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SUMMARY: Drug-resistance genotypes were investigated in a patient under treatment with anti-HIV drugs.
Since the drug resistance-associated mutations in plasma HIV-1 RNA and proviral DNA in peripheral blood
mononuclear cells (PBMCs) were inconsistent, changes were followed over time, and the discrepancy was
shown to persist for a long period. In plasma HIV-1 RNA, D67N, K70R, T215Y, and Y188L were present in
the reverse transcriptase (RT) region, and two primary mutations, I84V and L90M, were noted in the protease
(Pro) region. In contrast, in proviral DNA, no drug resistance-associated mutations were found in the RT region,
and mutations such as L90L/M were only infrequently present in the Pro region. This situation persisted
for more than 3 years. In addition, sequencing analysis of the V3 loop in the envelope gene showed that non-
syncytium-inducing/macrophage-tropic viruses contribute to acquisition of drug resistance. In this study, drug-
resistant viruses were produced primarily at macrophages, and drug-sensitive viruses were maintained in PBMCs
as a reservoir.
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Smith et al. noted a discrepancy between peripheral blood
mononuclear cell (PBMC) proviral DNA and HIV-1 RNA
isolated from plasma by culture in an AIDS patient under
zidovudine (AZT) monotherapy (1), and Kaye et al. reported
detecting AZT resistance mutations in plasma HIV-1 RNA
earlier than in PBMC proviral DNA in patients under AZT
monotherapy (2). After detection of drug-resistance mutations
in plasma HIV-1 RNA, 25 days were required, on average, to
detect the same mutations in proviral DNA (2). There have
been several reports of a transient discrepancy in resistance
mutations between different test specimens (3-7), but the
mechanism and frequency of such discrepancies are unclear.
In the patient we encountered, drug-resistance mutations
occurred primarily in plasma HIV-1 RNA during highly
active antiretroviral therapy (HAART) given for 6 years,
exhibiting a discrepancy from resistance mutations in PBMC
proviral DNA. Moreover, this discrepancy persisted for more
than 3 years. Thus, we retrospectively analyzed the gene
mutations associated with drug resistance. In addition, we
analyzed the sequences of the V3 loop in the envelope (env)
gene to identify cell tropism.

The objective of this study was to analyze anti-HIV drug-
resistance mutations in plasma HIV-1 RNA and PBMC
proviral DNA by genotypic assay in a patient showing muta-
tional discrepancies, in order to clarify the relationship between
the test results in different specimens.

Sequential blood was used from a patient infected with
HIV-1 through homosexual activity. Anti-HIV therapy was

initiated in November 1997, and the anti-HIV drugs admin-
istered are shown in Table 1. Informed consent for perfor-
mance of the study was obtained from the patient.

Plasma was separated by centrifugation from 5 ml of blood
from the HIV-1-infected patient, and PBMCs were isolated
by the Ficoll method and stored at –80°C. Plasma HIV-1 RNA
and PBMC proviral DNA were extracted. When viral isolation
was possible, culture supernatant was used for extraction. For
amplification of gene fragments of the reverse transcriptase
(RT), protease (Pro), and gp120 V3 regions, RT-nested PCR
was used for culture supernatant and plasma HIV-1 RNA,
and nested PCR was used for PBMC proviral DNA.

PBMCs were isolated by the Ficoll method from 20 ml of
blood collected from the HIV-1-infected patient at designated
times C (February 2002) and D (February 2003). Using anti-
CD8 antibody-conjugated beads (Dynabeads M-450 CD8),
CD8+ cells were removed from PBMCs from a healthy sub-
ject and the patient, and 5×106 PBMCs/5 ml from each were
mixed and co-cultured for 3 days in the presence of anti-CD3
antibody to enhance the T-cell response (8). P24 antigen in the
supernatant of the passage culture was measured to confirm
replication of HIV.

The base sequences were determined by direct sequencing
of the PCR products of plasma HIV-1 RNA, PBMC proviral
DNA, and cloned colonies. A BigDye Terminator Cycle
Sequencing Ready Reaction kit (Applied Biosystems, Foster
City, Calif., USA) was used for the cycle sequence reaction,
and sequences were determined using an ABI PRISM 310
Genetic Analyzer (Applied Biosystems). Amplicons (326 bp)
of the RT region and amplicons (165 bp) of the gp120 V3
region were used for phylogenetic tree analysis. Nucleotide
and amino acid sequences were aligned using Genetyx
Mac software version 10.1.1 (Software Development Co.,
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Tokyo, Japan). Multiple alignments were performed with
CLUSTALW (9). The phylogenetic tree was constructed by
the neighbor-joining (NJ) method based on Kimura’s two-
parameter distance matrix with 1,000 bootstrap replicates.
The trees were visualized using TREEVIEW (10). The base
sequences obtained for the RT and Pro region were analyzed
by a beta test program provided by Stanford University Medi-
cal Center (available online at http://hivdb6.stanford.edu), and
drug resistance-associated mutations were identified.

HIV-1 env sequences corresponding to the gp120 V3 loop
were used to predict syncytium-inducing (SI) and non-
syncytium-inducing (NSI) genotypes, based on the presence
of basic or acidic residues at positions 11 and 25 of the V3
loop (11,12).

Codons related to drug resistance in the Pro and RT
regions of plasma HIV-1 RNA and PBMC proviral DNA and
viral isolates were analyzed in an AIDS patient undergoing
treatment with HAART (Table 1). There were no major
drug-resistance mutations in plasma HIV-1 RNA and PBMC
proviral DNA before initiation of antiretroviral therapy
in September 1997. However, we subsequently observed
discrepancies in the genotypes associated with drug resist-
ance, especially after July 1999. At time A (March 2000),
four drug resistance-associated mutations, D67N, K70R,
Y188L, and T215Y, were detected in the RT region, and two
primary mutations, I84V and L90M, were detected in the Pro
region in plasma HIV-1 RNA. In contrast, no mutations were
detected in PBMC proviral DNA. At time B (April 2001),
D67N, K70R, Y188L, and T215Y were detected in the RT
region, and M46L, I84V, and L90M were detected in the Pro
region in plasma HIV-1 RNA, while only L90L/M in the Pro
region was detected as a resistance-associated mutation in
PBMC proviral DNA. The ratios of clones containing resist-
ance mutations at times A and B were compared using the
cloning method, and these data are summarized in Table 2.
At times A and B, D67N, K70R, Y188L, and T215Y were
detected in all the plasma HIV-1 RNA clones, but not in the

PBMC proviral DNA clones. In contrast, for DNA, 9 of
the 13 clones and 8 of the 14 clones contained no resistance
mutations at times A and B, respectively. In addition, some
DNA clones contained multiple resistance-related mutations:
T215Y, D67N + K70R; and D67N + K70R + T215Y. No DNA
clones contained the RT-region mutation Y188L, which is
related to resistance to non-nucleic acid RT inhibitors, at
either time A or time B. Since efavirenz (EFV) therapy was
initiated 4 months before time A, and all plasma HIV-1 RNA
clones contained Y188L, PBMC proviral DNA clones contain-
ing resistance mutations were not actively replicating viral
clones, but instead clones accumulated due to resistance
mutations that had occurred in the past.

Isolates at times C (February 2002) and D (February 2003)
were obtained by a high-sensitivity culture method. In the
genotypic assay for times C and D, L210W at time C, and
L210W, M41L, and M184V/I at time D in the RT region
were added in plasma HIV-1 RNA as drug-resistance gene
mutations compared to the results of time B. The genotypic
results at times C and D were inconsistent between plasma
HIV-1 RNA and PBMC proviral DNA, as were the results at
times A and B, and drug-resistance gene mutations in the
viral strains obtained by isolation culture were similar to those
in PBMC proviral DNA, except for the Pro region at time D
(Table 1).

A phylogenetic tree for the RT and gp120 V3 region at
time A revealed that plasma HIV-1 RNA clones were descen-
dants of PBMC proviral DNA (Fig. 1): one DNA clone in the
gp120 V3 region (Fig. 1B) had the same sequence as that of
RNA clones.

Deduced amino acid sequences for the V3 loop were com-
pared between the plasma HIV-1 RNA and PBMC proviral
DNA clones at time A (Fig. 1). The basic amino acid lysine
(K) at positions 25 of the V3 loop associated with the SI
phenotype were found in DNA clones (11,12). All RNA clones
were of the NSI genotype, while 7 of the 10 DNA clones
were of the SI genotype, with the basic amino acid lysine (K)

Table 1.  Resistance mutations in the RT gene and major resistance mutations in the protease gene obtained by direct sequencing1)

Plasma Plasma HIV-1 RNA PBMC proviral DNA Viral isolate Antiviral medications
Date RNA

(copies/ml) RT Protease RT Protease RT Protease NRTIs NNRTIs PIs

Sep-97 1.9×105 (–) (–) (–) (–) NT NT

Aug-98 8.4×104 D67N, K70R, T215Y D30N T215Y/T D30N NT NT AZT, ddI NFV

Jul-99 NT D67N, K70R, T215F/Y (–) (–) (–) NT NT d4T, ddI RTV, SQV

Oct-99 NT D67N, K70R, T215Y L90M (–) L90M NT NT d4T, ddI RTV,SQV

Dec-99 1.8×103 D67N, K70R, T215Y I84V, L90M (–) (–) NT NT d4T, ddI EFV APV

A Mar-00 3.1× 104 D67N, K70R, Y188L,
I84V, L90M (–) (–) NT NT d4T, ddI EFV APV

T215Y

Dec-00 4.1×104 D67N, K70R, Y188L,
I84V, L90M (–) (–) NT NT d4T, ddI APV

T215Y

Feb-01 1.3×104 D67N, K70R, Y188L,
I84V, L90M (–) (–) NT NT d4T, ddI APV

T215Y

B Apr-01 2.0×104 D67N, K70R, Y188L, M46L, I84V,
(–) L90L/M NT NT d4T, ddI APV

T215Y L90M

Sep-01 2.8×104 D67N, K70R, Y188L, M46L, I84V,
(–)

M46M/L,
NT NT d4T, ddI APV

T215Y L90M L90M/L

C Feb-02 3.7×104 D67N, K70R, Y188L, M46L, I84V,
(–)

I84V/I,
(–)

I84V/I,
d4T, ddI APV

L210W ,T215Y L90M L90M/L L90M/L

M41L, D67N, K70R, M46M/L,
D Feb-03 5.0×103 M184V/I, Y188L,

M46I, I84V,
(–) I84I/V, (–) (–) 3TC, ddI LPV/RTV

L210W, T215Y
L90M

L90L/M

1): A major mutation was defined based on reference (17).
NT, not tested; RT, reverse transcriptase; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor;
PI, protease inhibitor. (–): No drug-resistant mutations were detected.
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at position 25 in the V3 loop. The other 3 clones were of the
NSI genotype.

We identified a unique case of HIV-1 infection that showed
discrepancies in drug-resistance mutations between plasma
HIV-RNA and PBMC proviral DNA for more than 3 years.
Multiple drug-resistant viral clones were observed in all of
plasma HIV-RNA clones at time A, and the genotype in the
RT region was shown to be notably discordant with that of
PBMC proviral DNA by cloning and sequencing (Table 1, 2).
Furthermore, deduced amino acid sequences in the V3 loop
showed that all the plasma HIV-RNA clones analyzed at
time A had NSI genotypes, whereas SI genotypes were pre-
dominant in the PBMC proviral DNA clones (Fig. 1). These
findings indicate that an actively replicating virus with drug
resistance in plasma has distinct sequence properties from
those of PBMC proviral DNA, and that an NSI/macrophage-
tropic virus can contribute to acquisition of drug resistance.

Zhang et al. (13) studied env region sequences prior to and
during the course of AZT therapy, and demonstrated that dif-
ferent HIV substrains coexist and evolve independently within
an individual. Our results are consistent with this observa-
tion.

On the other hand, we cannot rule out the possibility that
resistant viruses in plasma that replicate and flow into the
circulation in patients under drug therapy are derived not from
the PBMC provirus population but from other infected cell
populations. The cell population associated with acquisition
of drug resistance is unclear, but the present results indicate
that HIV-1 infected macrophages may be the cell population
that acquires drug resistance under antiretroviral therapy
because the NSI/macrophage-tropic genotype is a major popu-
lation in plasma HIV-RNA.

The genotypes of viral isolates were found to be similar
to those of PBMCs in genotypic assays performed at time
C and D (Table 1). This finding indicates the presence of
drug selection-unloaded infectious viruses in PBMCs. Our
results are congruent with those reported by Ruff et al. (14),
who observed the dynamic characteristics of replication-
competent viruses isolated from resting memory CD4+ T cells
that developed HIV-1-drug resistance following HAART, and
demonstrated that archival wild-type HIV-1 persists in resting
CD4+ T cells free of selective pressure from antiretroviral
drugs. Several studies have indicated the existence of long-
lived reservoirs, composed primarily of resting memory CD4+

T cells, and recovered viruses do not show mutations associ-
ated with resistance to the relevant antiretroviral drugs (8,
14,15). In addition, Wang et al. recently found that IL-7 is a
more effective enhancer of the HIV-1 provirus than IL-2, or a

Fig.1. Neighbour-joining phylogenetic tree depicting the relationship of the nucleotide sequences of partial reverse transcriptase
(A) and gp120 V3 (B) clones in plasma HIV RNA and PBMC proviral DNA at time A (Mar-2000). Branch lengths are drawn to
scale, and bootstrap values greater than 70% are shown at the nodes for 1,000 replicates. S or N indicates the SI or NSI genotype,
respectively. The reference sequence CM240 was used as an outgroup. GenBank accession numbers are shown below. CM240
(U54771), Q23-17 (AF004885), JRFL (U63632). PBMC proviral DNA, ○; Plasma RNA, □.

Table 2.  Frequencies of drug-resistance mutations of the RT region
in plasma HIV-1 RNA and PBMC proviral DNA

Time A (Mar-00) Time B (Apr-01)

Resistant mutations of RT Plasma PBMC Plasma PBMC
RNA DNA RNA DNA

(–)   0   9   0   8

T215Y   0   2   0   1

D67N, K70R   0   1   0   3

D67N, K70R, T215Y   0   1   0   2

D67N, K70R, Y188L, T215Y 11   0 12   0

Total 11 13 12 14

RT, reverse transcriptase. (–): No drug-resistant mutation was detected.

(A) (B)
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combination of IL-2 with phytohemagglutinin (PHA), in CD8-
depleted PBMCs; they showed by phylogenetic analysis
that distinct proviral quasi-species were activated by IL-7,
compared with those activated by IL-2 and PHA (16). Our
culture technique might have activated resting CD4+ T cells
or another population activated by a cytokine such as IL-7.
Although further studies are needed to clarify which popula-
tion of proviruses in PBMCs was obtained in our culture
technique, the results suggest that the recovered viruses in
this study are archival drug-sensitive replicates and have the
potential to serve as a stable viral reservoir. It is particularly
striking that these reservoirs appear to be in major compart-
ments in PBMCs, and are maintained for a long period.
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