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A simple approach for the determination of drug susceptibilities by using human immunodeficiency virus
type 1 (HIV-1) RNA from the sera of patients is described. HIV-1 RNA was extracted from patient sera, and
the 5* part of the reverse transcriptase (RT) gene was transcribed into DNA and amplified in a nested PCR.
The amplified fragment covers the 3* part of the protease gene and amino acids 1 to 304 of the RT gene. This
fragment can be introduced through homologous recombination, as described previously, into a novel HIV-1
reference strain (pHXB2D2-261RT) from which amino acids 2 to 261 of RT have been deleted. The resulting
recombinant virus expresses all properties of the HXB2 reference strain except for those encoded by the
introduced part of the patient RT gene. Recombinant viruses were subsequently tested for drug susceptibility
in a microtiter format killing assay [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay] as
well as in the standard HeLa CD41 plaque reduction assay. Similar susceptibility profiles were obtained by
each assay with recombinant viruses derived from patients receiving alternating nevirapine and zidovudine
treatment or lamivudine-zidovudine combination therapy. In conclusion, this approach enables high-through-
put determination of the drug susceptibilities of serum RNA-derived RT genes, independent of the patient’s
viral background, and generates the possibility of relating changes in susceptibility to changes in viral
genotypes.

During treatment of human immunodeficiency virus type 1
(HIV-1)-infected patients with inhibitors of the viral enzymes
reverse transcriptase (RT) and protease, resistant viruses are
selected. Various biological methods have been developed to
assess the drug susceptibility of HIV-1 (2, 5, 8). In most cases
these assays require cocultivation of patient peripheral blood
mononuclear cells (PBMCs) with donor PBMCs to obtain a
viral stock. Subsequently, the drug susceptibility of the viral
stock can be determined by the addition of a standardized
inoculum to indicator cells in the presence of increasing drug
concentrations. In PBMC-based assays, replication of the virus
in the presence of increasing drug concentrations is measured
by either the production of HIV-1 p24 antigen or RT activity in
the culture supernatants. In the HeLa CD41 plaque reduction
assay, the reduction in the number of plaques is measured.
Recently, Kellam and Larder (6) described an innovative
method of generating viruses for drug susceptibility testing.
Their recombinant virus assay consists of amplification of a
region of the RT gene from patient cells by PCR. Subse-
quently, this RT fragment is cotransfected with a molecular
clone (HIV-1 HXB2), which lacks a part of the RT gene
(amino acids 41 to 523). The resulting recombinant viruses
derive all their biological properties from the molecular clone
HIV-1 HXB2 except for RT, which is partially encoded by the
RT gene from the patient isolates. Since HIV-1 HXB2 induces

syncytia in CD4-transfected HeLa cells, the drug susceptibili-
ties of the recombinant viruses can easily be tested in the
CD41 plaque reduction assay. However, large numbers of
samples cannot easily be analyzed by the plaque reduction
assay, since the number of plaques must be scored. Recombi-
nant viruses generated with the HXB2 molecular clone have
good cell-killing capacities induced by the envelope properties
of the molecular clone. Therefore, we investigated the possi-
bility of testing the drug susceptibilities of recombinant viruses
in a cell-killing assay as described by Pauwels et al. (10). This
cell-killing assay measures the capacity of a virus to induce lysis
of target cells. Living cells convert 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) into a blue product
(formazan). The amount of formazan reflects the number of
cells protected by the drug against killing by the virus. The
production of formazan can be quantified spectrophotometri-
cally. This, in combination with the possibility of performing
the assay in microtiter plates, facilitates testing of large num-
bers of viral isolates.
In order to be able to measure drug susceptibility from RT

genes present in serum, we developed a sensitive approach for
the amplification of HIV RNA, combining the reverse tran-
scription and first amplification step in one tube; this is fol-
lowed by a second (nested) PCR (9). We constructed a new
HXB2 deletion plasmid which lacks a smaller region of RT
(amino acids 2 to 261) than the original plasmid; this region
contains all mutations known to confer drug resistance de-
scribed in patients.
This paper describes the results of the RNA recombinant

virus MTT approach. Serum samples from patients in clinical
trials were used to generate the RT fragment. The recombi-
nant viruses were made with the new deletion plasmid. By
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using these fragments, recombinant viruses were tested both in
the HeLa CD41 plaque reduction assay and the MTT assay.
Finally, susceptibility profiles were compared with the RT se-
quences obtained by population sequence analysis of the am-
plified RT genes used to create the recombinant viruses.

MATERIALS AND METHODS

Cell lines. SupT1 cells were used to propagate the molecular clones and were
used in transfection experiments to generate the recombinant viruses. MT2 cells
were used to calculate the 50% tissue culture infective doses for the MTT
sensitivity assay. HT4LacZ-1 is a HeLa cell line expressing CD4 molecules on the
surface and b-galactosidase (11) and can therefore be infected with HIV-1 and
used for drug susceptibility assays. HT4LacZ-1 cells were used to titrate the virus
for the HeLa CD41 plaque reduction assay and to determine drug susceptibil-
ities (8). All cell lines were maintained in RPMI 1640 medium supplemented
with 10% fetal calf serum (Gibco BRL, Life Technologies Inc., Breda, The
Netherlands) and antibiotics. Cell lines were used in the logarithmic phase of
growth. After 20 passages, the cells were discarded and new cells were obtained
from our repository.
Drug susceptibility assays. Susceptibility to zidovudine (ZDV), lamivudine

(3TC), and nevirapine (NVP) were determined in the HeLa CD41 plaque
reduction assay as described previously by Larder et al. (8) by using HT4LacZ
cells (11). The MTT assay was performed as described by Pauwels et al. (10).
Briefly, the cells were infected with the virus in the presence of increasing drug
concentrations. Living cells convert MTT into a blue product, formazan. The
amount of formazan reflects the number of cells protected by the drug. A few
modifications were introduced. MT2 cells were used instead of MT4 cells, and a
cell-free virus titration was performed simultaneously with each susceptibility
measurement in order to evaluate the variation in the amount of cell killing
caused by a variation in the amount of input virus.
Reference viral strains. The infectious molecular clone HIV-1 HXB2 (con-

taining no ZDV resistance mutations) and HIV-1 RTMC (a gift from B. Larder)
containing ZDV resistance-conferring amino acid changes at four codons (as-
partic acid to asparagine at codon 67 [D67N], K70R, T215F, and K219Q) intro-
duced in the background of HXB2 by mutagenesis were used to evaluate the
MTT assay.
Clinical samples. Serum samples and uncultured PBMCs were obtained from

patients participating in two clinical trials. In one trial (Boehringer trial 881)
patients were treated with a regimen of NVP (1 week) alternated with ZDV (3
weeks) (4). In the other trial (NUCB trial 2001), patients were treated with 3TC
monotherapy and subsequently with a combination of 3TC and ZDV (14).
Nucleic acid isolation. A volume of 100 ml of serum or a pellet of 106 uncul-

tured patient PBMCs was used for nucleic acid isolation. RNA and DNA were
extracted as described by Boom et al. (1) by a method based on a guanidinium-
thiocyanate lysis buffer and glass-milk.
Generation of the HIV-1 RT cDNA fragments by one-tube RT-PCR. Copy

DNA fragments were generated by a one-tube RT-PCR approach as described
by Nijhuis et al. (9). In this system reverse transcription and amplification were
performed in heat-stable microtiter plates (HI TEMP; Techne Inc., Princeton,
N.J.) with a thermal cycler (PHC-3; Techne Inc.). Each RT-PCR mixture con-
tained 10 pmol of oligonucleotides RT18 (59-GGA AAC CAA AAA TGA TAG
GGG GAA TTG GAG G-39 [nucleotides 2376 to 2406]) and RT21 (59-CTG
TAT TTC TGC TAT TAA GTC TTT TGA TGG G-39 [nucleotides 3538 to
3508]) (Pharmacia Biotech, Roosendaal, The Netherlands), 200 mM (each) the
four deoxynucleoside triphosphates (Pharmacia, Piscataway, N.J.), 2 mMMgCl2,
67 mM Tris-HCl (pH 8.8), 17 mM (NH4)2SO4, 1 mM b-mercaptoethanol, 6 mM
EDTA, 400 ng of poly(A) RNA (Pharmacia), 0.2 mg of bovine serum albumin
(Boehringer, Mannheim, Germany) per ml, 2.5 U avian myeloblastosis virus RT
(Boehringer), and 1.7 U of AmpliTaq polymerase (Perkin-Elmer, Norwalk,
Conn.). All reactions were performed in a 50-ml volume and were covered with
paraffin oil. The reaction mixtures were incubated for 30 min at 428C to enable
cDNA synthesis. Afterward the RT enzyme was inactivated (5 min at 958C) and
cDNA was amplified for 35 cycles by the following protocol: 1 min at 958C, 1 min
at 558C, and 2 min at 728C. Subsequent to this procedure the amount of ampli-
fied product was further increased in a second (nested) amplification reaction. A
total of 5 ml of the RT-PCR mixture was transferred to a fresh (50-ml) amplifi-
cation mixture containing 14 pmol of each of the (nested) oligonucleotides RT19
(59-GGA CAT AAAGCT ATAGGTACAG-39 [nucleotides 2453 to 2474]) and
RT20 (59-CTG CCAGTT CTAGCT CTG CTT C-39 [nucleotides 3461 to 3440])
(Pharmacia Biotech) and the same reaction buffer described for the RT-PCR
except for the presence of poly(A) RNA and avian myeloblastosis virus RT. In
order to reduce the chance that a contaminant of the second PCR would be
amplified to a detectable concentration, the nested amplification reaction con-
sisted of 25 instead of 35 cycles. After optimization the sensitivity of the entire
(nested) procedure was as low as 50 molecules of HIV-1 RNA.
Construction of an RT-deleted proviral molecular clone (pHXB2D2-261RT).

The deletion clone was constructed from an HXB2 molecular clone. In this clone
a deletion in the HXB2-RT gene of 260 amino acids (amino acids 2 to 261 of RT)
was introduced. The SmaI site present in the vector pSP64 containing the mo-

lecular clone HXB2DBstEII (gift of Brendan Larder [6]) was removed
(HXB2DBstEII/SmaI2). For the construction of the RT deletion clone, a PCR
was performed with PFU polymerase (Stratagene, Westburg bv, Leusden, The
Netherlands) on HXB2 with primers SK145 (nucleotides 1358 to 1387; 59-AGT
GGG GGG ACA TCA AGC AGC CAT GCA AAT-39) and 39Sma-RT (nucle-
otides 2565 to 2535; 59-GGG GGT CAC CCC CGG GAA AAT TTA AAG
TGC-39). This PCR fragment was digested with ApaI and SmaI and was cloned
into pGem 7(1) (Promega, Leiden, The Netherlands). The resulting clone,
59Sma-RT/7, contained the HXB2 sequence from positions 2009 to 2551. A
second PCR fragment was generated with the primers 59Sma-RT (nucleotides
3326 to 3346; 59-TTA CCC GGG AAA TTG AAT TGG-39) and 39Pol-MX
(nucleotides 5016 to 4982; 59-CTT GGA TCC ACT ACG CGT ATG TCA CTA
TTA TCT TG-39). This fragment was digested with SmaI and MluI and cloned
into the 59Sma-RT/7 clone. The resulting construct, small DRT/7, contained the
HXB2 sequence from positions 2009 to 2551 and from positions 3332 to 5098.
Both the small DRT/7 clone and the HXB2DRTBstEII/SmaI2 clone were trans-
formed into Escherichia coli dam2 cells to change the methylation status of the
DNA. Through BclI (position 2428) and BalI (position 4552) digestion the
unique SmaI site was introduced into the HXB2DRTBstEII/SmaI2 clone, re-
sulting in pHXB2D2-261RT.
Electroporation of the HIV-1 RT fragments. The amplified DNA products

were purified by a phenol-chloroform extraction and ethanol precipitation, and
the amount of product was determined spectrophotometrically. When the source
of patient material was DNA from cells, 1 mg of the PCR fragment was cotrans-
fected by electroporation with 1 mg of the deletion clone pHIVDRTBstEII
(linearized by a BstEII digestion). When patient serum was used as the source,
1 mg (linearized by SmaI digestion) of pHXB2D2-261RT was cotransfected with
1 mg of the PCR-amplified cDNA product. Electroporation procedures were as
follows: DNA fragments were cotransfected in 5 3 106 SupT1 cells with a
Bio-Rad gene pulser (250 V; 960 mF) (3). After electroporation 0.5 3 106 fresh
SupT1 cells were added, and the volume was expanded to 5 ml with culture
medium. The cultures were monitored daily for syncytium formation, and fresh
medium was added to maintain an optimal cell concentration of approximately
0.2 3 106 cells per ml. Viral supernatants were harvested by centrifugation (10
(1,000 3 g for 10 min) when the culture contained 100% full-blown syncytia,
which indicates that nearly all cells in the culture are involved in giant cell
formation. Viral stocks were stored at 2708C for subsequent titration and sen-
sitivity testing.

FIG. 1. Approach used to test drug susceptibilities using recombinant viruses
containing RT genes present in serum samples from treated patients. After
extraction of the viral RNA, a part of the protease gene and the amino-terminal
part of the RT gene was reverse transcribed and PCR amplified in an one-tube
reaction. The amount of product was further increased by a second PCR. The
resulting PCR fragment containing the first 261 amino acids of the RT gene, and
the flanking sequences was cotransfected with a molecular clone lacking amino-
terminal amino acids 2 to 261. Because of the presence of the overlapping
sequences, homologous recombination occurs and the recombinant virus con-
tains amino acids 2 to 261 from the patient sample. The recombinant virus can
be tested in either the HeLa CD41 plaque reduction assay or the MTT assay.
LTR, long terminal repeat.
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A schematic representation of the construction of recombinant viruses from
serum is shown in Fig. 1.
Direct sequencing of patient cDNA fragments from serum HIV-1 RNA. Am-

plified cDNA products were obtained by the one-tube RT-PCR approach. For
the samples obtained from patients participating in the Boehringer study, two
separate nested PCR amplifications were performed with primer pair RT19 with
biotinylated K-RT (nucleotides 3257 to 3240; 59-CAG GAT GGA GTT CAT
AAC-39) and biotinylated RT19 with K-RT. This resulted in amplification prod-
ucts of which one of the strands was biotinylated. Subsequently, single-stranded
DNA was purified by using polystyrene streptavidin-coated magnetic beads
(Dynabeads M280; Dynal AS, Oslo, Norway). Single-stranded DNA was se-
quenced by the dideoxy chain termination method with Sequenase 2.0 (United
States Biochemicals, Cleveland, Ohio), with modifications as described previ-
ously (12). The use of primers K-RT, BR-RT (nucleotides 3018 to 3002; 59-GGT
GAT CCT TTC CAT CC-39), C-RT (nucleotides 2645 to 2664; 59-GCA TTA
GTA GAA ATT TGT AC-39), and RT19 enabled sequence analysis of HIV-1
RT amino acids 1 to approximately 225.
For the analysis of samples obtained from patients participating in the NUCB

2001 trial, we used two different nested PCR products. The primer pairs biotin-
ylated RT19 with RT20 and biotinylated RT20 with RT19 were used in the
nested PCR. For sequencing, the primers K-RT, BR-RT, RT-11 (nucleotides
3110 to 3128; 59-TAT GTA GGA TCT GAC TTA G-39), and 70-PMA (nucle-
otides 2758 to 2774; 59-CTA CTA ATT TTC TCC AT-39) were used. Use of
these primers enabled the analysis of the sequence of amino acids 1 to approx-
imately 262.

RESULTS

Comparison of the cell killing (MTT) assay with the plaque
reduction (HeLa CD41) assay with HIV-1 ZDV-susceptible
and -resistant viruses derived from molecular clones. Since
the MTT assay measures the amount of cells killed by the virus,
it is very sensitive to variation in the amount of viral input. We
therefore determined the effect of variations in the multiplicity
of infection (MOI) and observed that the MOI should range
between 1 3 1023 and 5 3 1023: i.e., 400 to 2,000 50% tissue
culture infective doses per 0.4 3 106 MT2 cells. Generally, the
best results were obtained with an MOI of 3 3 1023 (data not
shown).
Storage of a viral stock and thawing may introduce signifi-

cant changes in viral titer. Consequently, we decided to repeat
the MOI determination in parallel with each drug susceptibility
assay.
The ratio between the mean optical densities of uninfected

and infected cells was used to determine the viral input. With
a viral input of approximately 1023 MOI, this ratio needs to be
between 5 and 20.
In order to evaluate the MTT assay, two well-characterized

molecular HIV-1 clones, HXB2 with no ZDV mutations and
HXB2-RTMC containing four ZDV resistance mutations,
were tested (Table 1). For both the MTT and the plaque
reduction assays we determined the geometric means of the
50% inhibitory concentrations (IC50s) for ZDV and the fold
increase in the IC50 (Table 1). The range of IC50s in the MTT
assay observed with HXB2 was between 0.07 and 0.16 mM (10
measurements); the range of IC50s observed with RTMC was

2.6 to 15.7 mM (four measurements). The ranges of IC50s in
the HeLa CD41 plaque reduction assay were 0.04 to 0.12 mM
with HXB2 and 1.12 to 3.56 mM with RTMC (Table 1). The
variations in the MTT assay and in the plaque assay for the
susceptible clone HXB2 were 0.4 and 0.5 log, respectively. The
fold increase in the IC50 was significant (1.5 to 1.8 log) and was
of the same order of magnitude in both assays. Figure 2 shows
the susceptibility curves for each ZDV concentration for both
viruses in each assay. The toxicity of ZDV for the MT2 cells
measured in the MTT assay is also shown.
Comparison of the MTT assay with the plaque reduction

assay with recombinant viruses derived from proviral DNA
isolated from patient cells. From six patients receiving an al-
ternating treatment of NVP and ZDV (trial 881), paired
PBMC samples were obtained and analyzed twice in both
susceptibility assays at the start and after 16 weeks of treatment
(Table 2). The NVP IC50s for viruses from untreated individ-
uals in the plaque reduction assay ranged from 0.02 to 0.09 mM
(variation, 0.6 log), and in the MTT assay the IC50s ranged
from 0.03 to 0.27 mM (variation, 1 log). The IC50s of ZDV in
the plaque reduction assay ranged from 0.05 to 0.09 mM (vari-
ation 0.3 log), and in the MTT assay the IC50s ranged from 0.08
to 0.36 mM (variation, 0.7 log). The intra-assay variation in
IC50s for the two susceptibility assays with the same stock of
recombinant viruses was 0.6 and 1 log, respectively, for NVP
and 0.3 and 0.7 log, respectively, for ZDV. The increases in the
IC50s observed for viruses from patients between week 0 and
week 16 in both assays were comparable. For viruses from four
of six patients, a significant increase in the IC50 of NVP was
found after 16 weeks of alternating therapy (1.4 to 3 log) in
both assays. Only for virus from one patient (patient N240) was
a significant increase in the IC50 of ZDV shown after 16 weeks
of alternating treatment.
Comparison of the MTT assay with the plaque reduction

assay with recombinant viruses derived from viral RNA iso-
lated from patient sera. From three of the six patients receiv-
ing the alternating regimen of NVP and ZDV (Table 2), paired
serum samples obtained at the start and after 16 weeks of
therapy were analyzed in both susceptibility assays (Table 3).
The range of IC50s of NVP observed for viruses from untreated
individuals in the plaque reduction assay was from 0.02 to 0.08
mM, and that in the MTT assay was from 0.04 to 0.13 mM. The
IC50s of ZDV in the plaque reduction assay ranged from 0.05

FIG. 2. Susceptibility curves for each ZDV concentration for molecular
clones HXB2 and RTMC in two susceptibility assays. For the MTT assay the
standard deviations are shown. In addition, the toxic effect of ZDV on MT2 cells,
as measured in the MTT assay, is shown. Symbols: â, HXB2 (plaque assay); p,
HXB2 (MTT assay); S, RTMC (plaque assay); ª, RTMC (MTT assay); , 2DV
toxicity.

TABLE 1. Comparison of MTT assay with plaque reduction assay
with defined molecular clones (HXB2 and RTMC containing four

ZDV resistance mutations)

Clone

Amino acid at
position: Assay

Geometric mean
IC50 of ZDV
(mM [range])

Fold
increase
in IC5067 70 215 219

HXB2 D K T K MTT 0.11 (0.07–0.16)
Plaque 0.07 (0.04–0.12)

RTMC Na R F Q MTT 6.4 (2.6–15.7) 58
Plaque 2.0 (1.12–3.56) 29

a Boldface type indicates amino acid changes.
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to 0.07 mM, and in the MTT assay they ranged from 0.05 to
0.10 mM. The geometric mean IC50s in both assays are pre-
sented in Table 3. The intra-assay variations in IC50 by the two
susceptibility assays (the plaque reduction and the MTT as-
says) with the same stock of recombinant viruses were 0.6 and
0.5 log, respectively, for NVP and 0.2 and 0.4 log, respectively,
for ZDV. For all three recombinant viruses obtained after 16
weeks of therapy, a significant increase in the IC50 of NVP was
found in both assays (1.3 to 2.4 log); no significant changes in
the IC50s of ZDV were found. Sequence analysis of the RNA
samples used to generate the recombinant viruses revealed the
presence of several of the previously described nonnucleoside
RT inhibitor resistance mutations. Codon changes conferring
ZDV resistance were observed for only one patient, for whom
a mixed population for codon 70 was detected.
Recombinant viruses were obtained from the serum of two

patients initially treated for 1 year with 3TC monotherapy and
subsequently with a combination of 3TC with ZDV. A differ-
ence in the absolute IC50s was observed between the MTT

assay and the plaque reduction assay (Table 4) for recombi-
nant viruses which had been obtained before the initiation of
therapy. During 3TC therapy, viruses with a highly 3TC-resist-
ant phenotype developed in both patients. We were unable to
calculate the IC50s for the viruses because 50% inhibition was
not achieved with the highest drug concentrations that can be
used in our assay without cell toxicity. The addition of ZDV
therapy to the 3TC therapy for 1 year resulted in the appearance
of viruses which also showed low levels of ZDV resistance.

DISCUSSION

By combining previously described techniques, we devel-
oped an innovative approach to evaluate the appearance of
drug-resistant viruses in serum from HIV-1-infected patients
treated with RT inhibitors. One of our objectives was to de-
velop an approach to measure the drug susceptibility of the
viral population instead of the proviral population. The devel-
opment of the drug-resistant genotypes in serum precedes the
appearance of drug-resistant proviruses in the patients’
PBMCs (7, 13). Moreover, it appears that the appearance of
drug-resistant viral genotypes in serum is closely associated in
time with the resurgence in viral HIV-1 RNA load during
therapy. In a patient group on 3TC monotherapy, we were able
to show that the resurgence in HIV-1 RNA levels after the
initial decline was solely due to the replication of viruses with
an amino acid change at codon 184 (13). In contrast, when we
analyzed the proviral population in these individuals over time,
we observed a persistence of the drug-susceptible virus with
the wild-type amino acid at codon 184. These data indicate that
to relate viral RNA patterns in serum with the development of
drug-resistant viruses, it is mandatory that the drug suscepti-
bility of the viral population in serum be measured.
The recovery of viruses by cocultivation from serum is ex-

tremely difficult; therefore, we chose to generate RT fragments
from the patient’s serum and introduce them into the back-
ground of an HIV-1 reference strain using a modification of
the recombinant virus approach described by Kellam and Lar-
der (6). Their deletion clone, originally used for the recombi-
nant assay, still contains amino acids 1 to 41 of the RT at its 59
end. Since changes at codon 41 are involved in conferring
resistance to ZDV, we decided to design a deletion clone
starting at codon 1 of the RT gene. Moreover, recovery of
HIV-1 RNA from serum becomes more efficient when shorter
fragments are transcribed and amplified. Therefore, we de-
cided to construct a deletion clone which requires amplifica-
tion of a shorter fragment of approximately 1 kb. The recom-
binant virus generated with this novel deletion clone
(pHXB2D2-261 RT) contains amino acids 2 to 261 of the RT
from the patient’s viral population.
This region contains all known resistance-conferring amino

acid changes described in viruses from patients treated with
nucleoside analogs and from patients treated with nonnucleo-
side RT inhibitors. However, the possibility remains that new
codon changes causing resistance outside this region will be
found. Especially with the use of new drugs or new combina-
tions of available drugs, new mutations which are located 39
from amino acid 261 could start to play a role. This may limit
the use of the assay in its present form, and therefore, we are
modifying the approach in such a way that the entire RT
region, possibly in combination with the neighboring protease
region, can be derived from patient serum.
The MTT assay described by Pauwels et al. (10) has the

advantage that the amount of cell killing by the virus can be
determined semiautomatically with a spectrophotometer. This
generates the possibility that large numbers of viruses can be

TABLE 2. Comparison of MTT assay with plaque reduction assay
for proviral population (geometric mean of duplicate experiments)

obtained from DNA in patient PBMCs

Patient no. Wk Assay

NVP ZDV

Geometric
mean IC50
(mM)

Fold
increase
in IC50

Geometric
mean IC50
(mM)

Fold
increase
in IC50

N233 0 MTT 0.18 0.14
Plaque 0.06 0.10

16 MTT 0.57 3 0.07 ,1
Plaque 0.58 10 0.10 1

N240 0 MTT 0.02 0.07
Plaque 0.04 0.05

16 MTT .10 .500 1.28 18
Plaque .10 .250 0.2 4

N241 0 MTT 0.20 0.27
Plaque 0.08 0.08

16 MTT 5.37 27 0.22 ,1
Plaque 2.02 25 0.04 ,1

N242 0 MTT 0.36 0.26
Plaque 0.08 0.08

16 MTT .10 .28 0.20 ,1
Plaque 5.74 72 0.11 1

N243 0 MTT 0.04 0.27
Plaque 0.01 0.06

16 MTT .10 .250 0.11 ,1
Plaque .10 .100 0.07 1

N244 0 MTT 0.04 0.17
Plaque 0.04 0.04

16 MTT 0.04 1 0.12 ,1
Plaque 0.03 ,1 0.04 1
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analyzed. However, the assay is limited by the facts that vari-
ations in the viral titer and in the viral capacity to kill cells can
bias the susceptibility measurements. Especially when testing
clinical isolates, it is difficult to control for these variabilities.
These problems can be overcome by making use of the recom-
binant virus approach. First, the cell-killing capacity of the
virus is merely determined by the viral envelope. The recom-
binant viruses contain a constant envelope derived from the
deletion clone. Second, the replication capacities of recombi-

nant viruses will also be largely determined by the deletion
clone and therefore make it easy to obtain a high viral titer
with good T-cell-killing capacity.
Comparison of the HeLa plaque reduction assay with the

MTT assay with well-defined viral strains as well as recombi-
nant viruses obtained from clinical material showed similar
results. Both the absolute IC50s and the fold increase in resis-
tance against two classes of drugs, the nucleoside analog ZDV
(which does require phosphorylation by the cells) as well as
NVP (which does not require phosphorylation) were compa-
rable in both assays. In the case of testing for susceptibility to
3TC, we have noticed a difference in the absolute IC50s be-
tween the two assays. The basis for this difference might be
explained by a different phosphorylation metabolism between
MT2 and HeLa cells. Despite this difference in absolute values,
comparable increases in IC50s during 3TC resistance were ob-
served by using both assays.
In order to obtain good reproducibility it is important that

the inoculum in the MTT assay be kept constant (MOI, 1 3
1023 to 5 3 1023), which will result in a ratio of between 5 and
20 in the MTT assay. Therefore, we strongly suggest that ti-
tration of the recombinant virus stock be performed before
testing susceptibility in the MTT assay. Although we noticed
that some variation in viral titer due to storage or thawing, or
both, may be observed, as long as the ratio in the MTT assay
is between 5 and 20, this will not bias the susceptibility mea-
surement.
In conclusion, the recombinant virus RNA-MTT approach

enables measurement of the changes in drug susceptibility
directly from RNA in serum. In addition, this assay facilitates
the testing of large numbers of viruses. Furthermore, sequence
analysis of the amplified fragment used to generate the recom-
binant virus can be performed in parallel; this enables one to
directly relate phenotypic changes to genotypic changes.
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Patient no. Wk

Amino acid at position:

Assay

NVP ZDV

70 98 100 101 103 188 190 Geometric mean
IC50 (mM)

Fold increase
in IC50

Geometric
mean
IC50
(mM)

Fold increase
in IC50

N233 0 K S L K K Y G MTT 0.07 0.08
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Plaque 7.59 253 0.04 1

N241 0 K A L K K Y G MTT 0.13 0.07
Plaque 0.09 0.06

16 k/R k/N y/H g/A MTT 8.13 63 0.05 ,1
Plaque .10 .111 0.06 1
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a Boldface type indicates amino acid changes.

TABLE 4. Comparison of MTT assay with plaque reduction assay
for viral population (geometric means of duplicate experiments)

obtained from RNA in serum

Patient no.
and therapy Assay

3TC ZDV

Geometric
mean

IC50 (mM)

Fold
increase
in IC50

Geometric
mean

IC50 (mM)

Fold
increase
in IC50
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Plaque .100 .455 0.25 6.3

C0021
None MTT 12 0.11

Plaque 0.46 0.08

3TC for 62 wk MTT .1,000 .83 0.14 1
Plaque .100 .217 0.06 ,1

3TC-ZDV for 48 wk MTT .1,000 .83 0.62 6
Plaque .100 .217 0.32 4
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