HIV with Reduced Sensitivity to Zidovudine (AZT)
Isolated During Prolonged Therapy
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The drug sensitivities of human immunodeficiency virus (HIV) isolates from a group
of patients with acquired immunodeficiency syndrome (AIDS) or AIDS-related
complex (ARC) who were receiving zidovudine (3’-azido-3’-deoythymidine, AZT)
therapy were tested by means of a newly developed plaque assay in CD4* HeLa cells.
Fifty percent inhibitory dose (IDs) values of 18 isolates from untreated individuals
ranged between 0.01 pM and 0.05 pM. In contrast, most isolates from patients who
had received zidovudine for 6 months or more exhibited decreased sensitivity charac-
terized by changes in IDsg or IDys values (or both), with isolates from several patients
(5/15) showing 100-fold increases in IDso. The latter isolates were also insensitive to
3'-azido-2',3’-dideoxyuridine; however, the isolates were still sensitive to 2',3’-
dideoxycytidine, 2',3’-dideoxy-2’,3’-didehydrothymidine, or phosphonoformate. It
cannot be determined from this small sample of patients whether development of a less
sensitive virus phenotype results in clinical resistance. Appearance of such variants was
not associated with a consistent increase in viral p24 concentrations in patient plasma
and did not herald any sudden deterioration in clinical status. More extensive studies
are required to determine the clinical significance. Thus, it would be premature to alter
any treatment protocols for HIV-infected individuals at present.

IDOVUDINE IS EFFECTIVE AGAINST

2 HIV in vitro and has been demon-

strated to improve the quality and
length of life of patients with AIDS and
advanced ARC (1, 2). Furthermore, serum
levels of viral p24 antigen are reduced after
initiation of drug treatment, suggesting a
significant antiviral effect (3, 4). However,
dose reductions may be required because of
an inability of patients to tolerate the drug
(5, 6). In addition, virus can be isolated
during therapy even with current dose regi-
mens (1, 4), which indicates that zidovudine
may not suppress virus production com-
pletely in vivo. The objective of the present
study was to investigate whether prolonged
exposure of HIV to zidovudine in patients
might result in selection of variants with
reduced drug sensitivity. Attempts to select
such variants by passage in tissue culture
have so far been unsuccesstul (7).

HIV isolation was attempted from 101
patients; 54 of these were receiving zidovu-
dine therapy as a result of enrollment be-
tween March 1986 and July 1987 in three
separate, controlled trials at the University
of California, San Diego. Isolates were made
by co-cultivation of peripheral blood lym-
phocytes (PBLs) (8), from patients before
and during prolonged therapy, with cells of
the continuous cell line MT-2 (9). Where
isolation was successful, attempts were made
to recover virus from PBLs stored before
initiation of therapy. Forty-six high-titer
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virus stocks were produced from a total of
33 individuals, 21 of whom had received
zidovudine for up to 30 months. Virus
sensitivity data were obtained from 17 of
those patients (2 of whom were treated for
less than 6 months). Of the 46 isolates, 18
were from patients who had received no
treatment at the time of isolation. The suc-
cess rate for virus isolation from PBL sam-
ples, whether fresh or frozen, from treated
or untreated individuals, was approximately
30% in each case.

A Hela cell line (HT4-6C) expressing the
human CD4 receptor on its surface (9) was
used to establish an assay system for assess-

Table 1. Correlation of sensitivity of HIV isolates
to zidovudine with duration of therapy. HIV
isolates were obtained by direct cocultivation of
patients’ PBLs with MT-2 cells (8). Virus was
titrated by plaque assay with HT4-6C cell mono-
layers and then assessed for zidovudine sensitivity
by plaque reduction assay (11). IDsq values were
determined directly from plots of percent plaque
reduction versus zidovudine concentrations
(logyo). All of the HIV isolates obtained during
therapy were from patients with ARC or AIDS as
were the majority of the 18 isolates from untreat-
ed individuals (7 with AIDS, 8 with ARC, and 3
asymptomatic).

. Num-
Duration ID
of ber 50
($§;ﬁ}s’) iso- Mean Median Range
lates  (pM)  (uM) (nM)

None 18 0.03 0.03 0.01-0.05
1-5 6 003 0.03  0.007-0.05
6-11 8 1 0.6 0.06—4
12-17 8 1 0.07 0.04-6
18+ 3* 3 2 0.1-6

*Two isolates obtained 2 months apart from one of the
patients in the 18+ group showed the same sensitivity
(IDsg values of 0.1 wM). Only one value was included.

ing the drug sensitivity of clinical isolates of
HIV (11). The majority of the 46 isolates
obtained in MT-2 cells (44/46) readily
formed syncytial foci of infection (plaques)
in HT4-6C cells, thus permitting measure-
ment of drug sensitivity by plaque reduction
assay. Isolates from 18 individuals who had
not been treated with zidovudine (compris-
ing patients with AIDS or ARC, and a small
number of asymptomatic seropositive indi-
viduals) were shown to be remarkably simi-
lar in sensitivity; IDsq values for zidovudine
inhibition were in the range of 0.01 to 0.05
pM with a mean value of 0.03 pM (Table
1). These data provided the baseline for
investigation of isolates from patients treat-
ed with zidovudine.

Isolates from patients treated for less than
6 months were indistinguishable in sensitiv-
ity from isolates from untreated patients.
Most isolates obtained after longer periods
of therapy showed decreases in sensitivity to
zidovudine (Table 1 and Fig. 1). The
changes were, in some cases, quite small
with IDsq values in the range observed for
pre-therapy isolates but with significantly
higher IDgs values. This tail on the inhibi-
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Fig. 1. Plaque reduction assays in HeLa HT4-6C
cells. HIV 1solates were obtained from untreated
individuals or from patients receiving zidovudine
(AZT) therapy for different periods of time (8),
and zidovudine sensitivity was determined by
plaque reduction assays (11). (A) The sensitivity
of paired isolates from two individuals. Isolate
AOO1A was obtained before treatment initiation
and AOO1B after 12 months of therapy. A040A
was a pretreatment isolate and A040B was ob-
tained after 14 months of therapy. (B) The sensi-
tivity of four unrelated isolates. F934-6 and F934-
7 were obtained from untreated patients with
AIDS and ARC, respectively. Isolate A035 was
obtained after 14 months of therapy and PCP043
after 13 months of therapy. (C) and (D) show
sensitivities of sequential isolates from two indi-
vidual patients. Isolates A036B, A036C, and
A036D were obtained after 2, 11, and 20 months
of therapy (respectively) and isolates P022A,
P022B, and P022C were obtained after 1, 11, and
16 months of therapy (respectively).
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Fig. 2. Comparison of zidovudine sensitivities of
HIV isolates obtained before and after initiation
of treatment. HIV isolates were obtained from
PBL samples as described in Table 1. Virus was
propagated in MT-2 cells (8) and zidovudine
sensitivity determined by plaque reduction assay
with HeLa HT4-6C cell monolayers (11). The
upper and lower parts of the figure depict
matched IDsy and IDgs values for each isolate.
The arrows indicate those isolates obtained before
(Pre) or after (Post) initiation of zidovudine
therapy, and the maximum IDs, and IDys values
observed for isolates from untreated individuals
(0.05 wM and 1 p.M, respectively) are indicated.

tion curve (Fig. 1), with or without a shift in
IDs,, suggests the presence of a subfraction
of insensitive variants in an otherwise sensi-
tive population. Sensitivity profiles for
paired isolates obtained before and during
therapy from two of the individuals who
displayed small changes in sensitivity are
shown in Fig. 1A. In a similar example (Fig.
1B), isolates from two patients who had
received therapy for 13 to 14 months had
higher IDygs values than two unrelated pa-
tients who had not received therapy.

In other cases the changes in IDsq values
were considerably higher with one-third (5/
15) of the patients showing more than 100-
fold increases in IDsp after 6 months or
more of therapy. More than two sequential
isolates were made in four patients and in
each case there appeared to be a progressive
decrease in drug sensitivity over an extended
period of time (Fig. 1, C and D, show two
examples). The sensitivity data for most
isolates (including all posttreatment iso-
lates), correlating IDso and IDgs values with
duration of therapy, are collated in Fig. 2.
Many of the IDys values were >10 M, the
upper limit for this assay system, since above
this drug concentration cytotoxic effects pre-
clude accurate determination of plaque
numbers.

To confirm that these shifts of in vitro
sensitivity were not attributable to an arti-
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fact of the modified HeLa cells, we mea-
sured the sensitivity by means of an assay
based on inhibition of cytopathic effects in
MT-2 cells (12). In these experiments, we
used paired isolates from five individuals in
whom the greatest increases in IDs, values
had been observed in the HeLa system. The
relative changes in sensitivity were similar
(Table 2) and these were confirmed by
measurement of p24 levels in culture super-
natants from MT-2 cells. However, the ab-
solute values for IDsy obtained in MT-2
were different from those in HeLa cells, a
common observation when comparing dif-
ferent assay systems in which different cells,
end points, and input multiplicities are used.

By means of the five paired isolates we
asked whether the development of in vitro
resistance to zidovudine extended to other
anti-retroviral agents. Post-therapy isolates
that were resistant to zidovudine were al-
so resistant to 3'-azido-2',3'-dideoxyuridine
(AZdU), a closely related compound; in con-
trast, the same isolates displayed sensitivities
to 2,3'-dideoxycytidine(ddC), 2',3’-dideoxy-
2' 3'-didehydrothymidine (D4T), and phos-
phonoformate (PFA) that were similar to
those of isolates obtained near the initiation of
therapy, with the possible exception of the
sensitivity of P022C to D4T (Table 2).

The most likely mechanism for decreased
sensitivity to zidovudine would appear, on
the basis of current knowledge, to be
through mutation in the reverse transcrip-
tase (RT) gene (13). We therefore tested
virion-associated RT from the five paired
isolates for inhibition by zidovudine tri-
phosphate (14). These experiments revealed
no apparent difference in the degree of
inhibition, as the measured IDsqy values all

fell in the narrow range from 0.005 pM to
0.009 pM. These data suggested that no
changes in affinity of the enzymes for zido-
vudine triphosphate had occurred. It re-
mains possible that mutations in RT could
result in a decreased rate of incorporation of
the analog into DNA. More substantial
amounts of RT from these isolates are cur-
rently being obtained, by expression of
cloned RT genes in Escherichia coli, to facili-
tate detailed biochemical characterization of
these enzymes.

Of the 17 patients who received therapy,
six discontinued treatment in the first 6
months (five died within 18 months). Clini-
cal data for the remaining 11 patients (treat-
ed for 15 months or more) are shown in Fig.
3. Five of these yielded viruses with marked
reductions in sensitivity (increase in IDso
values of 100-fold or more); two of the
patients had received full-dose therapy
throughout, and the remainder had reduced
or interrupted dosing (Fig. 3A). Less dra-
matic changes were seen in isolates from the
remaining six patients (Fig. 3B), all of
whom received reduced or interrupted dos-
ing schedules. At this stage we have insuffi-
cient data to know whether any particular
pattern of therapy favors selection of less
sensitive strains. Similarly, we do not know
whether the amount of active virus replica-
tion is an important factor.

Experience with acyclovir, an established
and successful treatment for herpes simplex
virus (HSV) infections, has suggested that
although resistance is rare it is more likely to
develop in immunocompromised patients
(16). In this study most patients were pro-
foundly immunocompromised, with low
CD4 cell counts throughout their therapy

Table 2. Sensitivities of paired HIV isolates to antiviral agents. Isolates from different individuals
showing the most significant decreases in sensitivity to zidovudine (>100-fold increase in IDs, valuc)
were tested for sensitivity to other anti-retroviral compounds by plaque-reduction assay in HeLa HT4-
6C cells. Matched isolates sensitive to zidovudine (obtained close to initiation of therapy) were assessed
in parallel. The duration of therapy indicates the period each patient received zidovudine when PBL
samples were taken. Also shown is the zidovudine sensitivity of isolate pairs assessed by inhibition of
cytopathic effect in MT-2 cells (12). Absolute IDsq values for each isolate obtained after the start of
therapy were not determined because of the toxic effects in MT-2 cells above 30 uM zidovudine.
Assessment of zidovudine sensitivity in MT-2 cells by measuring p24 antigen in the culture supernatant
resulted in IDsq values of <0.03 wM for all isolates obtained close to the initiation of therapy and =10
wM for all isolates obtained during therapy. ND, not determined.

Duration of IDs, in HT4-6C (pM) IDso in MT-2 (pM)
Isolate therapy
(months) Zidovudine AZdU ddC D4T TPFA Zidovudine

A012B 2 0.01 04 0.06 2 14 0.3
A012D 26 2 89 0.2 2.5 28 >30
AO018A 0 0.01 1.0 0.3 2 20 0.3
A018C 14 4 50 0.2 1.6 13 >30
A036B 2 0.007 06 06 ND 11 0.1
A036D 20 5.6 56 0.4 ND 22 >30
P022A 1 0.03 04 05 1.6 32 0.3
P022C 16 5.6 40 0.5 11 32 >30
P026A 0 0.01 04 04 2 28 0.3
P026B 11 2.8 100 0.1 25 10 >30

SCIENCE, VOL. 243



(mean values below 100 cells per milliliter).
It will be necessary to study isolates from
asymptomatic, seropositive individuals who
have experienced prolonged zidovudine
therapy to evaluate the effect of immune
status on development of resistance.

The critical issue is whether the develop-
ment of a less sensitive virus phenotype
results in clinical resistance to drug therapy.
Although the mean peak plasma level of
zidovudine achieved 1.5 hours after a 250-
mg oral dose is approximately 2.3 wM (16),
the interpretation of the relation between
plasma levels and the values determined in
sensitivity tests remains to be established.
HIV infection is characterized by chronic,
persistent, virus replication, and disease is
chronic, progressive, and extremely variable
among patients. Consequently, it will be
difficult to correlate emergence of resistant
variants with changes in clinical status or
other markers. For example, in patients with
detectable serum p24 antigen at initiation of
therapy (Fig. 3) there was an apparent early
decrease in antigen level consistent with
previous reports (1, 3), which had led to the
belief that p24 antigen levels are correlated
with virus replication. However, those pa-
tients who developed variants with marked
reductions in sensitivity (for example, pa-

Fig. 3. Therapy and disease patterns of patients
treated for more than 6 months. The oral dose of
zidovudine indicated by the horizontal bar was
cither 250 mg (broad bar), 200 mg (intermedi-
ate), or 100 mg (narrow bar) given every 4 hours.
The viruses isolated are classified either S (ID5o <
0.05 pM, IDgs < 1 uM), R (IDso > 1 pM), or
PR (all other isolates). IDs, values in brackets.
Figures below the bars indicate serum p24 levels
(pg/ml). Patient’s death is indicated (D). (A)
Three ARC patients (A012, A018, and A036)
and two AIDS patients (022 and P026) from
whom HIV isolates of considerably reduced sen-
sitivity were recovered after 9 to 26 months. At
initiation of therapy, clinical parameters were as
follows: CD4* lymphocytes, median of 17 cells/
ml (range 0—>200 cells/ml); Karnofsky score,
median of 100 (range 80-100); and body weight
median of 68.3 kg, (range 62.3~78 kg). There
was little change during therapy. After 18
months’ treatment the corresponding values were
as follows: CD4" lymphocytes, median of 16
cells/ml (range 0—164 cells/ml); Karnofsky score,
medium of 90 (range 70-100); and body weight,
67.9 kg (range 63.0-69.1 kg). (B) Six patients
from whom HIV of reduced sensitivity was recov-
ered over 12 to 27 months, including four ARC
patients (A001, A025, A035, and A040), one
AIDS patient (P043), and one patient with Kapo-
s’'s sarcoma (KO017) are shown. Pretreatment
clinical values were as follows: CD4" lympho-
cytes, median of 72 cells/ml (range 7-600 cells/
ml); Karnofsky score, median of 90 (range 80—
100); and body weight, 68.5 kg (range 55.8—
79.1 kg). After 18 months the corresponding
values were as follows: CD4™", median of 45 cells/
ml (range 22—458 cells/ml); Karnofsky score,
medium of 80 (range 80-90); and body weight,
65.3 kg (range 5481 kg).
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tients A012 and A018) had no consistent
pattern of resurgent p24 antigen. Four of
the 11 patients had no detectable p24 anti-
gen throughout the study and two of the
three patients who died had no detectable
antigen for many months prior to death.

Furthermore, it has been shown that a sig-
nificant fraction of patients who lack p24
antigen in their serum have circulating virus
or viral antigen (or both) in immune com-
plexes (17). The use of p24 antigen levels as
a marker of virus replication in patients may
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therefore be of limited value.

A further question relates to the virulence
and pathogenic potential of these variants,
since in general all HSV variants resistant to
acyclovir that have been characterized exhib-
it attenuation of virulence (18). It remains to
be determined whether a similar picture will
emerge with HIV. Because of the gradual
and progressive changes in the sensitivity of
isolates from individual patients, alterations
in clinical status with the emergence of
resistant variants would be difficult to recog-
nize. However, it is clear that appearance of
such variants does not herald any sudden or
rapid deterioration in clinical condition
(Fig. 3).

In summary, HIV isolates from a group
of 15 patients who had received zidovudine
therapy for the treatment of AIDS or ARC
for periods of at least 6 months showed
some reduction in sensitivity to zidovudine
in vitro when compared to isolates from
patients who had not received the drug.
Virus was isolated from 30% of patients,
and this may not be truly representative.
However, since changes in sensitivity have
only been observed in viruses isolated from
patients on zidovudine therapy, and not in
viruses from patients at similar stages of
disease progression who have received no
drug, it is reasonable to assume that the less
sensitive variants have been selected by ex-
posure of HIV to zidovudine in the patient
rather than by any peculiar selection pres-
sures in transformed lymphocytes used for
virus isolation. This conclusion is further
supported by the failure of isolates with
reduced zidovudine sensitivity to show
cross-resistance to several other anti-retro-
viral agents.

" In the absence of a clear picture of the
clinical implications of these observations,

which will require additional laboratory and
clinical studies, it would be premature to
alter any of the treatment protocols for
HIV-infected individuals. However, HIV
isolates from additional patients involved in
clinical trials, including those involving oth-
er anti-retroviral agents, should be closely
monitored, and it will be important to ex-
amine the potential utility of combined ther-
apies,
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The AAAS Philip Hauge Abelson Prize of $2,500 and a
commemorative plaque, established by the AAAS Board of
Directors in 1985}? is awarded annually either to:

(a) a public servant, in recognition of sustained exceptional
contributions to advancing science, or

(b) a scientist whose career has been distinguished both for
scientific achievement and for other notable services to the
scientific community.

AAAS members are invited to submit nominations now for
the 1989 prize, to be awarded at the 1990 Annual Meeting
in New Orleans. Each nomination must be seconded by at
least two other AAAS members. The prize recipient will be

selected by a seven-member panel appointed by the Board. The
recipient’s travel and hotel expenses incurred in attending the
award presentation will be reimbursed.

Nominations should be typed and should include the follow-
ing information: nominee’s name, institutional affiliation and
title, address, and brief biographical resume; statement of justifi-
cation for nomination; and names, identification, and signatures
of the three or more AAAS member sponsors.

Eight copies of the complete nomination should be submitted
to the S Office of Puﬁlic Sector Programs, 1333 H Street,
N.W., Washington, D.C. 20005, for receipt on or before 1
August 1989.
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