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THERAPY WITH COMBINATIONS OF

antiretroviral drugs that in-
hibit the constitutive enzymes,
human immunodeficiency vi-

rus 1 (HIV-1) protease and reverse tran-
scriptase, dramatically reduce HIV-1 rep-
lication in vivo1-3 and have resulted in
marked reductions in HIV-associated
morbidity and mortality.4,5

A major obstacle to the long-term ef-
ficacy of antiretroviral therapy is the
emergence of HIV-1 variants with re-
duced susceptibility to antiretroviral
agents.6-10 Factors associated with the
development of drug resistance in-
clude serial monotherapy, inadequate
suppression of virus replication with
suboptimal treatment regimens, diffi-
culty with adherence to complex and
toxic regimens, and initiation of therapy
late in the course of HIV infection. Some
investigators have observed the emer-
gence of resistant HIV-1 in up to 30%
to 50% of treated individuals.11-13

Isolated cases of sexual transmission
of HIV-1 resistant to zidovudine, lam-

ivudine, nevirapine, and protease in-
hibitors have been reported.14-20 Re-
cently, Hecht et al21 reported an alarming
case of the sexual transmission of mul-
tidrug-resistant (MDR) HIV-1. The do-
nor transmitted a virus with multiple
mutations in the protease and reverse
transcriptase genes conferring resis-
tance to 2 nucleoside reverse transcrip-
tase inhibitors (NRTIs; zidovudine and
lamivudine) and all commercially avail-
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Context There is concern that the widespread use of antiretroviral drugs to treat hu-
man immunodeficiency virus 1 (HIV-1) infection may result in the increased transmis-
sion of drug-resistant virus.

Objective To determine the prevalence of drug resistance–conferring mutations and
phenotypic resistance to antiretroviral agents in a cohort of individuals newly infected
with HIV-1.

Design Case series with genetic analyses of the HIV-1 plasma-derived pol gene us-
ing reverse transcriptase polymerase chain reaction followed by direct sequencing of
polymerase chain reaction products. Phenotypic analysis was performed with a re-
combinant virus assay.

Setting and Patients Eighty individuals referred, on average, 1.7 months after in-
fection with HIV-1 to the Aaron Diamond AIDS Research Center between July 1995
and April 1999. Subjects were from large urban areas (65 from New York, NY; 11 from
Los Angeles, Calif); 60 (75%) were white, and 75 (93.8%) were homosexual men.

Main Outcome Measures Prevalence of known resistance-conferring genotypes
and reduced susceptibility to individual antiviral agents by phenotype.

Results Thirteen individuals (16.3%) had genotypes associated with drug resis-
tance to any antiretroviral agent. Virus with known resistance-conferring mutations
to any nucleoside reverse transcriptase inhibitors was found in 10 individuals, to any
nonnucleoside reverse transcriptase inhibitors in 6 subjects, and to any protease in-
hibitors in 2 cases. Multidrug-resistant virus was identified in 3 individuals (3.8%). Ex-
tensive polymorphism in the protease gene was identified. Interpretation of geno-
types and phenotypes was concordant in 57 (85%) of the 67 cases in which both studies
were performed.

Conclusion The prevalence of HIV-1 variants with known resistance-conferring geno-
types to any antiretroviral agent in this cohort of 80 newly infected individuals is 16.3%.
These data support expanded use of resistance testing in the setting of primary HIV-1
infection. Clinical trials should be initiated to establish whether therapy guided by resis-
tance testing, compared with the use of empirical triple combination antiretroviral therapy,
provides additional virological and immunological benefit when treating primary HIV-1
infection. Further efforts to expand the study of transmission of drug-resistant HIV-1
variants, particularly in cohorts with different epidemiological profiles, are indicated.
JAMA. 1999;282:1135-1141 www.jama.com

See also pp 1142 and 1177.

©1999 American Medical Association. All rights reserved. JAMA, September 22/29, 1999—Vol 282, No. 12 1135

Downloaded From: https://jamanetwork.com/ on 03/16/2023



able protease inhibitors (saquinavir, rito-
navir, indinavir, and nelfinavir). Clearly,
the transmission of resistant variants to
uninfected individuals raises serious
clinical and public health conse-
quences.22 It has been hypothesized that
the widespread use of antiretroviral
drugs will result in the increased trans-
mission of drug-resistant virus result-
ing in an increased prevalence of resis-
tant variants in newly infected patients.23

To address this question, we deter-
mined the prevalence of mutations in the
HIV-1 pol gene associated with resis-
tance to antiretroviral agents in 80 in-
dividuals newly infected with HIV-1 be-
tween July 1995 and April 1999, a period
during which the use of combinations
of antiretroviral agents to treat HIV-1 in-
fection became the standard of care.

METHODS
Study Population

Plasma samples from 80 individuals
newly infected with HIV-1 were ana-
lyzed. Subjects were analyzed, on aver-
age, 1.7 months (range, 0.5-5.0 months)
after primary infection. Criteria used to
document newly acquired HIV infec-
tion included detectable HIV-1 RNA by
either signal amplification (branched
DNA, Chiron 2.0, Emeryville, Calif) or

reverse transcriptase polymerase chain
reaction (PCR) (Roche, Alameda, Calif)
and either an absent or evolving hu-
moral immune response to HIV-1 or a
clinical history compatible with HIV-1
infection (within 90 days of presenta-
tion) and a documented negative HIV-1
serologic test result within 120 days of
presentation to the Clinical Service of the
Aaron Diamond AIDS Research Center
(ADARC) of Rockefeller University, New
York, NY. The patients reported here
represent 80 of 82 consecutively iden-
tified newly HIV-1–infected individu-
als who were either physician- or self-
referred to the ADARC for participation
in early intervention clinical trials con-
ducted between July 1995 and April
1999 (7 subjects in 1995, 28 in 1996, 23
in 1997, 15 in 1998, and 7 in 1999).
Stored plasma samples were not avail-
able from 2 individuals infected and
identified in 1995 and were therefore ex-
cluded from the analysis. Seventy-
seven men and 3 women from large ur-
ban areas including New York (n = 65),
Los Angeles, Calif (n = 11), San Fran-
cisco, Calif (n = 2), Houston, Tex (n = 1),
and Toronto, Ontario (n = 1) are in-
cluded. Most (75%) were white and
93.8% had become infected via sexual
transmission (men having sex with men)
(TABLE 1). Plasma HIV-1 RNA levels at
presentation and at the time of resis-
tance testing ranged from less than 500
to 6 3 106 HIV-1 RNA copies/mL (mean,
361 931 copies/mL. Informed consent
was obtained from all subjects and hu-
man experimentation guidelines of the
US Department of Health and Human
Services and those of Rockefeller Uni-
versity Institutional Review Board were
strictly followed.

Genotypic Analysis of HIV-1
Reverse Transcriptase Gene
ViralRNAwas isolated fromplasmawith
the QIAamp Viral Extraction Kit (Qia-
gen Inc, Chatsworth, Calif) according
to the manufacturer’s instructions. The
HIV-1 reverse transcriptase gene was
reverse transcribed to complementary
DNA (cDNA) at 48°C for 50 minutes by
using HIV-1–specific downstream
primer RT-3 (nucleotide position 3542-

3559 of HIV-1pNL4.3) and SuperScript II
RNase H− reverse transcriptase (Gibco-
BRL,LongIsland,NY).A1191–basepair
(bp) reverse transcriptase gene frag-
mentwasamplified fromcDNAbysemi-
nested PCR. First-round PCR was per-
formed with upstream primer RT-1
(nucleotide position 2364-2383) and
downstream primer RT-3 for 3 minutes
at 94°C followed by 35 cycles at 94°C
for 30 seconds, 60°C for 30 seconds, and
72°C for 1.2 minutes, with a final exten-
sion at 72°C for 10 minutes. Two micro-
liters of the first-round product was used
for second-round amplification with
identical conditions with upstream
primer RT-1 and downstream primer
RT-2 (nucleotide position 3537-3554).

Genotypic Analysis
of HIV-1 Protease Gene
Complementary DNA synthesis was
performed at 42°C for 50 minutes us-
ing reverse transcriptase from avian my-
eloblastosis virus (Promega, Madison,
Wis) and random hexamers (Pro-
mega). A seminested PCR was used to
obtain a 377-bp fragment containing the
entire protease gene (297 bp). First-
round PCR was run from 5 µL cDNA
with upstream primer PT-1 (nucleo-
tide position 2147-2168) and down-
stream primer PT-2 (nucleotide posi-
tion 2587-2609). Two microliters of
amplicon was transferred in second-
round PCR using inner upstream
primer PT-3 (nucleotide position 2233-
2255) and downstream primer PT-2.
Conditions for both rounds of PCR
were 94°C for 3 minutes followed by
30 cycles at 94°C for 30 seconds, 60°C
for 30 seconds, and 72°C for 45 sec-
onds, with a final elongation step at
72°C for 10 minutes. All amplification
products were analyzed on a 1%
ethidium bromide–stained agarose gel.

Limiting-Dilution Analysis
To inspect the virus quasi species for
minority viral sequences, limiting-
dilution PCR was performed on plasma
samples with apparently discordant
findings by phenotype and genotype.
The nucleotide sequence of either re-
verse transcriptase or protease in indi-

Table 1. Baseline Characteristics of 80
Subjects With Primary HIV-1 Infection*

Sex, No. (%)
Male 77 (96.3)
Female 3 (3.8)

Race, No. (%)
White 60 (75.0)
Black 9 (11.3)
Hispanic 9 (11.3)
Native American 2 (2.5)

Age, y
Mean (SD) 34.8 (6.5)
Range 20-60

Mode of infection, No. (%)
Homosexual contact 75 (93.8)
Heterosexual contact 4 (5.0)
Intravenous drug use 1 (1.3)

Time after acute HIV
infection, mo

Mean (SD) 1.70 (0.46)
Range 0.2-5.0

Initial plasma HIV RNA
level, copies/mL

Mean (SD) 361 931 (799 816)
Range ,500-6 3 106

Initial CD4 cell count, 3109/L
Mean (SD) 0.53 (0.26)
Range 0.03-1.26

*HIV-1 indicates human immunodeficiency virus 1.
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vidual viral RNA molecules24-26 was de-
termined as follows: cDNA was
synthesized and 5-fold serially diluted
and amplified by nested PCR under
conditions as described herein. Four
replicates of each dilution were ampli-
fied until an end point was reached in
which no more than 2 of 4 replicates
were positive. At this dilution, 20 rep-
licates were performed to obtain 10 to
12 positive reactions for sequencing.

DNA Sequencing of the Protease
and Reverse Transcriptase Genes
The DNA product of PCR amplifica-
tion was column purified by using Qia-
qick PCR kit (Qiagen Inc). Direct se-
quencing was performed with the ABI
Prism 377 DNA Sequencer (Perkin
Elmer, Norwalk, Conn). Cycle sequenc-
ing was carried out on the GeneAmp
PCR System 9600 (Perkin Elmer) us-
ing AmpliTaq DNA polymerase and
dye-labeled terminators (Perkin Elmer/
Applied Biosystems, Foster City, Calif).
Sequence primers R-3 (nucleotide po-
sition 2484-2504), R-4 (nucleotide
position 2436-2453), R-6 (nucleotide
position 3255-3279), and R-7 (nucleo-
tide position 2811-2834) were used to
analyze the amplified fragment of the
reverse transcriptase gene (codons
1-318). The entire protease gene was
sequenced with the inner PCR prim-
ers PT-2 and PT-3.

Sequence Analysis
Individual sequences from protease and
reverse transcriptase gene obtained by
direct DNA sequencing were manually
edited and pairwise aligned to pNL4.3
as a the reference sequence using the
EDITSEQ and MEGALIGN programs
included in the Lasergene software pack-
age (DNASTAR Inc, Madison, Wis). The
presence of resistance-conferring mu-
tations was based on an extensive search
of the HIV-1 resistance mutation data-
base (Los Alamos National Laboratory,
Los Alamos, NM). The phylogenetic
analysis was performed using the dis-
tance matrix program DNADIST with
the stochastic model of Kimura 2 and the
NEIGHBOR program, both supplied in
the PHYLIP package (distributed by

Joseph Felsenstein, PhD, University of
Washington, Seattle).27

Phenotypic Analysis
In vitro drug susceptibility testing was
performed with a recombinant virus
assay (ViroLogic Inc, South San Fran-
cisco, Calif). Briefly, the protease and
reverse transcriptase portion of the pol
gene was amplified by reverse transcrip-
tase (PCR) from plasma viral RNA
samples. The amplified fragment was
digested and ligated to a modified HIV-1
DNA vector that includes a luciferase
reporter gene and is restricted to a single
round of viral replication. Following
transformation of the recombinant resis-
tance test vectors into Escherichia coli,
plasmid DNA representing the pool of
virus present in the patient plasma was
purified and used to transfect 293 cells.
Viral particles were collected 48 hours
after transfection and used to infect fresh
cells, which were lysed after 48 hours
and luciferase activity was measured.
Protease inhibitors were added to trans-
fected cells and reverse transcriptase
inhibitors were added to infected cells.
Drug susceptibility was measured by
plotting the percentage of inhibition of
luciferase activity against the log of the
drugconcentrationtodeterminethecon-
centration of drug that inhibited lucif-
erase activity by 50%. Increased or
decreased susceptibility to a particular
drug is expressed as the fold-change
between the patient sample concentra-
tion of drug that inhibited luciferase
activity by 50% and that of a construct
containing protease and reverse tran-
scriptase from pNL4.3. Reproducibil-
ity studies have demonstrated that 95%
of values from replicate assays vary by
less than 2.5-fold. In this study, we
selected up to a 3.0-fold change as the
upper limit of susceptibility to any par-
ticular drug.

RESULTS
Genetic Analysis of HIV-1 Reverse
Transcriptase and Protease Genes

Of the 80 plasma RNA samples studied,
all could be amplified and analyzed by
direct DNA sequencing. Virus from 10
subjects (12.5%) was found to harbor

resistance-conferring mutations to
NRTIs (TABLE 2). Six of these were found
to harbor mutations associated with zid-
ovudine resistance. Two subjects har-
bored virus with multiple resistance mu-
tations in reverse transcriptase and
protease, including zidovudine-related
resistance mutations M41L (n = 2),
D67N (n = 2), K70R (n = 1), L210W
(n = 1), T215Y/F (n = 2), and K219Q
(n = 1). Isolated zidovudine resistance
mutations M41L (n = 2) and K70R
(n = 2) could be identified in virus from
4 individuals. An isolated amino acid
substitution, D67N, that is associated
with resistance to zidovudine only in
context with other resistance-confer-
ring mutations (ie, M41L, K70R, and
T215Y) (Brendan A. Larder, MA, PhD,
oral communication, April 1999) was
found in 5 isolates. The lamivudine-
related resistance mutation M184V was
detected in 4 individuals (5.0%), 3 by
population consensus sequencing and 1
by limiting-dilution PCR.

Resistance-conferring mutations to
nonnucleoside reverse transcriptase in-
hibitors (NNRTIs) were seen in 6 indi-

Table 2. Overall Resistance Mutations in
Reverse Transcriptase and Protease Genes
Among 80 Subjects With Primary HIV-1
Infection, July 1995 to April 1999*

Mutations
No. of

Individuals (%)

Primary NRTIs, total 10 (12.5)
M41L 4 (5.0)
K70R 3 (3.8)
M184V 4 (5.0)
L210W 1 (1.3)
T215Y/F 1 (1.3)
K219Q 1 (1.3)

Secondary NRTI, total
D67N 7 (8.8)

Primary NNRTIs, total 6 (7.5)
K103N 1 (1.3)
V179D/E 3 (3.8)
Y188H 1 (1.3)
Y188L 1 (1.3)

Primary protease
inhibitors, total

2 (2.5)

V82A 1 (1.3)
L90M 2 (2.5)

Protease inhibitor
polymorphisms, total

63 (78.8)

At residue 10 14 (17.5)
At residue 36 4 (5.0)
At residue 63 48 (60.0)
At residue 77 16 (20.0)
At residue 93 28 (35.0)

*HIV-1 indicates human immunodeficiency virus 1; NRTI,
nucleoside reverse transcriptase inhibitor; and NNRTI,
nonnucleoside reverse transcriptase inhibitor.
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viduals (7.5%). K103N was observed in
1 individual also harboring a popula-
tion of virus with the M184V substitu-
tion. Three subjects were found to har-
bor virus with a substitution at codon
179 of reverse transcriptase. Two sub-
jects had a virus with a resistance-
conferring mutation at codon 188. Mu-
tations at codons 65, 69, 100, 106, 151,
181, and 190, associated with acquired
resistance to NRTIs and NNRTIs dur-
ing therapy, were not identified. Amino
acid polymorphisms in the reverse tran-
scriptase gene not known to be associ-
ated with drug resistance, based on an
extensive search of the HIV-1 resis-
tance mutation database (Los Alamos
National Laboratory) were observed at
residues 35, 60, 76, 83, 123, 135, 200,
207, and 211. Of note, 6 subjects had a
V75L substitution in reverse transcrip-
tase that has only been observed during
in vitro passage experiments with an ex-
perimental NNRTI.28

Sequencing of the protease gene from
the same 80 antiretroviral-naive indi-
viduals detected virus harboring mul-
tiple mutations in the protease coding
sequence in 2 individuals. These vi-
ruses also contained multiple reverse
transcriptase mutations. The amino acid
substitutions V82A (n = 1) and L90M
(n = 2), known to be associated with re-
sistance to multiple protease inhibi-
tors,9,29,30 were detected in these iso-
lates. The sources of these resistant
HIV-1 variants were, in both cases,
sexual contacts with established HIV-1
infection and high levels of plasma vi-
rus known to be refractory to therapy
with both protease inhibitors and
NRTIs. Genotypic analysis of virus from
the 2 different source patients re-
vealed a strikingly similar pattern of
both resistance-associated and other
polymorphic mutations to the respec-
tive recipient’s virus. Sequencing of
the C2-V3 env region confirmed the
relatedness of both donor-recipient
viruses (data not shown). No other pri-
mary protease inhibitor resistance-
conferring mutations were identified
among the remaining 78 newly HIV-
infected individuals. A high degree of
protease gene polymorphism was ob-

served. Frequently involved amino acid
changes were at positions 63 (60.0%),
93 (35.0%), 77 (20.0%), 10 (17.5%),
and 36 (5.0%) (Table 2). Twenty-
seven isolates (33.8%) contained 1 of
these protease gene polymorphisms, 18
isolates (22.5%) had secondary muta-
tions at 2 sites, and 17 (21.3%) con-
tained at least 3 of these polymor-
phisms. The observed frequencies of
these polymorphisms did not change
significantly over time. The distribu-
tion by calendar year of the transmis-
sion of HIV-1 is shown in FIGURE 1.

To ensure the integrity of the se-
quence data obtained, a phylogenetic
analysis of the 80 sequences of both pro-
tease and reverse transcriptase was per-
formed to rule out laboratory strain and
intersample contamination (FIGURE 2).
The phylogenetic tree clearly demon-
strates independent segregation of se-
quences from laboratory strains (HXB2,
YU.2, BH5, JRCSF, pNL4.3) as well as
from each other.

Phenotypic Analysis
of Selected Isolates
Drug susceptibility testing was success-
fully performed on 67 samples using a
recombinant virus assay. Phenotypic
data on 9 plasma samples could not be
determined because of a reduced suc-
cess rate in PCR amplification of the
large amplicon required to perform the
assay. Additionally, plasma from 1 in-
dividual was unavailable for testing and
3 could not be assayed because of as yet
undefined technical issues. Fifty-
seven (85%) of these samples had phe-
notypes consistent with the interpre-
tation of the genotypic data (data not
shown). Forty-nine (73%) of the 57 had
a drug-sensitive phenotype with less
than 3.0-fold decreased susceptibility
to all tested drugs and a genotype with-
out any known resistance mutations.
Eight subjects had reduced suscepti-
bility to selected compounds in con-
cordance with the observed geno-
types. Three of these individuals had
isolated substitutions known to con-
fer resistance to lamivudine (M184V)
or NNRTIs (V179E), concordant with
the phenotypes. The presence of

Figure 1. Distribution of Newly Acquired
HIV-1 Infection
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HIV-1 indicates human immunodeficiency virus 1. Each
column shows the number of newly infected individu-
als harboring HIV-1 with resistance-conferring mu-
tations to nucleoside reverse transcriptase inhibitors
alone (NRTIs) (pink), nonnucleoside reverse transcrip-
tase inhibitors alone (NNRTIs) (blue), and multiple drug
classes, including protease inhibitors (gray), and the
number of those harboring HIV without resistance-
conferring mutations (white).

Figure 2. Phylogenetic Tree Analysis of
Genotypes of HIV-1 Strains
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Data are based on the pol region of human immuno-
deficiency virus 1 (HIV-1) (nucleotide positions 2253-
3217 of HIV-1pNL4.3) from 80 subjects. Sequences from
the 5 laboratory strains retrieved from GeneBank are
labeled (accession numbers are in parentheses): YU.2
(M93258), BH5 (K02012), HXB2 (K03455), JRCSF
(M38429), and pNL4.3 (U26942). The scale bar rep-
resents 1% nucleotide sequence divergence. The tree
was constructed using the DNADIST and NEIGHBOUR
programs in the PHYLIP Version 3.57c package, pro-
vided by Joseph Felsenstein, PhD.
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M184V was associated with high-level
(.1000-fold) reduced susceptibility to
lamivudine. One of the 2 viruses with
an isolated substitution V179E had de-
creased susceptibility to the NNRTI
delavirdine (4.0-fold), whereas the sec-
ond revealed reduced susceptibility to
all 3 NNRTIs—delavirdine (15.5-
fold), nevirapine (4.9-fold), and efavi-
renz (6.4-fold).

Virus from 1 subject had isolated
high-level reduced susceptibility to la-
mivudine (.1000-fold) despite the ab-
sence of M184V in the reverse tran-
scriptase of the PCR product used for
consensus sequencing. However, the
M184V mutation was present in the
resistance test vector pool used for
the phenotypic assay. To determine
whether minor viral populations could
have accounted for the observed dis-
cordance, we performed limiting-
dilution PCR and sequencing of 10 am-
plicons on the patient’s plasma. One of
10 sequences contained a genotype cod-
ing for the M184V substitution in re-
verse transcriptase. This individual was
known to have been infected by an HIV-
infected contact with intermittent
adherence to a double nucleoside treat-
ment regimen containing lamivudine.

Of the 10 cases with apparent dis-
cordance between phenotype and
genotype, all had low-level but repro-
ducible reduced susceptibility to 1 or
more antiretroviral agents in the ab-
sence of known resistance-conferring
genotypes. Five cases had modest (3.2-
to 4.6-fold) reductions in susceptibil-
ity to nelfinavir, while in 2 cases, simi-
lar reductions in susceptibility to indi-
navir (3.9- and 4.9-fold) were noted.
These were found in the context of
genotypes lacking primary site prote-
ase mutations, including V82A, D30N,
or L90M. To validate the genotypic
findings, 10 to 12 replicates were se-
lected for sequencing after limiting-
dilution PCR in 5 of 7 subjects. In each
case, no primary mutations were found
in any of the PCR products to account
for the observed phenotypes, nor did
these sequences obviously differ with
respect to the incidence and distribu-
tion of known polymorphisms in HIV-1

protease from those derived from pa-
tient plasma that tested sensitive in the
phenotypic assay. The 3 remaining dis-
cordant cases demonstrated similarly
low-level (3.2- to 3.6-fold) reduced sus-
ceptibility to delavirdine. Limiting-
dilution PCR in 2 of 3 plasma samples
was unrevealing and the clinical sig-
nificance of this minimal reduction in
susceptibility is unclear.

Transmission of MDR Virus
Three MDR viruses, defined by the pres-
ence of resistance-conferring geno-
types and phenotypic resistance to more
than 1 class of antiretrovirals, were iden-
tified (TABLE 3). One subject, MDR1, in-
fected in June 1996, harbored NNRTI-
and lamivudine-related resistance-
conferring mutations K103N and
M184V at baseline. Phenotype re-
vealed greater than 1000-fold reduced
susceptibility to lamivudine, and 79.2-
fold, 93.1-fold, and 32.5-fold reduced
susceptibility to nevirapine, delavir-
dine, and efavirenz, respectively. At the
time of presentation, this subject was
empirically treated with triple combi-
nation therapy, including zidovudine-
lamivudine and indinavir, and demon-
strated viral load rebound after a period
of transient reduction lasting approxi-
mately 250 days. Virological break-
through was associated with the emer-
gence of protease inhibitor resistance-
conferring genotypes (V82A, M46I,
V32I) and phenotypic resistance to in-
dinavir (4.1-fold) and cross-resistance
to nelfinavir (3.6-fold) and ritonavir
(9.0-fold)31 (FIGURE 3).

Viruses from subjects MDR2 and
MDR3 revealed zidovudine resistance–
conferring mutations M41L/D67N/
T215Y (MDR2) and M41L/D67N/
K70R/T215F/K219Q (MDR3) com-
bined with known primary protease
inhibitor resistance amino acid substi-
tutions V82A/L90M (MDR2) and
L90M (MDR3). Multidrug-resistant
virus 3 also had 2 NNRTI resistance–
conferring mutations at residues 179
(V to D) and 188 (Y to L).

Phenotypic data for MDR2 revealed
reduced susceptibility to zidovudine
(714.2-fold), lamivudine (4.3-fold),

abacavir (0.5-fold), and 7.3- to 46.3-
fold reductions in susceptibility to the
protease inhibitors (Table 3). Multidrug-
resistant virus 3 was similarly found to
have reductions in susceptibility of 30.3-
fold to zidovudine, 16.6-fold to saquina-
vir, 5.4-fold to indinavir, 8.9-fold to
ritonavir, and 33.2-fold to nelfinavir. Re-
duced susceptibility to the 3 NNRTIs,
delavirdine (36.6-fold), nevirapine
(.1000-fold), and efavirenz (162.9-
fold), was demonstrated.

COMMENT
We present the first published series to
our knowledge describing the preva-
lence of transmitted drug-resistant HIV-1
among 80 individuals in the United
States in the era of combination antiret-
roviral therapy, including both reverse
transcriptase inhibitors and protease in-
hibitors. The cohort is predominantly
homosexual men from large urban cen-
ters (eg, New York, Los Angeles). This
cohort represents a subset of new HIV-1
infections and may not reflect the preva-
lence of resistance in newly acquired HIV
overall. In this cohort, the overall preva-
lence of genotypes associated with drug
resistance to any antiretroviral agent
was approximately 16.3%. We believe
that this represents a minimal estimate
because there may be resistance-
conferring mutations that have not yet
been identified. Of note, of 67 pheno-
type assays performed, 18 (26.8%) de-
tected a 3.0-fold or greater reduction in
susceptibility to any antiretroviral agent.
However, in 10 of 18 assays, low-level
(3.0- to 5.0-fold) reduced susceptibil-
ity was determined, the clinical signifi-
cance of which has not been estab-
lished. Multidrug resistance, as defined
by the presence of both resistance-
conferring genotypes and resistant phe-
notypes (.5.0-fold) to 2 or more classes
of antiretroviral drugs, was far less com-
mon, only 3.8%. Two of the 3 cases were
identified in the past year. Further-
more, 5 of 7 individuals infected in 1999
harbored known resistance-conferring
mutations to at least 1 antiretroviral
agent. We observed extensive polymor-
phism in the protease gene, with high
frequencies of substitutions at residues
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10, 36, 63, 77, and 93, in agreement with
published data.32 Of note, the number
of individuals harboring polymor-
phisms and the number of polymor-
phic sites in a given individual did not
change during the observation period.

The overall concordance between in-
terpretations of genotypic data and phe-
notypic results was 85.0% in patients
in whom both assays were performed.
In the 10 apparently discordant cases,
low-level reduced susceptibility (3.0- to
5.0-fold) to nelfinavir, indinavir, or
delavirdine was observed. The careful
genotypic analysis of plasma samples
by sequencing multiple products of lim-
iting-dilution PCR did not reveal known
resistance-conferring genotypes. This
highlights the difficulties in the inter-
pretation of resistance testing data. In-
terpretation of genotypes is difficult as

there are large numbers of polymor-
phisms in both protease and reverse
transcriptase that may or may not con-
fer some degree of drug resistance. Fur-
thermore, although the lower limit of
detection of changes in susceptibility
is defined by the assay variability (2.5-
fold), only carefully executed prospec-
tive trials that incorporate both geno-
typic and phenotypic testing will clarify
the clinical significance of the ob-
served low-level reductions in suscep-
tibility to specific antiretroviral agents.

One subject with primary HIV-1 in-
fection was infected with a virus resis-
tant to lamivudine, confirmed by both
genotypic and phenotypic analyses. Hu-
man immunodeficiency virus 1 RNA in-
creased in this individual after therapy
with zidovudine, lamivudine, and indi-
navir, associated with the emergence of

resistance to indinavir as determined by
both the presence of the resistance-
conferring genotype and reduced sus-
ceptibility by phenotype. As this case
demonstrates, baseline resistance may
have significant consequences for treat-
ment response and suggests a potential
role for resistance testing33-36 in the set-
ting of treating acute HIV-1 infection.

As previously shown,21 we observed
that though rare, sexual transmission
of MDR HIV is possible. Importantly,
the donors were known to have high
levels of circulating drug-resistant vi-
rus (plasma HIV RNA, approximately
1 million copies/mL by history). Of
equal importance, episodes of high-
risk sexual contact were reported by
both pairs of partners. The antiretro-
viral treatment histories of the vast ma-
jority of HIV-1–transmitting sexual
partners of the patients we studied were
not known.

We conclude that 4 years after the in-
troduction of protease inhibitors and ex-
panded options to inhibit reverse tran-
scriptase, the prevalence of transmitted
viruses with resistance-conferring geno-
types to reverse transcriptase inhibitors
and/or protease inhibitors in this co-
hort of 80 subjects is 16.3% (NRTIs,
12.5%; NNRTIs, 7.5%; protease inhibi-
tors, 2.5%). These data support contin-
ued investigation into the use of resis-
tance testing when treating primary
HIV-1 infection. It is hypothesized that
when treating acute HIV-1 infection, im-
mediate suppression of virus replica-
tion is desired to both limit total body
viral burden and preserve HIV-1–
specific immune responses.1,37 There-
fore, we propose that clinical trials be ini-
tiated to determine whether additional
virological and immunological benefits
may be derived from resistance assay–
guided therapeutic regimens (multiple
drugs from multiple classes initiated em-

Figure 3. Longitudinal Determinations of Plasma HIV RNA, Plasma-Derived HIV-1
Genotypes, and Selected Phenotypes of Plasma-Derived Recombinant Viruses
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ritonavir (diamond) at days 0, 260, 400, and 730 of therapy are shown. HIV-1 indicates human immunode-
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Table 3. Phenotype of Multidrug-Resistant (MDR) HIV-1 Variants Among 3 Subjects With Primary HIV-1 Infection*

Case Zidovudine Lamivudine Stavudine Didanosine Zalcitabine Abacavir Nevirapine Delavirdine Efavirenz

MDR1 1.2 .1000.0 0.9 1.9 2.0 3.5 79.2 93.1 32.5

MDR2 714.2 4.3 1.3 11.2 3.3 0.5 5.4 0.8 0.8

MDR3 30.3 5.0 3.2 2.7 2.0 3.1 .1000.0 36.6 162.9

*HIV-1 indicates human immunodeficiency virus 1; and ND, not done. Susceptibility is expressed as fold-change in the 50% inhibitory concentration compared with control (pNL4-3).
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pirically with subsequent tailoring based
on resistance testing) compared with the
empirical use of standard triple combi-
nation antiretroviral drug regimens.

Our study population may not be rep-
resentative of new HIV-1 infections in
general. Furthermore, it may be too early
to detect an increase in the transmis-
sion of protease inhibitor–resistant
virus, given the relatively recent intro-
ductionof thisdrugclass.Therefore, con-
tinued studies using methods to exam-
ine both the genotype and phenotype of
transmitted viruses in newly infected
individuals are critical. Larger numbers
of newly infected individuals need to be
studied to determine whether the preva-
lence of transmitted resistant virus is in-
creasing and expanded efforts to study
cohortswithdiverseepidemiologicalpro-
files is clearly indicated.

Funding/Support: This work was supported by Na-
tional Institutes of Health grants M01-RR00102 to
Rockefeller University General Clinical Research Cen-
ter, AI-41534 to Aaron Diamond AIDS Research Cen-
ter Acute Disease and Early Intervention Research Net-
work, and P30AI42848 to Columbia/Rockefeller
University Center for AIDS Research.
Acknowledgment: We thank David D. Ho, MD, for on-
going support, Douglas Nixon, MD, PhD, for critical re-
view of an early version of the manuscript, Wendy Chen
for preparing the tables and figures, and Rhonda Kost,
MD, for clinical assistance. We are indebted to the Vi-
roLogic Clinical Reference Laboratory for performing the
phenotypic analysis. We also thank Chiron Diagnostics
for performing viral load measurements and Roche Di-
agnostics for supplying quantitation materials.

REFERENCES

1. Carpenter CC, Fischl MA, Hammer SM, et al. An-
tiretroviral therapy for HIV infection in 1998. JAMA.
1998;280:78-86.
2. Perelson AS, Essunger P, Cao Y, et al. Decay char-
acteristics of HIV-1-infected compartments during
combination therapy. Nature. 1997;387:188-191.
3. Gulick RM, Mellors JW, Havlir D, et al. Treatment
with indinavir, zidovudine, and lamivudine in adults with
human immunodeficiency virus infection and prior anti-
retroviral therapy. N Engl J Med. 1997;337:734-739.
4. Hammer SM, Squires KE, Hughes MD, et al. A con-
trolled trial of two nucleoside analogues plus indina-
vir in persons with human immunodeficiency virus in-
fection and CD4 cell counts of 200 per cubic millimeter
or less. N Engl J Med. 1997;337:725-733.
5. Palella FJJ, Delaney KM, Moorman AC, et al.

Declining morbidity and mortality among patients with
advanced human immunodeficiency virus infection.
N Engl J Med. 1998;338:853-860.
6. Shafer RW, Winters MA, Palmer S, Merigan TC.
Multiple concurrent reverse transcriptase and prote-
ase mutations and multidrug resistance of HIV-1 iso-
lates from heavily treated patients. Ann Intern Med.
1998;128:906-911.
7. Patick AK, Duran M, Cao Y, et al. Genotypic and
phenotypic characterization of human immunodefi-
ciency virus type 1 variants isolated from patients
treated with the protease inhibitor nelfinavir. Antimi-
crob Agents Chemother. 1998;42:2637-2644.
8. Eastman PS, Mittler J, Kelso R, et al. Genotypic
changes in human immunodeficiency virus type 1 as-
sociated with loss of suppression of plasma viral RNA
levels in subjects treated with ritonavir (Norvir) mono-
therapy. J Virol. 1998;72:5154-5164.
9. Molla A, Korneyeva M, Gao Q, et al. Ordered ac-
cumulation of mutations in HIV protease confers re-
sistance to ritonavir. Nat Med. 1996;2:760-766.
10. Havlir DV, Eastman S, Gamst A, Richman DD. Ne-
virapine-resistant human immunodeficiency virus. J Vi-
rol. 1996;70:7894-7899.
11. Fatkenheuer G, Theisen A, Rockstroh J, et al. Vi-
rological treatment failure of protease inhibitor therapy
in an unselected cohort of HIV-infected patients. AIDS.
1997;11:F113-F116.
12. Duncombe C, Kaufmann G, Beveridge A, et al.
Durability of quadruple antiretroviral therapy includ-
ing ritonavir and saquinavir in patients with ad-
vanced HIV-1 disease. In: Program and abstracts of
the Fifth Conference on Retroviruses and Opportu-
nistic Infections; February 1-5, 1998; Chicago, Ill. Ab-
stract 390.
13. Deeks SG, Hecht FM, Swanson M, et al. HIV-1
RNA and CD4 cell count response to protease inhibi-
tor therapy in an urban AIDS clinic: response to both
initial and salvage therapy. AIDS. 1999;13:F35-F43.
14. Sonnerburg A, Johansson B, Ayehunie S, Ju-
lander I. Transmission of zidovudine-resistant HIV-1.
AIDS. 1993;7:1684-1685.
15. Quigg M, Rebus S, France AJ, McMenamin J,
Darby G, Leigh Brown AJ. Mutations associated with
zidovudine resistance in HIV-1 among recent sero-
converters. AIDS. 1997;11:835-836.
16. Angarano G, Monno L, Appice A, et al. Trans-
mission of zidovudine-resistant HIV-1 through het-
erosexual contacts. AIDS. 1994;8:1013-1014.
17. Conlon CP, Klenerman P, Edwards A, Larder BA,
Phillips RE. Heterosexual transmission of human
immunodeficiency virus type 1 variants associated with
zidovudine resistance. J Infect Dis. 1994;169:411-415.
18. Erice A, Mayers DL, Strike DG, et al. Primary in-
fection with zidovudine-resistant human immunode-
ficiency virus type 1. N Engl J Med. 1993;328:1163-
1165.
19. Fitzgibbon JE, Gaur S, Frenkel LD, Laraque F, Ed-
lin BR, Dubin DT. Transmission from one child to an-
other of human immunodeficiency virus type 1 with
a zidovudine-resistance mutation. N Engl J Med. 1993;
329:1835-1841.
20. Imrie A, Beveridge A, Genn W, Vizzard J, Coo-
per DA. Transmission of human immunodeficiency vi-
rus type 1 resistant to nevirapine and zidovudine.
J Infect Dis. 1997;175:1502-1506.

21. Hecht FM, Grant RM, Petropoulos CJ, et al. Sexual
transmission of an HIV-1 variant resistant to multiple
reverse-transcriptase and protease inhibitors. N Engl
J Med. 1998;339:307-311.
22. Wainberg MA, Friedland G. Public health impli-
cations of antiretroviral therapy and HIV drug resis-
tance. JAMA. 1998;279:1977-1983.
23. Cohen OJ, Fauci AS. Transmission of multidrug-
resistant human immunodeficiency virus—the wake-up
call. N Engl J Med. 1998;339:341-343.
24. Simmonds P, Balfe P, Peutherer JF, Ludlam CA,
Bishop JO, Brown AJ. Human immunodeficiency virus-
infected individuals contain provirus in small num-
bers of peripheral mononuclear cells and at low copy
numbers. J Virol. 1990;64:864-872.
25. Balfe P, Simmonds P, Ludlam CA, Bishop JO,
Brown AJ. Concurrent evolution of human immuno-
deficiency virus type 1 in patients infected from the
same source. J Virol. 1990;64:6221-6233.
26. Jena PK, Liu AH, Smith DS, Wysocki LJ. Amplifi-
cation of genes, single transcripts and cDNA libraries
from one cell and direct sequence analysis of ampli-
fied products derived from one molecule. J Immunol
Methods. 1996;190:199-213.
27. Felsenstein J. Phylogenies from molecular se-
quences. Annu Rev Genet. 1988;22:521-565.
28. Kleim JP, Rosner M, Winkler I, et al. Selective
pressure of a quinoxaline nonnucleoside inhibitor of
human immunodeficiency virus type 1 (HIV-1)
reverse transcriptase (RT) on HIV-1 replication
results in the emergence of nucleoside RT-inhibitor-
specific (RT Leu-74→Val or Ile and Val-75→Leu or
Ile) HIV-1 mutants. Proc Natl Acad Sci U S A. 1996;
93:34-38.
29. Tisdale M, Myers RE, Maschera B, et al. Cross-
resistance analysis of human immunodeficiency virus
type 1 variants individually selected for resistance to
five different protease inhibitors. Antimicrob Agents
Chemother. 1995;39:1704-1710.
30. Condra JH, Schleif WA, Blahy OM, et al. In vivo
emergence of HIV-1 variants resistant to multiple pro-
tease inhibitors. Nature. 1995;374:569-571.
31. Condra JH, Holder DJ, Schleif WA, et al. Genetic
correlates of in vivo viral resistance to indinavir, a hu-
man immunodeficiency virus type 1 protease inhibi-
tor. J Virol. 1996;70:8270-8276.
32. Kozal MJ, Shah N, Shen N, et al. Extensive poly-
morphisms observed in HIV-1 clade B protease gene
using high-density oligonucleotide arrays. Nat Med.
1996;2:753-759.
33. Hertogs K, de Bethune MP, Miller V, et al. A rapid
method for simultaneous detection of phenotypic re-
sistance to inhibitors of protease and reverse tran-
scriptase in recombinant human immunodeficiency vi-
rus type 1 isolates from patients treated with
antiretroviral drugs. Antimicrob Agents Chemother.
1998;42:269-276.
34. Shi C, Mellors JW. A recombinant retroviral sys-
tem for rapid in vivo analysis of human immunode-
ficiency virus type 1 susceptibility to reverse transcrip-
tase inhibitors. Antimicrob Agents Chemother. 1997;
41:2781-2785.
35. Gervaix A, West D, Leoni LM, Richman DD,
Wong-Staal F, Corbeil J. A new reporter cell line to
monitor HIV infection and drug susceptibility in vitro.
Proc Natl Acad Sci U S A. 1997;94:4653-4658.
36. Parkin N, Whitcomb J, Smith D, et al. Use of a
rapid phenotypic HIV-1 drug resistance and suscep-
tibility assay in analyzing the emergence of drug-
resistant virus during triple combination therapy. In:
Program and abstracts of the 37th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy;
September 28–October 1, 1997; Toronto, Ontario. Ab-
stract LB-1.
37. Rosenberg ES, Billingsley JM, Caliendo AM, et al.
Vigorous HIV-1-specific CD4+ T-cell responses asso-
ciated with control of viremia. Science. 1997;278:
1447-1450.

Saquinavir Indinavir Ritonavir Nelfinavir Amprenavir
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13.2 30.0 46.3 7.3 ND
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