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Abstract Clear recommendations for the management of
acute varicella-zoster virus (VZV) infections for cases of
significant exposure and the use of prophylactic drugs after
solid-organ transplantation are missing due to the lack of
evidence by prospective studies. Heterogeneity in patient
groups, patient numbers, age groups, immunosuppressive
regimens, timing, and dosage of aciclovir and/or varicella-
zoster immunoglobulin (VZIG), pre-transplant vaccination
or VZV wild-type infection and inconsistency of data make
comparability of different studies impossible. Although the
benefit of aciclovir and/or VZIG is uncertain in immuno-
suppressed children, prospective controlled double-blind
studies are not feasible for ethical considerations as fatal
cases with disseminating varicella disease are well known
in these patient groups despite the use of aciclovir and/or
VZIG, whereas severe side-effects of these drugs are rare.
However, a reporting bias is likely as mainly severe or fatal
cases might have been predominantly published or cases of
successfully used aciclovir and/or VZIG in mild cases or in
cases of breakthrough infections after vaccination. As
neither VZIG prophylaxis nor treatment with intravenous
aciclovir offers complete protection against severe VZV
infection to immunosuppressed pediatric solid-organ trans-

plant recipients, high priority should be given to vaccina-
tion against VZV prior to transplantation, and, most
importantly, in their close contact persons. Clinical obser-
vations suggest that only assessment of humoral immunity
together with cellular immunity may allow predication
about protection in exposed patients.
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Introduction

Although acute varicella or chickenpox caused by varicella-
zoster virus (VZV) is usually a mild disease in immuno-
competent hosts, it may cause disseminating infection with
severe illness in immunocompromised patients [1]. Fatal
cases result from pneumonitis, hepatitis, central nerval
system involvement, and disseminated intravascular coag-
ulation [2]. Acute varicella infection is still an important
cause of death in pediatric solid-organ transplant recipients,
despite the use of varicella-zoster-specific immunoglobulin
(VZIG) and aciclovir therapy [3]. The rising number of
pediatric solid-organ transplant recipients has constituted a
new challenge for physicians and pediatricians to manage
acute VZV infection in patients under immunosuppressive
therapy. As VZV induces not only humoral immunity but
also cellular immunity by specific effector T cells, it is still
a matter of debate whether serological proof of VZV-
specific IgG in exposed patients alone is able to give
information about protection, particularly as protective
levels of VZV-specific IgG are not known. Thus, no
standardized recommendations exist for the use of VZIG
and aciclovir administration in exposed patients who have a
positive serology for VZV-specific IgG.
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So far, few studies have investigated the safety and efficacy
of aciclovir and/or VZIG treatment for prophylaxis of serious
VZV infection in immunocompromised pediatric patients.
Most reports about cases of successful use of aciclovir and
VZIG provide a low evidence level. Clear recommendations
for the management of acute VZV infections for cases of
significant exposure and the use of prophylactic drugs after
solid-organ transplantation are missing due to the lack of
evidence in prospective studies. Thus, the following review is
aimed to provide an educational review of published data on
the safety and efficacy of aciclovir and VZIG in the case of
varicella infection or exposure in immunocompromised
pediatric solid-organ transplant recipients.

Methods

For data collection on aciclovir and VZIG use in immuno-
suppressed patients, a systematic search using MEDLINE
was performed. For a comprehensive search, the following
search strategy with the combination of a text-string search
in titles and a Medical Subject Headings (MeSH) term search
was used: “varicella”, “chickenpox”, “herpes zoster”, “aci-
clovir”, “varicella-zoster-immunoglobulin”, “VZIG” “immu-
noglobulin”, “prophylaxis” and “immunosuppression”,
“immunocompromised”, and “transplantation”.

The search was restricted to English-language and
German articles published between 1975 and April 2010.
To specify the publication type and contents of papers,
“limits” for search were applied: “review”, “human sub-
jects”, and “children”. In MEDLINE, initial searches
retrieved about 2,300 articles. The abstracts of all articles
were screened for relevant information by using the
following inclusion criteria: (1) original articles, reviews,
case reports, tutorials, letters, editorials, and commentaries;
(2) articles describing aspects of aciclovir and/or VZIG
administration; (3) articles giving the age of individuals
studied; (4) articles stating the type of organ transplanted.
Unfortunately, not all articles give the VZV-specific immune
status (VZV naive, wild-type VZV infected, vaccinated and/
or breakthrough infections) of the patients, the dosage and/or
application pathways of aciclovir and/or VZIG, the time
point of administration and whether the patients were
vaccinated or not. The following articles were excluded: (1)
only epidemiological papers; (2) articles which do not give
the age of individuals; (3) hypothetical content without
primary data; (4) exclusively cost-effectiveness-studies.

Measurement of VZV-specific immunity

Besides the anamnestic knowledge of the varicella-typical
rash and symptoms, serological tests are able to confirm

former contact with VZV or successful vaccination.
However, evaluation and interpretation of immunity against
VZV is difficult, particularly in transplant recipients, as
both VZV-specific antibodies and VZV-specific effector T
cells have been shown to protect from VZV infection.
These two aspects of VZV-specific immunity have demon-
strated that it is impossible to define a protective antibody
concentration against VZV.

Generally, VZV-specific antibodies are detected by
complement fixation, latex agglutination, indirect immuno-
fluorescence assays, neutralization tests, enzyme-linked
immunosorbent assays (ELISA), and by fluorescent
antibody-to-membrane antigen test [4]. A correlation
between early elevated antibody titers and protection was
only described for assays using gpELISA with titers equal
to or greater than 5 gpELISA [5, 6]. As suggested by some
studies with renal transplant recipients [7–9], early detected
elevated antibody titers may not be useful as a marker of
long-term protection because they reflect only the immedi-
ate response either to the vaccine or to the infection.
However, the absence of VZV-specific IgG antibodies does
not imply a loss of protection as cell-mediated immunity
against VZV may still be intact in healthy, not otherwise
immunocompromised children. Unfortunately, some sero-
logical tests also show limitations when evaluating cases of
breakthrough varicella disease [10].

The knowledge about the importance of cell-mediated
immunity for clearance of primary VZV infection, of the
prevention of recurrent infections, or reactivation is based
on data from patients with congenital or acquired immuno-
deficiencies involving the cellular immune system [11] who
showed an increased severity of the disease. It has been
demonstrated that reactivation of VZV is associated with a
decline in VZV-specific T cells [12]. In transplant recipi-
ents, a marked dysfunction of the T cell system is induced
by immunosuppressive therapy. VZV-specific effector T
cells can be detected by their interferon-γ production after
stimulation with VZV-specific antigens in vitro [13, 14].
Unfortunately, experience with assessment of cellular
immunity against VZV in solid-organ transplant recipients
is poor [15].

Thus, so far, no recommendations exist of when to start
anti-VZV therapy despite having VZV-specific antibody
titers in immunocompromised patients as no protective IgG
levels are described. However, the previously shown data
suggest to measure both anti-VZV IgG and VZV-specific T
cells before making any therapeutic decisions.

Treatment of acute varicella infection

In immunocompetent hosts, varicella is a self-limited
disease and symptomatic treatment with antipyretics to
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control fever, lotions for pruritus, and fluid substitution to
maintain hydration is sufficient. Because of the putative
associations with Reye’s syndrome, treatment with acetyl
salicylic acid is strongly discouraged in children with
varicella disease [16]. Non-steroidal anti-inflammatory
drugs in children with varicella might increase the risk of
necrotizing soft-tissue infections and invasive infections
with group A beta-hemolytic Streptococcus, although these
associations are discussed controversially [17, 18]. Bacte-
rial superinfections have to be treated with antimicrobial
therapy.

The use of aciclovir is not recommended for otherwise
healthy children with uncomplicated varicella [19]. How-
ever, aciclovir has been proven to be useful and well
tolerated in the treatment of varicella in otherwise healthy
children [20]. A randomized, placebo-controlled, double-
blind trial was performed in 105 otherwise healthy children
between 5 and 16 years of age with laboratory-confirmed
varicella. Of the 102 children finally included into the
analysis, 50 received aciclovir and 52 received placebo
[20]. Aciclovir-treated patients recovered earlier and had
fewer skin lesions. However, untreated patients did not
show significantly higher complication rates compared to
aciclovir treated patients (10% vs. 13.5% in the placebo
group). Patients who were treated with aciclovir had lower
geometric mean serum antibody titers to VZV than patients
of the placebo group 4 weeks after disease onset, but
similar antibody titers 1 year later.

Resistance to aciclovir is not common, and has so far
been reported mainly in patients with underlying HIV
infection. For these cases, intravenous foscarnet is recom-
mended [21]. However, antiviral treatment is strongly
recommended for immunocompromised hosts, newborns
whose mothers acquired infection around the time of
delivery, and for any patients with VZV-mediated compli-
cations such as ocular involvement, pneumonia, or enceph-
alitis. In immunocompromised hosts or patients with severe
disease presentation or complications, aciclovir is the
therapy of choice, with best effects if given intravenously
within 72 h of disease onset [22, 23]. A daily dosage of
1,500 mg/m2 per day (corresponds to 30 mg/kg) in three
doses for children until 12 years of age was recommended;
for adolescents and adults 15 mg/kg per day (corresponds
to 750 mg/m2) in three divided doses [1]; for immunocom-
promised adults, as far as renal function is not impaired,
30 mg/kg in three divided doses. In patients with renal
impairment, the daily dosage has to be reduced by
extension of administration intervals, due to the risk of
kidney damage. For a creatinine clearance of 25 to 50 ml/
min, a dosage of 5 to 10 mg/kg (depending on indication)
every 12 h and for a creatinine clearance of 10 to 25 ml/min
every 24 h is recommended. For patients with a creatinine
clearance of 0 to 10 ml/min, administration of aciclovir is

dependent on the dialysis method: on peritoneal dialysis,
halving of the recommended dosage (5 to 10 mg/kg) and
administration every 24 h; on hemodialysis, halving of the
recommended dosage (5 to 10 mg/kg) and administration
every 24 h and after hemodialysis [24, 25].

Immunocompetent children

Only a few studies deal with the safety and efficacy of
aciclovir and VZIG in immunocompetent children and the
use and benefit from these drugs in healthy children is
highly controversial.

In a multicenter, double-blind, placebo-controlled study
involving 815 immunocompetent children 2 to 12 years
old, treatment with oral aciclovir within 24 h of disease
onset resulted in a 1-day reduction of fever and a 15–30%
reduction in the severity of cutaneous and systemic signs
[26]. In that study, aciclovir did not reduce the rate of
complications. However, the study authors counted only 11
complications, of them, ten cases could be attributed to
bacterial infections. The recommended dosage for aciclovir
was 80 mg/kg per day divided into four doses for children
and 4 g per day divided into five doses for adults for
5 days.

Studies revealed that the use of aciclovir prophylaxis in
immunocompetent children exposed to a household contact
with active varicella significantly decreased the transmis-
sion rate of VZV [27–29]. Most important for cases of re-
exposure, these children developed subclinical infection
with a prolonged humoral immunity against VZV [29].

Valaciclovir and ganciclovir can be used as alternatives
to aciclovir. In immunocompetent individuals, valaciclovir
1 g three times per day has been shown to be superior to an
oral dosage of 800 mg aciclovir five times per day, with
both medications given for 7 days [30]. Regarding
ganciclovir, VZV is ten times more sensitive to aciclovir
than to ganciclovir, which favors the use of aciclovir [31].

Immunocompromised children

Immunosuppression and VZIG

VZIG at a dosage of 5–25 International Units per kilogram
has been considered effective in susceptible immunocom-
promised children when used within 72 h, maximum 96 h,
of significant exposure to VZV [19, 32]. VZIG should be
given as early as possible, as losing time reduces protective
function. Although there exists no proof for the right time
frame of VZIG administration in immunocompromised
patients, most of the evidence for the appropriate time
window to allow a successful use of VZIG comes from
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experience with VZV infections in obstetrics demonstrating
a reduction of severe illness for VZIG administration within
96 h [33]. However, in 18 susceptible pediatric liver
transplant recipients, who were exposed, eight patients
developed mild varicella disease although VZIG was given
within 96 h [32].

VZIG has been shown to be safe and efficient in
immunocompromised hosts after significant household
exposure to varicella [34]. Despite the administration of
VZIG, symptoms of acute varicella infection occurred in
60% of 81 recipients of VZIG. Doubling of the dose of
VZIG administered reduced the rate of subclinical infection
in immunosuppressed children, but could compromise the
development of humoral immunity against VZV.

Immunosuppression and aciclovir treatment

Some experience with antiviral drugs in immunosuppressed
patients comes from studies including patients with onco-
logical or hematological disorders. As shown in studies of
children having leukemia [35, 36] or HIV infection [37],
the need for aciclovir is uncertain in children with
leukemia.

In a Canadian experience with aciclovir therapy from 11
pediatric hospitals in the province Quebec, 706 children
under age of 18 years and 179 adults needed 909 hospital-
izations [38]. Of them, 583 were hospitalized to receive
therapy for one or several complications of varicella
disease, 127 had to be treated with intravenous aciclovir,
and 199 received supportive care. Among 644 hospital-
izations in healthy people, treatment of complications
counted for 473 (73.4%) hospitalizations, administration
of intravenous aciclovir for 30 (4.7%), and supportive care
for 141 (21.9%) compared to 46 (33.8%), 85 (62.5%) and
five (3.7%), respectively, among 136 hospitalizations in
immunocompromised patients. Five deaths, one child (not
immunosuppressed) and four adults (three immunosup-
pressed), were reported due to varicella-associated compli-
cations despite aciclovir therapy.

Regarding the preference of oral or intravenous aciclovir
therapy, again, some experience comes from oncology, with
a favorable outcome in 14 bone marrow transplant
recipients receiving oral and 13 bone marrow transplant
recipients receiving intravenous aciclovir treatment to treat
localized herpes zoster [39]. In this study, oral and
intravenous aciclovir were equally effective.

Interruption or reduction of immunosuppressive therapy
such as azathioprine was suggested as supportive treatment
to aciclovir administration and/or VZIG in the case of acute
varicella infection [40, 41]. Although mycophenolate
mofetil has been associated with an increased susceptibility
to VZV infection [8, 42], some groups support its
maintenance because it may enhance the antiviral activity

of aciclovir at least in vitro [43]. The use of aciclovir was
also safe in cases of renal transplant patients on cyclospor-
ine A therapy [44]. According to other authors, no
immunosuppressive drug is significantly associated with a
higher risk of disseminated VZV infection [45]. Early
therapy with high-dose aciclovir has a key role in
decreasing the mortality due to VZV infection [45].
Treatment with aciclovir can be either started immediately
after exposure to varicella and continued for 5–7 days or
can be continued to day 14 after exposure [28, 29].

Immunosuppression and aciclovir prophylaxis

Some experience for aciclovir treatment as low-dose long-
term prophylaxis for prevention of VZV disease exists from
studies with hematological patients [46–48]. In 77 hemato-
poietic cell transplant recipients at risk for VZV reactiva-
tion, long-term aciclovir therapy effectively and safely
prevented VZV disease during the first year after trans-
plantation, but was not significant anymore in the second
year after transplantation [46]. In a study with 242 Japanese
adult patients who underwent allogeneic hematopoietic
stem cell transplantation, aciclovir prophylaxis was contin-
ued until the end of immunosuppressive therapy and at least
1 year after transplantation. The cumulative incidence of
VZV reactivation was 34.7%. The use of long-term
aciclovir was the only independent determinant that
significantly decreased the overall incidence of VZV
reactivation (20% vs. 50%) [47]. Long-term aciclovir was
also proven to be an independent protective factor for VZV
infection in a study with 99 adult patients who had
allogeneic peripheral blood stem cell transplantation and
received aciclovir in comparison with 173 patients who
were not on prophylaxis [48]. Unfortunately, so far, no
experience exists with low-dose prophylaxis in the first
months after solid-organ transplantation.

Immunosuppression and ganciclovir or valaciclovir
treatment

Ganciclovir and valaciclovir are also discussed as alter-
natives to treat VZV disease in immunocompromised
patients. A reduction of the viral load of VZV was
investigated in a renal transplant recipient with disseminat-
ing zoster and simultaneously occurring cytomegalovirus
(CMV) disease under the use of ganciclovir [49]. In a trial
with 151 patients undergoing allogeneic bone marrow
transplantation, no patient who was treated either with
aciclovir or ganciclovir developed VZV disease, but there
was a rapid onset of VZV disease following cessation of
antiviral treatment [50].

Valaciclovir was used in a survey of 28 VZV seroneg-
ative children who were younger than 10 years of age at
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heart transplantation. Of them, 14 patients developed acute
varicella. Seven patients out of the 14 VZV-afflicted
patients were admitted for intravenous aciclovir for 3 days
followed by oral aciclovir for 7 days. Six patients were
treated with valaciclovir for 7 days and one patient with
oral aciclovir for 10 days. All patients recovered and 12 of
the 14 VZV-afflicted patients maintained detectable anti-
body titers in long-term follow-up [51].

In a double-blind study, comparing two dosages of
valaciclovir hydrochloride for therapy of uncomplicated
herpes zoster in immunocompromised adults was shown to
be a safe and efficient therapy at a dosage of 1 g three times
per day [30].

Renal transplant recipients

Aciclovir was suggested as an adjunctive preventive
therapy to VZIG administration in patients with nephrotic
syndrome or renal transplantation [52]. Some studies have
demonstrated that VZV infection in patients with renal
transplantation can be treated effectively with aciclovir [40,
53]. However, a subset of these children has a serious
sequelae from VZV infection, especially under treatment
with corticosteroids [3, 7, 54–56]. Thus, a more aggressive
treatment with prophylactic VZIG and high-dose intrave-
nous aciclovir was discussed for primary VZV infection in
immunosuppressed renal transplant recipients, as protection
against VZV is a function of both humoral immunity
consisting of VZV-specific IgG concentrations and anti-
body avidity, as well as cellular immunity accomplished by
VZV-specific cytotoxic T cells (Table 1). Particularly the
latter may be compromised by immunosuppressive therapy
in transplant recipients, which was confirmed by a case of
chronic varicella in a liver-transplanted child who success-
fully received specific autologous cytotoxic T cells when
antiviral therapy with aciclovir and VZIG failed [56].

In an important observational study including 704
children and adolescents who received renal transplanta-
tion, patients were divided into three groups: 49 VZV naive
patients (of which 22 developed varicella and three died)
(group A); 415 patients with a history of varicella (of which
four developed another episode of VZV disease after
transplantation) (group B); 212 vaccinated patients (of
which 75 demonstrated persisting humoral immunity)
(group C1); and 103 patients showed no humoral immunity
at transplantation plus 19 patients who lost VZV-specific
antibodies after transplantation (group C2) [41]. In group
C2, 26 patients developed varicella and 21 had asymptom-
atic seroconversion. Fortunately, no deaths were reported.
Regarding treatment, on first symptoms of varicella,
azathioprine was stopped in all patients for a mean duration
of 10 days in group A and for 6 days in group C2.
Hyperimmune gamma globulins were administered in ten

patients (one of whom died), and intravenous aciclovir in
22 other patients (half of them received also hyperimmune
globulins, with one patient who died in this group). Two
patients of group C2 were treated with oral aciclovir only.
One patient of group A who did not receive any specific
therapy died. In three patients (all of group C), a rejection
episode was reported after varicella disease and stopping
azathioprine. Fortunately, all three patients completely
recovered. The reported data confirm the vital risk of
varicella after renal transplantation in children who had no
history of the disease or VZV vaccination or even a poor
antibody response after vaccination. Overall, the study
teaches us that VZV vaccination is useful in prevention of
severe sequelae and deaths, even though not all patients
developed VZV-specific antibodies in the vaccinated group.
Also, the appropriateness of administration of another dose
of the vaccine to patients who did not develop detectable
antibodies was discussed in that study.

In a study from Zurich, Switzerland, four cases of
disseminating VZV infection in a population of around
1,000 adult renal transplant recipients were reported [45]. In
38 published cases of disseminated VZV infection in adult
renal allograft recipients from 1981 to 2000, the main
complications of acute varicella infection were pneumoni-
tis, hepatitis, and disseminated intravascular coagulation
with an overall mortality of 34% [45]. Among these
patients, 82% suffered from primary varicella infection
and 18% had a VZV reactivation. High-dose aciclovir and
reduction of immunosuppression led to a fall in mortality
from 53% before 1990 to 22% after 1990. However, studies
in children with chronic kidney disease showed that the risk
of symptomatic varicella (and in particular fulminating
varicella) is not always prevented by VZIG prophylaxis or
treatment with intravenous aciclovir, but it can be reduced
substantially by vaccination [57, 58].

Investigating 69 cases of VZV infection in pediatric
renal transplant recipients between 1984 and 1996
showed that VZV in children with renal transplantation
can be successfully treated with intravenous aciclovir and
temporary withdrawal of azathioprine [40]. Allograft
rejection was uncommon with this approach and appeared
only in three patients who responded successfully to
prednisone treatment. Intravenous aciclovir was adminis-
tered in 62 of 69 cases, and one patient died from
complications.

In a study with 83 pediatric renal transplant recipients,
eight children had a cutaneous manifestation of the disease.
Of them, four had evidence of visceral disease [3]. Three of
these eight children received VZIG after exposure, and all
eight children were treated with high-dose intravenous
aciclovir. Two children died of complications of VZV
infection, including one child who received VZIG on the
day of exposure to varicella.
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A single-center experience with 812 adult renal trans-
plant recipients revealed eight patients with VZV infection
(four cases primary infection, four cases disseminated VZV
reactivations) [59]. Treatment consisted of reduced immu-
nosuppression and aciclovir, and in six patients, a VZIG
dose. There was no statistically significant difference of
recipient demographic characteristics, immunosuppressive
treatment or the use of VZIG on the clinical spectrum of the
disease. One initially negative patient for VZV who had
delayed diagnosis and chronic infection with hepatitis B
virus died despite high-dose aciclovir treatment and VZIG.
The authors suggested that VZIG is useless once the
disease is established, a finding that agrees with others [3,
45, 60].

In a multicenter study, 16 VZV exposures in 12 pediatric
patients (seven nephrotic syndrome, five renal allograft
transplantation) had been registered [52]. Ten patients
received aciclovir prophylaxis, and six patients served as
controls. None of the eight patients (ten exposures) who
received aciclovir prophylaxis developed clinical varicella.
One patient who received aciclovir therapy developed
humoral immunity. No adverse effects such as renal
dysfunction under aciclovir therapy were detected. One of
the four controls (six exposures) developed clinical VZV
infection and was treated with aciclovir. He was the only
patient in the control group developing humoral immunity
to VZV. There was no difference between treated and
untreated group concerning the rate of clinical varicella.

In 19 children with renal transplantation, in three
children with serologically documented immunity to VZV
acute VZV infection occurred. All cases were managed
with oral aciclovir, and had an uncomplicated recovery
without neuralgia [8]. In contrast, of 74 patients trans-
planted before the use of mycophenolate mofetil, only one
patient had varicella, which led the authors to conclude that
mycophenolate mofetil may be associated with higher risk
of VZV infection or reinfection [8].

Between 1969 and 1998, in 476 renal transplant
patients, four patients developed varicella, all patients
received aciclovir therapy, but unfortunately two of them
died [60].

Most of the other published reports document cases of
successful or unsuccessful use of aciclovir and/or VZIG
prophylaxis. An outbreak of acute VZV infection was
reported in three adult renal transplant recipients [61]. All
patients were treated with intravenous aciclovir under
reduction of immunosuppressive therapy (cyclosporine
was discontinued, prednisolone continued at its prior
dosage, prescribed mycophenolate mofetil at half of its
prior dosage) and survived without complications. A
fulminating VZV infection despite prophylactic VZIG and
intravenous aciclovir was described in a 30-year-old renal
transplant recipient, who died from complications [62]. In

another case report, two adult patients with renal transplan-
tation presented with disseminated VZV infection, but were
successfully treated with aciclovir alone in one case, and
with both aciclovir and VZIG in the second case [63].

Liver transplantation

Some cases support the use of aciclovir in liver transplant
recipients (Table 2). A case of a varicella infection
following VZV vaccination in a liver transplant recipient
was mild under aciclovir therapy [64].

In a retrospective chart review based on the discharge
diagnoses of orthotopic liver transplantation and varicella
among pediatric patients in California between 1985 and
2001, 22 patients of 556 liver transplant recipients were
admitted to the hospital because of varicella infection [65].
None of the patients were vaccinated, and five patients
received VZIG. All patients were treated with intravenous
aciclovir and discharged with oral aciclovir to complete a
10-day course (including the intravenous treatment). No
patient had VZV-associated complications. One patient had
elevated serum creatinine levels under intravenous aciclovir
treatment, which resolved to normal within 2 weeks.
Another report analyzed 20 pediatric liver transplant
recipients with acute VZV infection, and nine of them
received intravenous aciclovir. None of the children had
complications [66]. In a study with 67 children with liver
transplantation, 32 patients were exposed, 14 cases of
varicella were reported, again despite prophylaxis with
VZIG and intravenous aciclovir, and two of them died
because of varicella-related complications [32].

In a post-liver transplantation vaccination study with
VZV vaccine (Varivax) of 16 children, five children were
exposed to varicella, one received aciclovir, one VZIG,
both stayed asymptomatic as well as the other three
untreated subjects [15].

In another study with 11 children vaccinated with a
single dose of Varilrix before liver transplantation, four
children with low antibody titers who were exposed to
VZV required VZIG prophylaxis, of whom two children
developed mild varicella whereas the other two stayed
asymptomatic. In that study, it was unclear whether the
mild nature of the varicella infection resulted from protect-
ing T cell function by the VZV vaccine, or from an effect
by VZIG prophylaxis or therapy with aciclovir. Protection
against severe varicella may be maintained after the loss of
vaccine-induced antibodies, as cell-mediated immunity
stimulated by VZV infection or immunization is believed
to be the more important part of protection against and for
the recovery from the disease. However, it is thought that
assessment of immunity and targeted prophylaxis is the
safest option in immunocompromised patients regardless of
immunization history [67].
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Heart and lung transplantation

In a report including 28 pediatric heart transplant recipients
on nonsteroid maintenance immunosuppression, 14 devel-
oped acute varicella infection at a median time of 3.3 years
post-transplantation [51]. Seven patients were admitted for
intravenous aciclovir for 3 days, followed by oral aciclovir
for 7 days. Six patients were treated as outpatients with oral
valaciclcovir for 7 days, one with oral aciclovir for 10 days.
Both regimens, intravenous and/or oral, were well tolerated
and without complications or episodes of rejections. All
patients seroconverted despite aciclovir treatment. Howev-
er, two patients under enhanced immunosuppression lost
detectable VZV-specific antibodies.

A 10-year single-center experience was reported for 13
cases of VZV disease in heart and lung transplantation.
Four patients showed a resolution of VZV infection with
combination of intravenous aciclovir and polyspecific
intravenous immunoglobulin [68].

Eleven patients among 175 adult cardiac transplant
patients developed clinical zoster and recovered under
intravenous aciclovir (five patients) or oral therapy (six
patients) [69].

Discussion

Generally, several uncertainties exist when evaluating the
proposed benefit of aciclovir and/or VZIG in pediatric
solid-organ transplant recipients: First, most of the pub-
lished literature consists of case reports and retrospective
chart reviews; second, heterogeneity in patient groups,
patient numbers, age groups, immunosuppressive regimens,
timing and dosage of aciclovir and/or VZIG, pre-transplant
vaccination or VZV wild-type infection and inconsistency
of data make comparability of different studies impossible.
Although the benefit of aciclovir and/or VZIG is uncertain
in immunosuppressed children, prospective controlled
double-blind studies are not feasible for ethical consider-
ations as fatal cases with disseminating varicella disease are
well known in these patient groups despite the use of
aciclovir and/or VZIG, whereas severe side-effects of these
drugs are rare. However, a reporting bias in case reports and
retrospective studies cannot be neglected as mainly severe
or fatal cases might have been predominantly published or
cases of successfully used aciclovir and/or VZIG in mild
cases or in cases of breakthrough infection after vaccina-
tion. However, despite these concerns, it appears from most
reviewed studies that early intravenous aciclovir adminis-
tration may prevent severe courses of varicella infection in
immunosuppressed children.

One of the major questions for clinicians taking care of
immunocompromised pediatric transplant recipients is howT
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to approach the therapeutic management of these patients
after significant exposure to VZV. No doubt, to prevent a
serious sequelae, seronegative patients have to be treated
with aciclovir and VZIG immediately. For prophylactic use,
the orally administered aciclovir seems appropriate. In
cases of moderate to severe presentation of manifest VZV
disease in immunocompromised patients, intravenous aci-
clovir should be preferred. Seropositive patients who show
positive cellular responses to VZV-antigen stimulation by
interferon-γ production in vitro may usually expect a mild
course of varicella, thus prophylactic aciclovir or VZIG
treatment may be deferred to await the clinical presentation.
In seropositive cases in which laboratory investigation of
cellular immunity is not available, aciclovir alone may be
sufficient to prevent serious complications. However, so far,
the role of cellular immunity against VZV is not clearly
understood, as most data are based on small patient
numbers and heterogeneous groups. VZV-specific memory
CD4+ T cell response has been shown to largely resemble
the primary immune response to VZV with VZV-specific
memory CD4+ T cells producing interferon-γ [70]. In
individuals with VZV vaccination following a two-dose
regimen, a significant in vitro proliferative response of
VZV-specific lymphocytes was reported [71, 72] with
maintenance of the cellular immune response in 90% of
29 children after 1 year and in 87% of 60 children 5 years
after vaccination [72, 73], although detailed data about
clinical correlates of protection are missing in these studies.
Overall, in the future, measurement of VZV-specific
cellular immunity may provide an additional tool to assess
immunity against VZV disease [74].

Despite uncertainties in assessment of immunity against
VZV, clinical observations teach us that primary prevention
of serious varicella disease by vaccination against VZV is
effective in most cases. Thus, most importantly, vaccination
is strongly recommended in candidates listed for solid-
organ transplantation and their close contact persons.
Breakthrough varicella and herpes zoster by the vaccine
virus are rare and have a usually mild presentation.

Generally, VZV vaccination in patients with chronic
kidney or liver impairment listed for transplantation appears
to be safe and in most cases efficient [75]. Experience with
VZV vaccination after renal [76] or liver transplantation [77,
78] is poor. In the described cases, VZV vaccination was
immunogenic and safe. Thus, it appears reasonable to think
about post-transplant VZV vaccination in cases of waning
immunity after pre-transplant VZV vaccination or wild-type
VZV infection as suggested by some authors [78].

Beside the individual tragedy of fulminant varicella
infection in each patient who is not vaccinated or does
not have sufficient humoral and cellular protection from
acute VZV infection or reactivation, a two-dose vaccination
program has also demonstrated that vaccination against

VZV proved to be a cost-effective strategy in immunosup-
pressed patients [79, 80]. An economic evaluation of
varicella vaccine for pediatric liver and kidney transplant
recipients revealed that varicella vaccination should be
recommended also to save costs from aciclovir and VZIG
treatment [81]. A decision-analysis model was calculated to
evaluate the cost-effectiveness of vaccinating patients with
chronic renal failure against VZV prior to transplantation
[81]. Under baseline assumptions, compared to aciclovir
treatment, VZIG or hospital admission due to complications
or for the purpose of parenteral therapy, VZV vaccination
pre-transplant was a cost-effective strategy, with a cost of
$211 per patient vaccinated compared with $1,828 per
patient not vaccinated.

Neither VZIG prophylaxis nor treatment with intrave-
nous aciclovir offers complete protection against severe
VZV infection to immunosuppressed pediatric solid-organ
transplant recipients, although this age group has the
highest risk of exposure to VZV. Thus, in conclusion, high
priority should be given to vaccination against VZV, which
should be administered in susceptible transplant candidates,
preferably prior to transplantation and, most important, in
their close contact persons. Although data on the develop-
ment and maintenance of the immune response against
VZV after wild-type infection or vaccination are limited,
clinical observations suggest that only assessment of
humoral immunity together with cellular immunity may
allow predication about protection in exposed patients.
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