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3.1  �Introduction

When vaccinating immunocompromised individuals, the most 
important safety issue concerns live-attenuated vaccines. 
They consist of live pathogens that have been ‘weakened’ so 
that they can still replicate but with difficulty and without 
having the capacity to cause the disease in an immunocompe-
tent host. Given the fear of a theoretical uncontrolled replica-
tion that could lead to severe vaccine-induced disease, 
live-attenuated vaccines are mostly contraindicated in 
immune compromised children. In patients with severe pri-
mary immunodeficiency disease (e.g. severe combined immu-
nodeficiency), live-attenuated vaccines carry a significant risk 
of vaccine-strain infections. These have been reported follow-
ing oral rotavirus or poliovirus vaccines, measles-mumps-
rubella (MMR) vaccine and bacille Calmette-Guérin (BCG) 
vaccine [1, 2]. Given the severe outcome of wild-strain mea-
sles disease in immunocompromised patients and the ability 
of the measles vaccine strain to bind to a receptor ubiquitely 
expressed on nucleated cells (CD46; compared to the wild-
strain which binds mainly to CD150 expressed only on acti-
vated lymphocytes and antigen-presenting cells), safety is one 
of the main concerns when giving measles-containing vaccine 
to immunocompromised individuals. However, there is 
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growing evidence documenting the safety of immunizing 
immunocompromised hosts with different types of live-
attenuated vaccines in carefully selected settings.

Previous studies that have assessed the safety and immu-
nogenicity of live-attenuated vaccines in children on immu-
nosuppressive treatment are summarized in Table 3.1. There 
are almost no data on primary vaccination with MMR in 
children with dysimmune disorders as the first dose of this 
vaccine is typically given before the onset of most of these 
disorders. By contrast, primary vaccination with MMR or 
varicella vaccine have been studied in solid organ recipients, 
mostly after liver transplantation. Indeed, as liver transplan-
tation often occurs at an early age, live-attenuated vaccines 
cannot always be given before transplantation and, in some 
individuals, primary vaccination can only be considered after 
transplantation.

3.2  �Safety and Immunogenicity Data

3.2.1  �Measles, Mumps, Rubella (MMR)

In a prospective, nested, case-control study, the immune 
response following a booster dose of MMR was comparable 
in both healthy controls and 15 children with JIA treated with 
low-dose MTX, more or less anti-TNFα (etanercept) [4]. A 
Dutch randomized, multicentre, open-label clinical equiva-
lence trial assessed the effect of a MMR booster dose in 137 
JIA patients aged between 4 and 9 years (60, MTX; 15, 
bDMARDs) in which patients were randomly assigned to 
receive MMR booster or placebo. Among patients taking 
bDMARDs, treatments were interrupted at five times their 
half-lives prior to vaccination. The authors observed a good 
immunogenicity of the booster dose of MMR in JIA patients 
and no increase in disease flares in the year following vacci-
nation [7]. A retrospective, single-centre Dutch study com-
pared the long-term persistence of antibody to MMR, 
diphtheria and tetanus toxoids in 400 JIA patients compared 
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to 2176 healthy controls. They reported lower levels of 
antigen-specific antibodies in JIA patients for all antigens, 
except measles, although seroprotection rates were similar in 
JIA patients and controls. Furthermore, the use of MTX and 
GCs had no effect on antibody persistence [6]. Other studies 
have reported that revaccination with MMR in patients 
treated with various immunosuppressive treatment was safe 
and immunogenic, although the antibody response was lower 
in the short- and longer-term [3, 5, 8, 11] (Table 3.1).

In SOT recipients, measles-containing vaccines have been 
contraindicated after transplantation due to the lack of safety 
data and the fear of instigating immune-mediated organ 
rejection or complications following uncontrolled viral repli-
cation [44, 45]. Ideally, transplant candidates are encouraged 
to be vaccinated before transplantation [44, 46] using an 
accelerated schedule if feasible (starting at the age of 6 
months) [47]. Nevertheless, in practice, pre-transplant vacci-
nation is not always performed because patients are either 
too young or considered too ill, or because of insufficient 
time before the planned transplantation [24]. In children vac-
cinated before transplantation, antibodies may wane over 
time, in particular under the influence of immunosuppressive 
drugs [23, 46]. In a Swiss cohort of liver transplant recipients, 
70% of patients immunized before transplantation were sero-
protected post-transplantation and therefore did not require 
further vaccination. Furthermore, most of these patients were 
protected against measles during transplantation, as well as 
during the first year after transplantation when immunosup-
pression is too high to allow the administration of any live-
attenuated vaccine. Unsurprisingly, in this same cohort, 
patients immunized and transplanted at an older age had a 
higher chance of being seroprotected against measles com-
pared with those transplanted at a younger age. However, the 
authors reported that five patients who had been immunized 
before 9 months of age remained seroprotected after liver 
transplantation, highlighting the rationale behind the admin-
istration of MMR as early as possible before transplantation 
by using an accelerated schedule if needed [47]. In this same 
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study, the authors reported that one-third of patients immu-
nized before transplantation were not seroprotected after 
transplantation, which is a much higher rate of seroprotection 
loss than that observed in healthy subjects [48]. Similar obser-
vations have been made in HIV-infected patients [10, 49], 
thus indicating the impact of immune deficiency/immunosup-
pression on the persistence of measles antibodies. Remarkably, 
all of these patients responded to re-immunization in the 
context of the study and maintained high seroprotection rates 
during follow-up.

Although measles-containing vaccines have been adminis-
tered to transplant recipients for decades, it has been mainly 
limited to a few outbreak settings (mostly unpublished) [50]. 
So far, seven retrospective and prospective studies in Japan, 
the USA, Germany and Switzerland have been performed for 
a total of 214 transplant recipients (Table  3.1) [12–19]. 
Overall, the authors of these reports observed a good immu-
nogenicity of primary vaccination or revaccination with 
measles-containing vaccines in liver transplant recipients, 
with a 39–100% seroconversion rate, although many patients 
required further doses to maintain seroprotection during 
follow-up. The authors did not report any serious adverse 
events, but the total number of vaccinees is too small to draw 
any definite conclusion. In one study, a unique multimodal 
approach was used to closely monitor MMR safety in liver 
transplant recipients after each vaccination. This included the 
completion of a vaccine diary for 8 weeks, active surveillance 
through serial phone calls, and screening of prolonged 
vaccine-strain replication through the monitoring of viral 
shedding in urine by polymerase chain reaction [19]. 
Reassuringly, all studies conclude that measles vaccine 
appears to be safe after liver transplantation, with no occur-
rence of serious adverse events attributable to the vaccine, 
but the overall safety of MMR cannot yet be fully assessed 
given the limited size of the study population and the low 
frequency of severe adverse events.

In hematopoietic stem cell transplant recipients, both the 
Children’s Cancer and Leukaemia Group (CCLG) [51] and 
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the Infectious Diseases Society of America (IDSA) [52] rec-
ommend the administration of MMR vaccination at 18 
(CCLG) or 24 months (IDSA) after transplantation, if the 
patient fulfils specific safety criteria. However, there are only 
a few studies assessing the safety and immunogenicity of 
MMR revaccination in this context (Table  3.1). Among the 
four reports [20–22, 25], the seroconversion rate to measles 
was between 33% and 100% after one to two doses. There 
was no safety concern. In one study, the authors reported that 
27 patients were receiving immunosuppressive treatment for 
GvHD at the time they received the vaccine [22].

Varicella (Chickenpox) Vaccine (VZV)
In a prospective controlled study, 25 children with various 
rheumatic diseases (17 JIA, 4 juvenile dermatomyositis, 3 
juvenile scleroderma, 1 vasculitis) treated with MTX alone or 
with prednisone (maximum 10 mg/day) or other csDMARDs 
received a single primary dose of VZV vaccine. Three patients 
with JIA presented a mild, self-limited, varicella-like rash in 
the first 2 weeks post-vaccination, without any other symp-
toms, and the rash spontaneously resolved after 5–7 days. 
More importantly, the number of active joints in JIA patients 
significantly decreased at month 3 after vaccination [26]. In 
another prospective controlled study, 54 children with SLE 
treated with various csDMARDs and immune for varicella 
were randomly assigned to receive a single booster dose of 
VZV vaccine or placebo. There was no difference in the rates 
of adverse events or frequency of SLE flares between the 
vaccinated and non-vaccinated children [28]. A case series 
reported the administration of a first dose of VZV vaccine in 
four of six children with JIA treated with bDMARDs. They 
reported that the vaccine was safe, but not efficacious in all 
children as one patient did not respond and presented a mild 
varicella infection 4 months later. Although it is a very small 
sample size, it appears that patients treated with anti-TNFα 
(etanercept) responded less well [29]. Another case-control 
study assessed the immune response to a booster dose of 
VZV vaccine in 49 children with diverse rheumatic diseases 
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(three of whom were treated with bDMARDs) compared to 
18 healthy controls. They reported good safety data and simi-
lar humoral responses in patients compared to healthy con-
trols [30]. Similarly, another prospective study assessed the 
immune response to primary and booster doses of VZV vac-
cine in children on immunosuppressive treatments, nine of 
whom were on bDMARDs. They used a pre-vaccination 
checklist with basic laboratory tests: white blood cell count 
≥3000/mm3; lymphocytes ≥1200/mm3; serum IgG ≥500  mg/
dL; IgM ≥20  mg/dL; and tetanus toxoid antibody ≥0.1  IU/
mL. In the case of high immunosuppression, additional speci-
fications included a CD4+ lymphocyte count ≥200/mm3 and 
a positive T cell function (via the analysable positive control 
of a standard tuberculosis interferon-gamma-release-assay 
indicating mitogen-induced T cell proliferation). Patients who 
met the criteria of the pre-vaccination checklist received the 
first and/or second VZV vaccination, with good safety and 
immunogenicity results [31].

A retrospective multicentric survey in which physicians 
treating children with auto-inflammatory diseases on anti-
IL-1 and anti-IL-6 were contacted and asked to report safety 
data concerning the vaccination with live-attenuated vac-
cines. Good safety data were reported concerning 17 children 
(7 with sJIA and 10 with periodic fever syndromes), apart 
from two serious adverse effects: a VZV infection after a 
VZV booster in a child on anti-IL-1 (anakinra), low GCs and 
several csDMARDs and a pneumonia after a MMR booster 
in a child on anti-IL-1 (canakinumab), low GCs and MTX 
[32]. Finally, a retrospective study from the Paediatric 
Rheumatology European Society (PRES) Vaccinations 
Working Group reported good safety data of 234 patients 
with various rheumatic diseases receiving booster doses of 
MMR or MMR and varicella (MMRV) combination vaccine 
while treated with various immunosuppressive treatments [8].

In SOT recipients, there are a dozen publications consist-
ing of case reports, and observational and prospective studies 
discussing varicella vaccination after transplantation 
(Table  3.1). These include both primary vaccination and 
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revaccination, following renal, liver, intestinal or heart 
transplantation, with varicella vaccine. The MMRV has not 
yet been studied in solid organ recipients. The authors report 
a 32–100% seroconversion rate following one to three doses 
of varicella vaccine. Although many report a high degree of 
waning immunity during follow up, in one of the largest stud-
ies, 96% of patients maintained protective antibody concen-
trations at a median of 5.5 years of follow up after vaccination 
[38]. T cell responses were assessed in a total of 34 transplant 
recipients across two studies and had significantly increased 
following transplantation [36, 39].

In hematopoietic stem cell transplant recipients, the CCLG 
does not recommend the administration of varicella vaccina-
tion after transplantation [51], whereas the IDSA recom-
mends varicella vaccine only in seronegative patients ≥24 
months after hematopoietic stem cell transplantation, pro-
vided that there is no GvHD and that the patient is not 
receiving any immunosuppressive medication [52]. There is 
limited evidence in the literature suggesting the safety and 
immunogenicity of varicella vaccine after hematopoietic stem 
cell transplantation (Table 3.1). Among the five reports, there 
was a 33–100% seroconversion rate following one to three 
doses of varicella vaccine [25, 40–43].

In contrast to the measles vaccine studies, several break-
through diseases have been reported following vaccination 
due to primary or secondary vaccine failure (Table 3.1). All 
cases presented with an attenuated form of chickenpox dis-
ease and recovered well, with some requiring treatment. 
There was also a higher rate of rashes reported after vaccina-
tion, likely induced by the vaccine given their vesicular 
nature, although never confirmed by polymerase chain reac-
tion. However, all rashes were self-limited with uneventful 
recoveries. Overall, the authors had no safety concern follow-
ing varicella vaccination after solid organ or hematopoietic 
stem cell transplantation.
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3.2.2  �Other Vaccines

There are no studies on vaccine responses to yellow fever 
vaccine in immunocompromised children. However, a survey-
based study in Brazil reported that a total of 19 transplant 
recipients aged 11–69 years old had inadvertently received 
the yellow fever vaccine 3–340 months after kidney (14 
patients), heart (3 patients) or liver (2 patients) transplanta-
tion while under various combination of immunosuppressive 
treatment including prednisone (11 patients), mycophenolate 
mofetil (10 patients), cyclosporine (8 patients), azathioprine 
(7 patients), tacrolimus (4 patients), sirolimus (3 patients), 
and deflazacort (1 patient); none had serious adverse event 
[53]. Another case series assessing the immune response to a 
booster dose of yellow fever vaccine in 15 adults with various 
rheumatic diseases treated with MTX and anti-TNFα 
reported a similar antibody response to healthy controls and 
no adverse events, although there was a trend towards a 
lower immune response in patients, but due to the small 
sample size, no formal statistics could be performed [54].

3.2.3  �Conclusions

There is increasing evidence to suggest that MMR and vari-
cella vaccines are well tolerated in individuals with mild 
immunosuppression, such as in children with DiGeorge syn-
drome (if lymphocyte count is >500  cells/μL) [1], HIV-
infected individuals (if CD4+ count is >200 cells/μL) [55, 56], 
liver or kidney transplant recipients (strict conditions [57]), 
after hematopoietic stem cell transplantation [51, 58], or in 
individuals with dysimmune disorders on low/no immune 
suppression [59, 60], including children with nephrotic syn-
drome [61]. MMR and varicella vaccine have indeed the 
potential to protect patients against threatening pathogen 
that are endemic or linked to epidemics in many places 
around the world.
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In children with dysimmune disorders, studies show that 
those treated with low-dose csDMARDs and GCs who 
received booster doses of MMR, VZV or primary vaccination 
against VZV, had no severe adverse reactions and no cases of 
vaccine-derived viral infections or worsening of disease activ-
ity [3, 4, 26, 54]. Therefore, even if larger studies are necessary, 
it appears that booster vaccinations with live vaccines can be 
considered in patients with dysimmune disorders treated with 
various csDMARDs at low dose or GCs, or even some 
bDMARDs [62] (Table 3.2). However, more data are needed 
for these new treatments as they are more specific and they 
could affect a pathway required for vaccine responses. An 
immunology work-up can also be done before vaccination 
with live vaccines by looking at the total lymphocyte count, 
IgG levels, vaccine antibody levels, and possibly CD4 and 
CD8 counts and a T cell stimulation test.

Concerning immunogenicity, all these results show that 
live vaccines induce a good immune response in the short 
term in children with various dysimmune disorders on GCs, 
csDMARDs or bDMARDs (anti-TNF, anti-IL-1, anti-IL-6) 
[4, 6–8, 26, 28–31] as summarized in Table  3.1. However, a 
rapid loss of antibodies can be expected in the longer-term 
under immunosuppression, although persistence may be 
maintained with some csDMARDs. Results also suggest that 
responses are lower in children on bDMARDs. These find-
ings are very important in the context of measles outbreaks 
occurring worldwide as immunosuppressed children not up 
to date with their vaccines are particularly at risk of infection. 
Booster doses may be needed, but it is difficult to establish 
common guidelines as to when boosters should be given as 
the long-term effect may depend on the complexity of 
therapy.
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3.3  �Recommendations

3.3.1  �VZV and MMR

Child Immunization Schedules Worldwide
Vaccination schedules for MMR and VZV vaccines differ 
among countries. While the first MMR vaccine dose is given 
around 9–15 months of age in all countries, the timing of the 
second dose varies greatly. It is recommended before the age 
of 2 years in Switzerland and Australia, or between 4 and 6 
years in countries such as France, Spain, the United Kingdom, 
USA and Canada, or even as late as at 9 years old in Hungary, 
The Netherlands, Estonia, Norway, Poland and the Slovak 
Republic [69–72]. Most European countries do not vaccinate 
against varicella, while VZV vaccine is part of the routine 
vaccination schedule in Australia, Canada and the 
USA.  Hence, depending on the age at onset of the dysim-
mune disease or organ failure, the child might not be immune 
against measles and varicella at the time of diagnosis.

Challenges
The risk of measles and varicella infections in immunocom-
promised children is even more important at the current time 
of increasing vaccine hesitancy and measles outbreaks world-
wide. Therefore, assuring a protective immunity against 
measles and varicella in immunocompromised children can 
be very challenging. Once the immunosuppressive treatment 
has been introduced, it is no longer possible to vaccinate 
against these diseases as only live vaccines are available. 
Furthermore, vaccinating children during the acute phase of 
disease with a live vaccine is often difficult as a time interval 
of minimum 4 weeks is necessary between vaccination and 
the beginning of the immunosuppression or transplantation, 
and even more if two doses are needed.

Current Recommendations
The recommendations of the PRES concerning live vaccines 
in children with rheumatic disease were published in 2011 
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[63] and updated in 2015 [62]. According to PRES, 
live-attenuated vaccines against MMR and VZV can be given 
safely in children with rheumatic disease without immuno-
suppression according to national guidelines [62, 63]. As soon 
as a dysimmune disorder is suspected, screening for VZV and 
measles should be done systematically through infection and 
vaccine history and, if possible, confirmation by vaccine serol-
ogy [68]. If the surrogate marker is below the threshold con-
sidered protective, seronegative patients for VZV and measles 
should be vaccinated before the start of immunosuppressive/
immunomodulatory therapy. Two vaccine doses, at least 1 
month apart, should be administered and the last dose should 
be given ≥1 month before the start of immunosuppressive 
therapy [63, 68, 73, 74].

In general, live viral vaccines are contraindicated under 
immunosuppressive therapy. However, as the replication 
potential of varicella vaccine is low and antivirals are avail-
able, varicella vaccine can be considered in any stable child 
under low-dose therapy with MTX, AZA or 6-MP [60, 68], 
while MMR and yellow fever vaccinations can be considered 
in clinically stable patients during low-dosage GCs and MTX 
therapy ≤15 mg/m2/week [62, 63]. According to other recom-
mendations, booster vaccinations against VZV, MMR and 
yellow fever, can also be considered in patients on low-dose 
csDMARDs [64, 68], as defined in Table 3.2.

Live vaccines should be avoided in children on high-dose 
immunosuppression [62, 63] as summarized in Table  3.3. 
Indeed, the replication of the live-attenuated vaccine may not 
be sufficiently controlled under strong immunosuppression 
and attenuated vaccines have the theoretical risk of a rever-
sion to the virulent form, thereby inducing overt disease [32, 
76]. In the healthy population, this presentation is extremely 
rare, generally mild and self-limited [77].

In general, it is recommended to wait for at least 4 
weeks after discontinuation of high-dose GCs, at least 3 
months after discontinuation of csDMARDs, and at least 3 
months after discontinuation of a bDMARDs [74].

3.3  Recommendations
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Table 3.2 summarizes the list of low immunosuppressive 
drugs, while Table  3.3 summarizes the list of high 
immunosuppressive drugs with the delay necessary between 
the interruption of the immunosuppressive treatment and 
immunization with live vaccines. Table 2.2 in Chap. 2 summa-
rizes the effects of each immunosuppressive drug, the half-
life, the definition of low and high dose, and the ideal delay 
between treatment and vaccination with a non-live and live 
vaccine. Table 3.4 summarizes the recommendations for 
administration of live-attenuated vaccines in children with 
rheumatic disease, and Table 3.5 gives recommendations for 
serological monitoring. These tables should be taken as 
indicative and not as strict guidelines according to expert 
consensus [64, 68, 74] based on [65, 66, 68, 75]. Delays were 
calculated according to the half-lives of the drugs (usually 
five half-lives) and the expected duration of the immunosup-
pressive effect after interruption. The various delays can be 
followed before planning any live vaccines in children on 
immunosuppressive treatments, while considering the risk 
and benefit of vaccination in each situation.

In solid organ recipients, live-attenuated vaccines can 
often not be given before transplantation due to their young 
age or unstable medical condition [14, 24, 47]. While post-
exposure management with non-specific intravenous immu-
noglobulins may be effective to prevent death [78], it is a 
costly intervention requiring hospitalization and is not read-
ily available in routine care. As measles is highly contagious, 
contact is not always recognized and diagnosis can be further 
complicated by atypical presentations in these immunocom-
promised patients.

However, extra caution should be taken and close safety 
monitoring is highly recommended following the administra-
tion of live-attenuated vaccines in any situation when the 
immune system is affected [52, 57]. In the setting of solid 
organ transplantation, a consensus of worldwide experts 
meeting in 2018 considered both measles and varicella vac-
cines to be safe in patients who are clinically well, more than 
1 year after liver or kidney transplantation and more than 2 
months after an acute rejection episode, and who meet spe-
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cific criteria of ‘low-level’ immunosuppression. The latter is 
defined as tacrolimus levels of <8  ng/mL or cyclosporine 
levels of <100  ng/mL (each for two consecutive readings), 
and a prednisone dose equivalent of <20 mg/day (or <2 mg/
kg/day for those <10 kg). Recommendations for use of both 
vaccines are restricted to liver and kidney transplant recipi-
ents only, pending the availability of further evidence in other 
graft types. Furthermore, in areas with a low incidence of 
measles, MMR vaccination is only considered during an 
outbreak or travel to endemic risk areas [57]. This same group 
of experts has also recommended to perform an immunologi-
cal workup before administering measles or varicella vac-
cines after transplantation, including measurement of the 
total IgG level, total lymphocytes and CD4 counts [57]. They 
recommend further caution and in-depth immunologic evalu-
ation for patients with a ‘higher level’ of immunosuppression, 
defined as those who have received MMF, T cell-depleting 
agents (e.g. anti-thymocyte globulin, rituximab, alemtu-
zumab), or have persistently elevated viral loads of Epstein-
Barr virus, which is suggestive of potential T cell dysfunction. 
Also included in this group are patients with complete thy-
mectomy in the neonatal period, as well as liver transplant 
recipients who are undergoing immune suppression with-
drawal with the goal of cessation (achievement of ‘functional 
tolerance’) [57].

Despite the publication of the consensus, clinicians should 
keep in mind that administration of live-attenuated vaccine 
in transplant recipients is still ‘off-label’ in all countries, and it 
is recommended to clearly document obtainment of informed 
consent after evaluating the risk-benefit of the intervention 
with the patient, their family and physicians. The consortium 
of experts also recommends a combination of both passive 
and active surveillance following vaccination [57]. It includes 
education of patients and families to seek medical attention 
promptly for any new onset of rash or fever within 4 weeks 
following vaccination (passive surveillance), and at least one 
telephone contact with the patient’s caregiver at 3–4 weeks 

Chapter 3.  Vaccination with Live Vaccines



139

after vaccination to identify any adverse event that might 
have occurred (active surveillance) [57].

A recent survey has revealed that several paediatric cen-
tres around the world are already administering live-
attenuated vaccine after transplantation outside the context 
of clinical trials, in off-label settings [79]. Most respondents 
believed that these vaccines should be offered to solid organ 
recipients, especially in selected patients and situations (e.g. 
outbreak). However, this same survey showed a great vari-
ability in strategies for the prevention and management of 
varicella and measles in solid organ recipients and has 
revealed that the majority of the respondents did not perform 
any immunological workup before vaccination, and that close 
monitoring for adverse events was not done routinely in the 
majority of centres [79]. The data provided in this survey, 
coming from diverse caregivers worldwide, helped to identify 
knowledge gaps and practitioners’ concerns, and could be 
used as a starting point for the creation of educational mate-
rials that would inform intervention methods and promote 
safe administration of live-attenuated vaccine in solid organ 
recipients. There is an increasing number of practitioners will-
ing to administer live-attenuated vaccine in immunocompro-
mised individuals and safety reports on this practice should 
be promoted in order to increase the available data and to 
help with the elaboration of further detailed guidelines by the 
various disease societies.

In hematopoietic stem cell recipients, the CCLG recom-
mends the administration of MMR vaccination as of 18 
months after transplantation, provided that there is an 
absence of active chronic GvHD, as well as being off immu-
nosuppressive treatment for at least 1 year and off IVIg for at 
least 3 months [51]. A second dose of MMR is recommended 
6 months after the first dose, but can be given as early as 1 
month after in outbreak situations. Varicella vaccine is not 
routinely recommended. IDSA guidelines differ slightly with 
the recommendation of varicella vaccine (only if seronega-
tive) and MMR (regardless of serology) in patients ≥24 
months after hematopoietic stem cell transplantation, pro-
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vided that there is no GvHD and that the patient is not 
receiving any immunosuppressive medication [52].

For all immunocompromised conditions, it is also recom-
mended to verify the vaccination status of the household and 
other close contacts and vaccinate them if indicated so as to 
minimize the risk for immunocompromised children through 
a ‘cocooning strategy’ [74]. In addition, if there is no time to 
administer live vaccines before starting immunosuppression, 
patients should be informed of their risk in the case of known 
exposure and advised to consult rapidly to receive prophylac-
tic treatment antivirals/Igs [68].

Under immunosuppression, it is recommended to first give 
a non-live vaccine (preferably following a novel antigen, such 
as hepatitis A) and assess the antibody response 1 month 
after vaccination, as well as to measure the number of CD4/
CD8 cells. If the antibody response is good, including the T 
cell numbers, a live vaccine can be considered [68].

3.3.2  �Other Live Vaccines

Other live vaccines are usually contraindicated in patients on 
immunosuppression and the same recommendations should 
be followed as for VZV and MMR vaccines (Tables 3.2, 3.3, 
and 3.4). If travel is planned to an endemic country for yellow 
fever soon after the diagnosis, this vaccine should be admin-
istered before starting immunosuppression. In general, fami-
lies should be discouraged from travelling to countries 
endemic for yellow fever and other diseases for which only 
live vaccines are available. Yellow fever vaccination can be 
given in clinically stable patients during low dosage MTX 
[68]. If yellow fever vaccine has been already administered 
previously, an antibody measurement should be performed. 
Seropositivity indicates past immunity and enables travel to 
yellow fever endemic areas, regardless of the time elapsed 
since immunization. As a precaution, oral typhoid vaccination 
(Vivotif®) and BCG vaccine should generally be avoided in 
all patients under immunosuppression [68].
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3.3.3  �Treatment with Intravenous 
Immunoglobulin (IVIg)

In the case of treatment with IVIg, the immune response to 
live vaccines may be reduced if the vaccine is administered 
immediately before or after the infusion. Live-vaccines 
should be given either 2 weeks before or should be delayed 
for 3–11 months after IVIg, depending on the dose. In the 
case of treatment with IVIG within 14 days of a live vaccine, 
the vaccine should be verified after 3–11 months of IVIg 
treatment and the vaccine re-administered if necessary.

3.3.4  �Infants Born to Mothers Who Received 
Immunosuppressive Treatment During 
Pregnancy

As some immunosuppressive drugs pass the placental barrier, 
they can be found in newborns for 6–8 months, especially if 
they were taken by mothers at the end of pregnancy. These 
drugs can affect the development of the immune system of 
the newborn and also affect the response to vaccination. For 
example, a case of fatal ‘BCGitis’ has been reported in a 
3-month-old infant whose mother had been treated with inf-
liximab during pregnancy [80]. Drugs such as MTX, MMF, 
leflunomide and cyclophosphamide are teratogenous and 
contraindicated during pregnancy [9]. Other medications 
such as antimalarials, sulfasalazine, AZA, cyclosporine, tacro-
limus and colchicine are not immunosuppressive and can be 
administered during pregnancy [9]. COX2 selective non-
steroidal antiinflammatory drugs (NSAIDs) and corticoste-
roids can be given until 28 gestational weeks [9]. In severe 
refractory maternal disease during pregnancy, pulses of meth-
ylprednisolone and IVIg can also be given until the end of 
pregnancy if necessary. It should be noted that biological 
monoclonal antibodies are transferred through the placenta, 
like other Igs, from week 13 until the end of pregnancy, with 
a peak during the last 4 weeks of pregnancy, resulting in a 
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blood level 120–130% higher than the mother’s blood levels. 
Then, it appears that the half-life of the biological molecules 
is prolonged in newborns (infliximab can be measured for up 
to 6–12 months in babies, adalimumab for 3–6 months). 
Concerning anti-TNFα, they can be given during the two first 
trimesters and it seems that etanercept and certolizumab can 
also be given until the end of pregnancy due to a low rate of 
transplacental passage. Other bDMARDs should not be used 
during pregnancy [9].

EULAR recommends vaccinating infants according to the 
normal schedule if biological agents have been discontinued 
before week 22 of gestation. However, if immunosuppressive 
treatment is continued past 22 weeks in the mother, live 
vaccines (including BCG, rotavirus, oral polio, MMR and 
VZV) should be given after the age of 6 months. It is also 
possible to measure the metabolite levels in the blood of the 
infant. By contrast, inactivated vaccines can be given accord-
ing to the normal schedule [9].

Most csDMARDs, bDMARDs and tsDMARDs are con-
traindicated during breastfeeding, except for antimalarials, 
sulfasalazine, AZA, cyclosporine, tacrolimus, colchicine, pred-
nisone, Ig and also anti-TNF because of a low transfer to 
breast milk. Therefore, children who are only exposed to 
those immunosuppressive drugs during breastfeeding can be 
vaccinated normally [9].
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