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Abstract Solid organ and hematopoietic stem cell transplant
recipients may be exposed to diseases which may be
prevented through live attenuated virus vaccines (LAVV). Be-
cause of their immunosuppression, these diseases can lead to
severe complications in transplant recipients. Despite increas-
ing evidence regarding the safety and effectiveness of certain
LAVV, these vaccines are still contraindicated for immuno-
compromised patients, such as transplant recipients. We re-
view the available studies on LAVV, such as varicella zoster,
measles–mumps–rubella, influenza, yellow fever, polio, and
Japanese encephalitis vaccines in transplant patients. We dis-
cuss the current recommendations and the potential risks, as
well as the expected benefits of LAVV immunization in this
population.
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Introduction

For the last three decades, the number of solid organ trans-
plants (SOT) and hematopoietic stem cell transplants (HSCT)
performed has increased worldwide. In parallel, the patients’
outcomes, as well as quality of life, have significantly im-
proved over time not only because of better surgical tech-
niques and a better use of prophylactic antimicrobials but also
because of improved immunosuppressive treatments to avoid
graft rejection [1]. In solid organ transplantation, patients are
most immunosuppressed during the first 6 months after trans-
plantation and immunosuppression decreases progressively
during the first year [1, 2]. By contrast, in HSCT recipients,
the degree of immunosuppression varies according to the un-
derlying disease or the treatment protocol [3]. The reconstitu-
tion of the immune system may take several months to years
after transplantation depending on the development—among
other things—of graft-versus-host disease (GVHD) [4].

Immunosuppressive drugs target several parts of the hu-
moral and cellular immune systems and are used to induce
and maintain a specific immune response [1, 2]. This inhibi-
tion is not selective to prevent graft rejection but also inhibits
the normal immune response to infections. As a consequence,
patients with chronically depressed immune function are at a
high risk for infections [1, 5]. Infections are a common cause
of rehospitalization and morbidity after transplantation and
can also trigger allogeneic reactions leading to graft rejection
and/or death [6]. Prevention of infection with vaccines is
therefore one of the easiest, longest lasting ways to reduce
the risk of viral or bacterial infections to which transplant
recipients are exposed. However, for efficient vaccine re-
sponse, the immune system has to be sufficiently restored
(i.e., immunosuppressive regimen should be low), and vacci-
nation is therefore rarely recommended before 6 months fol-
lowing transplantation [7, 8••]. Non-live vaccines are consid-
ered safe after transplantation, and seroresponse mostly
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depends on the patient’s immune capacity [9, 10]. Live atten-
uated virus vaccines (LAVV), by contrast, are currently not
recommended by most transplant societies after SOT and rec-
ommended only at least 2 years after HSCT [8••]. In this
review, we will discuss the currently available literature on
LAVV in SOT and HSCT recipients.

Live Attenuated Viral Vaccines

Humoral immunity is very efficient against extracellular path-
ogens, while cellular immunity provides protection against
intracellular pathogens, such as viruses [11]. However, a col-
laboration between the two types of immunity is necessary
against several microorganisms [12, 13]. Protection against
viruses can be induced by LAVV. These vaccines are called
attenuated because the Bwild^ virus is modified to become
less virulent [11]. This is produced either by repeated culturing
in animals (or embryo), primary cell cultures or by
reassortment of genes from related non-human viruses that
are then added to a backbone. LAVV stimulate both humoral
and cellular immunity in a fashion similar to actual infection
[12]. This makes it a very efficient vaccine in the general
population. However, there is a theoretical possibility that
the vaccine viral strain reverts to its pathogenic form and
causes serious illness, especially in immunocompromised pa-
tients [11]. Therefore, LAVVare generally contraindicated in
these patients [8••]. LAVV include live attenuated intranasal
influenza vaccine (LAIV), varicella zoster, zoster, measles,
mumps, rubella, rotavirus, yellow fever, oral polio, and Japa-
nese encephalitis vaccines.

General Live Attenuated Virus Vaccine
Recommendations in Solid Organ Transplant

Guidelines in different countries regarding LAVV immu-
nization in SOT recipients are remarkably similar, de-
spite differences in virus prevalence, age of patients,
and type of transplanted organ [8••, 14]. In general,
LAVV are recommended after 1 year of age. In very
young patients and when protection has to be induced
rapidly, an accelerated immunization schedule can be
offered [6, 8••]. The guidelines agree that LAVV should
be given before transplantation, when the immune sys-
tem still may trigger an optimal and safe immune re-
sponse to vaccination. It is now recognized that SOT
candidates, as young as 6- to 9-month-old, could be
vaccinated with LAVV and that vaccines should be ad-
ministered at least 1 month before the transplantation
[8••, 15–17]. Despite these recommendations, there are
many missed opportunities leading to insufficient pro-
tection in SOT candidates [15, 18]. Studies showed that

immunization before SOT reduces morbidity in pediatric
recipients and increases protective titers in comparison
with post-transplant primary vaccination [6, 19, 20].
Moreover, in the post-transplant period, a booster vacci-
nation is immunologically more efficient than a primary
vaccination [19, 21, 22]. Therefore, the vaccination
schedule should be reviewed as soon as transplantation
is considered. In addition, because protective antibody
levels decrease over time, these levels should be
checked during the long-term care of transplant recipi-
ents and re-vaccination performed when necessary [18,
23]. In addition, all family members, including siblings,
should be evaluated and vaccinated to contribute to the
herd immunity of the transplant candidate or recipient
[8••].

We will discuss below in detail the available interventional
studies looking at the use of LAVVafter SOT (summarized in
Table 1).

General Live Attenuated Virus Vaccine
Recommendations in Hematopoietic Stem Cell
Transplantation

International guidelines for LAVV immunization are available
for HSCT patients [24, 25]. Before transplantation, the recom-
mendations are the same as for SOT recipient: vaccination
starting at 6–9 months of age and at least 1 month before
HSCT [8••, 26]. However, this delay in transplantation is often
impossible, and the patients are also frequently highly immu-
nosuppressed during this waiting time. Furthermore, even if
they were fully immunized before transplantation, patients
usually lose their vaccine-induced immunity after HSCT [27].

It is currently recommended that LAVV are administered
2 years after HSCT if the patient is off immunosuppressive
medications, without GVHD and at least 8–11 months after
the last intravenous immunoglobulin treatment [8••, 24,
28–30]. It is more likely that 2 years after HSCT, patients have
a proper immunological response to LAVV, and the risk–ben-
efit ratio for vaccinating is therefore favorable [31]. We will
discuss below in detail the available interventional studies
looking at the use of LAVV following HSCT (summarized
in Table 2).

Varicella Zoster Vaccine

Primary varicella zoster virus (VZV) infection, called
chickenpox, causes vesicles and mild fever by infecting epi-
thelial, mononuclear, and ganglia cells. The virus then be-
comes latent in the dorsal root ganglia cells and can sometimes
reactivate at a later time, leading to shingles or herpes zoster, a
painful skin rash with blisters in one or several dermatoma
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[32]. Varicella is a highly infectious agent and can spread
rapidly in a susceptible population [33••, 34]. VZV complica-
tions in SOT recipient may occur in several ways [35]: it can
cause severe disseminated disease, allograft rejection, and/or
death [1, 5, 20, 36–39]. Treatment options to prevent compli-
cations in exposed high-risk individuals include the adminis-
tration of hyperimmune, specific VZV gamma globulin
(VZIG) within 96 h of exposure, and antivirals, such as acy-
clovir, usually used when disease is suspected [16, 40].

The LAVV against VZV has been licensed since 1995 in
the USA, with a substantial decrease in the incidence of
chickenpox [41]. This vaccine uses VZV’s attenuated Oka
strain and activates both cellular and humoral host responses,
leading to a high seroconversion rate [33••, 42]. This vaccine
is administered in two doses, 4 weeks apart to children as
young as 9 months of age [32]. Adults usually receive one
dose and serological confirmation is optional in healthy indi-
viduals [32]. As expected, chickenpox occurs significantly
less frequently and with less complications in seropositive
SOT recipients, compared with those who never received the
vaccine or without a history of chickenpox [15, 43, 44]. De-
spite isolated case reports suggesting that varicella vaccine is
not always safe in transplant recipients [45, 46], several stud-
ies have shown that it may be safe and efficient in selected
SOT recipients, with close monitoring during and after immu-
nization [7, 18, 21, 32, 47]. Between 1994 and 2012, seven
prospective interventional studies of VZV vaccine in SOT
pediatric recipients have been published. In total, 128 children
were immunized (23 kidney transplants, 103 liver transplants,
one liver and small bowel transplant, one small bowel trans-
plant). The rate of seroprotection after vaccination was be-
tween 65 and 100 %. Two studies also have measured cellular
immunity before and after VZV immunization and have
shown a significant increase in VZV cell-mediated immunity
[33••, 48]. In all these studies, there were no serious adverse
events following vaccination [6, 23, 33••, 48–51].

Regarding the HSCT recipients, even if VZV immuniza-
tionmay be safe 6 months after the transplantation [52], it may
be ineffective and does not trigger cellular or humoral re-
sponse [53•]. However, when patients are immunized 2 years
after the HSCT, VZV vaccine seroconversion rates appear to
reach approximately the same level as in immunocompetent
hosts [54, 55]. Recently, a case report described an extremely
rare complication of VZV immunization in an HSCT recipient
vaccinated 4 years post-transplantation, despite being diag-
nosed with a new low-grade lymphoma. Within 3 months of
vaccination, he developed a persistent disseminated zoster
caused by an acyclovir-resistant vaccine virus and subse-
quently died [56].

Therefore, it is essential to consider VZV immuniza-
tion in SOT and HSCT recipients only in selected pa-
tients after carefully reviewing their health and immune
status.

Herpes Zoster Vaccine

Shingles is the result of a VZVreactivation and occurs in up to
20 % of patients after SOT or HSCT, a rate that far exceeds
what is typical of the general population (0.4 %) [57]. Its
severity varies from a painful, blistering dermatomal eruption
to a severe, sometimes fatal, form with cutaneous or visceral
dissemination [1, 7, 36, 58]. The reactivation is linked to the
decline of VZV-specific T cells due to immunosuppressive
treatments, age, or other factors [1]. The herpes zoster (HZ)
vaccine, recommended in ≥50 years old immunocompetent
individuals with a history of chickenpox, uses 14 times higher
OKA strain concentrations than in the VZV vaccine and is
contraindicated in SOT or HSCT recipients [47]. No data are
currently available regarding the HZ vaccine in SOT recipi-
ents. Two recent interventional studies reported the safety of
HZ vaccine in HSCT recipients 2 years after the transplanta-
tion but without evaluating the seroconversion rate [59, 60•].

Two new non-LAVV HZ vaccines could become an inter-
esting alternative in shingles prevention in immunocompro-
mised patient. The first, a heat-inactivated varicella vaccine,
has been tested in HSCT recipients and shows safety and an
increase in VZV-specific cell-mediated immunity [57, 61, 62].
Studies are ongoing in kidney transplant recipients and will
hopefully give new insight in the near future [7]. The second
vaccine is a recombinant vaccine and has recently been tested
in HSCT recipients in a phase 1/2 clinical trial. This recombi-
nant HZ vaccine appears to be safe and effective and could be
administered 50–70 days after the HSCT transplant [63]. The-
se two vaccines could therefore be interesting alternatives for
HSCT and SOT recipients.

Measles–Mumps–Rubella Vaccine

Measles is one of the most contagious epidemic diseases, with
20 million cases per year worldwide [64, 65]. Outbreaks are
frequent even in countries in which vaccination is available
when vaccine coverage is poor [16]. For example, in the USA
in 2014, a total of 644 confirmed measles cases in 27 states
were reported [65]. In January 2015, already 68 cases have
been declared to the Centers for Disease Control and Preven-
tion [66]. Complications of measles include pneumonia, en-
cephalitis, and subacute sclerosing panencephalitis, which
may occur after a latent period of several years [5, 64].

In SOT recipients, complications are more frequent than in
healthy hosts and have been described in case reports leading
to organ rejection or even death [16, 64, 67, 68]. Measles can
also have an atypical presentation in immunocompromised
patients with an absence of the usual rash [67].

No specific treatment for measles is available, and in case
of a contact with measles in the community, passive immuni-
zation with non-specific immunoglobulins can be offered.
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This treatment reduces the risk of complication by 76 % in
immunocompetent patients and has not been yet measured in
high-risk populations, such as in immunocompromised pa-
tients [69].

Mumps and rubella are usually benign or mild diseases in
immunocompetent hosts.

Mumps infection is characterized by bilateral parotitis and
sometimes with orchitis and meningoencephalitis [70]. Rubel-
la usually presents with a rash, lymphadenopathy, fever, and is
mostly feared because of its devastating effect on the fetus
when acquired during pregnancy [71]. However, little is
known on the course of these two diseases in SOT and HSCT
recipients. Case reports describe renal graft rejection and death
in HSCT recipients following mumps infection, while mild,
unspecific illness caused by rubella following liver transplant
has been published [20, 70, 72].

Measles–mumps–rubella (MMR), a combination LAVV,
became available in 1963. Thanks to this vaccine, several
countries eliminated measles, epidemic mumps, and congen-
ital rubella, by inducing specific, lifelong cell-mediated and
humoral immunity [73]. Vaccinating immunocompromised
patients could be, in theory, a good way to protect this popu-
lation against these diseases [64].

In SOTcandidates, patients as young as 6–9 months of age
should be vaccinated if possible. Seronegative adult candi-
dates should receive one dose of MMR vaccine and be tested
for serologic response following vaccination [32]. Evidence
regarding the safety of MMR vaccine in pediatric SOT recip-
ients is emerging [6, 23, 51, 74]. However, no data are avail-
able in adults [47]. To date, four prospective studies about
measles immunization have been published, all in pediatric
liver transplant recipients. In total, 72 children were immu-
nized and seroconversion rates were between 41 and 100 %
[6, 23, 51, 74]. No serious adverse events were reported. How-
ever, only humoral immunity was measured, and no data are
available regarding the cellular immune response. Moreover,
gradual waning of antibodies is described, suggesting that it is
important to follow-up on antibody response to confirm last-
ing seroprotection. Only two of these four previous studies (17
pediatric liver transplant recipients) reported mumps and ru-
bella IgG response after MMR immunization with serocon-
version rates of 100 % for mumps and 86–100 % for rubella
[6, 23].

In HSCT recipients, guidelines recommend the use of
MMR vaccine in seronegative patients 2 years after the trans-
plantation and without immunosuppression [73, 74]. In 1997,
during a measles outbreak, a significant proportion of HSCT
patients were susceptible to measles, and 8 of the 54 suscep-
tible patients had measles, for an attack rate of 14.8 % [75].
Prospective studies on immunized HSCT recipients still with
immunosuppressive treatment early after transplantation
showed that MMR vaccine seems safe, but seroconversion
rates varied around 46 and 82%, depending on the preexisting

measles antibody levels before immunization [28, 76–78].
Measles serology should therefore be measured during the
first 2 years following HSCT, and early immunization should
be considered when there is a measles outbreak [76, 77].

Influenza Vaccine

Influenza is a major cause of hospitalization in both competent
and immunocompromised patients [2]. This infection can
cause severe complications, such as graft rejection and death
secondary to pneumonia in SOT recipients and GVHD or
airflow obstruction in HSCT recipients [79, 80••]. Although
the risk of severe influenza infections and complications is
highest early post-transplant, enhanced risk persists as long
as immunosuppression is continued, albeit at a lower frequen-
cy [80••]. During the 2009 H1N1 pandemic, hospitaliza-
tion rates reached 71 % in SOT recipients and caused
the death of 4 % [81]. Because influenza is a respira-
tory tract infection, and because of higher immunosup-
pression, lung transplant recipients are especially at high
risk of developing complications, such as bronchiolitis
obliterans, a major cause of mortality [7, 82]. For all
these reasons, annual immunization of SOT as well as
HSCT recipients and their household remains a good
preventive measure [81, 82]. The efficacy of immuniza-
tion depends on the match between the vaccine strain
and the circulating strain during the influenza season
[47]. Two different types of influenza vaccines exist.
The first one is a trivalent inactivated vaccine (TIAV)
containing 2 A and 1 B strain; recently, a similar quad-
rivalent vaccine received approval providing additional
protection against an influenza B strain [47]. The sec-
ond type is a LAIV which appears to induce a better
seroconversion rate and longer protection than the
inactivated vaccine [83]. This LAVV is currently avail-
able and recommended in children and adults between 5
and 59 years old, in several countries such as the USA,
Canada, and Japan; it is not approved for use in immu-
nosuppressed patients [84–86]. However, individuals im-
munized with LAIV should avoid contact with immuno-
compromised hosts for 1 week because of the risk of
vaccine strain shedding [87]. Children as young as
6 months of age can be immunized with TIAV with
good protection rates [9, 85, 86]. TIAV is also recom-
mended in SOT and HSCT recipients because it is con-
sidered a safer vaccine in this population [79]. During
the influenza season, the TIAV vaccine is recommended
as soon as 3 months after SOT and HSCT [47]. Despite
variations in immunogenicity and efficacy of the vac-
cine after transplantation, TIAV seems safe and does
not trigger graft rejection in these patients [81, 88, 89].
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Yellow Fever Vaccine

Yellow fever (YF) is a tropical disease transmitted by mosqui-
toes and found in Africa and Latin America. The clinical
spectrum varies from asymptomatic to a devastating hemor-
rhagic disease, which can lead to YF-associated viscerotropic
disease and causes 30,000 deaths annually worldwide [90,
91]. No treatment is available, which is the reason why vac-
cination is recommended to every person living or traveling to
endemic regions [92]. The only available vaccine is the 17D
YF live attenuated vaccine [2, 5, 7]. Despite its overall safety,
several extremely rare cases of viscerotropic disease following
the YF vaccine have been reported [93, 94]. The vaccine
should be given to all healthy individuals older than 9-
month-old living or traveling to an endemic area [92]. No
YF infection has been reported in SOT or HSCT recipients
to our knowledge. Very few data are available on YF vaccine
in immunocompromised hosts. One kidney transplant patient
was immunized with a YF vaccine by mistake and had con-
sequently a perturbation of liver function tests [91]. The pa-
tient received intravenous immunoglobulins and rapidly re-
covered. Two patients received YF vaccine more than 2 years
after HSCT, reported no adverse event and acceptable
seroprotection [90, 95]. In HIV-positive treated patients, YF
vaccine is strongly recommended prior to traveling to a region
where YF is endemic [96, 97]. However, vaccination should
be avoided in patients with low CD4 count [98]. One retro-
spective study in Brazil reported that 19 SOT recipients re-
ceived the YF vaccine with no serious adverse events [99].
SOT recipients should, if possible, not travel to endemic areas,
and, if exposure is likely, the benefits of YF immunization
should be evaluated and a decision should be taken carefully
on a case-to-case basis [87].

Polio Vaccine

Thanks to a considerable effort in worldwide vaccination, the
incidence of polio has declined in a spectacular fashion. How-
ever, smaller epidemic outbreaks are found in several coun-
tries, such as Nigeria, Pakistan, and Afghanistan [100]. Two
kinds of vaccines are available: the inactivated polio vaccine
(IPV) which is recommended in developed countries, as well
as in SOT and HSCT recipients [16], and the live attenuated
oral poliomyelitis vaccine (OPV), particularly recommended
in developing countries because of its ease of administration,
its cost, as well as its capacity to induce indirect protection by
spreading through fecal–oral contact [101]. Unfortunately, the
latter reason can occasionally induce outbreaks of vaccine-
associated poliomyelitis, and SOT’s household members
should therefore not receive OPV [1]. No data are available
regarding OPV vaccine in SOT recipient patients because IPV

is a better option. In SOT recipients traveling to endemic area,
IPV booster should be given before traveling [1].

Japanese Encephalitis Vaccine

Japanese encephalitis (JE) is a virus transmitted by mosqui-
toes in Asia and the western Pacific and causes a severe neu-
rologic disease with long-term deficit or death. No treatment is
available and the only way to be protected from this disease is
indirect protection from mosquitoes and immunization. Two
inactivated vaccines (mouse brain-derived and Vero cell cul-
ture-derived) and two LAVV (chimeric vaccine and SA 14-
14-2) are currently available [102]. The first is costly as well
as insufficiently immunologic, requiring initially several
doses and boosters to trigger a strong and long-term
seroprotection [103, 104]. The second was licensed in 1998
and was widely used in China but is by now replaced by the
SA 14-14-2 LAVV. Since 2009, it is authorized in many coun-
tries such as the USA, Europe, and Switzerland [102, 103].
The third vaccine, the new live attenuated chimeric vaccine, is
produced with the same vector as the YF vaccine 17D. Recent
studies show a good safety profile and satisfactory
seroprotection with a single dose, and this vaccine is now
available in Australia and Thailand [102]. The SA 14-14-2
LAVVappears to be safe and to have a good efficacy in chil-
dren and adults by providing 80–96 % of seroconversion with
one dose and almost complete protection with two doses
[104–106]. This vaccine is also cheap to produce and is the
most commonly used in endemic areas [102]. Currently, no
data are available regarding the safety of any of these four JE
vaccines in SOT or HSCT recipients to our knowledge. Only
one recent study used the SA 14-14-2 LAVV and showed a
high seroconversion rate and a good safety profile in HSCT
patients after two doses [107•]. However, further studies are
needed and meanwhile inactivated JE vaccine should be pre-
ferred in transplant recipients.

Conclusion

As in other significantly immunocompromised patients,
LAVVare currently contraindicated in SOT as well as during
the first 2 years following transplantation in HSCT recipients.
However, vaccination opportunities in this specific population
are often missed or delayed, mostly because of complicated
recommendations, temporary or perceived contraindications,
and lack of knowledge [18, 108]. The fear of vaccine-
associated disease after LAVV immunization is mostly theo-
retical, and it is necessary to repeatedly question these recom-
mendations with newly available studies and reports. It re-
mains important to evaluate the immunization options accord-
ing to the level of immunosuppressive regimen, the time after
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the transplantation, as well as the underlying disease, and de-
cide on a case-by-case basis [5, 87]. The acceptable risks and
expected benefits to immunize with a LAVV should be put
into perspective, because in some cases, when exposed, pa-
tients may develop severe complications of these preventable
diseases.

Are LAVVin transplant recipients friends or foes? They are
often not foes but not quite friends either. Immunizing trans-
plant patients with LAVVmay be beneficial and probably safe
in selected patients, at least 1 year after SOT and 2 years after
HSCT, with a controlled underlying disease, and low levels of
immunosuppression. However, to allow changes in interna-
tional guidelines, further studies are needed in larger popula-
tions to assess the safety of LAVV, the cellular and humoral
immune response to vaccination, as well as the long-term
follow-up to estimate the maintenance of lasting protection.
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