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The reactivation of varicella-zoster virus (VZV) latent
infection from cranial nerve or dorsal root ganglia in
form of herpes zoster (HZ) represents a notable source
of decrease in health-related quality of life in the general
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Despite its impact on quality of life and potential for complications,
specific risk and protective factors for herpes zoster (HZ) after kidney
transplantation (KT) remain to be clarified. We included 444 patients
undergoing KT between November 2008 and March 2013. Peripheral blood
lymphocyte subpopulations were measured at baseline and months 1 and
6. The risk factors for early (first post-transplant year) and late HZ (years
1-5) were separately assessed. We observed 35 episodes of post-transplant
HZ after a median follow-up of 48.3 months (incidence rate: 0.057 per
1000 transplant-days). Median interval from transplantation was
18.3 months. Six patients (17.1%) developed disseminated infection.
Postherpetic neuralgia occurred in 10 cases (28.6%). The receipt of anti-
cytomegalovirus (CMV) prophylaxis with (val)ganciclovir decreased the
risk of early HZ [adjusted hazard ratio (aHR): 0.08; 95% CI: 0.01-1.13;
P-value = 0.062], whereas the natural killer (NK) cell at month 6 was pro-
tective for the occurrence of late HZ [aHR (per 10-cells/pl increase): 0.94;
95% CI: 0.88—1.00; P-value = 0.054]. In conclusion, two easily ascertain-
able factors (whether the patient is receiving anti-CMV prophylaxis and
the NK cell count at month 6) might be potentially useful to tailor preven-
tive strategies according to individual susceptibility to post-transplant HZ.
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population, particularly when followed by postherpetic
neuralgia (PHN) [1]. Patients undergoing solid organ
transplantation (SOT) face an increased risk of HZ due
to the deleterious effect of post-transplant immunosup-
pression and are more prone to develop potentially life-
threatening forms of disease [2—4].
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Preventive strategies for post-transplant HZ have
been limited, as the use of the live attenuated virus vac-
cine derived from the Oka VZV strain is contraindi-
cated in immunocompromised hosts [5]. The advent of
a new subunit vaccine containing the VZV glycoprotein
E and the ASOly adjuvant system (HZ/su) has opened
promising perspectives in the prevention of this condi-
tion [6]. No safety or efficacy data are available so far
for the SOT population, although clinical trials in kid-
ney transplant (KT) recipients are ongoing (ClinicalTri-
als.gov identifier: NCT02058589).

Previous studies focused on HZ among KT recipients
were performed more than 15 years ago (limiting its
applicability to contemporary immunosuppression prac-
tices) [2], jointly considered different SOT populations
[3,7] or suffer from short post-transplant follow-up
[4,8] or lack of data granularity [3]. Most importantly,
none of them investigated any surrogate of the VZV-
specific host’s immune response. By gaining more
insight into the factors modulating the susceptibility to
this complication, targeted preventive approaches might
be focused on those recipients most expected to benefit
from certain measures. Thus, we aimed at investigating
the incidence and risk factors for HZ in a large single-
center cohort of KT recipients with long-term follow-up
by taking advantage from the immune monitoring pro-
gram to which these patients were subjected.

Study population and design

Consecutive adult patients (>18 years) undergoing KT
at our center between November 2008 and March 2013
included in an immunological monitoring
program, as detailed elsewhere [9,10]. Patients with pri-
mary immunodeficiency syndrome, human immunode-
ficiency virus (HIV) infection, simultaneous pancreas-
kidney transplantation, or primary graft nonfunction
were excluded, as were those who died or developed
graft loss requiring graft removal within the first week.
Participants were enrolled at the time of transplantation
and followed up until March 2016 (unless death or graft
loss occurred earlier). They underwent an immune sta-
tus assessment at scheduled times (baseline [within 12 h
before transplantation] and post-transplant months 1
and 6 [£2 weeks]) that included the enumeration of
peripheral blood lymphocyte subpopulations (PBLSs),
as detailed below and elsewhere [10]. The research was
performed in accordance with the ethical standards
defined by the Helsinki Declaration and the Declaration

were
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of Istanbul on Organ Trafficking and Transplant Tour-
ism. The local Ethics Committee approved the study
protocol, and written informed consent was obtained
from all participants.

Pretransplant, perioperative, and post-transplant vari-
ables were prospectively recorded by means of a stan-
dardized case report form. Additional information on
post-transplant HZ episodes was specifically gathered by
retrospective chart review. To ensure adequate capture
of those mild cases of HZ that could have been treated
in an outpatient setting, electronic medical records of
primary care physicians were also screened through the
Madrid Electronic Health Record (HORUS) system,
which integrates comprehensive patient information
from the entire regional healthcare system. The primary
study outcome was the occurrence of post-transplant
HZ. We also assessed the occurrence of complicated
post-transplant HZ and PHN as secondary outcomes.

Definitions

Post-transplant HZ was clinically diagnosed on the basis
of the appearance of a characteristic pruritic papulovesic-
ular rash with a dermatomal distribution, preceded or
not by prodromal pain. Virological (i.e., PCR or cell cul-
ture) or immunohistochemical confirmation was not
required. Disseminated HZ was defined by the presence
of typical lesions involving >2 noncontiguous der-
matomes or varicella-like syndrome (disseminated vesic-
ular rash with lesions in various stages of evolution).
PHN was defined as pain arising or persisting in the areas
originally affected by HZ for at least 3 months after the
onset of the rash. Complicated HZ was defined by any of
the following events: HZ ophthalmicus (conjunctivitis,
keratitis, uveitis, or ocular cranial nerve palsy), central
nervous system involvement (meningitis, encephalitis,
myelitis, or stroke attributable to necrotizing arteritis), or
any other visceral involvement with virological or
immunohistochemical documentation.

Immunosuppression and prophylaxis regimens

Immunosuppression and prophylaxis regimens used have
been previously described [9,10] and are detailed as
Appendix S1. Regarding anti-cytomegalovirus (CMV) pre-
vention strategies, antiviral prophylaxis with intravenous
ganciclovir (GCV) (5 mg/Kg daily) followed by oral val-
ganciclovir (val-GCV) (900 mg daily, with dose adjusted
for renal function) was scheduled for 6 months in the pres-
ence of donor/recipient serological mismatch (D+/R—).
Seropositive patients (R+) receiving induction therapy with
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polyclonal antithymocyte globulin (ATG) were scheduled
to receive CMV antiviral prophylaxis for 3 months [11,12].
The initiation of pre-emptive therapy in intermediate-risk
patients (R+ not receiving ATG) with documented CMV
infection was suggested to the attending physicians,
although not systematically performed. Acyclovir prophy-
laxis was not administered for patients not at risk for CMV
infection (D—/R—). No patient received the live attenuated
VZV vaccine either prior to or after transplantation.

Enumeration of PBLSs

Whole blood samples were collected into Vacutainer tubes
containing EDTA as anticoagulant and analyzed within
18 h. Whole blood (50 pl) was stained with 10 pl of BD
Multitest six-color TBNK reagent in TruCount tubes for
15 min. Red blood cells were lyzed using fluorescence-
activated cell sorting lysing solution. Determination of
lymphocyte subsets (CD3", CD4" and CD8" T cells,
CD19" B cells, and CD3~ CD56" CD16" natural killer
[NK] cells) was performed with a standard FACSCanto II
flow cytometer using a single-platform technology and the
following combination of fluorochrome-labeled mono-
clonal antibodies: FITC-labeled CD3 (clone SK7), APC-
labeled CD4 (clone SK3), PE-labeled CD8 (clone SK1),
PerCP-labeled CD45 (clone 2D1 [HLe-1]), PE-labeled
CD16 (clone B73.1), PE-labeled CD56 (clone NCAM
16.2), and APC-labeled CD19 (clone SJ25C1) [13]. Data
were analyzed by the FACSCanto clinical software (BD
Biosciences, San Jose, CA, USA). It should be noted that
this protocol does not allow the separate quantification of
the different NK cell subpopulations on the basis of the
relative expression of surface markers CD16 and CD56
(CD56%™ CD16" and CD56"#" CD16" subsets) and that
the CD56™€" CD16~ NK cells were not captured,
although this subset only represents ~5% of the circulat-
ing NK cells and lacks antibody-dependent cellular cyto-
toxicity [14].

Statistical analysis

Quantitative data were shown as the mean + standard
deviation (SD) or the median with interquartile ranges
(IQR), whereas qualitative variables were expressed as
absolute and relative frequencies. Categorical variables
were compared using the chi-squared test. Student’s
t-test, Mann—Whitney U-test or Wilcoxon signed-rank
test were applied for continuous variables, as appropriate.
The optimal cutoff value (i.e., that with the highest value
for the combined sensitivity and specificity) of selected
PBLSs to predict post-transplant HZ was identified by
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the Youden’s index or ] statistic (J = sensitivity +
specificity — 1) [15] in the receiver operating characteris-
tics (ROC) curve estimated for time-to-event outcomes.
In addition, resampling (bootstrapping) and cross-valida-
tion methods were used to assess the variability of the
proposed cutoff and to correct for the over-optimism of
the risk estimates, in an attempt to minimize the inherent
bias induced by model building and estimation of effects
within the same data set [16]. We applied the “minimum
P-value method” (in which the cutoff is selected such that
the P-value for the comparison of observations below and
above such a threshold is a minimum) to confirm the
validity of the chosen value. The minimum P-value was
corrected for overestimation by means of the so-called
shrinkage factor. Cross-validation was then carried out
among 800 bootstrap samples of equal size generated by
sampling with replacement. In each of these bootstrap
samples, the optimal cutoff value was also obtained.

The incidence of post-transplant HZ was plotted by
Kaplan—Meier curves and differences between groups
compared with the log-rank test. Time-to-first-event
Cox regression models were used to identify indepen-
dent risk factors for the occurrence of post-transplant
HZ (primary study outcome), with death and graft loss
considered as competing risk events. To adequately
assess the effect of anti-CMV prophylaxis (that is only
administered for 3—6 months), and considering that the
overall amount of immunosuppression usually decreases
over time, we constructed two separate models to pre-
dict the occurrence of HZ during the first 12 months,
and thereafter until year 5 after transplantation (early
and late HZ, respectively). Only the first episode of HZ
recorded for an individual patient within each of these
periods was included in the analysis. Certain variables
were modeled as time-dependant covariates and forced
into the models regardless of its univariate significance.
Associations were expressed as HRs with 95% confi-
dence intervals (CIs). All the significance tests were
two-tailed. Statistical analysis was performed using spss
v. 20.0 (IBM Corp., Armonk, NY, USA) and Rr software
(R Foundation for Statistical Computing, Vienna, Aus-
tria), whereas graphics were generated with prism v. 6.0
(GraphPad Software Inc., La Jolla, CA, USA).

Baseline characteristics and incidence of post-
transplant HZ

We included 444 patients whose demographics and

baseline characteristics are shown in Table 1. The
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Table 1. Clinical characteristics of the study cohort

(n = 444).

Variable

Age of recipient, years 55.0 + 14.9

[mean =+ SD]
Gender (male) [n (%)] 277 (62.4)
Pretransplant chronic comorbidities [n (%)]
Smoker (current or 161 (38.1)
previous)
Hypertension 357 (80.4)
Diabetes mellitus 117 (26.4)
Coronary heart disease 7 (8.3)
Chronic obstructive 2 (11.7)
pulmonary disease
Peripheral arterial disease 35 (7.9)
Chronic liver disease 21 (4.7)
Pretransplant 53 (11.9)
immunosuppressive
therapy [n (%)]

Previous solid organ 91 (20.5)

transplantation [n (%)]

Underlying end-stage renal disease [n (%)]
Glomerulonephritis 96 (21.6)
Diabetic nephropathy 80 (18.0)
Policystosis 57 (12.8)
Nephroangiosclerosis 56 (12.6)
Chronic interstitial 39 (8.8)

nephropathy
Reflux nephropathy 16 (3.6)
Congenital nephropathy 15 (3.4)
Unknown 38 (8.6)
Other 47 (10.5)

Pretransplant HCV 34 (7.7)

seropositivity [n (%)]

Pretransplant VZV 420 (95.5)

seropositivity [n (%)]*

Pretransplant CMV serostatus [n (%)]

D+/R+ 291 (65.5)
D—/R+ 59 (13.3)
D unknown/R+ 58 (13.1)
D+/R— 30 (6.8)
D—/R— 6 (1.4)
Pretransplant renal 418 (94.1)
replacement therapy [n (%)]
Hemodialysis 362 (81.5)
Continuous ambulatory 56 (12.6)

peritoneal dialysis
Dialysis vintage, days
[median (IQR)]
Age of donor, years
[mean + SD]

Type of donor [n (%)]
DBD donor 285 (6
DCD donor 145 3
Living donor 4 (3.

Cold ischemia time, hours

[mean + SD]

648 (314-1311)
53.4 + 16.6
4.2)
2.7)
2)
6.5

16.8 e
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Table 1. Continued.

Variable
Induction therapy [n (%)]
None 75 (16.9)
ATG 216 (48.6)
Basiliximab 153 (34.5)
Alefacept 1(0.2)
Primary immunosuppression scheme [n (%)]
Tacrolimus, 393 (88.5)
mycophenolate mofetil,
and steroids
Tacrolimus, azathioprine, 7 (10.6)
and steroids
Tacrolimus, everolimus, 2 (0.5)
and steroids
CMV antiviral prophylaxis 214 (48.2)
[n (%)]
Scheduled for 3 months 185 (41.7)
Scheduled for 6 months 29 (6.5)
Post-transplant complications [n (%)]
Reintervention within the 51 (11.5)
first month
Renal artery stenosis 76 (17.1)
De novo post-transplant 63 (14.2
diabetes mellitus
>1 episode of acute graft 111 (25.0)
rejection
2 episodes 16 (3.6)
ATG: antithymocyte globulin; CMV: cytomegalovirus; D:

donor; DBD: donation after brain death; DCD: donation after
circulatory death; HCV: hepatitis C virus; IQR: interquartile
range; KT: kidney transplant; R: recipient; SD: standard devia-
tion; VZV: varicella-zoster virus.

*Data available for 440 patients.

median follow-up was 48.3 months (IQR: 22.5-66.4).
One- and five-year survival rates were 91.0% and
84.0%, respectively, and 56 patients (12.6%) died at a
median interval of 427.0 days after transplantation.
Death-censored graft survival at one and five years was
96.0% and 85.0%.

Thirty-five patients were diagnosed with 35 episodes
of post-transplant HZ, accounting for a cumulative
incidence at the end of follow-up of 7.9% (95% CI:
5.4-10.4%) and an incidence rate of 0.057 per 1,000
transplant-days (95% CI: 0.041-0.079). The median
interval between transplantation and diagnosis was
18.3 months (95% CI: 6.1-34.2). Most cases (68.6%
[24/35]) occurred beyond the first post-transplant year,
although the incidence rates for both periods were
roughly similar (0.066 and 0.048 cases per 1000
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transplant-days, for early and late HZ, respectively; P-
value = 0.417).

Clinical features of post-transplant HZ

The clinical characteristics of the episodes of post-
transplant HZ are detailed in Table 2. Most of them
involved a single dermatome and had a thoracic
distribution, although almost one-fifth of patients
developed a disseminated (i.e., multimetameric or
varicella-like) infection. The clinical characteristics of
these six episodes of disseminated HZ are detailed in
Table S1. Patients with disseminated HZ were more
likely to have been previously given steroid boluses as
antirejection therapy, although the difference did not
attain statistical significance (50.0% [3/6] vs. 20.7%
[6/23]; P-value = 0.162). They also exhibited a lower
CD8" T-cell count in the preceding monitoring point
as compared with those with uncomplicated HZ
(0.165 vs. 0.426 x 10° cells/pl,  respectively;  P-
value = 0.022). The majority of episodes of post-
transplant HZ were managed in an outpatient setting,
and oral famciclovir was the most commonly adminis-
tered antiviral drug.

The clinical course was complicated with PHN in
approximately one-third of cases. Patients with PHN
trended to be older (64.9 &+ 13.2 vs. 57.5 + 15.3 years;
P-value = 0.189) and more likely to have received
induction therapy with ATG (60.0% [6/10] vs. 32.0%
[8/17]; P-value = 0.151) compared to those remaining
free of this complication. There were no differences
with regard to the type of antiviral agent used. One sin-
gle patient—a 71-year-old male who received his first
KT 42 months before—had a complicated infection in
form of HZ ophthalmicus with keratitis and loss of
vision. Of note, he had been previously diagnosed with
CMV syndrome and visceral leishmaniasis. There were
no recurrences of HZ during the follow-up.

Risk factors for early post-transplant HZ

The results of the uni- and multivariate models of pre-
dicting factors for the occurrence of HZ during the first
12 months (early HZ) are depicted in Table 3. Patients
suffering from HZ within this period were older and
less likely to have received induction therapy with ATG
and CMV antiviral prophylaxis compared to the
remaining recipients, whereas no differences were found
in PBLS counts at baseline (data not shown) or month
1. There were no significant differences between both
groups in the 12-month cumulative incidence of acute

Transplant International 2018; 31: 187-197
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Table 2. Characteristics of the episodes of post-
transplant HZ (n = 35).

Variable

Dermatomal distribution [n (%)]

Thoracic 12 (34.3)
Disseminated 6 (17.1)
Facial 4(11.4)
Abdominal 4 (11.4)
Lumbosacral 3 (8.6)
Cervical 1(2.9)
Unknown 5(14.3)
Pretransplant history of HZ [n (%)] 1(2.0)
Requirement for hospital admission [n (%)] 8(22.9
Initial treatment [n (%)]
IV acyclovir 8(22.9)
Oral acyclovir 8(22.9
Famciclovir 9 (25.7)
Brivudin 3 (8.6)
Valacyclovir 2 (5.7)
Unknown 5(14.3)
Development of PHN [n (%)] 10 (28.6)
Complicated forms [n (%)] 1(2.0)
HZ ophthalmicus 1(2.0)
HZ: herpes zoster; IV: intravenous; PHN: postherpetic

neuralgia.

graft rejection, and no significant impact was observed
either when this variable was included as a time-
dependant covariate in the model with death and graft
loss treated as competing risk events. On the other
hand, the receipt of CMV antiviral prophylaxis exerted
a near significant protective effect (adjusted HR [aHR]:
0.08; 95% CI: 0.01-1.13; P-value = 0.062). In accor-
dance with this finding, early HZ-free survival was sig-
nificantly lower among those patients that were not
given prophylaxis (12-month survival rate: 94.0% vs.
100.0%; log-rank test P-value = 0.005) (Fig. 1).

Risk factors for late post-transplant HZ

We next assessed the risk factors for the development of
HZ between years 1 and 5 after transplantation (late
HZ). As shown in Table 4, neither the receipt of CMV
antiviral prophylaxis nor the occurrence of acute rejec-
tion had a significant impact on the incidence of HZ
during this period. This lack of association persisted
when rejection was analyzed as a time-dependant
covariate (data not shown). When comparing PBLSs at
months 6, patients with late post-transplant HZ had a
significantly lower count of NK cells than those without.
The area under the ROC curve for predicting this com-
plication was 0.669 (95% CI: 0.537-0.802) (Fig. S1).
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Figure 1 Cumulative incidence curves for post-transplant late HZ according the receipt of CMV antiviral prophylaxis (follow-up truncated at
12 months [i.e., early HZ]) (log-rank test P-value = 0.005) and NK cell count at month 6 after transplantation (follow-up truncated at 5 years
[i.e., late HZ]) (log-rank test P-value = 0.015). CMV: cytomegalovirus; NK: natural killer; HZ: herpes zoster.

Such an estimate was roughly similar when the ROC
curve was plotted for time-to-event outcomes (0.665;
95% CI: 0.521-0.809). The kinetics of NK cell counts
demonstrates a notable decrease at month 1 from base-
line that only partially recovered at month 6 (Fig. S2).
Recipients suffering from late HZ were also more likely
to have been diagnosed with CMV disease within the
first 6 months after transplantation. Only the NK cell
count remained (aHR [per 10-cells/ul increase]: 0.94;
95% CI: 0.88-1.00; P-value = 0.054) in the final multi-
variate model in which the use of CMV antiviral pro-
phylaxis was forced despite its lack of univariate
significance.

To further refine the analysis of the predictive accu-
racy of this parameter, we explored different thresholds
(including the median and first and third quartiles) and
selected a cutoff value of 0.040 x 10° NK cells/pl as
that with the highest Youden’s index (sensitivity: 42.9%;
95% CI: 17.7-71.1; specificity: 76.0%; 95% CI: 70.7—
80.9) (Table S2). Such cutoff offered the best positive
predictive value (11.4%; 95% CI: 5.7-21.5) without sig-
nificantly compromising negative predictive value
(96.5%; 95% CI: 94.9-97.6). In addition, this threshold
was also selected as the optimal according to the “mini-
mum P-value method” (unadjusted HR: 3.26; 95% CI:
1.11-9.55; P-value = 0.031), even after correction for
over-optimism (shrinkage factor: 0.78). Cross-validation
confirmed that the NK cell count of 0.040 x 10’ cells/pl
was the optimal cutoff value in 270 of 800 bootstrap
samples (33.7%), being the highest rate among the vari-
ous alternative points explored (Table S2). Overall,
14.3% (58/404) of patients with evaluable NK cell mea-
surement at month 6 were below this cutoff. As

Transplant International 2018; 31: 187-197
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expected, late HZ-free survival was significantly lower
among patients with NK cell counts below this thresh-
old at month 6 compared to those above (5-year
survival rate: 88.0% vs. 96.0%, respectively; log-rank test
P-value = 0.015) (Fig. 1). The deleterious impact of
having a NK cell count <0.040 x 10° cells/ul at month
6 was not confirmed in the multivariate Cox regression
model with death and graft loss as competing risk
events (aHR: 2.51; 95% CI: 0.77-8.19; P-value = 0.126).

We additionally analyzed the predictive value of the
NK cell count at month 6 by stratifying the incidence of
late HZ according to ascending categories of this
variable  (<0.040, 0.040-0.120, 0.120-0.250, and
>0.250 x 10° cells/ul). There was a clear gradient in the
cumulative incidence at year 5 across these categories
(11.4% [5/44], 4.7% [5/106], 3.8% [4/106], and 0.0%
[0/46], respectively; P-value = 0.074), although the low
number of events in each interval precludes the demon-
stration of significant differences in survival curves (log-
rank test P-value = 0.053). However, when the central
categories were collapsed into a single one, differences
in late HZ-free survival were also evident (5-year sur-
vival rates: 88.0%, 95%, and 100.0% for <0.040, 0.040—
0.250, and >0.250 x 10° cells/pl, respectively; log-rank
test P-value = 0.023) (Fig. S3).

Post-transplant HZ constitutes a non-negligible compli-
cation for KT recipients, as demonstrated by the cumu-
lative incidence in the present cohort (7.9%). Other
authors have reported similar figures [2,4], although
follow-up periods were not homogeneous across studies.
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Despite advances in immunosuppression and post-
transplant care, the burden due to post-transplant HZ
has remained largely unchanged over the last decades,
as suggested by comparison of our incidence rate
between 2008 and 2013 (0.057 episodes per 1000 trans-
plant-days) to that observed in the US Veterans Admin-
istration between 1996 and 2007 (0.068 per 1000
transplant-days) [3]. Moreover, the rates of PHN found
by us and others [2,4,8] more than triple that of the
overall population [17].

The median interval to the occurrence of HZ in the
present study (18.3 months) was similar to [4] or larger
than those previously reported [8,18]. Although more
than a third of the cases accumulated within the
12 months, the period at risk spanned thereafter
through the following years. Such a case distribution
suggests that the assessment of risk factors for post-
transplant HZ should take into account the relative role
of different conditions across time. By separately analyz-
ing two different post-transplant timeframes (first year
[early HZ] and from years 1 to 5 [late HZ]), we have
identified some factors that appear to influence individ-
ual susceptibility for each period: the receipt of (val-)
GCV and a low NK cell count at month 6, respectively.
This study design seems reasonable as the effect of cer-
tain variables, such as the receipt of anti-CMV prophy-
laxis, may be evident only for limited post-transplant
periods and would have otherwise remained hidden in a
single comprehensive analysis spanning the 5-year
period.

The in vitro activity of CGV against VZV has been
shown to be similar to that of acyclovir [19,20]. It has
been accordingly proposed that SOT recipients already
receiving (val-)GCV to prevent CMV infection may be
safely spared specific prophylaxis with acyclovir or it
prodrugs against herpes simplex virus (HSV) or VZV
[21]. However, clinical data supporting this recommen-
dation is relatively scarce, in particular regarding HZ,
and the results from various studies have been not
entirely conclusive [3,4,7,8,22]. A recent subanalysis
from the Swiss Transplant Cohort Study (STCS) found
that SOT recipients on anti-CMV  prophylaxis
had a lower incidence of overall infection due to
a-herpesviruses (mainly HSV), although this protective
effect could not be specifically proven for HZ despite
the large number of patients included [7]. Other
authors have been unable to ascertain the impact of
anti-CMV agents on the incidence of post-transplant
HZ, either due to the universal use of (val-)GCV pro-
phylaxis in the analyzed cohort [4] or to the lack of
specific data [3]. In addition, some studies directly
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compared the effect of prophylaxis with anti-CMV and
anti-HSV  agents, reporting a nonsignificant trend
toward a lower incidence of HZ among KT recipients
under (val-)GCV as compared to those receiving acy-
clovir or its derivatives [2]. However, the administration
of specific anti-HSV prophylaxis among CMV D—/R—
patients in daily clinical practice is far from universal
[7]. Of note, none of our patients that were not sub-
jected to anti-CMV prophylaxis received acyclovir or
any of its derivatives to prevent o-herpesvirus infection,
regardless of their CMV D/R serostatus. This circum-
stance may have contributed to delineate more clearly
the protective effect of (val-)GCV primarily given to
prevent CMV infection. In fact, none of our patients
developed HZ while on CMV antiviral prophylaxis, sim-
ilarly to previous reports from heart transplant recipi-
ents [23]. Nevertheless, it should be stressed that we
could only demonstrate a borderline significant protec-
tive effect of CMV antiviral prophylaxis on the risk of
early HZ, likely reflecting insufficient statistical power
due to the low number of events.

Acute graft rejection has been found to increase the
risk of HZ in some [4] but not all [2,7] previous stud-
ies. Interestingly, after incorporating death and graft loss
as competing risk events in the regression model, we
found no apparent impact of such a complication on
the occurrence of either early or late HZ. Likewise, the
receipt of anti-CMV prophylaxis seems to outweigh the
predictive value of recipient’s age, which had been iden-
tified by other authors [2—4].

Albeit still preliminary, a noteworthy finding of the
present study is that low NK cell counts at month 6
appear to increase the risk for HZ over the following
years. As for other herpesviruses, the competency of cell-
mediated immunity is instrumental to prevent VZV from
reactivating. There is mounting evidence on the protec-
tive role of VZV-specific T cells among different
immunocompromised populations [24-26]. It has been
also reported that percentage of VZV-specific CD8" effec-
tor memory T cells is significantly lower in KT recipients
than in controls [27]. However, current methods for the
enumeration of VZV-specific T cells—based on in vitro
release of interferon-y or other Th; cytokines upon anti-
gen stimulation—are technically demanding and not
standardized, and their implementation in clinical prac-
tice seems unfeasible in the medium term [26,28].
Although limited by the lack of an independent validation
cohort, our study suggests that the NK cell count may be
used as a convenient surrogate for the VZV-specific cell-
mediated immunity. One of the hallmarks of NK cells is
their ability to display potent cytolytic activity without
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the need of previous clonal expansion and differentiation.
Our group has recently shown that liver transplant recipi-
ents with low NK cell counts have an increased risk of
opportunistic infection [29]. The relevance of NK cells in
the host—pathogen interaction that leads to VZV dissemi-
nation or reactivation following primary infection is
exemplified by the occurrence of severe forms of varicella
among patients with NK cell deficiencies [30,31]. The
increased risk of HZ associated with therapy with borte-
zomib in hematologic patients has been linked to the
impact of this agent on NK and CD8" T-cell counts [32].
On the other hand, we cannot rule out that NK cell
counts might to some extent mirror the enumeration of
VZV-specific CD4" or CD8" T cells.

The lack of significant differences in NK cell counts
at baseline or month 1 between patients with or without
HZ supports the notion that anti-CMV prophylaxis acts
a protective factor for this complication and that such
effect appears strong enough to mute the impact of
host’s immune response. By assuming this hypothesis, it
seems reasonable that the predictive value of the NK cell
count could only emerge once prophylaxis has been dis-
continued. On the other hand, the dispersion observed
in NK cell counts at month 6 was higher than at month
1 (Fig. S2), suggesting that the former measurement
point would become more informative as the overall
amount of immunosuppression gradually decreases (i.e.,
patients with persistently low NK cell counts remain
more susceptible to HZ as compared to those that
recover their baseline levels).

The present study has some limitations. Despite the
large sample size, the relatively low number of episodes
of HZ may have compromised the stability of multivari-
ate models. Accordingly, associations only approached
borderline significance
adjustment. This caution is particularly necessary for
interpreting the proposed cutoff value of the NK cell
count at month 6, which should be taken as merely ten-
tative. Although the study cohort was prospectively
assembled, details on post-transplant HZ were retro-
spectively collected and we cannot rule out that some
cases could have been missed. A more frequent moni-
toring of PBLSs would have been desirable to accurately
delineate their post-transplant kinetics and potential
impact on the development of HZ. Unfortunately, our
immune monitoring schedule only spanned the first
6-month period after transplantation, thus lacking serial
measurements of NK cell counts beyond that point and
closer to the time of occurrence of HZ.

To conclude, HZ is still a relevant event during the
course following KT both in terms of incidence and

statistical after multivariate
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negative impact on quality of life. Two easily ascertain-
able factors (whether the patient is receiving or not
anti-CMV antiviral prophylaxis and the NK cell count
at post-transplant month 6) might be potentially useful
to tailor preventive strategies according to individual
susceptibility [21]. These would eventually include the
use of anti-VZV prophylaxis with acyclovir or deriva-
tives beyond the sixth month after transplantation, the
tapering of immunosuppression, and the preferential
administration—upon approval for this patient popula-
tion—of the novel HZ/su vaccine for recipients with
low NK cell counts.
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the NK cell count measured at month 6 (follow-up

truncated at 5 years).

Table S1. Detailed clinical characteristics of the 6 epi-

sodes of disseminated post-transplant HZ.
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