol. Because of the findings described below, we
have chosen to call this day day zero.

To examine the HIV-1 genotype in this acute seroconvertor,
initial studies focused on gp120 sequences V1 to V5 in uncul-
tured peripheral blood mononuclear cells (PBMC) obtained
on day 26. DNA was extracted and subjected to nested PCR by
first using outer primers PEO (5953 to 5979 of NL4-3; 5'-GGC
TTA GGC ATC TCC TAT GGC AGG AAG-3') and P2 (7815
to 7786 of NL4-3; 5'-GAC GAA GCT TCC ATA GTG CIT
CCT GCT GC-3') (23). Amplifications were done with a Per-
kin-Elmer 9600 Thermocycler at 30 cycles of 94°C for 1 min,
55°C for 1 min, and 72°C for 2.5 min with a final extension at
72°C for 5 min. A 5-pl aliquot of the first PCR product was
subjected to a second round of PCR with inner primers P1
(6528 to 6552 of NL4-3; 5'-GAT GGT ACC GGA TAT AAT
CAG TTT ATG GG-3') and P4 (7661 to 7637 of NLA4-3;
5'-ATT CAC TTC TAG AAT TGT CCC TCA T-3'). The
resultant PCR products of approximately 1,100 bp containing
sequences V1 to VS5 of gp120 were then digested with restric-
tion enzymes Kpnl and Xbal and cloned into M13mp19 as
previously described (23).

One hundred M13 clones were then chosen for genetic anal-
ysis. The clones were first examined by the heteroduplex mo-
bility assay (HMA) (4, 5; see details below). The PCR product
derived from the first clone, MR1, was labelled and used as the
probe to examine the PCR products derived from the other
clones. Since seroconvertors generally harbor a relatively ho-
mogeneous population of viruses (21-23), it was unexpected
that four different populations of envelope sequences would be
found. Examples of each group are shown in the left panel of
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FIG. 1. (A) Western blot (immunoblot) analysis of sequential plasma sam-
ples from seroconvertor MR. The numbers at the top are numbers of days after
the presumed exposure to HIV-1. (B) Quantitation of HIV-1 RNA copy num-
bers in sequential plasma samples at and after seroconversion. The day —3
sample was available because the patient was monitored in a prospective study of
discordant couples.

Fig. 2. Two to four clones from each group were then subjected
to standard dideoxynucleotide sequencing. As shown in Fig. 3,
four distinct sets of sequences were obtained. On the basis of
sequence similarity, clones MR1, MR7, MR6, and MRS fell
into group I; MR2, MR21, and MR22 were in group II; and
MR3, MR9, MR24, and MR25 were in group III. Clone MR4
was found to be a recombinant virus with a V1 sequence
similar to that of MR1 and sequences V2 to V5 similar to those
of MR2, while MR5 was a recombinant with V1 and V2 se-
quences similar to those of MR1 and C2 and V5 sequences
similar to those of MR2. Following alignment of sequences
with CLUSTAL V (12), genetic distances were determined by
using the two-parameter model of Kimura (13), excluding all
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FIG. 2. Analysis of the HIV-1 envelope in patient MR by HMA. A 32P-
labelled probe derived from the PCR product of clone MR1 was separately
hybridized with corresponding PCR products from clones MR1, MR2, MR3, and
MR4 and patient MR plasma (PL) and PBMC, as well as HIV-1 isolates ob-
tained from day 26 plasma and PBMC by culture.

deletions or insertions. The average genetic distances between
groups I and II, I and III, and II and III were 9.6, 16.5, and
18.4%, respectively. The average genetic distances within
groups I, II, and III were 0.6, 0.8, and 0.5%, respectively.

The sequences shown in Fig. 3 were also subjected to phy-
logenetic analysis with the neighbor-joining method (19), the
results of which were evaluated statistically with the bootstrap
approach (7). To provide a broader perspective, a number of
additional sequences were included in the analysis for compar-
ison. These were viruses from subtypes A (SF170 and Z321), C
(NOF), D (Z2Z6 and NDK), and E (TN243), as well as rep-
resentatives of subtype B viruses (MN, SC, LAI, SF2, JRCSF,
RF, and JRFL) (17). In addition, geographic controls compris-
ing viruses from a seroconvertor (AD39) and a chronically
infected patient (AD38), samples from Sydney, Australia (our
unpublished results), a virus from MR’s regular sexual partner
(D), and viruses from acute seroconvertors (A, L, F, V, and R)
and chronically infected patients (C and M) from New York,
N.Y. (23). An unrooted phylogenetic tree was constructed by
using sequences C2 to V5 (Fig. 4). Envelope sequences from
patient MR fell into three distinct phylogenetic groups, all of
which are within HIV-1 subtype B. Groups I and II were
distantly related (9.2 to 9.7% divergence) to all of the other
subtype B sequences. Most importantly, group III was clearly
distinct from groups I (16.0 to 17.2%) and II (18.0 to 18.7%).
Furthermore, to increase our confidence in the analyses, two
other methods, maximum likelihood (8) and maximum parsi-
mony (20), were also used. In essence, the same tree was
generated by these methods with either sequences C2 and V5
or V1 and V2 (data not shown).

In similar studies, several V1 to V5 sequences in PBMC
from the patient’s regular sexual partner (D) were determined.
As shown in Fig. 3, these sequences differ substantially (12.3 to
19.4%) from those found in the acute seroconvertor. In addi-
tion, on the basis of the phylogenetic analysis (Fig. 4), it is clear
that sequences from the partner do not group with any set of
sequences from the patient. Therefore, we conclude that the
regular sexual partner was not the transmitter in this case;
instead, transmission was presumably from unknown partners
in the sauna.
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FIG. 3. Deduced amino acid sequence alignment of HIV-1 gp120 in day 26 PBMC from seroconvertor MR and from his regular sexual partner (D). Dots denote

identical sequences, and dashes denote deletions.

To confirm that multiple HIV-1 strains indeed exist in MR,
we also examined the genotypes of HIV-1 in his plasma, as well
as in sequential PBMC samples, by using a rapid genetic anal-
ysis method developed by Delwart et al. (4, 5), the HMA. The
HMA can rapidly provide genetic information which closely
resembles that obtained by DNA sequencing (4, 5). We have
recently modified this assay by using a single-strand probe in
place of the regular double-strand probe. Briefly, in the exper-
iment whose results are shown in Fig. 2, the envelope PCR
product from MR1 was subjected to asymmetrical PCR in the
presence of [a-**P]dATP. The probe was then mixed with the
corresponding PCR products derived from PBMC obtained on
day 26, 29, 53, or 214, as well as with reverse transcription PCR
products derived from day 26 plasma or from HIV-1 isolates
obtained by culture. The resultant hybrid molecules were then
subjected to electrophoresis in a 5% neutral polyacrylamide
gel. As shown in the right panel of Fig. 2, two dark bands
corresponding to sequences similar to those of MR1 (group I)
and MR2 (group II) were evident. In addition, faint but defi-
nite bands corresponding to sequences related to MR3 (group
IIT) were seen in multiple samples. Furthermore, a faint band
corresponding to the sequence of recombinant MR4 (group
IV) was observed in several samples. These findings, showing
the presence of the same set of HIV-1 strains in multiple
samples separated in time and processed independently, sug-
gest that the evidence of coinfection is real and not the result

of inadvertent contamination. Moreover, although not proven
conclusively, the detection of MR4-like sequences by HMA in
multiple samples (Fig. 2) suggests that this recombinant se-
quence is probably not due to random recombination events
during the PCR.

In summary, patient MR appeared to harbor four groups of
subtype B HIV-1 at the time of seroconversion. The phyloge-
netic relationship between viruses in groups I and II (Fig. 4)
suggests that they represent divergent quasispecies derived
from a common ancestral virus and that transmission of mul-
tiple variants from one individual had occurred, contrary to the
usual situation reported for sexual transmission (21-23). How-
ever, it is also formally possible that groups I and II emerged
from different ancestral strains from different donors. Notwith-
standing the ambiguity involving groups I and II, the genetic
distance (15.7 to 18.6%) between group III viruses and those
from other groups (Fig. 4) leads us to conclude that MR was
infected either by multiple persons or by one transmitter who
harbored markedly divergent strains of HIV-1. In either case,
these findings document the presence of coinfection by multi-
ple distinct strains of HIV-1 in vivo. Moreover, the findings on
this patient also illustrate two additional points. (i) Recombi-
nation between different HIV strains can occur in vivo, as has
been suggested previously (10, 10a, 15). (ii) The mere presence
of multiple strains of HIV-1 in a person may be due to coin-
fection and does not necessarily imply superinfection.
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FIG. 4. Phylogenetic relationship of HIV-1 envelope (regions C2 and V5)
nucleotide sequences from seroconvertor MR and other HIV-1 strains as con-
structed by the neighbor-joining method. A number at a node is the percentage
of 1,000 bootstrap samples in which the distal cluster is found; only values greater
than 95% are shown. Shaded boxes I, II, III, and R represent group I, II, and IIT
and recombinant sequences, respectively.

Nucleotide sequence accession numbers. The GenBank ac-
cession numbers of the nucleotide sequences in Fig. 3 are as
follows: D1, U16372; D2, U16373; D12, U16374; D14, U16375;
MR1, U16376; MR2, U16377; MR3, U16378; MR4, U16379;
MRS, U16380; MR6, U16381; MR7, U16382; MR8, U16383;
MR9, U16384; MR21, U16385; MR22, U16386; MR24,
U16387; MR25, U16388.
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