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We present an immunocompromised patient with a 
multiresistant herpes simplex virus–1 reactivation with a rare 
mutation (A605V) in the viral DNA polymerase gene. Next- 
generation sequencing suggests the presence of multiple 
drug-resistant strains before treatment and altered ratios 
during treatment, affecting the clinical response to aciclovir 
and foscarnet.
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Hematopoietic stem cell transplant (HSCT) recipients face a 
substantial risk of severe herpes simplex virus (HSV) reactiva
tion [1]. Drugs of choice for prophylaxis and therapy are nucle
oside analogues aciclovir (ACV) and its prodrug valaciclovir 
(ValACV) [2]. Resistance to ACV and ValACV often coincides 
with cross-resistance to other nucleoside analogues such as pen
ciclovir and its prodrug famciclovir [3]. In infections refractory 
to nucleoside analogues, other therapeutic options are the more 
toxic agents: foscarnet (FOS; a pyrophosphate analogue) and ci
dofovir (CDV; a nucleotide analogue) [2, 4]. Resistance to HSV 
antivirals can be attributed to changes in the viral enzyme thy
midine kinase (TK; encoded by the UL23 gene) and viral DNA 
polymerase (DNA pol, encoded by the UL30 gene) [4, 5]. To ex
ert activity, ACV first needs to be phosphorylated by viral TK 
and cellular kinases before targeting DNA pol, whereas FOS 

directly inhibits viral DNA pol (UL30) [6]. In contrast to TK, 
functional DNA pol is essential for viral replication, and there
fore DNA pol mutations in clinical isolates rarely occur [4, 6, 7]. 
Drug-resistant mutations in HSV-1 can be identified at the ge
netic level using various techniques, including conventional 
Sanger sequencing and, more recently, next-generation se
quencing (NGS) [2, 8]. The latter has the additional advantage 
of enhanced sensitivity to detect minor variants in mixed pop
ulations [8]. In this study, we present an HSCT patient experi
encing reactivation of HSV-1 that is resistant to ACV and FOS 
treatment. This resistance was attributed to a mutation in the 
TK gene (R281STOP, associated with ACV resistance) as well 
as a less common mutation in the DNA pol gene (A605V, asso
ciated with ACV and FOS resistance). Notably, these mutations 
were detected at distinct time points during the course of treat
ment by means of NGS to monitor the kinetics of the infection. 
Moreover, we conducted phenotypic resistance testing to fur
ther elucidate the properties of the infrequent A605V mutation.

CASE REPORT

We present a 61-year-old male with chronic lymphocytic leu
kaemia who underwent a nonmyeloablative allogeneic cord 
blood stem cell transplantation (allo-HSCT). Before transplan
tation, the patient was HSV-1 seropositive. ValACV (500 mg, 
2 times a day orally) was prescribed as varicella zoster and HSV 
prophylaxis 1 week before allo-HSCT. At day 22, a swab of oral 
ulcerations tested positive for HSV-1 by real-time polymerase 
chain reaction (PCR), and ValACV treatment (500 mg, 3 times 
a day orally) was initiated and after 1 day modified to intrave
nous ACV (5 mg/kg, thrice daily) (Figure 1). Due to persistent 
herpetic stomatitis, intravenous ACV was increased to 10 mg/kg 
thrice daily on day 34. This adjustment was followed by a 
transition to intravenous FOS on day 36 due to the identifica
tion of a mutation in the HSV-1 TK gene, specifically a prema
ture stop codon at amino acid position 281 (R281STOP), which 
coincided with a concurrent reactivation of cytomegalovirus 
(CMV). The R281STOP mutation is associated with reduced 
susceptibility to ACV, brivudine, and famciclovir in vitro [2]. 
Despite the administration of FOS, there was no discernible im
provement in the herpetic lesions. Consequently, the treatment 
was reverted to ValACV. Subsequent genotypic resistance anal
ysis of a patient sample collected at day 49 unveiled a rare mu
tation in the DNA pol gene (A605V). This mutation is known 
to confer resistance to both ACV (ACVr) and FOS (FOSr) [2]. 
Following this discovery, treatment with ACV was switched to 
intravenous CDV administration. Valganciclovir was added to 
the antiviral regimen due to persistent CMV reactivation. After 
3 weeks on CDV, the herpetic lesions improved and CDV was 

BRIEF REPORT • OFID • 1

Open Forum Infectious Diseases                                   

B R I E F  R E P O R T

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/11/5/ofae250/7664307 by guest on 13 June 2024

https://orcid.org/0000-0003-1176-2601
https://orcid.org/0000-0002-9787-1827
mailto:f.m.verduynlunel@umcutrecht.nl
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/ofid/ofae250


switched to oral famciclovir to prevent varicella-zoster virus 
(VZV) and HSV reactivation. As there were no other oral alter
natives for prophylaxis, famciclovir was prescribed despite the 
possibility of cross-resistance of (latent) HSV-1 to famciclovir 
based on the previously detected R281STOP mutation. On 
day 104, the oral herpetic lesions recurred, and repeated geno
typic analysis revealed re-emergence of the R281STOP muta
tion, but not the A605V mutation. Unfortunately, the patient 
died afterwards from complications of graft-vs-host disease.

RESULTS

Based on the dynamic occurrence of the 2 drug resistance mu
tations during treatment, we hypothesized that multiple 
drug-resistant HSV-1 variants might be present in the patient. 
To validate this hypothesis, we performed NGS on patient sam
ples obtained at days 22, 28, 34, 64, and 104 post-allo-HSCT. 
The regions of the viral TK and pol genes that include the 
R281STOP and A605V mutations were PCR-amplified and 
subjected to Illumina sequencing. Upon aligning the sequences 
to the reference HSV-1 strain (GenBank accession number: 

JQ673480), both mutations were identified. Notably, at day 
22, post-transplantation sequences derived from both 
TK_R281STOP- and DNA pol_A605V-containing viruses 
were simultaneously present in, respectively, 39.94% and 
0.13% of the sequences (Table 1). At that time point, antiviral 
therapy had not yet been initiated. Under antiviral pressure 
in vivo, the ratio of HSV-1 strains carrying these mutations 
changed dramatically over time.

In vitro phenotypic characterization was performed to vali
date the phenotypic antiviral resistance profile of our patient- 
derived HSV-1 isolate harboring the DNA pol_A605V 
mutation. Our analysis confirmed resistance of the HSV-1 
DNA pol_A605V isolate to FOS with concentrations exceeding 
the known effective threshold of ∼100 µg/mL (Supplementary 
Figure 1a). At higher concentrations (600–1200 µg/mL), FOS 
was able to inhibit virus replication, thereby abrogating 
virus-induced cell death. We also investigated resistance of 
the HSV-1 DNA pol_A605V variant to ACV (Supplementary 
Figure 1b). Our results indicate that the clinical HSV-1 DNA 
pol_A605V isolate is resistant to ACV, with an ACV IC50 of 
4.54 µg/mL. This finding aligns with the established definition 

Figure 1. Overview of the clinical course and treatment of multidrug-resistant herpes simplex virus 1 reactivation in a post–allogenic hematopoietic stem cell transplant 
patient. The patient was treated for HSV-1 stomatitis as follows: day 22 after transplantation, positive HSV-1 real-time PCR, treatment with valaciclovir initiated; day 34, 
switch to aciclovir due to disease progression; day 36, switch to foscarnet due to concurrent CMV reactivation and the finding of an acyclovir-associated resistance mutation 
(R281STOP) in the TK gene; day 49, detection of mutation in the DNA pol gene (A605V) associated with resistance to aciclovir and foscarnet, subsequent switch to cidofovir at 
day 59 until resolution of HSV-1 stomatitis; day 104, recurrence of herpetic lesions, R281STOP mutation detected, A605V mutation not detected. Abbreviations: CMV, 
cytomegalovirus; DNA pol, DNA polymerase; HSV, herpes simplex virus; PCR, polymerase chain reaction; qPCR, quantitative PCR; TK, thymidine kinase.
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of ACV resistance, where IC50 values >2 µg/mL are generally 
considered a cutoff for ACV resistance [9]. The ACVr and 
FOSr phenotypes of the DNA pol_A605V-harboring isolate 
corresponded with clinical failure on ACV and FOS in our 
patient.

DISCUSSION

Here, we report the first clinical case of an immunosuppressed 
patient with HSV-1 reactivation after allo-HSCT with 2 con
current antiviral resistance mutations (TK_R281STOP and 
DNA pol_A605V). Further characterization using NGS re
vealed that these mutations were presented with dynamic ratios 
during antiviral treatment. This emphasizes that HSV-1 strains 
carrying resistance mutations can persist in latent HSV-1 and 
reappear under antiviral pressure.

The rare A605V mutation in the DNA pol gene has been re
ported occasionally [4, 10–12]. The mutation is associated with 
in vitro resistance to both ACV and FOS [2], which corre
sponds with the in vivo clinical failure on ACV and FOS ob
served in our patient. During follow-up, the A605 V 
mutation became undetectable by Sanger sequencing of the 
DNA pol gene in the absence of ACV and FOS, whereas the pre
mature stopcodon mutation on position 281 in the TK gene re- 
appeared on ACV treatment. NGS detected the presence of 
both the DNA pol_A605V and TK_R281STOP mutations be
fore antiviral treatment and indicates a mixed infection with 
the 2 mutations throughout the post-allo-HSCT period. 
Previous research has characterized HSV-1 strains with muta
tions in the essential DNA pol gene as having attenuated 
growth. TK activity is not essential for viral replication in rep
licating cells, such as cells used in standard cell culture [13], but 
is essential for viral replication in nonreplicating cells. As both 
the DNA pol_A605V variant and the TK_R281STOP variant 
retain replicative capacity [14], albeit at a reduced level, the pos
sibility exists that both mutants established latency in nonrep
licating cells such as neurons, which may explain the existence 
of both mutants before antiviral pressure. Different viral 
growth capacity of the HSV-1 resistance mutation–carrying 

strains may have contributed to the dynamic ratios of the 2 mu
tations, with the DNA pol_A605V mutant possibly exhibiting 
lower replicating capacity than the TK_R281STOP mutant. 
Thus, the 2 mutants showed compatible cooccurrence on anti
viral treatment.

A diagnostic swab from the oral mucosa Is not necessarily rep
resentative of all variants that are present in a swarm of viruses in 
an immunocompromised person with extensive lesions.

Sanger sequencing could have missed the variant with the 
R281STOP mutation obtained while the patient was receiving 
FOS. It can also not be excluded that HSV strains may differ 
from each other between the anatomical locations within the 
same patient, though the latter seems of minor importance as 
clinically significant lesions only existed in the oral mucosa.

Our findings highlight that multiple HSV-1 strains carrying 
different resistance-associated mutations can persist in a pa
tient. The utilization of NGS genotyping on clinical samples 
is a potent method for detection of low-abundant strains carry
ing drug resistance mutations and facilitates swift adjustments 
to effective treatment strategies.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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DOVATO is indicated for the treatment of Human Immunodeficiency Virus type 1 (HIV-1) 
infection in adults and adolescents above 12 years of age weighing at least 40 kg, with no 
known or suspected resistance to the integrase inhibitor class, or lamivudine.13
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Food and Drug Administration; FTC, emtricitabine; HIV, human immunodeficiency virus; 
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FOOTNOTES

*Data extracted from a systematic literature review of DTG+3TC real-world evidence. Overlap 
between cohorts cannot be fully excluded.
**The reported rate reflects the sum-total of resistance cases calculated from GEMINI I and 
II (n=1/716, through 144 weeks), STAT (n=0/131, through 52 weeks), and D2ARLING (n=0/106, 
through 24 weeks).5–7
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parallel-group, non-inferiority, controlled clinical trials testing the efficacy of DTG/3TC in 
treatment-naïve patients. Participants with screening HIV-1 RNA ≤500,000 copies/mL were 
randomised 1:1 to once-daily DTG/3TC (n=716, pooled) or DTG + TDF/FTC (n=717, pooled). The 
primary endpoint of each GEMINI study was the proportion of participants with plasma HIV-1 
RNA <50 copies/mL at Week 48 (ITT-E population, snapshot algorithm).13

‡STAT is a phase IIIb, open-label, 48-week, single-arm pilot study evaluating the feasibility, 
efficacy, and safety of DTG/3TC in 131 newly diagnosed HIV-1 infected adults as a first line 
regimen. The primary endpoint was the proportion of participants with plasma HIV-1 RNA <50 
copies/mL at Week 24.6

§D2ARLING is a randomised, open-label, phase IV study designed to assess the efficacy 
and safety of DTG/3TC in treatment-naïve people with HIV with no available baseline HIV-1 
resistance testing. Participants were randomised in a 1:1 ratio to receive DTG/3TC (n=106) or 
DTG + TDF/XTC (n=108). The primary endpoint was the proportion of participants with plasma 
HIV-1 RNA <50 copies/mL at Week 48.7 Results at week 24 of the study.
||The reported rate reflects the sum-total of resistance cases calculated from TANGO (n=0/369, 
through 196 weeks) and SALSA (n=0/246, through 48 weeks).8,9

¶TANGO is a randomised, open-label, trial testing the efficacy of DOVATO in virologically 
suppressed patients. Participants were randomised in a 1:1 ratio to receive DOVATO (n=369) 
or continue with TAF-containing regimens (n=372) for up to 200 weeks. At Week 148, 298 of 
those on TAF-based regimens switched to DOVATO. The primary efficacy endpoint was the 
proportion of subjects with plasma HIV-1 RNA ≥50 copies/mL (virologic non-response) as per 
the FDA Snapshot category at Week 48 (adjusted for randomisation stratification factor).8,13

#SALSA is a phase III, randomised, open-label, non-inferiority clinical trial evaluating the efficacy 
and safety of switching to DTG/3TC compared with continuing current antiretroviral regimens 
in virologically suppressed adults with HIV. Eligible participants were randomised 1:1 to switch 
to once-daily DTG/3TC (n=246) or continue current antiretroviral regimens (n=247). The primary 
endpoint was the proportion of subjects with plasma HIV-1 RNA ≥50 copies/mL at Week 48 (ITT-E 
population, snapshot algorithm).9
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