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Abstract
Purpose Herpes simplex virus (HSV) infection commonly
occurs during the immunosuppression associated with hema-
topoietic stem cell transplantation (HSCT). Prophylaxis of
recurrent infection and management of clinical infection have
relied upon acyclovir and congeners. More recently, resistant
HSV infection is seen in HSCTand presents new challenges in
management. We present a case of HSV following HSCT that
provided effective symptomatic management.
Results Oral symptoms and lesions were repeatedly reduced
when topical cidofovir was used, strongly supporting the ef-
fect of cidofovir used in a host who could not tolerate systemic
antiviral medications.
Conclusions Topical cidofovir can provide effective manage-
ment of symptomatic oropharyngeal HSV while reducing risk
of systemic toxicity and drug interaction and represents an
additional approach to management for management in med-
ically compromised patients.

Keywords Topical cidofovir . Acyclovir resistant herpes
simplex virus infection . Hematopoietic stem cell
transplantation

Introduction

Herpes simplex virus (HSV) infections can cause significant
morbidity and mortality in patients with hematological malig-
nancies and in patients following hematopoietic stem cell
transplant (HSCT). Up to 80% of adult patients with leukemia
are HSV seropositive and the incidence of HSV lesions in
patients receiving chemotherapy for acute leukemia is greater
than 60 % [1]. Without antiviral prophylaxis, the rate of HSV
reactivation in seropositive allogeneic HSCT patients is ap-
proximately 80% [2]. Acyclovir is now commonly used in the
HSCT patient population for HSV prophylaxis of seropositive
patients and as well as treatment of HSV infection [1].

An increasing incidence of HSV resistant to acyclovir has
been reported in the literature [1, 3]. This incidence is low
among immunocompetent patients but is as high as 14 %
among HSCT recipients [3]. While three different mecha-
nisms may contribute to HSV resistance to acyclovir, a defi-
ciency in thymidine kinase (TK) is the predominant resistance
mechanism identified in the majority of HSV strains isolated
[1, 3]. Thymidine kinase is an enzyme needed for the activa-
tion of acyclovir; thus, acyclovir resistant HSV strains may be
susceptible to other antiviral agents that do not require TK for
activation. Cidofovir and foscarnet are examples of such anti-
virals [1, 3].

Both cidofovir and foscarnet are nephrotoxic and the sys-
temic administration of these antivirals can present challenges
in patients with impaired renal function [4, 5]. Successful use
of topical cidofovir for acyclovir resistant orofacial and
perianal HSV lesions has been reported in HIV and HSCT
patients [6–11]. Given the lack of a commercially available
topical formulation of cidofovir, these formulations have been
compounded from the intravenous product. Several gel or oral
rinse formulations have been used at a concentration of 0.3–
4 % applied once or twice daily for various durations [9–12].
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The compounded products, while not formally established,
have suggested stabilities of >48 h to as long as 30 days [10,
11].

The cost of topical cidofovir can be prohibitive for many
patients. Some case reports also indicate that systemic absorp-
tion of cidofovir can occur by topical administration and may
lead to nephrotoxicity, especially in patients with chronic renal
impairment [12]. The optimal concentration and frequency for
topical administration of cidofovir is yet to be determined.

We report a case of acyclovir resistant oral HSV treated
with cidofovir oral rinse. This case documents the effect of
topical cidofovir in a patient with significant symptoms that
occurred with oral ulceration and lesion response to topical
t reatment. IRB expedited review was completed
(Pro00041896).

Case report

A 67-year-old male with a history of JAK2-positive myelofi-
brosis received a 9/10 HLA-mismatched unrelated-donor
HSCT. He received reduced intensity conditioning with
fludarabine/melphalan. Graft versus host disease (GVHD)
prophylaxis was with anti-thymocyte globulin, methotrexate,
and cyclosporine. Antiviral prophylaxis was with acyclovir.
His immediate post-transplant course was complicated by pul-
monary aspergillosis on day +22. He engrafted and was
discharged on day +36 post HSCT. After discharge, he had
persisting anorexia and weight loss without evidence of
GVHD. EBV viremia was detected and he was started on
intravenous immunoglobulin (IVIg) and weekly rituximab.

On day +74, he was admitted with fever and painful oral
ulcers and was found to have Campylobacter jejuni bacter-
emia and cytomegalovirus (CMV) viremia. He was started on
valganciclovir at induction dosing (900 mg BID) for 2 weeks
followed by maintenance therapy at 450 mg BID and the
CMV viremia resolved. He was cultured for HSV from the
ulcerations on the tongue and while HSV was not seen on
direct exam, positive culture for HSV type 1 was confirmed
by (FISH) fluorescent monoclonal staining. Viral susceptibil-
ity was conducted due to persisting/recurrent lesions on two
occasions (Table 1).

Due to painful oral ulcerations, he was treated with
valaciclovir (1 g po BID) from day +79 to 89. However, dur-
ing this time, the oral ulcers attributed to HSV progressed to

involve the lower lip and the lower gingiva of the residual
ridges in the molar regions bilaterally. He reported consider-
able mouth pain, affecting his ability to wear dentures and to
take food by mouth.

On day +100, he was readmitted to hospital and foscarnet
was initiated due to apparent acyclovir resistant oral ulcera-
tions and for recurrent CMV viremia. After 2 weeks, viral
cultures remained positive for HSV1/2 from tongue lesions
and he was switched to IV gancyclovir on day +114. He sub-
sequently developed fever and worsening oral lesions and was
admitted on day +126. Due to increasing oral ulcerations, a
biopsy was conducted of a tongue lesion and gancyclovir was
switched to acyclovir due to severe myelosuppression on day
+132 (Figs. 1–4). The pathologic diagnosis was consistent
with HSVand no findings of GHVD were reported (Fig. 5).

On day +136, compounded cidofovir rinse (3 %/15 cm3

swish and spit QID) was started while he continued on foscar-
net, white blood cell count (WBC) was 0.4 and absolute neu-
trophil count (ANC) was 0.2 at that time. Oral ulcers were
improved at discharge on day +138. On follow-up day
+147, oral lesions were increased in severity resulting in lim-
ited oral intake and he admitted to not being compliant with
cidofovir rinsing. He was started on total parenteral nutrition
as an outpatient and was admitted due to failure to thrive and
due to uncertain compliance with use of oral cidofovir rinses.
Following readmission and regular twice daily cidofovir top-
ical rinse application, oral lesions and pain again improved.
WBC count was 2.5 at that time. The lesions clinically re-
solved within a week of topical therapy and oral pain resolved.
Due to improvement in oral ulcers while on cidofovir BID, the
frequency of rinsing was decreased to once daily, however,
after 1 week, the oral ulcers and associated pain increased.
Cidofovir rinse was resumed BID, and once again the oral
ulcers improved and oral pain decreased. His hospitalization
was complicated by the development of VRE bacteremia and
Candida krusei fungemia and renal failure which necessitated
discontinuation of foscarnet on day +151. Cidofovir swish and
spit was continued. At this time, WBC was 2.6 and ANC was
2.0. An upper endoscopy showed mild chronic gut GVHD
and rare herpes virus inclusions in the esophagus, and a small
cluster of atypical lymphoid cells, some of which were EBV
positive suspicious for evolving post-transplant lymphoprolif-
erative disorder (PTLD). Staging scans for PTLD revealed
brain and liver lesions and a biopsy of the liver lesions on
day +159 was consistent with monomorphic PTLD, CD20
low positive (attributed to the prior treatment with rituximab
for EBV viremia). Immunosuppressants were rapidly tapered
and discontinued. On day +171 due to altered mental status
and risk of aspiration, cidofovir swish was stopped and the
tongue lesions worsened.

On day +178, the patient received weekly IVIG and che-
motherapy for PTLD (with Rituximab, Etoposide,
Doxorubicin, Vincristine, Cyclophosphamide, Prednisone,

Table 1 Viral sensitivity testing: resistant to acyclovir

Ref. range Day +74 Day +139

Acyclovir No range found 12 resistant >48 resistant

Foscarnet No range 25 sensitive 100 sensitive
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and high doseMethotrexate). Post-chemotherapy of the WBC
was <0.1 and ANC 0; he developed mucositis with primary
involvement of the tongue while his mental status improved.
Cidofovir swish was restarted but unfortunately the patient
was transferred to ICU with sepsis, bacteremia, and fungemia
on day +188. He was intubated and ventilated and eventually
expired after terminal extubation on day +189.

Discussion

Oral ulceration due to herpesviruses and antiviral resistance
has been reviewed in HSCT [13]. HSV resistance to acyclovir
may occur by mutation of the gene for viral thymidine kinase
and also due to mutation in the DNA polymerase gene. These
isolates may remain susceptible to foscarnet as thymidine ki-
nase is not required for activation of foscarnet. Foscarnet

resistance is associated with multiple mutations of viral
DNA polymerase [14, 15].

This case report documents a complex case of severe oral
HSV with resistance to acyclovir and that did not respond to
acyclovir, valaciclovir, or foscarnet in renaly adjusted doses.
Renal dosing was required due to elevated creatinine and also
due to use of tacrolimus which is also nephrotoxic. Antiviral
dosing was acyclovir (400 mg BID), ganciclovir (5 mg/
kg q 12 h), and foscarnet (90 mg/kg q 12 h, then decreased to
60 mg/kg post hemodialysis). The complexity of antiviral dos-
ing post HSCT must take renal and marrow function into con-
sideration, as reported in this case. In this case, viral resistance
and the altered dosing of antivirals may have led to suboptimal
effect. Oral HSV ulcerations and associated symptoms im-
proved when oral cidofovir compounded rinsing was complet-
ed BID, and oral lesions and lesions in the proximal esophagitis
resolved. Topical application was instituted due to pancytope-
nia and renal dysfunction, with the goal of delivery of medica-
tion to the site of viral activation while limiting systemic expo-
sure. In addition, topical delivery of cidofovir reduces the risk
of systemic dosing and therefore potential interaction with sys-
temic agents such as amphotericin B and tacrolimus that may
also cause renal toxicity. In this case, cidofovir rinse was effec-
tive when used on a regular BID schedule as was seen when
compliance was assured and in episodes of repeated flare and
improvement in oral lesions. While intubated, the tongue and
lip lesions were washed with cidofovir solution and suctioned
to prevent aspiration but the repeated response to twice daily
topical cidofovir treatment showed the advantage of local effect
without systemic risk.

It has been suggested that viral resistance is more common
in immunuosuppressed patients with cell-mediated immune
dysfunction [9, 16, 17]. Intralesional injection of cidofovir
was administered in an AIDS patient leading to resolution of

Figs. 1–4 Oral lesions associated
with significant oral pain

Fig. 5 Low power image of tongue ulceration. Epithelium partly
replaced by multi-nucleated keratinocytes with Bsteel-gray^ nuclei and
ulceration with fibrin, neutrophils and lymphocytes, superficial
perivascular infiltrate and no fungal organisms seen
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a nasal ulceration, in a patient with resistant infection, in who
the risk of systemic toxicity was felt too high to allow admin-
istering systemic cidofovir [18].

Topical cidofovir for HSV infections is supported by case
reports for oral, ocular, and skin lesions for DNA viruses in-
cluding HPV and HSV [19]. Topical cidofovir has been re-
ported effective treatment in CMVand HPV infection in HIV
disease [9, 20]. Topical cidofovir has been described in a small
number of cases of CMV retinitis in cases with renal abnor-
malities [21]. A case of chronic HSVulceration of the vulva in
a HIV-positive female resistant to valacyclovir was managed
by IV foscarnet and topical cidofovir was effective while
immune-reconstitution occurred with highly active anti-
retroviral therapy (HAART) [22]. A case of perianal skin le-
sions due to HSV-1 following HSCT was managed with top-
ical cidofovir (1 % gel) with improvement by 2 weeks of
treatment and ulcer healing by 2 weeks [6]. Finally, the first
oral case report topical cidofovir (3 % in saline) was provided
for management of oral herpetic lesions in HSCT setting,
where resistance to acyclovir and foscarnet was reported
[10]. As systemic absorption may occur with topical cidofovir
and in medically compromised patients may result in side
effects, dose response should be assessed and tailored to a
patient’s response to therapy [12].

The case reported here is the second case of symptomatic
HSVoral lesions, resistant to acyclovir, valaciclovir, and fos-
carnet, successfully managed with topical cidofovir. This case
shows response on a repeated basis when oral application was
provided BID. Oral pain had a significant impact on oral in-
take and active lesions required TPN, and when associated
with readmission to hospital all representing substantial
drivers of the cost of care. This case supports consideration
for local antiviral exposure to increase dose of antiviral at sites
of persisting viral lesions and confirms that topical therapy can
enhance control of persisting HSV-induced oral ulceration.
Furthermore, this case suggests that topical therapy can be
effective in altering the course of HSV infection and may have
utility in other herpesvirus infections such as CMV in HSCT
patients, while reducing risk of potential systemic toxicity of
antiviral agents including possibly myelosuppression and re-
nal toxicity providing additional options in patient care.
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