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A man with acquired immunodeficiency syn-
drome (AIDS) developed zoster of the right arm
which was resistant clinically to acyclovir. Vari-
cella-zoster virus (VZV) was cultured from a skin
biopsy performed at the beginning of acyclovir
therapy (isolate 1) and after its failure (isolate 2).
The emergence of acyclovir resistance during
treatment was investigated by developing a
simple and rapid drug sensitivity assay based on
the plaque reduction reference method. This
late-antigen synthesis reduction assay involved
serial dilutions of cell-associated virus. The 50%
inhibitory concentration (IC50) of acyclovir was
16 ± 7.5 µM for the susceptible reference strain
OKA, in agreement with published data. The
acyclovir IC50 increased from 6.5 µM for isolate
1 to 100 µM for isolate 2. In comparison with the
sequence of isolate 1, isolate 2 had a single mu-
tation consisting of a C to T change at position
907 of the thymidine kinase gene, which
changed a glutamine codon into a stop codon at
position 303 of the thymidine kinase protein.
These results show the emergence of acyclovir
resistance through a single previously unde-
scribed mutation in the thymidine kinase gene,
and confirm the heterogeneity of mutations in-
ducing acyclovir resistance. J. Med. Virol. 55:
250–254, 1998. © 1998 Wiley-Liss, Inc.
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INTRODUCTION

The genome of varicella-zoster virus (VZV), a mem-
ber of the herpesvirus family, encodes a 35-kDA pro-
tein called thymidine kinase (TK), which has a similar
amino acid sequence and molecular weight to the ki-
nase encoded by herpes simplex virus (HSV) types 1
and 2. Acyclovir is a guanosine analogue of choice for

the treatment of primary and recurrent VZV infection
in immunocompromised patients [Balfour et al. 1983].
VZV TK selectively phosphorylates acyclovir to its
monophosphate derivative, which is further phosphor-
ylated by cellular kinases to its triphosphate form (the
active metabolite). Acyclovir-resistant strains of VZV
have been isolated from patients with acquired immu-
nodeficiency syndrome (AIDS) after long-term acyclo-
vir therapy for chronic or recurrent VZV infection
[Pahwa et al., 1988; Jacobson et al., 1990; Snoeck et al.,
1994] and from patients who become unresponsive to
acyclovir [Sawyer et al., 1988; Linnemann et al., 1990;
Talarico et al., 1993]. The molecular basis of VZV re-
sistance to acyclovir has been studied primarily with
laboratory mutants [Sawyer et al., 1988; Roberts et al.,
1991]. Some resistant clinical isolates have also been
examined [Talarico et al., 1993]. Most acyclovir-
resistant VZV isolates do not express a functional TK,
or have a TK with altered activity. Molecular studies
showed that resistance was conferred by single muta-
tions located throughout the TK gene [Talarico et al.,
1993; Boivin et al., 1994].

The acyclovir sensitivity of two VZV strains isolated
before and after acyclovir treatment of an AIDS patient
with clinical resistance to the drug was examined. A
simple and rapid drug sensitivity assay was developed
based on the plaque reduction reference method. The
TK gene of the two isolates was sequenced to detect the
emergence of mutations during treatment.

CASE REPORT

The patient was a 24-year-old man known to have
been infected by human immunodeficiency virus (HIV)

Presented in part at the Second International Conference on
the Varicella-Zoster Virus, 7–8 July 1994, Paris, France.

Contract grant sponsor: Fondation Pour la Recherche Médicale.
*Correspondence to: Dr. Anne-Marie Fillet, Service de Virolo-
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since 1988. In November 1990, he developed zoster of
the right arm and received oral acyclovir (unknown
dose). In June 1992, he developed a new episode of
vesiculobullous zoster on the right arm. The CD4+ cell
count was 9/mm3. VZV was cultured from a skin biopsy
performed on June 12, 1992 (isolate 1). The patient was
treated subsequently with intravenous acyclovir, 10
mg/kg thrice daily (1.5 g/day) from June 12. Sinus lym-
phoma was diagnosed at the same time and he received
solumedrol (80 mg/day) from June 13 to July 3. He also
received two courses of polychemotherapy (doxorubi-
cin, bleomycin, vindesin, and cyclophosphamide) on
June 22 and July 14. Because the zoster on the right
arm was not cured after 3 consecutive weeks of intra-
venous acyclovir followed by 1 week of oral acyclovir (4
g daily), this treatment was stopped on July 7. Again
VZV was cultured from a skin biopsy of a crusted hy-
perkeratic lesion of the right arm on July 16 (isolate 2).
Cytomegalovirus sinusitis was diagnosed on July 21,
and he received intravenous foscarnet (200 mg/kg/day).
The zoster healed and had not relapsed when the pa-
tient died in December 1992.

MATERIALS AND METHODS

The drug susceptibility of the VZV isolates and the
reference strain OKA was determined by using the
late-antigen synthesis reduction assay in 24-well
plates containing confluent human fibroblasts at 48 hr
of culture. The inoculum was obtained from 25 cm2

infected cell layers with approximately 50 recent cyto-
pathic effects. After trypsinization, infected cells were
resuspended in 4 ml of minimum essential medium
(MEM) without fetal calf serum. Serial 10-fold dilu-
tions (10−1–10−4) of infected cell suspension were inocu-
lated. Five antiviral concentrations were tested. Anti-
viral drugs were diluted in MEM containing 10% fetal
calf serum (Gibco BRL, Paisley, Scotland). Antiviral
drug dilutions could be stored at +4°C for no more than
a few hours. The culture medium from 6 wells in line
was removed by aspiration and 200 ml of 10−4 viral
dilution was added per well. The same operation was
carried out with the 10−3–10−1 dilutions. Plates were
incubated for 1 hr at 37°C with 5% CO2. The isolates (in
duplicate) and the OKA strain were tested in parallel.
After incubation, viral dilutions were removed and 1 ml
of antiviral drug dilution (acyclovir or foscarnet) was
added per well. The titer of the inoculum was deter-
mined in two columns free of antiviral drug. Final drug
concentrations were 100, 20, 5, and 1 mM acyclovir and
200, 100, 50, and 20 mg/ml foscarnet. After 48 hr of
incubation at 37°C with 5% CO2, the culture medium
was removed by aspiration and the cell layer was fixed
with acetone. After 2 washes in phosphate buffer solu-
tion (PBS), cells were treated for antigen detection with
200 ml of VZV-specific mouse antibody (clone 1U1, Ar-
gène Biosoft, Varilhes, France) at 1/150 dilution for 45
min. This antigen, probably a late antigen, was char-
acterized by staining VZV-infected epithelial cells in an

immunofluorescence procedure with this monoclonal
antibody. The cytoplasm and cytoplasmic membrane of
VZV-infected cells were stained with this antibody and
with a fluorescein-conjugated monoclonal antibody
(Martine Harzic, personal communication). After 2
washes in PBS, the antigen-antibody complex was de-
tected with a peroxidase-conjugated anti-mouse anti-
body in the presence of diaminobenzidine (Sigma, St
Louis, MO). Foci were counted under an optical micro-
scope. To differentiate a focus of late-antigen synthesis
from staining due to the inoculum, a conglomerate of at
least four infected cells was needed to define a focus
(Fig. 1). No foci were clearly identified after 24 hr of
incubation, whereas confluent foci preventing accurate
reading were observed after 72 hr. Fifty percent inhibi-
tory concentrations (IC50) were calculated by means of
linear regression.

The polymerase chain reaction (PCR)-DNA products
of the TK gene were sequenced according to Lacey et al.
[1991]. The main 1,181-bp product was excised from
the gel, eluted with the Jetsorb kit (Genomed, Bad-
Oeynhausen, Germany), and cleaved with EcoRI and
XhoI (Boehringer Mannheim, France). After purifica-
tion through a Microspin column (Pharmacia, Gai-
thersburg, MD), the restriction fragments were ligated
into plasmid Blue Script KS+ (Stratagene, La Jolla,
CA) and cloned into XL1-blue (Escherichia coli, Strata-
gene). Sequencing was performed as previously de-
scribed [Mabillat et al., 1990] with the single-strand
binding protein modified T7 sequencing kit (Pharma-
cia). Sequencing was done on sense and nonsense
strands of one clone and confirmed on a PCR product to
eliminate errors due to Taq DNA polymerase.

RESULTS

The IC50 values for the OKA strain and clinical VZV
isolates are shown in Table I. The mean IC50 of acy-
clovir was a little higher than the mean value described
for the cell-associated virus OKA in the plaque reduc-
tion assay [Sawyer et al., 1988; Pawha et al., 1988],
while that of foscarnet was similar. Isolate I was sen-
sitive, with acyclovir IC50 values lower than those of
OKA, as previously described for wild strains [Crum-
packer et al., 1979; Biron and Elion, 1980]. In contrast,
the isolate 2 IC50 values were clearly increased (10.6–
27-fold). Both isolates were fully sensitive to foscarnet,
with IC50 values in the range of OKA. The increase in
the acyclovir IC50 and the absence of any change in
foscarnet susceptibility were highly suggestive of a TK
defect [Talarico et al., 1993; Boivin et al., 1994]. This
prompted us to sequence the TK gene for mutations
similar to those previously identified (Table II).

A comparison of the TK gene sequences of these two
isolates and those of the Dumas strain described by
Davison and Scott [1986] showed that both isolates
bore the S-288 to L substitution found in all VZV
strains except for one isolate [Boivin et al., 1994] and
the Dumas strain. In comparison with the sequence of
isolate 1, isolate 2 had a single mutation consisting of a
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C to T change at position 907 of the TK gene, which
changed the glutamine into a stop codon at position 303
of the protein. This change predicted the synthesis of a
truncated enzyme, like other reported mutations
(Table II).

DISCUSSION

This clinical case of acyclovir resistance is unusual
because it occurred after only 3 weeks of intravenous
acyclovir therapy at the appropriate dose. This may be
explained partly by the patient’s severe immunodefi-
ciency (CD4 cell count 9/mm3), simultaneous polyche-
motherapy, and corticosteroids for lymphoma. Acyclo-
vir-resistant clones of VZV might have been selected

during previous oral treatment (unknown dose) and
remained present. No resistant viruses were detected
in isolate 1, probably because they were rare, but they
represented the majority of viruses in isolate 2, after
acyclovir therapy.

The results of the late-antigen synthesis reduction
assay were in keeping with the clinical course. The
assay appeared to be reliable for the detection of VZV
resistance to acyclovir. A case of foscarnet-resistant
multidermal zoster correlating with foscarnet resis-
tance in this assay has been reported [Fillet et al.,
1995]. The assay can be used with other anti-VZV
drugs, and might prove useful for testing new agents.
IC50 values were obtained after 48 hr of culture, with
fair reproducibility. As cytopathic effects are measured

Fig. 1. Different aspects of late-antigen synthesis foci under the optical microscope. ×40.

TABLE I. IC50 Values in the Late-Antigen Assay and Sequence Changes Found in the
TK Gene of the Acyclovir-Resistant Isolate (2) Relative to the Acyclovir-Sensitive Isolate (1)

VZV strain

IC50
Type of change

in TK genea

Acyclovir
(mM)

Foscarnet
(mg/ml) Nucleotide Amino acid

OKA 16 ± 7.5b 20.9 ± 10.8b

Isolate 1 3.7–9.4c 20–24c No change No change
Isolate 2 100 –> 100c 27–28c C-907 → T Q-303 → stop

aCompared with the published sequence of VZV [Davison and Scott, 1986] and excluding the widespread
S-288 → L change (see text).
bMean values ± SD.
cResults of 2 experiments.
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by reading dark-brown foci, the assay is objective. How-
ever, it requires strain isolation, which is hindered by
the fragility of VZV.

The results of the genotypic characterization are in
keeping with previous reports that a single mutation is
sufficient to produce resistance to acyclovir and that
changes can appear almost anywhere on the genome
(Table II). The mutation observed now, which changed
the glutamine into a stop codon at position 303 of the
TK protein, has not been reported previously, but lies
in a region whether other mutations have been de-
scribed [Boivin et al., 1994]. In particular, a mutation
creating a stop codon has been described at position
298 (Table II).

These findings show the emergence of acyclovir re-
sistance through a single mutation in the TK gene, and
confirm the heterogeneity of mutations conferring re-
sistance, a phenomenon that rules out the detection of
resistance by a point mutation PCR assay or by se-
quencing a short part of the TK gene.
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