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Abstract

Infectious complications are a major cause of morbidity and mortality in patients 
with primary immune deficiencies. Prevention of infectious diseases by vaccines 
is among the most effective healthcare measures mainly for these subjects. As in 
humoral immune deficiencies, there are some specific aspects that need to be 
deepened. Firstly, response to vaccine is often seriously compromised in patients 
affected by cellular immunodeficiencies so that some vaccines result ineffica-
cious or even dangerous in particular conditions. However, subjects affected by 
a cellular immunodeficiency vary in their degree of immunosuppression and sus-
ceptibility to infection depending on the kind of defect and, therefore, represent 
a heterogeneous population with regard to immunization. Secondly, the suscep-
tibility to specific pathogens has to be considered. Therefore, it becomes very 
important for clinicians to distinguish which vaccines are useful and not deleteri-
ous for patients, depending on the type of cellular defect. The aim of this chapter 
is to issue recommendations based on published scientific literature and practical 
experience about how and when vaccines can be used in primary cellular immune 
deficiencies, in order to facilitate physician decisions and to ensure the best 
immune protection with the lowest risk to the health of the patient.
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18.1	 �Introduction

In cellular immunodeficiencies, the increased susceptibility to infectious diseases 
results in extremely high morbidity and mortality and has a major role in determin-
ing the prognosis. Due to the generally severe course of infections and to the poor 
response to conventional antimicrobial treatment, prevention is crucial in this 
population.

Therefore, vaccination as well as immunoglobulin replacement therapy and anti-
microbial prophylaxis represent the most important tools of individual prevention. 
As in humoral immunodeficiencies, some issues have to be considered carefully, 
first of all the safety of vaccines. In fact, when the cellular defect is profound, the 
risk of proliferation and dissemination of live viral or bacterial agents is high.

Secondly, if the cellular defect is severe, most of the vaccines have an extremely 
low immunogenicity, so that specific protection against pathogen can’t be obtained.

Moreover, in most of the cases, these patients are under immunoglobulin substi-
tutive therapy; therefore, besides their primary inability to mount an adequate 
immune response, the interference generated by infused antibodies has to be taken 
in account. In view of all this, in patients affected by severe cellular immune defects, 
the greatest possible immunization of all contacts becomes fundamental in order to 
take the best advantage of herd immunity effect. Finally, special awareness should 
be raised about specific pathogen susceptibility in the different types of cellular 
immunodeficiencies (PIDs) so that certain vaccines could be specifically recom-
mended. The aim of this chapter is to report vaccine schedule recommendations in 
patients with primary cellular immune disorders, based on the currently available 
evidence and on the standardized experience and practice. Specific recommenda-
tions will be made only regarding well-defined and studied conditions. Viable and 
nonviable vaccines will be analyzed separately in each disease category; in particu-
lar cellular deficiencies will be classified in a simplified manner as follows: severe 
combined immunodeficiencies, combined immunodeficiencies, and combined 
immunodeficiencies with associated or syndromic feature.

Moreover, vaccine recommendations in defects of innate immunity in intrinsic 
immunity with susceptibility to specific organisms, in congenital defects of phago-
cytes, and in complement deficiencies will be reviewed. Vaccines in particular con-
ditions, as contacts of patients with cellular immunodeficiency and patients 
undergoing stem cell transplant, will be discussed, as well.

In recent years, thanks to the rapid evolution of diagnostic techniques, more and 
more genetic defects have been discovered. The chapter will offer general principles 
that could be applicable also into newly discovered clinical entities instead of focus-
ing on specific defects that are still poorly characterized. Specific recommendations 
will be made only regarding well-defined and studied conditions. Viable and nonvi-
able vaccines will be analyzed separately in each disease category. It’s important to 
notice that providing specific recommendations for each type of cellular immuno-
deficiency is difficult for many reasons: the rarity of the single conditions, the 
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exclusion of immunocompromised individuals from pre-licensure vaccine tests, the 
lack of high-quality data, and the extreme heterogeneity of clinical expression even 
among patients with the same molecular defect. Therefore, authors think that a 
tailor-made approach based on general principles and on specific evaluation of the 
patient’s immune function and a precise assessment of risk-benefits to ensure the 
greatest protection and to prevent risks of adverse events has to be considered the 
most appropriate.

18.2	 �General Principles

The International Union of Immunological Societies (IUIS) Expert Committee for 
Primary Immunodeficiencies has cataloged and classified all known cellular defi-
ciencies into two main groups, both included in the group named “immunodeficien-
cies affecting cellular and humoral immunity”: severe combined immunodeficiencies 
(SCID), defined by CD3 T cell lymphopenia (defined by CD3+ T cells <300/μL), 
and combined immunodeficiencies (CID) generally less profound than severe com-
bined immunodeficiency. Besides these, there is the group of CID with associated 
or syndromic features [1]. Viable and nonviable vaccines have different general 
indications and contraindications in the above-cited categories. Inactivated vaccines 
can be considered safe in all patients. Nevertheless, in patients with profound 
impairment of cellular immune system, their benefit is unlikely and their use is not 
fully justified especially when receiving immunoglobulin replacement therapy. On 
the other hand, live vaccines have always to be avoided in SCID, whether they 
should be used with greater caution in patients with other cellular defects. In the 
same classification, just updated, combined immunodeficiencies with associated or 
syndromic features, congenital defects of phagocyte number or function, defects in 
intrinsic and innate immunity, and complement deficiencies are cited and constitute 
different groups. In turn, each group includes multiples genetic defects; in the fol-
lowing discussion, only principal clinical entities will be considered.

18.3	 �Vaccination in Severe Combined Immunodeficiencies

No live viral or bacterial vaccines should be given to SCID patients before 
immune reconstitution who should otherwise receive passive immunization with 
immunoglobulins [2]. Immunodeficient patients who have received hematopoi-
etic stem cell transplantation (HCT) but who continue to have incomplete 
immune reconstitution or are undergoing immunosuppression should not be 
given live viral or bacterial vaccines [3]. In particular, no live viral (oral poliovi-
rus, measles, mumps, rubella, varicella, yellow fever, herpes zoster, smallpox, 
rotavirus, or live attenuated influenza virus) or live bacterial (BCG or S. typhi 
Ty21a) vaccines should be administered in SCID patients. In fact, in these sub-
jects the impaired generation of a diverse repertoire of mature T lymphocytes 
leads to a severe T lymphopenia with a lack of a T- and B-dependent-specific 
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antibody response. Even if B cell counts may be normal or increased in some 
patients with SCID, their maturation is incomplete and fail to produce specific 
antibodies. For these reasons, there is a very high risk of vaccine-induced infec-
tion. Disseminated vaccine-acquired varicella and vaccine-acquired rubella have 
been reported in a 13-month-old female with an atypical SCID due to IL7R 
mutation [4]. All patients receive immunoglobulin substitutive therapy and have 
exogenous protective antibody titers. Oral polio vaccine (OPV) should not be 
administered to SCID patients. In most countries, inactivated poliovirus vaccine 
(IPV) has replaced OPV vaccine. Recently in the United States a case of vaccine-
associated paralytic poliomyelitis has been described in a child with SCID and a 
history of OPV vaccination in India [5]. Other cases of oral vaccine-derived 
poliovirus infections have been reported in subjects with SCID [6, 7]. Live-
attenuated M. bovis bacille Calmette-Guérin (BCG) is routinely administered in 
most countries within the first month of life. However, only a small number of 
SCID patients receive diagnosis before the age of 1 month, as the median age at 
diagnosis is 138.5 days [8]. BCG complications, including disseminated BCG 
infections, have been observed in patients with all of the underlying genetic 
types of severe combined immunodeficiency (SCID). However, it is not known 
which type of SCID is more susceptible to BCG complications, which prohibits 
BCG administration to any patient with SCID [9–11]. Moreover, in countries 
where newborn screening for SCID is available, BCG vaccination should be 
shortly postponed. Oral rotavirus vaccine is also a live vaccine that is recom-
mended at 2 months of life in the United States and in several European coun-
tries. In the United States from February 3, 2006, to January 15, 2010, nine cases 
of SCID and rotavirus vaccination in infants between 3 and 9 months of age have 
been reported. All but one presented with diarrhea among other symptoms. Stool 
rotavirus testing was positive in all the children, and the virus was identified as 
the vaccine strain in six cases. Prolonged viral shedding was documented in five 
patients. Fortunately, no death occurred [12]. Thus, as for other live vaccines, 
SCID is a contraindication for rotavirus vaccination [13]. However, a delay in 
rotavirus vaccination cannot be considered because rotavirus vaccination must 
be administered early in life to prevent the first yet most severe infection in chil-
dren. The only strategy to avoid rotavirus vaccination in SCID patients is early 
diagnosis through newborn screening. Killed or inactivated vaccines are safe 
because they cannot replicate. Nevertheless, their effectiveness is very limited. 
Bacterial conjugate polysaccharide vaccines, including pneumococcal, meningo-
coccal, and H. influenzae vaccines, and influenza-inactivated vaccine are recom-
mended even in patients with complete T cell defect, but immune response to 
those vaccines is likely to be poor. However, whereas patients are passively pro-
tected by donors’ immunoglobulins against diphtheria, poliomyelitis, tetanus, 
hepatitis B, and pertussis, they are not by capsulated bacteria since most of the 
population is not immunized. Thus, it is worth vaccinating them against these 
pathogens [14] (Table 18.1).

C. Azzari and C. Canessa



459

Ta
bl

e 
18

.1
 

V
ac

ci
na

tio
n 

in
 p

ri
m

ar
y 

ce
llu

la
r 

im
m

un
od

efi
ci

en
ci

es
 a

nd
 in

 d
ef

ec
ts

 o
f 

in
na

te
 im

m
un

ity

T
D

P
IP

V
H

ib
H

B
V

In
flu

en
za

Pn
eu

m
oc

oc
cu

s 
in

 
S.

 p
ne

um
on

ia
e

M
en

in
go

co
cc

us
 in

 
N

. m
en

in
gi

tid
is

M
M

R
V

ar
ic

el
la

R
ot

av
ir

us
B

C
G

S.
 ty

ph
i

SC
ID

N
oa

N
oa

Y
es

b
N

oa
Y

es
b

Y
es

b
Y

es
b

N
o

N
o

N
o

C
ID

Y
es

b
Y

es
b

Y
es

Y
es

b
Y

es
Y

es
Y

es
N

oc
N

oc
N

o
M

SM
D

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

In
va

si
ve

 b
ac

te
ri

al
 in

fe
ct

io
ns

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

N
o

N
o

C
M

C
D

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

N
o

N
o

T
L

R
 d

efi
ci

en
cy

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

N
o

N
o

IL
-1

2/
IF

N
-g

am
m

a 
pa

th
w

ay
 

de
fic

ie
nc

y
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
N

o
N

o
N

o

C
om

pl
em

en
t d

efi
ci

en
cy

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o 

da
ta

 
av

ai
la

bl
e

C
on

ge
ni

ta
l d

ef
ec

ts
 o

f 
ph

ag
oc

yt
es

 (
C

G
D

, L
A

D
, M

PO
ne

ut
ro

pe
ni

a)

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

d
Y

es
d

N
o

a N
ot

 r
ec

om
m

en
de

d:
 th

es
e 

va
cc

in
es

 a
re

 s
af

e 
bu

t p
ro

ba
bl

y 
in

ef
fe

ct
iv

e
b M

ay
 b

e 
ad

m
in

is
te

re
d,

 th
e 

re
sp

on
se

 to
 th

es
e 

va
cc

in
es

 is
 li

ke
ly

 to
 b

e 
po

or
c G

en
er

al
ly

 c
on

tr
ai

nd
ic

at
ed

 b
ut

 th
ey

 c
ou

ld
 b

e 
co

ns
id

er
ed

 a
cc

or
di

ng
 to

 p
at

ie
nt

’s
 im

m
un

e 
sy

st
em

 f
un

ct
io

n
d N

ot
 r

ec
om

m
en

de
d 

in
 L

A
D

 a
nd

 C
H

s

18  Vaccines in Cellular Immunodeficiencies



460

18.4	 �Vaccination in Combined Immunodeficiencies

In this group of patients, inactivated viral and bacterial vaccines are always safe and 
are generally indicated; however, the immunological response could be poor. 
Vaccines against S. pneumoniae, H. influenzae, and N. meningitidis are recom-
mended because they are T cell-independent antigens.

Influenza-inactivated vaccine is recommended, as well. In patients with impair-
ment of T-cell functions, live bacterial vaccines are always contraindicated. Live 
viral vaccines are generally contraindicated, but live measles, mumps, rubella, and 
varicella vaccines could be considered in patients according to the immune system 
function: if CD4 + T lymphocytes are greater than or equal to 500 cells/μL, CD8+ 
T lymphocytes are greater than or equal to 200 cells/μL and proliferative response 
to mitogens is normal, and they can be administered safely.

The Centers for Disease Control and Prevention (CDC) recommends higher val-
ues of CD4+ T cells if the child is less than 6 years old: at least 1000 CD4+ T cells/
μL if between 1 and 6 years, at least 1500 CD4 T cells/μL under the year if age [2, 
15, 16]. Patients affected by mild DiGeorge syndrome can have a CID immunologi-
cal phenotype. Before administering a live viral vaccine, in order to reduce the risks, 
it is worth evaluating the lymphocyte count and mitogen responsiveness [17, 18]: 
those with ≥500 CD4 cells/ L, ≥200 CD8 cells/ L and a normal mitogen response 
or, more simply according to Hofstetter et al. [18], those with CD4 cells/L ≥ 25% 
can receive measles-mumps-rubella (MMR) and varicella vaccines. Focusing on 
mild DiGeorge syndrome, Perez et al. retrospectively analyzed adverse events fol-
lowing MMR and varicella vaccine administration in these patients [19] and found 
that only 9% experienced adverse events, none of which was severe. A comparison 
of the patients who tolerated the vaccine and those who reported adverse events 
showed that there was no statistically significant difference in current age, age at the 
time of vaccination, or T cell subset counts. Similar immunogenicity and safety 
findings have been reported by Al-Sukaiti et al. [18, 20] (Table 18.1).

18.5	 �Vaccination in Combined Immunodeficiencies 
with Associated or Syndromic Features

18.5.1	 �Hyper-IgE Syndrome

In hyper-IgE syndrome (HIES) patients, all killed/inactivated/recombinant vaccines 
are recommended, and in particular anti-H. influenzae, anti-pneumococcal, and all 
the anti-meningococcal are indicated, since they don’t evoke a T-mediated immune 
response. Anti-influenza-inactivated vaccine is recommended as well, as it can’t be 
dangerous. Nevertheless, these vaccines could not be protective totally, depending 
on variable immune defect.

A variable capacity to produce protective antibody response has been demon-
strated in these patients [21]. In particular, the administration of two doses of 
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conjugate vaccines (13-valent pneumococcal and tetravalent anti-meningococcal 
MenACWY vaccines) at 12-month interval may be useful.

Live attenuated viral vaccines can be used without risks in AD-HIES patients. 
Conversely, live vaccines should not be administered in HIES patients with DOCK8 
or PGM3 mutations with T immune defects, as evaluated by CD4+ T cell counts 
≥500 cells/μL, CD8+ T cells ≥200 cells/μL, and normal T cell response to mitogen. 
Conversely, live attenuated bacterial vaccines (BCG and Salmonella typhi vaccines) 
are always contraindicated because of the common association with a functional 
defect of antibacterial response [14].

18.5.2	 �Wiskott-Aldrich Syndrome

Killed, inactivated, and recombinant vaccines are all recommended, using the con-
jugated forms preferably in Wiskott-Aldrich syndrome (WAS). In particular patients 
aged 2–5 years should receive one dose of 13-valent pneumococcal conjugate vac-
cine (PCV13) if they have received three doses of PCV (either 7-valent PCV [PCV7] 
or PCV13) before age 24 months and two doses of PCV13 (8 weeks apart) if they 
have received an incomplete schedule of ≤2 doses of PCV7 (PCV7 or PCV13) 
before age 24 months [17]. Live attenuated viral and bacterial vaccines are contra-
indicated, as a defective number or function of T lymphocytes is common in these 
patients [22].

18.5.3	 �Ataxia-Telangiectasia

Patients affected by ataxia-telangiectasia can receive all killed/inactivated/recombi-
nant vaccines and conjugated vaccines against S. pneumoniae, H. influenzae, and 
N. meningitidis, are recommended. Although there is reduced specific antibody pro-
duction against polysaccharides, conjugated vaccines are effective. Inactivated 
influenza vaccine is strongly suggested, as well. Regarding live attenuated vaccines, 
they can be administered only after a careful evaluation of number and function of 
T lymphocytes, in particular only if CD4+ T lymphocytes are ≥500 cells/μL, CD8+ 
T lymphocytes are ≥200 cells/μL, and T lymphocyte mitogen response is normal 
[23, 24].

18.5.4	 �DiGeorge Syndrome

When the form is complete, patients share the same recommendations of patients 
affected by SCID regarding vaccines: all live attenuated viral and bacterial vaccines 
are contraindicated because of the potential risk of vaccine-related diseases. 
Conversely, vaccines against capsulated germs and inactivated influenza vaccine are 
recommended [14, 15].
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Regarding “partial” syndrome, as mentioned before, the same recommendations 
observed in CID are to be followed. Vaccines against S. pneumoniae, H. influenzae, 
and N. meningitidis and influenza are recommended. Live attenuated viral vaccines 
can be administered if CD4+ T cells are ≥500 cells/μL, CD8+ T cells are ≥200 cells/
μL, and T cell response to mitogen is normal. If these criteria are not satisfied, 
delaying the vaccination with immunological monitoring is advised [14, 15].

18.5.5	 �IPEX Syndrome (Immune Dysregulation, 
Polyendocrinopathy, Enteropathy, X-Linked)

In IPEX patients none of killed/inactivated/recombinant vaccines can provoke dam-
age, so that all can be administered [25]. However, studies on response to those 
vaccines are not available. Regarding live attenuated vaccines, some cautions are 
needed. It’s well known that immunoglobulins, number, and distribution of lympho-
cyte subpopulations are normal. T repertoire is polyclonal and naïve, and memory 
cells are comparable to those of control subjects of the same age. T lymphocyte 
mitogen response is normal or increased. Life vaccines could then be used, theoreti-
cally. Nevertheless, every single case has to be carefully evaluated and a complete 
immunologic evaluation is needed before any vaccine. In fact, sometimes cytokine 
production can be altered. Moreover, many patients are treated with immunosup-
pressive agents because of autoimmunity and that prohibits live vaccines [14].

18.5.6	 �APECED Syndrome (Autoimmune 
Polyendocrinopathy-Candidiasis-Ectodermal Dystrophy)

All killed, inactivated, and recombinant vaccines are safe in autoimmune 
polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED) syndrome.

Since lymphocytic defect is not always specific for C. albicans, live attenuated 
vaccines could be contraindicated; their use has to be carefully evaluated and immu-
nologic tests have to be performed: lymphocyte subpopulations and T lymphocyte 
mitogen response. Nevertheless, live attenuated vaccines are at present contraindi-
cated for the lack of studies [14] (Table 18.2).

18.6	 �Vaccines in Defects of Innate Immunity

Inborn errors of innate immunity encompass a wide group of congenital immunode-
ficiencies mainly characterized by recurrent bacterial invasive infections and viral 
and fungal infections often in the absence of a significant inflammatory response. 
Recently, the International Union of Immunological Societies (IUIS) Expert 
Committee on Primary Immunodeficiency (PIDs) classified these disorders in three 
main groups: intrinsic defects of innate immunity including Mendelian susceptibil-
ity to mycobacterial disease (MSMD), herpes simplex encephalitis, Toll-Like 
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receptor (TLR) signaling pathway deficiencies, and disorders with predisposition to 
invasive fungal infections; congenital defect of the phagocyte number, function, or 
both; and complement pathway deficiencies [1] (Table 18.1).

18.6.1	 �Vaccination in Defects in Intrinsic Immunity 
with Susceptibility to Specific Organisms

In patients with defects in innate immunity that predispose to invasive bacterial 
infections, all the killed/inactivated/recombinant vaccines are safe and indicated. In 
particular, inherited mutations in IRAK4, NEMO, and MYD88 make patient sus-
ceptible to invasive bacterial infections, mostly caused by S. pneumoniae, S. aureus, 
and P. aeruginosa [1]. Thus, patients have to be vaccinated with both 13-valent 
pneumococcal conjugate vaccine (PCV13) and 23-valent pneumococcal polysac-
charide vaccine (PPSV23), Haemophilus type b conjugate vaccine, and Neisseria 
meningitidis conjugate (MenACWY) and subcapsular protein (MenB) vaccine [14]. 
Moreover, patients require repeated vaccination. However, a fatal pneumococcal 
meningitis despite PCV13 vaccination 6  weeks before and a satisfactory IgG 
response to vaccine antigens in a 7-year-old girl with IRAK-4 deficiency has been 
reported [26]. Patients that present Mendelian susceptibility to mycobacterial dis-
ease (MSMD), due to mutations in genes involved in the IL-12/IFN-γ axis, can’t 
receive live bacterial vaccines. In fact, after BCG vaccine, patients with MSMD can 
develop localized (such as lymphadenitis or osteomyelitis) or disseminated (fever, 
weight loss, anemia, and hepatosplenomegaly) complications. In 1996, a case of 
fatal disseminated BCG infection led to the identification of the IFN-γ receptor 
deficiency [27].

In 1998, inherited IL-12 deficiency was identified in a patient with a history of 
BCG lymphadenitis and Salmonella enteritidis-disseminated infection [28]. 
Disseminated BCG osteomyelitis was found in a patient with heterozygous muta-
tion in STAT1 [29].

In patients affected by chronic mucocutaneous candidiasis disease (CMCD), 
killed/inactivated/recombinant vaccines can generally be administered, while live 
attenuated pathogens are contraindicated. In fact, in a cohort of 274 patients with 
STAT1 GOF mutations, Toubiana et al. reported localized and disseminated disease 
caused by BCG vaccine and severe disease due to live viral vaccine (smallpox and 
measles) [30].

18.6.2	 �Vaccines in Phagocytic Defects

Even in the absence of controlled trials, vaccines with inactivated germs are useful, 
safe, and well tolerated in patients with phagocytic defects [17]. Nevertheless, 
immunologic response can be compromised. In fact, it has been reported that 
patients affected by chronic granulomatous disease (CGD) display significantly 
lower antibody titers against measles and not fully characterized abnormalities of 
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the B cell compartment, hence a suspect defect in long-term maintenance of the 
memory response [31]. Regarding the administration of vaccines with live viruses, 
an increased risk of bacterial complication of viral infections (such as staphylococ-
cus infections on varicella lesions) should be considered in patients with neutrope-
nia, so that these vaccines are recommended in those patients. However, in a few 
cases affected by leukocyte adhesion deficiency (LAD) or Chediak-Higashi syn-
drome (CHs), which is characterized by a failure in releasing the cytolytic granules, 
severe side effects have been reported as a consequence of the impairment of cell-
mediated and cytolytic activity [32]. Thus, live viral vaccines are contraindicated in 
these categories of patients [14]. As for attenuated live bacterial vaccines, an 
increased risk to develop a disseminated form of mycobacteriosis following BCG 
vaccination has been reported even a long time after the vaccination. Multiple BCG 
reactivations have been described, as well [32]. Several studies show that 62–75% 
of the CGD patients with mycobacterial complications had BCG-related disease 
[33–35]. Therefore, BCG vaccination is contraindicated in patients with a diagnosis 
of CGD. Despite the lack of data, live Salmonella typhi vaccines should be avoided, 
due to the high occurrence of such infections in CGD patients, while inactivated 
Salmonella typhi vaccines can be used [14].

18.6.3	 �Vaccines in Complement Deficiency

All types of vaccines are generally safe in patients with complement deficiency 
(CD). Post-vaccine immunocomplex-mediated glomerulonephritis has been 
described in a patient with C2 deficiency who had received the first dose of the com-
bined vaccine with purified antigens; but, the presence of specific antigens was not 
detected in glomerular immunocomplexes [36]. Concerning the effectiveness of vac-
cination, all vaccines, including viral vaccines, can be considered sufficiently immu-
nogenic. In particular, conjugate vaccines (pneumococcal, anti-Haemophilus, and 
anti-meningococcus) are strongly recommended in patients suffering from both early 
component and late component deficiency. Few studies are available on immunoge-
nicity of these vaccines: the serum bactericidal and opsono-phagocytosis activity of 
patients with CD, who had received an anti-meningococcal tetravalent polysac-
charidic vaccine (MPSV), was similar or only slightly lower than those of healthy 
subjects. However, a significantly increased risk of meningococcal disease persisted 
in the years following the vaccine administration, especially in the cohort of children 
who had developed a lower antibody titer [37, 38]. A subsequent study, performed on 
22 C2-deficient patients, who had received a tetravalent polysaccharide vaccine, 
reported a normal antibody response against the serogroups C, Y, and W, but lower 
against the serogroup A [39]. For these reasons, additional immunization against 
these pathogens is indicated: a booster dose of tetravalent conjugate meningococcal 
vaccine every 3 years for 2-month- to 6-year-old patients or every 5 years for patients 
older than 6  years of age [17]. Furthermore, pneumococcal conjugate vaccine 
(PCV13) should be followed by pneumococcal polysaccharide 23 vaccine (PPV23) 
at least 6 months later, to retain protection levels of antibodies [40, 41].
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18.7	 �Vaccinations for Household Members and Caregivers 
of Patients with Cellular Immunodeficiency

It is mandatory that all close contacts of a patient with cellular defect are immu-
nized against all vaccine preventable diseases, whenever this is possible. In fact, 
when the patient is forbidden to receive any vaccine, the only way to protect him 
is through protection of the related people. It is then fundamental to verify that 
all the contacts are vaccinated: if not already protected, they can receive all 
killed, inactivated, and recombinant vaccines. In particular, in older household 
members, it is suggested to administer a booster of anti-pertussis vaccine, since 
protection obtained through a previous infection is likely to decrease over time. 
The booster should be repeated every 10 years. In the case of bacterial infection, 
such as pertussis or meningitis, isolating the patient, observing all the hygienic 
measures, and, in case of meningitis due to Neisseria meningitidis or Haemophilus 
influenzae, administering antibiotic prophylaxis to the subject are advised. 
Regarding live attenuated vaccines, OPV should be avoided in household con-
tacts of patients with cellular immunodeficiency because of documented risk of 
transmission and possible vaccine-related complications [15]. Only inactivated 
vaccine IPV should be administered.

Measles, mumps, rubella, varicella, and rotavirus can be administered to family 
members or other close contacts susceptible to infection, since the risk of develop-
ing the disease is extremely rare.

Yellow fever and Salmonella typhi (Ty21a) can be administered to contacts, 
as well. Particularly, adults with primary immune deficiency should avoid 
changing the diaper to children vaccinated with rotavirus in the 4 weeks follow-
ing the immunization. It is also recommended to verify the immune status 
against varicella in adult contacts, since they could be not vaccinated and not 
protected by natural immunization. If a household member had a rash after vari-
cella vaccine, the risk of transmission of infection to an immunosuppressed 
patient would be very low. The only risky case would be if blisters appeared in 
correspondence of the inoculation site: in that case it would be better to isolate 
the patient and to treat him with prophylactic specific immunoglobulins (a sin-
gle dose within 96 h after exposure) and to treat the contact with antiviral ther-
apy. In the rare case of measles in a household member, patient must receive 
specific immunoglobulins within 6 days from exposure [2, 17]. As reported by 
the ACIP, live attenuated influenza vaccine should not be administered in people 
who care for patients affected by cellular immunodeficiency, in particular SCID, 
patients who received hematopoietic stem cell transplantation (HSCT) within 
2 months, and patients receiving treatment for graft versus host disease (GVHD). 
Otherwise, the contact with immunosuppressed patients within 7 days after vac-
cination should be avoided due to the risk of virus transmission [42]. On the 
contrary, inactivated influenza annual vaccine is recommended in household 
contacts [2, 17].
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18.8	 �Vaccination in Patients with Cellular Immunodeficiency 
Undergoing HSCT or Gene Therapy

The loss of vaccine immunity that occurs after SCT is affected by many factors: the 
strength of pretransplant immunity of the patient and the donor’s immune status, the 
age of the patient at the time of transplantation, the combination of pretransplant 
chemotherapy regimens and/or radiation therapy, the occurrence of GVHD, and the 
immunosuppressive therapy following transplantation.

The risk of losing the vaccine immunity is similar after allogeneic and autolo-
gous SCT so that recommendations about vaccines are the same. In both cases, 
vaccination schedule has to be started from the beginning after transplant, consider-
ing the patient naïve for any antigens.

In literature, data regarding the effectiveness of vaccines in patients undergoing 
allogeneic hematopoietic stem cell transplantation for a primary immunodeficiency 
are limited. It is known that the count of B cells takes 3–12 months to return to nor-
mal values. Furthermore, newly generated B cells often show defective Ag-specific 
response during the first year after transplantation, due to a limited capacity of naïve 
B cells to undergo isotype switching and somatic mutations [43]. The majority of 
circulating T cells in the first year after transplantation are T memory/effector, 
derived from the graft and able to respond to antigens encountered by the donor 
before transplantation. The naïve T cells capable of responding to new antigens are 
generated only 6–12 months after transplant, and this occurs earlier in young chil-
dren than in older ones [44].

Inactivated/recombinant vaccines are safe and are not associated with an 
increased risk of side effects compared to healthy patients. In general, these vac-
cines have to be scheduled starting from 1  year after transplant. However, they 
should be considered in every single case and should be given 6 months after stop-
ping any immunosuppressive therapy.

Three doses of DTP-Polio-Hib-HBsAg, separately or in combination according 
to age (hexavalent can be used up to the 7th year), two doses of conjugate pneumo-
coccal vaccine, two doses of MenB, and two doses of conjugate MenACWY vac-
cine should be given. Inactivated influenza vaccine should be given annually [17]. 
In particular, this vaccine is recommended for all SCT patients at least 4–6 months 
after SCT [17]. Live vaccines should not be used within 24 months from SCT or in 
patients with GVHD or immunosuppressive therapy ongoing [45].

Specifically, two doses of MMR and varicella vaccines should be given 24 months 
after HSCT, but a preliminary immunologic evaluation including lymphocyte sub-
set count and T cell proliferation test is always highly recommended [14].

Moreover, the last Ig infusion must have been drawn up at least 11  months 
before, no GVHD has to be present, and immunosuppressive therapy must have 
been stopped at least 3 months before [46].
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Donor who has not received recommended vaccinations should be vaccinated for 
his/her own health; in fact, vaccination of donor aimed to the recipient’s benefit is 
not recommended. Vaccination of donor with live vaccines should be avoided within 
4 weeks of donation [17].

Regarding vaccination in patients who had undergone gene therapy, there is no 
literature available, yet. Nevertheless, we could assume that the same rules of the 
transplant apply: vaccines will be safe and fully effective when immune reconstitu-
tion will be complete.
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