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A B S T R A C T
Allogeneic hematopoietic cell transplantation (HCT) recipients are at increased risk for varicella zoster virus (VZV)
reactivation and associated complications. The incidence, timing, and risk factors for severe herpes zoster (HZ) are
not well described in the era of acyclovir (ACV) prophylaxis. We performed a retrospective cohort study of all
patients who underwent first allogeneic HCT between October 2006 and December 2015 at our institution.
Patients were followed until December 2017 for the development of severe HZ, defined as necessitating adminis-
tration of i.v. antiviral medication. Out of 2163 patients who underwent allogeneic HCT, 22 (1.0%) developed
severe HZ at a rate of 1 per 228 person-years, including dermatomal/multidermatomal disease (n = 5), dissemi-
nated skin disease (n = 5), HZ ophthalmicus (n = 4), meningitis/encephalitis (n = 4), pneumonia (n = 2), viremia
(n = 1), and erythema multiforme (n = 1). Severe HZ infection occurred in a bimodal distribution during the early
peri-HCT period and at 12 to 24 months post-HCT (median, 12.7 months). Twelve patients (54.5%) were compliant
with ACV prophylaxis at the time of HZ diagnosis. Eleven patients (50%) died during the study period, only 2 of
whom (9.1%) with active VZV infection. Mortality was higher in patients on immunosuppressive therapy (62.5%
versus 16.7%; P = .045) and with concurrent graft-versus-host disease (75.0% versus 35.7%; P= .044). These data
suggest that severe HZ remains an important consideration despite ACV prophylaxis.
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INTRODUCTION
Allogeneic hematopoietic cell transplantation (HCT) recipi-

ents frequently experience complications from varicella zoster
virus (VZV) infection, which occurs in up to 30% of patients
before introduction of acyclovir (ACV) prophylaxis [1-5]. The
majority of cases result from viral reactivation in the setting of
T cell suppression. Risk factors for allogeneic HCT-associated
herpes zoster (HZ) include advanced age, graft-versus-host dis-
ease (GVHD), pretransplantation leukemia or lymphoma, and
conditioning with total body irradiation or antithymocyte
globulin [3,4].

Allogeneic HCT recipients have high rates of severe HZ,
including multidermatomal HZ, cutaneous dissemination, or
visceral involvement [6-10]. Before the implementation of pro-
longed ACV prophylaxis for allogeneic HCT recipients, 32% of
VZV reactivation episodes were classified as severe [11].
Although antiviral treatment can be initiated in these cases,
death from VZV infection has been reported in up to 10% to
20% of patients during hospitalization [4,10,12].

Clinical studies have demonstrated that ACV prophylaxis
decreases the rate of HZ reactivation in allogeneic HCT recipi-
ents [2,12-19]. ACV prophylaxis is typically recommended for
a minimum of 12 months following HCT based on established
benefit in the postengraftment period [13,14,20-22]. However,
antiviral prophylaxis strategies vary among transplantation
centers [12,13,23-25], and increased rates of late VZV infection
after cessation of ACV, termed the “rebound effect,” have not
been definitively shown [12,13,15].

Although studies have shown a reduction in the overall
development of HZ with ACV prophylaxis [12-14], the inci-
dence, timing, and disease characteristics of severe HZ have
not yet been described. In this study, we evaluated the impact
of ACV prophylaxis, immunosuppression, and GVHD on the
incidence of severe HZ requiring i.v. antiviral treatment in
patients after an allogeneic HCT.
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Table 1
Patient Demographic Data

Characteristic Severe HZ Allogeneic HCT

Number 22 2163

Sex, male/female, n 12/10 1261/902

Age, yr, median (range) 37 (18-63) 55 (17-76)

Underlying disease, n (%)

Acute leukemia 8 (36) 994 (46)

Chronic leukemia 3 (14) 221 (10)

Hodgkin lymphoma 2 (9) 66 (3)

Non-Hodgkin lymphoma 2 (9) 342 (16)

Myelodysplastic syndrome 2 (9) 327 (15)

Other* 5 (23) 213 (10)

Stem cell source, n (%)

PBSCs 15 (68) 1846 (85)

BM 3 (14) 200 (9)

BM + PBSCs 0 (0) 4 (1)

Cord blood 4 (18) 114 (5)

Conditioning regimen, n (%)

Myeloablative 7 (32) 791 (37)

Reduced intensity 15 (68) 1372 (53)

T cell depleted (CD34 selection), n (%) 1 (5) 15 (1)

Donor type, n (%)

Related 7 (32) 747 (35)

Unrelated 15 (68) 1416 (65)

HLA typing, n (%)

Matched (8/8) 15 (68) 1809 (84)

Mismatched 7 (32) 354 (16)

Pretransplantation recipient
VZV status, n (%)

Positive 21 (95) 2022 (93)

Negative 0 (0) 92 (4)

Equivocal 0 (0) 32 (2)

Not performed 1 (5) 16 (1)

Unknown 0 (0) 1 (0)

GVHD prophylaxis, n (%)

Tacrolimus 20 (91) 2089 (97)

Sirolimus 13 (59) 1178 (54)

Methotrexate 12 (55) 1523 (70)

Mycophenolate mofetil 4 (18) 124 (6)

PBSCs indicates peripheral blood stem cells; BM, bone marrow.
*Other includes i mmunodeficiency (n = 1, 2), multiple myeloma (n = 1, 59),

myeloproliferative disorder (n = 2, 71), red cell disorder (n = 1, 65), and other
(n = 0, 16).
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METHODS
To define the characteristics associated with severe HZ in recipients of allo-

geneic HCT, we performed a single-center, retrospective cohort study of patients
undergoing allogeneic HCT at the Dana-Farber Cancer Institute/Brigham and
Women’s Hospital. Our study population comprised all patients who underwent
first allogeneic HCT between October 2006 and December 2015 with severe HZ
(defined below). Our data were derived from a clinical data repository for HCT
recipientsmaintained by the Dana-Farber Cancer Institute and a separate clinical
database maintained by the Partners HealthCare system (Research Patient Data
Registry). This study was approved by the Dana-Farber/Harvard Cancer Center
Office for Human Research Studies.

All allogeneic HCT recipients were given prophylaxis with oral ACV (tar-
get dose 400 mg 3 times daily [t.i.d.]) for at least 12 months following HCT
during the study period. To confirm ACV prophylactic practices during the 12
to 24 months after HCT, we performed a sensitivity analysis of the study pop-
ulation. We excluded patients who died within 12 months of HCT and
selected 10% of the remaining patients by randomized number generator
with equal distribution by year of HCT. We performed a manual chart review
to determine concordance of ACV prophylaxis and immunosuppressive medi-
cations. Prophylaxis was further characterized by drug, route, dose, and
patient compliance.

We defined severe cases of HZ as patients with clinical or microbiologic
evidence of HZ disease who required administration of a therapeutic dose of
i.v. antiviral medication. Clinician notes (telephone, clinic, hospital, and
scanned outside records) containing the terms “herpes,” “zoster,” “varicella,”
“VZV,” “HSV,” “shingles,” and “chickenpox” were extracted and underwent
manual review. A patient was deemed to meet the clinical criteria for severe
HZ disease if two or more treating physicians agreed that the patient had the
classic dermatomal cutaneous or ophthalmologic examination findings. All
patients who were diagnosed with visceral (eg, pneumonia, encephalitis,
meningitis) or atypical cutaneous disease were required to have a microbio-
logic diagnosis. All microbiologic data for the cohort were extracted, and
patients with a positive VZV direct fluorescence antigen (Boston Children’s
Hospital), VZV culture (Brigham and Women’s Hospital), or VZV polymerase
chain reaction result were considered to have met the microbiological criteria
for HZ disease. Molecular testing for VZV was performed at different refer-
ence laboratories during the study period, including Focus Diagnostics
(Cypress, CA), Arup Laboratory (Salt Lake City, UT), Quest Diagnostics (Chan-
tilly, VA), Viracor-IBT Laboratory (Lee’s Summit, MO), and Mayo Clinic
(Rochester, MN). Patients with positive VZV serology without signs of symp-
tomatic infection were excluded.

We selected evaluated patient characteristics known to be associated
with immune dysfunction and the risk of HZ, including age, sex, type of
underlying disease, type of HCT, HLA-matching status, donor relation status,
VZV serotype, type of conditioning regimen, and type of GVHD prophylaxis.
At the time of HZ diagnosis, we captured the presence of GVHD, the presence
and type of immunosuppression, and the use of antiviral prophylaxis. We
stratified GVHD by acute versus chronic and by severity.

The primary outcome was the time from allogeneic HCT to the first epi-
sode of severe HZ. A secondary outcome was the interval from the onset of
HZ to the time of death. Patients were followed through December 31, 2017.
The duration of follow-up was determined by a manual chart review of clini-
cian’s notes (defined above). Patients were censored for the first episode of
HZ, disease relapse, repeat HCT, death, and last patient contact through
December 2017. We performed survival analysis with right censoring of
events occurring after this date. The log-rank test was used to calculate differ-
ences between groups. Statistical calculations were performed using JMP ver-
sion 14.1.0.
RESULTS
Between October 2006 and December 2015, 2163 patients

underwent first allogeneic HCT, with a total 5011 person-years
(PY) of follow-up. Twenty-two patients (1.0%) developed
severe HZ infection, with a rate of 1 per 228 PY. After excluding
patients who were VZV seronegative (n = 92), the rate was sim-
ilar (1 per 225 PY). Patient characteristics are presented in
Table 1. The median patient age at HCT was 37 years (range, 18
to 63 years), and 12 (54.5%) were male. HZ reactivation
occurred at a median of 12.7 months (interquartile range
[IQR], 2.1 to 20.9 months) after HCT, with a median follow-up
of 51 months (IQR, 21.2 to 92.4 months). Nineteen episodes
(86.4%) occurred within 24 months, 11 (50%) of these within
the first 12 months (Figure 1). The rate of HZ incidence did not
change over the 8-year study period (Figure 2). Twelve
patients (54.5%) were receiving ACV prophylaxis at the time of
reactivation, and 16 patients (72.7%) were on immunosuppres-
sive medication (Table 2).

We assessed severe HZ for patients receiving standard ACV
prophylaxis at 0 to 12 months post-HCT, after additional pro-
phylaxis at 12 to 24 months post-HCT, and after scheduled zos-
ter vaccine (Zostavax; Merck & Co, Whitehouse Station, NJ) at
>24 months post-HCT. Of the 11 patients who developed
severe HZ within 12 months from HCT, 2 were noncompliant
with ACV prophylaxis, 2 were on renally dosed ACV, and 2
were on i.v. ACV prophylaxis due to an inability to take oral
medications. Two patients received therapeutic dose valacy-
clovir and famciclovir for a history of VZV within the year
before HCT, and the remaining 3 patients had HZ despite pro-
phylaxis with standard ACV dosing (400 mg p.o. t.i.d.). All 11
patients were on immunosuppression at the time of diagnosis,
including 4 (36.4%) on a steroid dose equivalent of >20 mg
prednisone per day.



Figure 1. Time to severe HZ infection after HCT. Severe HZ cases censored at 24 months (n = 3). Censored cases occurred at 46, 61, and 82 months after HCT.
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Figure 2. Number of severe HZ cases per study year.
Of the 8 patients who had severe HZ at 12 to 24 months post-
HCT, 3 patients were on standard ACV dosing and concurrent
immunosuppression for GVHD and the other 5 patients were
not on ACV prophylaxis and were not receiving immunosup-
pressive medications. To confirm ACV prophylaxis deployment,
we evaluated 10% of the study population who survived past 12
months (131 of 1309). Ninety-seven patients were on systemic
immunosuppression, all of whom were receiving concordant
therapy with ACV prophylaxis in accordance with institutional
practice guidelines. Of the 34 patients who were not on immu-
nosuppression, 15 were not receiving ACV prophylaxis.

At >2 years post-HCT, 3 patients had severe HZ. Two patients
were on immunosuppression for chronic GVHD and kidney trans-
plantation. No patients were taking ACV prophylaxis, and none
had received Zostavax. The most common immunosuppressive
medications administered at the time of diagnosis were predni-
sone (71.4%), tacrolimus (71.4%), and sirolimus (42.9%).

Clinical presentations were heterogenous and included der-
matomal/multidermatomal HZ (n = 5), disseminated cutaneous
HZ (n = 5), HZ ophthalmicus (n = 4), VZV meningitis/encephali-
tis (n = 4), VZV pneumonia (n = 2), VZV viremia (n = 1), and
erythema multiforme with mucosal involvement (n = 1)
(Table 3). Three patients were treated with i.v. foscarnet for
VZV infection, 2 who were switched from i.v. acyclovir due to
disease progression and 1 who was treated with i.v. foscarnet
at presentation. No VZV genotyping was performed. Ten of 12
patients (83.3%) on antiviral prophylaxis were treated with i.v.
acyclovir and did well. The median duration of i.v. antiviral
therapy was 4 days (range, 1 to 38 days), and the median dura-
tion of hospitalization was 9 days (range, 1 to 60 days).



Table 2
Characteristics of Patients with Severe HZ Infection

Characteristic Number (%)

Before HZ

Acute GVHD

Yes 9 (41)

Grade I 1 (5)

Grade II 4 (18)

Grade III 3 (14)

Grade IV 1 (5)

No 13 (59)

Chronic GVHD

Yes 6 (27)

No 16 (73)

Steroid-refractory GVHD 5 (23)

Acute 1 (5)

Chronic 3 (14)

Acute and chronic 1 (5)

At HZ diagnosis

Antiviral prescription 12 (55)

ACV p.o. 400 mg t.i.d. 6 (27)

ACV p.o. 400 mg b.i.d. 2 (9)

ACV i.v. 200 mg t.i.d. 2 (9)

Famciclovir 500 mg t.i.d. 1 (5)

Valacyclovir 1000 mg t.i.d. 1 (5)

None 10 (45)

Concurrent GVHD

Yes 8 (36)

Acute 4 (18)

Chronic 3 (14)

Acute and chronic 1 (5)

No 14 (64)

Immunosuppression 16 (73)

Prednisone 10 (45)

Tacrolimus 10 (45)

Sirolimus 6 (27)

Mycophenolate mofetil 5 (23)

Fludarabine/busulfan 1 (5)

Melphalan 1 (5)

None 6 (27)

p.o. indicates orally; t.i.d., 3 times daily; b.i.d., twice daily.

Table 3
Clinical Presentation and Outcomes of Severe HZ

Clinical Outcomes Value

Method of diagnosis, n (%)

Microbiological 14 (64)

Clinical 8 (36)

Time to infection from HCT, d, median (IQR) 12.7 (18.1)

Clinical presentation, n (%)

Dermatomal/multidermatomal 5 (23)

Disseminated cutaneous 5 (23)

Ophthalmicus 4 (18)

Meningitis/encephalitis 4 (18)

Pneumonia 2 (9)

Viremia 1 (5)

Erythema multiforme 1 (5)

Treatment, n (%)

Acyclovir, i.v. 17 (77)

Foscarnet, i.v. 3 (14)

Valacyclovir, p.o. 2 (9)

Cidofovir, i.v. 2 (9)

Brincidofovir, i.v.* 1 (5)

Duration of treatment, d, median (range) 14 (7-68)

Duration of hospitalization, d, median (range) 10 (1-60)

90-d mortality, n (%) 3 (14)

1-yr mortality, n (%) 7 (32)

Previous HZ within 1 yr of presentation, n (%) 3 (14)

*A s part of the study.
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Mortality at 90 days from the development of HZ was 13.6%
(Figure 3A), with 9.1% (n = 2) dying with active VZV infection.
Mortality from the time of HZ diagnosis was higher in the
patients receiving immunosuppressive medications compared
with those not receiving immunosuppressive medications
(62.5% versus 16.7%; P = .045) and in patients with concurrent
GVHD compared with those without GVHD (75.0% versus
35.7%; P= .044) (Figure 3B and C). Patients on ACV prophylaxis
(66.6% versus 30.0%; P= .052) and those with dermatomal HZ
(80.0% versus 41.2%; P= .197) had higher mortality compared
with their counterparts, although the difference was not statis-
tically significant.
DISCUSSION
Before implementation of standard 12-month ACV prophy-

laxis, one-third of VZV reactivation infections were classified
as severe, with 40% of episodes necessitating hospitalization
[1]. Disseminated skin infection occurred in 15% to 30% of
patients [26], and visceral VZV occurred in .8% of patients, with
high mortality [10]. Our cohort corroborates the efficacy of
ACV prophylaxis, with only 1.0% of patients developing HZ
necessitating hospitalization. Furthermore, 5 patients in our
cohort had dermatomal or multidermatomal HZ, which might
not be considered severe by some [1,11]. The rationale for
treating dermatomal HZ with i.v. antivirals was variable; 4
were admitted for >1 indication, including 2 for conditioning,
and 1 was monitored while on immunosuppression. Interest-
ingly, dermatomal HZ conferred higher mortality, which may
more accurately reflect the risk of having multiple indications
for admission. Rates of severe HZ infection did not change over
our 10-year study period despite changes in HCT treatment
regimens, suggesting the continued efficacy of ACV prophy-
laxis despite changing practice.

Although rates of severe HZ have decreased with standard
12-month ACV prophylaxis, cases do still occur with significant
morbidity and mortality, including in patients on ACV prophy-
laxis. Two patients on ACV prophylaxis were treated with i.v.
foscarnet for presumed VZV resistance; however, 10 patients
were treated successfully with higher dose i.v. ACV. Given the
lack of VZV resistance testing data, it is difficult to determine
whether cases were due to VZV resistance, subtherapeutic
serum levels of ACV, or host immunosuppression. Foscarnet
should be considered for patients compliant with ACV prophy-
laxis at the time of HZ; however, our data support that i.v. ACV
may work in many cases. Patients on ACV at the time of HZ
had higher mortality, although the differnece was not statisti-
cally significant. ACV may serve as a marker for sicker patients,
who are more likely to be on immunosuppression and have
concurrent GVHD.

Severe HZ occurred in a bimodal distribution with an early
peak (<90 days) and a late peak (12 to 24 months) post-HCT.
Early HZ cases (n = 7) were seen in severely immunocompromised
hosts despite ACV prophylaxis. In addition to standard risk factors



Figure 3. Mortality after severe HZ infection. (A) Overall mortality after severe HZ infection. (B) Mortality after severe HZ infection stratified by status of immunosup-
pression at time of HZ diagnosis. (C) Mortality after severe HZ infection stratified by GVHD status at time of HZ diagnosis.

1646 E. Baumrin et al. / Biol Blood Marrow Transplant 25 (2019) 1642�1647
in the peri-HCT period, 3 patients were on high-dose steroids for
acute GVHD, and 2 patients had reactivation of recent VZV infec-
tion with initiation of conditioning. At 3 to 12 months, ACV pro-
phylaxis appears to be highly effective; the single patient who
developed severe HZ in this time period was ACV noncompliant.

Late cases peaked at 12 to 24 months post-HCT at which
time HZ occurred in patients on ACV prophylaxis and
immunosuppression (n = 3) and in those on neither (n = 5).
Sensitivity analysis demonstrated that patients on immuno-
suppression were receiving the standard ACV prophylaxis,
although medication compliance was not assessed. Because
cases occur in the absence of immunosuppressive medications,
patients in this group likely carry additional risk factors, such
as delayed adaptive immune reconstitution.
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Although before the introduction of standard ACV prophy-
laxis, the majority of severe HZ cases occurred within 7 months
of HCT [11,12], risk now appears to extend beyond the early
peri-HCT period. Extending ACV through month 24 in all
patients is one method of enhancing pharmacologic prophy-
laxis; however, cases still occur even with ACV prophylaxis,
and 3 times daily dosing limits compliance. HZ vaccination to
enhance HZ-specific immune reconstitution has been used in
the post-HCT setting [24,27]. The recombinant zoster vaccine
was found to be safe and effective in autologous HCT recipients
[28,29]; however, immune responses to vaccinations may dif-
fer in autologous HCT and allogeneic HCT, and timing, target
population, and concomitant use of prophylactic ACV requires
further study [30,31].

Our results must be interpreted in the context of the study’s
retrospective and descriptive nature. This study reflects a single-
center experience of adult patients, limiting its generalizability.
Although a manual chart review enhanced accuracy, follow-up
data was incomplete due to loss to follow-up, discharge from our
center, or unreported death. Thus, the incidence rate may be
underestimated. Mirroring clinical practice, both clinical and
microbiological diagnostic criteria were used, and clinical presen-
tations were heterogeneous. The study had a noncontemporane-
ous cohort of HCT recipients, with HZ outcomes influenced by
changes in best practices and improvement in care over time.

In the era of ACV prophylaxis, severe HZ reactivation was
identified in 1.0% (1/228 PY) of HCT recipients. The majority of
cases occurred <24 months after HCT and in a bimodal distri-
bution despite prophylactic ACV use in many. Defining the use
of HZ vaccination in this population may be an additional
means of prophylaxis in this vulnerable group.
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