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ABSTRACT

Vaccine-preventable diseases and their related
complications are associated with increased
morbidity and mortality in patients with altered
immunocompetence. Optimised immunisation
in this patient population is challenging
because of limited data from vaccine trials,
suboptimal vaccine efficacy and safety con-
cerns. Reliable efficacy data are lacking among
patients with altered immunocompetence, and
existing recommendations are mainly based on
expert consensus and may vary geographically.
Inactivated vaccines can be generally used
without risks in this group, but their efficacy

may be reduced, and immunisation schedules
vary according to local guidelines, age, and type
and stage of the underlying disease. Live vacci-
nes, if indicated, should be administered with
care because of the risk of vaccine-associated
disease. We have reviewed the current evidence
on vaccination principles and recommenda-
tions in adult patients with secondary immun-
odeficiencies, including asplenia, HIV infection,
stem cell and solid organ transplant, haemato-
logical malignancies, inflammatory bowel dis-
ease and other chronic disorders.
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Key Summary Points

Vaccination can prevent diseases
burdened by high mortality and their
complications among patients with
altered immunocompetence.

Limited data are available on safety and
effectiveness (e.g. optimal serological
response) of vaccines in patients with
altered immunocompetence.

Vaccination during early course of diseases
or before the onset of immunosuppression
is recommended, since disease
progression may further impair immunity
and vaccine efficacy.

While vaccination against Streptococcus
pneumoniae and influenzavirus is generally
recommended in all patients with altered
immunity, other vaccines should be
administered according to local
recommendations, age and underlying
disease.

Experts in vaccination should be involved
to increase vaccine coverage in patients
with altered immunocompetence.

There is an urgent need for large
prospective studies on vaccine efficacy in
specific subsets of patients with altered
immunity.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13607624.

INTRODUCTION

Vaccine-preventable diseases and their related
complications are associated with increased

morbidity and mortality [1]. Immunisations of
subjects at high risk for vaccine-pre-
ventable diseases, such as patients with altered
immunocompetence (AI), currently represent a
public health priority [1]. Influenza and pneu-
mococcal vaccines that may prevent life-
threatening conditions such as severe pneu-
monia, myocarditis, sepsis and meningoen-
cephalitis are universally recommended in
patients with AI, although this population may
also require immunisations that are outside of
the routine age-based recommendation (e.g.
Haemophilus influenzae type b–Hib, and
meningococcal vaccines) [1–12].

The ongoing severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) pandemic
has generated unprecedented needs and
opportunities for large-scale immunisation of
fragile populations, although data on the effi-
cacy and safety of the currently available vac-
cines against coronavirus disease 2019 (COVID-
19) for AI patients are currently not available
[13]. Furthermore, although SARS-CoV-2-asso-
ciated immunosuppression has been docu-
mented [14], its potential impact on bacterial or
viral coinfections or long-term decreased vac-
cine responses among patients with AI is still
unclear.

Clear evidence for vaccination efficacy and
disease prevention among patients with AI
remain scarce [2–12]. In 2013, the Infectious
Diseases Society of America (IDSA) published
clinical practice guidelines addressing vaccina-
tions in immunocompromised patients [2].
Input for the guidance was provided by the
CDC Advisory Committee on Immunization
Practices (ACIP) and included recommenda-
tions mainly based on expert opinion because
of the paucity of data available from clinical
trials [2]. Furthermore, a clear definition of AI is
lacking and includes heterogeneous conditions
characterised by quantitative and/or qualitative
deficiencies in cellular and humoral immunity
with various degrees of severity. Secondary
immunodeficiency is generally acquired as the
consequence of an immunological, infectious
or oncological disease or is caused by
immunosuppressants [15]. Examples of diseases
and treatments resulting in secondary immune
deficiency include HIV infection,
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haematopoietic malignancies, solid tumours
and treatment with radiation, chemotherapy
(e.g. alkylating agents and antimetabolites),
monoclonal antibodies (e.g. tumour necrosis
factor alpha inhibitors) and prolonged high-
dose corticosteroids [15, 16]. The level of
immunosuppression, however, is difficult to
quantify and varies according to drug doses,
targets, combination therapy and duration of
immunosuppression [15, 16]. Moreover, under-
lying diseases and their progression may derive
from a combination of immunological deficits.
Other causes of AI include conditions that may
occur in otherwise healthy subjects (e.g. trau-
matic asplenia) and chronic conditions causing
organ dysfunction such as diabetes, respiratory
diseases, end-stage liver or kidney disease
[17, 18]. In order to attempt to establish the
type and the level of response, immunoglobulin
subsets and specific antibody levels can be
measured, while cellular immunity can be
assessed through concentrations and propor-
tions of lymphocyte subsets and lymphocyte
proliferation assays [19]. Clinically significant
response to immunisation is usually defined as
either a seroconversion or a rise in antibody
titre to a predefined level that is accepted as
protective with at least partial recovery of B cell-
and T cell-mediated immunity.

For certain vaccines such as pneumococcal
vaccines, however, specific cut-off values have
not been established for patients with AI
[20–23] or, in case of influenza vaccines,
responses may vary yearly according to the
vaccine composition [24, 25]. Although it is
universally recognised that individuals with AI
show reduced response to immunisation com-
pared with their nonimmunocompromised
counterparts, antibody titres following immu-
nisation remain poorly investigated in this
group, and data is usually derived from obser-
vational studies [22, 24, 26–41]. Furthermore,
even in the presence of adequate titres, the
antibody function may be impaired, or the
response duration may be limited over time
[42–45]. Assessment of antibody titres to
measles, rubella, varicella zoster virus (VZV),
tetanus and hepatitis B may guide clinicians in
the assessment of need for vaccination, revac-
cination or administration of booster doses,

although the timing for serological assessment
may vary according to the underlying disease
and type of AI [2–12].

A summary of the main studies investigating
serological responses to the most commonly
used inactivated vaccines in patients with AI is
reported in supplementary table 1.

High-risk populations are exposed to subopti-
mal protection from vaccination not only
because of their reduced immune response to
vaccinal antigens but also due to false con-
traindications to immunisation or the limited
possibility to adequately recruit these populations
during hospital admission or ambulatory visits. In
this context, a key role in identifying patients
who would benefit from vaccination is played by
vaccine providers, including infectious diseases
and public health specialists as well as primary
care physicians. Other challenges are represented
by a low protection given by immunisations, the
need for multiple boosting doses, the increased
adverse effects to live vaccines, and the difficulty
to define the stage of immunodepression or to
identify the ideal timing for administering a vac-
cine in patients with AI (Fig. 1).

Here we aim to summarise the evidence on
vaccination principles and recommendations in
adult patients with secondary immunodeficien-
cies, including asplenia, HIV infection, stem cell
and solid organ transplant, haematological
malignancies, inflammatory bowel disease and
other chronic disorders. Vaccinations in primary
immunodeficiencies have been reported else-
where and are not discussed in this review [46].

METHODS

A Medline search was performed on July 30,
2020 using the following keywords: ‘‘vaccina-
tion’’ OR ‘‘immunization’’ OR ‘‘vaccine’’ AND
‘‘immunocompromised’’ OR ‘‘immune dysfunc-
tion’’ OR ‘‘immune depression’’ OR ‘‘impaired
immunity’’ OR ‘‘altered immunocompetence’’.
All types of articles published in English over
the last 10 years and including patients older
than 18 years of age were screened; references of
selected studies were further revised to identify
additional relevant publications. A summary of
the main guidelines that are currently available
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[2–12, 47–49] for immunisation among patients
with AI is reported in Table 1. Various terms are
used in the literature to define the status of
impaired immune response. To avoid confu-
sion, we used the label altered immunocompe-
tence (AI) throughout the manuscript.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

PRINCIPAL VACCINES USED
IN PATIENTS WITH AI

Although significant variations in recom-
mended vaccines and schedules exist among

countries, routine vaccines in healthy subjects
include both inactivated and live attenuated
products, while in some groups of patients with
AI live attenuated vaccines may not be indi-
cated [2–5, 29, 47–49]. Inactivated vaccines that
are usually recommended for healthy subjects
include those against diphtheria, tetanus, per-
tussis, polio, hepatitis B (HBV) and Haemophilus
influenzae type b, as well as boosters (i.e.
tetravalent diphtheria-tetanus-pertussis-inacti-
vated polio vaccine, trivalent diphtheria-te-
tanus-pertussis vaccine and bivalent diphtheria-
tetanus vaccine), pneumococcal conjugate and
meningococcal conjugate vaccine and papillo-
mavirus (HPV) vaccines [2–5, 29, 47–49]. Vac-
cination against pneumococcus,

Table 1 Main international or national guidelines, recommendations or reviews of vaccinations among subjects with altered
immunocompetence (AI) published in the past 10 years

Reference Country/society AI population

Danziger-Isakov et al. [3] USA/American Society of Transplantation (AST) Solid organ transplant

recipients

Cordonnier et al. [4] Multinational/from the European Conference on Infections in

Leukaemia (ECIL)

HSCT

Mikulska et al. [5] Multinational/from the European Conference on Infections in

Leukaemia (ECIL)

Patients with haematological

disorders

Martire et al. [6] Italy/Italian Primary Immunodeficiencies Network (IPINET) Multiple

Lopez et al. [7] France Multiple

Frésard et al. [8] France HIV-infected

Rahier et al. [9] Europe/European Crohn’s and Colitis Organisation (ECCO) Inflammatory bowel disease

Rubin et al. [2] USA/Infectious Diseases Society of America (IDSA) Multiple

Wasan et al. [10] USA Inflammatory bowel disease

Davies et al. [12] UK/British Committee for Standards in Haematology (BCSH) Patients with asplenia

Hilgendorf et al. [11] Germany HSCT

Australian Department of

Health

Australia/Updated 2020 Multiple

Government of Canada Canada/Updated 2019 Multiple

CDC USA/Advisory Committee on Immunization Practices (ACIP)

Updated 2020

Multiple

HIV human immunodeficiency virus, HSCT haematopoietic stem cell transplant, CDC Centers for Infectious Disease
Control and Prevention
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meningococcus, H. influenzae type b and
influenzavirus is briefly described below.

Pneumococcal Vaccine

Both PCV13 (PCV, conjugate pneumococcal vac-
cine) and PPV23 (PPV, polysaccharide pneumo-
coccal vaccine) are used in people who have
increased risk for invasive pneumococcal disease
(e.g. congenital immunodeficiency disorders,
anatomic or functional asplenia, HIV infection,
cochlear implant, cerebrospinal fluid leak, chronic
renal failure, iatrogenic immunosuppression) [50].
Although PPV is recommended owing to its
extendedserotypecoverage, theantibodyresponse
after vaccination is transitory since polysaccha-
rides are T cell-independent antigens and induce
IgM-dominated antibody responses without ade-
quate immunological memory, resulting in a
declined protection after 2–4 years [20, 51, 52].

Conversely, conjugate vaccines are highly
immunogenic, provide higher antibody titres
and induce immunological memory through
covalent linkage of polysaccharide to a carrier
protein (conjugation) that increases protection
by inducing a T cell-dependent immune
response [53]. Pneumococcal vaccination is
indicated in all patients with AI, and particu-
larly among those with asplenia and renal dis-
ease [12, 20, 22, 42]. Both PVC and PPV are
recommended in adults with established inter-
vals between administration [2–12]. Specifically,
sequential administration of PCV followed by
PPV after at least 8 weeks is recommended and
followed by a second dose of PPV after 5 years,
although not all guidelines report the adminis-
tration of boosters [20, 47]. If the patient al-
ready received PPV, PCV should be
administered at least 1 year after the most
recent PPV dose [20, 47, 54].

Fig. 1 Challenges in the immunisation of patients with altered immunocompetence (AI)
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Meningococcal Vaccines

Both MenACWY (meningococcal conjugate
vaccine) and MenB (serogroup B meningococcal
vaccine) vaccines are universally recommended
for people with functional or anatomic asplenia
or persistent complement component defi-
ciency, including those receiving treatment
with eculizumab [13, 55] and may be suggested
among other AI such as haematological diseases
[49, 55, 56]. Vaccine schedule varies according
to the patient’s age and type of AI
[47–49, 57, 58].

Haemophilus Influenzae Type B (Hib)
Vaccine

Recipients of haematopoietic stem cell trans-
plants (HSCT) should be revaccinated with
three doses of Hib vaccine, starting 6–-
12 months after successful transplant, regard-
less of vaccination history or age [2]. As a result
of the low incidence of H. influenzae among
HIV-infected adults and the fact that this
infection in advanced HIV disease is mainly
related to non-typable strains, Hib vaccination
is not routinely recommended in HIV-infected
adults, although some guidelines still recom-
mend it, especially in case of associated risk
factors such as asplenia [6, 8, 48]. Nonimmu-
nised asplenic adults should receive a dose of
Hib vaccine [7]. Hib vaccine is also recom-
mended in patients with complement compo-
nent deficiency, IgG deficit and those
undergoing chemotherapy [47].

Influenzavirus Vaccines

Despite studies showing lower immune
responses in patients with impaired immunity
compared to healthy control subjects, the risks
for influenza-like illness are reduced by vacci-
nation; therefore, seasonal influenza vaccine is
recommended in all immunocompromised
patients aged 6 months and older
[2–12, 47–49, 59]. Since AI include a heteroge-
neous range of conditions, risk levels for severe
flu infection vary across different populations
[59]. Furthermore, limited data are available

regarding the use of different types of influenza
vaccines in the setting of AI [59]. In general,
people with AI should receive age-appropriate
trivalent or quadrivalent inactivated influenza
vaccines (IIV) or recombinant influenza vaccine
[60]. ACIP recommends that live attenuated
influenza vaccines are not used for these groups
because of the uncertain but potential risk for
disease attributable to the vaccine virus [47].
Strategies to improve influenza vaccine
immunogenicity have been attempted includ-
ing intradermal, adjuvanted and high-dose
vaccines [59, 61]. Although repeated influenza-
virus vaccination in AI is not universally rec-
ommended [4, 5], administration of two
vaccine doses in the same influenza season has
shown to increase antibody response
[22, 49, 62].

IMMUNISATION IN PATIENTS
WITH ALTERED IMMUNITY

Immunisation in Asplenia

The asplenic population includes patients with
surgical, functional and congenital asplenia.
While surgical asplenia may occur in otherwise
healthy patients (e.g. after trauma) or in
patients with an underlying haematologic or
immunologic indication for splenectomy,
functional asplenia is associated with various
diseases including haemoglobinopathies,
chronic myeloproliferative disorders, and lym-
phoproliferative diseases. The spleen is the most
efficient organ for clearing IgG-coated bacteria
and is critical for the clearance of virulent
encapsulated bacteria that are not opsonized by
antibodies or complement [63, 64]. Asplenic
persons also have humoral immune dysfunc-
tion, with a reduction in serum IgM antibodies
to polysaccharides as well as a reduction in
memory B cells producing IgM antibodies. Fur-
thermore, the development of IgM antibodies
to polysaccharide antigens is impaired, with a
delayed and reduced response to vaccination
[63]. The risk of fatal post-splenectomy sepsis is
approximately 0.10–0.13 cases per 100 patient-
years in adults [65]. In these patients, sepsis is
mainly caused by encapsulated organisms,
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particularly S. pneumoniae, H. influenzae type b
and Neisseria meningitidis, and vaccination
against these pathogens is a mainstay of pre-
vention of fatal sepsis. The risk of infection is
greater in the first 2 or 3 years after the onset of
asplenia or after splenectomy: 30% of infections
occur during the first year and 50% during the
first 2 years [66]. However, the risk remains high
for life. Antibody response to PCV was demon-
strated from in vivo and in vitro studies, and
PCV has been administered safely both before

and after polysaccharide vaccines post splenec-
tomy [42, 67]. MenACWY confers high and
long-lasting immunity in this group [2, 68]. The
risk of invasive infection with Hib among adults
remains low. Therefore, in low-risk populations
it is reasonable to limit Hib vaccination in
adults who were not previously vaccinated [2].
Table 2 summarises the recommendation for
vaccinations in adult patients with asplenia.

Table 2 Suggested schedule for immunisation in adults with asplenia/splenic hypofunction and splenectomy

Vaccination history Month 0 Month
1

Month 2 After month 2

Unvaccinated Hib/MenACWY

First dose PCV

Seasonal influenzaa

MenB MenACWY PPV at least

2 months after

PCV

Seasonal influenzaa

PPV Hib/MenACWY/

MenB

PCV (at least 1 year

after PPV)

Seasonal influenzaa

MenB MenACWY MenACWY every

5 years

PPV 5 years after

PPV

Seasonal influenzaa

MenACWY/MenB vaccination ([5 years) Hib/MenACWY

PCV13 (at least

1 year after PPV)

Seasonal influenzaa

MenB MenACWY MenACWY every

5 years

PPV 5 years after

PPV

Seasonal influenzaa

Completed MenACWY/MenC; Hib and PCV

vaccination more than 5 years before

Hib/MenACWY

PCV

Seasonal influenzaa

MenB PPV MenACWY every

5 years

PPV 5 years after

PPV

Seasonal

influenza?

Timing: Functional asplenia—as soon as possible. Surgical asplenia (elective)—complete the vaccination schedule 4–6 weeks
before surgery; if not possible, complete at least 2 weeks before surgery. Surgical asplenia (emergency)—start the vaccination
schedule at least 2 weeks after the operation or as soon as the clinical conditions permit
PCV pneumococcal conjugate vaccine, PPV pneumococcal polysaccharide vaccine, Hib H. influenzae type b vaccine,
MenACWY N. menigitidis serotypes A, C, W, Y vaccine, MenC N. meningitidis C vaccine
a Otherwise healthy asplenic patients 2–49 years of age may be vaccinated with live attenuated influenza vaccine, except
patients with sickle cell disease, who should receive inactivated influenza vaccine
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Recipients of Haematopoietic Stem Cell
Transplantation (HSCT)

HSCT patients are at high risk of developing
infections caused from capsulated bacteria [69].
Greater infection risk has been reported in
allogeneic compared to autologous HSCT
recipients because of a more pronounced and
prolonged immunodepression caused not only
by the underlying disease but also the potential
occurrence of graft versus host disease (GVHD)
and its related immunomodulatory prophylaxis
and treatment [2, 70, 71]. Both chemotherapy
and radiotherapy administered prior to trans-
plantation represent the main reasons for the
loss of previously acquired immunity in this
group [11, 70–72]. Therefore, all HSCT candi-
dates should receive immunisations since
patients’ pre-transplant immune status can
increase the response following transplantation
[4, 11, 70–72]. Non-immunosuppressed patients
should complete the vaccination schedule
according to their age and immune history (e.g.
previous vaccinations or exposures), while the
immunosuppressed ones should follow the
immunisation recommendations according to
the category of risk determined by their affect-
ing disease [4]. Table 3 reports the recom-
mended vaccination schedules in HSCT patients
according to the main available guidelines.
Inactivated vaccines (including booster doses)
and live vaccines should be administered,
respectively, at least 2 and 4 weeks before con-
ditioning treatment [27–29, 32]. Current
immunisation programs tend to consider HSCT
patients as ‘‘never immunised’’, although it is
recognised that immune memory to pre-trans-
plant vaccinations may vary according to the
type of transplant and that partial immune
reconstitution can occur after HSCT [4].
Between 6 and 12 months after transplantation,
T cells able to respond to new antigens are
generated, especially among autologous HSCT
recipients [4, 11, 70–72]. However, following
allogeneic transplantation, immunity is con-
sidered decayed regardless of pre-transplant
vaccination status and patients need to be
revaccinated. Antibody titres to measles,
rubella, VZV, tetanus and HBV should be eval-
uated in any case 3–6 months after

transplantation [72]. While post-transplant
immune reconstitution varies from subject to
subject and is delayed in case of GVHD, most
transplanted patients have an effective antibody
response to vaccines 6 months after transplan-
tation that will continue to improve [4, 70]. In
certain groups, such as patients treated with
rituximab, a delayed reconstitution of the B cell
response is expected, and vaccinations should
not be administered for at least 6–12 months
after the completion of treatment [70]. In con-
clusion, timing for post-transplant vaccination
in HSCT patients should be assessed individu-
ally [34, 35]. Antibody titres for which a corre-
lation of protection is available should be
checked every 5 years in revaccinated patients
in order to guide administration of booster
doses [4, 70]. For other vaccines, such as pneu-
mococcal, meningococcal and flu vaccines,
although IgG titres after PCV appeared an
appropriate surrogate for the immune response
in HSCT recipients, recommendations regard-
ing protective antibody cannot be given
because of the lack of standardized testing and
established protective thresholds in adults [21].
Reduced but detectable antibody response to
PCV has been demonstrated in HSCT up to
10 years after vaccination, while response to
MenACWY significantly decreased starting from
6 months after immunisation [73, 74]. It is
strongly recommended to vaccinate the house-
hold contacts of HSCT patients for measles,
pertussis, VZV, mumps and influenza [70, 71].

Haematological Malignancies

In patients with haematological malignancies
(HM) the immune system deficiency depends
on the type of underlying disease (e.g. multiple
myeloma and chronic lymphocytic leukaemia
determine a deficit of humoral immunity, while
lymphomas mainly affect cell-mediated immu-
nity) and it is influenced by age [75]. Type,
extent and duration of the immunodeficiency
are also influenced by the type of chemotherapy
undertaken and may predispose to different
type of infections; for instance, rituximab and
other anti-CD20 monoclonal antibodies cause a
prolonged B lymphocyte deficiency that can
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Table 3 Recommended vaccination for adults after HSCT

Type of
vaccine

Doses Timing Comments

Allogeneic HSCT

PCV 3 (second and third at

least 4 weeks after

the previous one)

First 3–6 months after HSCT Fourth dose 6 months after the third one in

case of chronic GVHD

PPV 1 12 months after HSCT and at

least 8 weeks after last PCV

Only in absence of GVHD

Booster dose 5 years after PPV

MenACWY 2 (at least 8 weeks

apart)

6–12 months after HSCT Recommended in case of

anatomical/functional asplenia,

complement deficiency

MenB 2 (at least 4 weeks

apart)

6–12 months after HSCT Recommended in case of

anatomical/functional asplenia,

complement deficiency

Hib 3 (second and third at

least 4 weeks apart)

3–6 months after HSCT

In case of simultaneous

administration of dTpa-IPV,

first dose 6–12 months after

HSCT

–

Inactivated

influenza

vaccine

Seasonal vaccination 6–12 months after HSCT During outbreaks start 3 months after HSCT

(± dose after 4 weeks)

dTpa 3 (0, 1, 6 months) 6–12 months after HSCT If no antibody titre 36 months after HSCT,

booster dose

IPV 3 (0, 1, 6 months) 6–12 months after HSCT –

HBV 3 (0, 1, 6 months) 6–12 months after HSCT Unvaccinated or anti-HBsAb\ 10 IU/L or

previous infection with HBsAb\ 10 IU/L

Revaccinate if at risk/not protective anti-

HbsAb after 1–2 monthsc of a 3-dose

schedule

VZVa 2 (at least 4 weeks

apart)

24 months after HSCT Seronegative without GVHD; at least

6 months after CT discontinuation; at least

8 months after Ig discontinuation

HPV 3 doses 6–12 months after HSCT If at risk

Yellow fever 1 dose 5 years after HSCT No if chronic GVHD or CT

HZ (live), MMR, BCG, typhoid (oral) are contraindicated
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last for up 24 months after treatment [76].
Patients with HM are usually ideal candidates
for vaccination since they are susceptible to
infections caused by encapsulated bacteria that

are associated with high morbidity and mor-
tality but could be prevented by immunisation
[5]. Nevertheless, evidence of immunisation
effectiveness and serological responses is often

Table 3 continued

Type of
vaccine

Doses Timing Comments

Autologous HSCT

dTpa 3 with booster based

on antibody titre

6–12 months after HSCT Tetanus: antibody titre evaluation

Pertussis: if never vaccinated, 1 dose of DTaP

and 2 doses of dT

Inactivated

influenza

vaccine

Seasonal vaccination 4–6 months after HSCT –

HBV 3 (0, 1, 6 months) 6–12 months after HSCT Unvaccinated or anti-HBsAb\ 10 IU/L or

previous infection with anti-

HBsAb\ 10 IU/L; revaccinate if at risk/

not protective anti-HbsAb after

1–2 monthsb of a 3-dose schedule

PCV 3 (second and third at

least 4 weeks apart)

3–6 months after HSCT –

PPV 1 12 months after HSCT and at

least 8 weeks after PCV

Booster dose 5 years after PPV

MMRb 2 doses (at least

4 weeks apart)

24 months after HSCT No protective titre for measles and/or rubella

24 months after HSCT and at least

6 months after CT and at least 8 weeks

after Ig

VZVa 2 doses (at least

4 weeks apart)

24 months after HSCT Seronegative and at least 6 months after CT

and at least 8 months after Ig

Evaluate antibody titre between first and

second dose

HZ (live), BCG, typhoid (oral) are contraindicated
HSCT haematopoietic stem cell transplantation, GVHD graft versus host disease, CT chemotherapy, Ig immunoglobulin,
PCV pneumococcal conjugate vaccine, PPV polysaccharide pneumococcal vaccine, Hib, H. influenzae type b conjugate
vaccine, MenACWY, conjugate vaccine against N. meningitidis A, C, W, Y, MenB conjugate vaccine against N. meningi-
tidis B, DTaP diphtheria tetanus acellular pertussis for adults, dT diphtheria tetanus vaccine, dTpa diphtheria tetanus
pertussis vaccine, IPV inactivated anti-polio vaccine, HBV hepatitis B vaccine, VZV varicella vaccine, HPV papillomavirus
vaccination, MMR mumps, measles, rubella vaccination, HZ live herpes zoster vaccine, BCG tuberculosis vaccination,
HBsAb hepatitis B surface antibody
a Live vaccines are contraindicated in subjects with chronic GVHD, receiving CT and with disease recurrence
b If on intravenous Ig, evaluate specific antibody titre 3 months after its discontinuation
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Table 4 Recommended vaccination for adults with haematological malignancies

Type of vaccine (dose) Underlying disease/
therapy

Timing
according
CT

Indication for vaccination

PCV (one dose)

PPV (one dose at least 8 weeks after

PCV)

Acute leukaemia After CT Only if remission

Indolent lymphomas,

lymphoproliferative

syndromes, multiple

myeloma

Before or

after CT

Patients who need CT

immediately vaccinate 3 months

after treatment; otherwise,

before CT

Myeloproliferative

disorders, chronic

myelodysplastic syndrome

Before CT At diagnosis

Anti-CD20 [ 6 months

after CT

At least 6 months after treatment

Checkpoint Inhibitors Before CT As soon as possible

Hib (one dose) Acute leukaemia After CT Only if remission

Indolent lymphomas,

lymphoproliferative

syndromes, multiple

myeloma

Before or

after CT

Patients who need CT

immediately vaccinate 3 months

after treatment; otherwise,

before CT

Myeloproliferative

disorders, chronic

myelodysplastic

syndrome

Before CT Vaccinate at diagnosis

MenACWY (2 doses at least 8 weeks

apart; booster dose every 5 years);

MenB (according to schedule)

Acute leukaemia After CT Vaccinate only if remission

Indolent lymphomas,

lymphoproliferative

syndromes, multiple

myeloma

Before or

after CT

Patients who need CT

immediately vaccinate 3 months

after treatment; otherwise,

before CT

Myeloproliferative

disorders, chronic

myelodysplastic

syndrome

Before CT At diagnosis
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limited, and data are extrapolated from studies
conducted in the general population [5]. Live
vaccines are contraindicated in subjects suffer-
ing from lymphomas, leukaemia and other
malignant diseases of the bone marrow or
lymphatic system, as well as in people under-
going immunosuppressive treatment [34].
These patients can receive inactivated vaccines,
including those against encapsulated bacteria
(e.g. S. pneumoniae, H. influenzae, N. meningi-
tidis) and influenzavirus (Table 4) [77].

Myeloid Diseases
In patients with myeloid diseases such as acute
myeloid leukaemia (AML), myelodysplastic
syndrome and chronic myeloproliferative dis-
orders, the efficacy of vaccination is influenced
by the type of treatment received [5]. Tyrosine
kinase inhibitors (TKI) are associated with
increased risk of reactivation of hepatitis B and
opportunistic, respiratory and skin infections.
In patients receiving TKI and Janus kinase
inhibitors (JAKi), a reduced efficacy of pneu-
mococcal vaccination is reported [5]. Patients
with myeloid diseases should receive

Table 4 continued

Type of vaccine (dose) Underlying disease/
therapy

Timing
according
CT

Indication for vaccination

Inactivated influenza vaccine (seasonal) Acute leukaemia After CT Before CT or during CT (after

the cycle of just before next

one)
Indolent lymphomas,

lymphoproliferative

syndromes, multiple

myeloma

Before or

after CT

Myeloproliferative

disorders, chronic

myelodysplastic syndrome

Before or

after CT

Anti-CD20 [ 6 months

after CT

At least 6 months after treatment

Checkpoint Inhibitors Before CT As soon as possible

TDP (tetanus based on antibody titre);

dTpa (one dose) and dT (two doses);

dTpa booster dose every 10 years

Acute leukaemia After CT Only if remission

Indolent lymphomas,

lymphoproliferative

syndromes, multiple

myeloma

Before or

after CT

Patients who need CT

immediately vaccinate 3 months

after treatment; otherwise,

before CT

Myeloproliferative

disorders, chronic

myelodysplastic

syndrome

Before CT At diagnosis

CT chemotherapy, PCV13 pneumococcal conjugate vaccine 13 valent, PPV23 polysaccharide pneumococcal vaccine 23
valent, Hib H. influenzae type b conjugate vaccine,MenCAWY conjugate vaccine against N. meningitidis A, C, W, Y, MenB
conjugate vaccine against N. meningitidis B, DTP diphtheria tetanus pertussis vaccine, dTpa diphtheria tetanus acellular
pertussis for adults, dT diphtheria tetanus vaccine
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inactivated vaccines such as those against
pneumococcus, meningococcus and H. influen-
zae according to age and country guidelines; the
need for a tetanus booster should be evaluated
on the basis of their antibody titre [5, 77]. A
single dose of inactivated influenza vaccine
should be administered yearly from the end of
intensive chemotherapy, although the sero-
conversion rates remain low (e.g. not higher
than 20%) [70]. Patients suffering from
myelodysplastic syndrome and chronic myelo-
proliferative disorders should be vaccinated
shortly after diagnosis or, in any case, before
starting chemotherapy. Patients with AML that
usually cannot delay treatment should be vac-
cinated 3–6 months after the end of
chemotherapy in case of disease remission [5].

Chronic Lymphoproliferative Diseases
In chronic lymphoproliferative diseases, the
vaccination strategy is planned according to the
type of therapy received, including rituximab,
other anti-CD20 antibodies or drugs such as
bortezomib, brentuximab, ibrutinib and
lenalidomide [78]. Increased (between 50% and
70%) IgG responses to vaccines such as PCV and
inactivated influenza were detected among
patients who were treatment-naı̈ve or during
disease plateau [24, 31–33]

Chronic diseases such as multiple myeloma
(MM) or chronic lymphocytic leukaemia (CLL)
that are not treated with HSCT have lower
probability of restoring long-term immunity
compared with aggressive diseases such as
lymphomas that obtain a favourable response
[7, 78]. MM is associated with increased risk of
invasive pneumococcal disease, influenza and
herpes zoster virus reactivation [8]. For MM,
serological responses have been reported among
patients with no active diseases, although
hypogammaglobulinemia or the production of
ineffective antibodies may be possible, and
opsonophagocytic activity assays did not cor-
relate with antibody titres [23, 24, 79]. CLL is
associated with an increased risk of Hib disease
[78]. Although inactive vaccines in these
patients are indicated and safe, their main lim-
itation is a limited efficacy, especially in
patients with severe hypogammabglobulinemia
or treated with rituximab [79]. Indication for

vaccinations against encapsulated bacteria,
tetanus, HBV and influenzavirus should be
individually reviewed at the end of induction
therapy, after 3–6 months following
chemotherapy and, in case of anti-CD20 anti-
body therapy, after at least 6 months after end
of treatment [5]. In this group, better response
with the use of PCV over PPV and greater effi-
cacy administering a second dose (but only for
adjuvanted influenza vaccines) have been
reported [5, 31, 80].

Patients with Human Immunodeficiency
Virus (HIV) Infection

The availability of highly active antiretroviral
treatment (HAART) since the mid-1990s
improved both life expectancy and quality of
life of HIV-positive subjects. In addition, thanks
to the high tolerability of HIV medicaments and
low risk of long-term side effects, HIV treatment
guidelines now recommend starting the treat-
ment soon after diagnosis, regardless of CD4?

lymphocyte numbers [81, 82]. HAART promotes
the inhibition of HIV replication and achieve-
ment of viral undetectability, allowing the
patients’ immune system to recover [81, 82].The
immunisation schedule of HIV-positive subjects
is similar to that of non-HIV-positive ones, and
various guidelines have been published
addressing immunisations in this patient pop-
ulation [2, 48, 49, 56, 83]. Inactivated vaccines
(e.g. tetanus, polio, diphtheria, HBV, pneumo-
coccal and injectable influenza vaccinations) as
well as HPV, because of the increased risk of
HPV-related complications, are universally rec-
ommended [2, 6, 48, 49, 83], while Hib and
meningococcal vaccinations are suggested by
some learned societies [6, 48, 49] and hepati-
tis A (HAV) vaccination in high-risk groups such
as travellers, people living in endemic areas,
men who have sex with men, injecting drug
users [83]. Some live vaccines are not recom-
mended in patients with HIV [2, 6, 48, 49, 83],
specifically BCG is contraindicated, while yel-
low fever vaccination, MMR and VZV may be
considered among patients at high risk for
acquiring these infections and CD4? counts
above 200/mm3. Serological responses to HBV
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(e.g. HBsAb less than 10 mIU/mL 1–2 month
after three high doses of 40 mg HBV vaccine)
may be used to decide if booster doses of the

vaccine are needed [2, 7]. The choice of the best
timing for vaccination and the type of vaccine
to administer (e.g. inactivated or live vaccines),

Table 5 Recommended vaccines in patients with IBD

Infectious agent Vaccination schedule

Tetanus, diphteria, pertussis All patients between 11 and 64 years of age should be vaccinated with a single dose

of dTpa. All patients should be vaccinated with Td every 10 years

Hepatitis A HAV immune status should be checked at the patient’s initial visit. If nonimmune

to HAV, patient should be vaccinated with a 2-dose series (0 and 6–12 months)

Hepatitis B HBV immune status should be checked at the patient’s initial visit. If nonimmune

to HBV, patient should be vaccinated with a 3-dose series (0, 1–2, and

4–6 months) and recheck titres 1 month after the last dose. If no response, offer

booster with a double dose of HBV vaccine

Human papilloma virus All male and female patients between 11 and 26 years of age should be vaccinated

with a 3-dose series (0, 2, and 6 months)

Influenzavirus All patients should receive annual immunisation with inactivated influenza

vaccine; live attenuated intranasal influenza vaccine is contraindicated in

immunosuppressed patients

Neisseria meningitidis All adult patients should receive a 2-dose series of MenACWY and a 2-dose series

of MenB

Streptococcus pneumoniae All patients with IBD should be vaccinated once with the PCV followed by the

PPV (first dose after 8 weeks if immunocompromised, or after C 1 year if

immunocompetent; second dose after 5 years). If previously vaccinated with the

PPV23, then PCV should be administered at least 1 year after the PPV

Measles, mumps, rubella viruses Immune status should be checked at the patient’s initial visit. If nonimmune,

patient should be vaccinated with a 2-dose series ([ 4 weeks apart) at least

6 weeks before starting immunosuppressive therapy, when feasible.

Recombinant inactivated vaccine may be considered

Varicella virus Immune status should be checked at the patient’s initial visit. If nonimmune,

patient should receive a 2-dose series ([ 4 weeks apart) of live attenuated

vaccine at least 1 month before starting high-dose immunosuppressive therapy,

when feasible

Herpes zoster virus Patients older than 50 years of age should receive 1 dose of live attenuated vaccine

at least 1 month before starting high-dose immunosuppressive therapy, when

feasible. Recombinant inactivated vaccine may be considered

HAV hepatitis A, HBV hepatitis B, MenACWY meningococcal conjugate vaccine (quadrivalent), MenB serogroup B
meningococcal vaccine, PCV pneumococcal conjugate vaccine, PPV pneumococcal polysaccharide vaccine, Td adult/ado-
lescent formulation of tetanus/diphtheria vaccine, Tdap adult/adolescent formulation of tetanus/diphtheria/(acellu-
lar)pertussis vaccine
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however, may depend on the CD4? lymphocyte
count (e.g. above or below 200 cells/mm3) [2].
For very low cell counts, the response to vacci-
nation is expected to be poor and temporary
and therefore booster doses may be necessary.
Studies analysing specific antibody responses to
HPV vaccine [84–86], HAV vaccine [87], PCV13
[37], inactivated influenza [88, 89] and HBV
vaccine [90] showed lower responses for HIV-
positive compared with HIV-negative patients,
especially when low CD4? counts or increased
viral loads were detected. As a general rule, in
order to maximise the efficacy and benefit of
vaccination, avoiding ineffective doses, vacci-
nes should be administered to HIV-positive
subjects without significant immunosuppres-
sion (below 200 CD4 cells/mm3), such as early
diagnosed patients with HIV or those stably
receiving HAART with good immunovirological
response [2, 91]. Although high viral load has
been associated with reduced response to vac-
cination, this should not prevent indication to
receive immunisation. In subjects with CD4?

lymphocyte count lower than 200/mm3, live
vaccines should be avoided, and inactivated
vaccines postponed [2, 91].

Vaccination in Patients
with Inflammatory Bowel Disease

Patients with inflammatory bowel disease (IBD)
are not routinely considered to have altered
immunocompetence per se, despite the evi-
dence of impaired innate mucosal immunity
[92]. Nevertheless, treatments with long-term
immunosuppressive therapies make patients
with IBD at increased risk of developing vac-
cine-preventable infections [92]. Low rates of
vaccinations are often reported among patients
with IBD, probably as a result of poor knowl-
edge of the vaccinations recommended in this
group [92, 93]. One common concern is that
vaccination may exacerbate IBD activity,
despite several studies conducted in patients
with rheumatologic disorders that failed to
demonstrate an association between vaccina-
tion and disease progression, and no convinc-
ing evidence to support an association between
an increase in IBD activity and vaccination is

reported [94, 95]. In general, when feasible,
adherence to age-appropriate vaccination
schedules is strongly recommended before
starting immunosuppressants [2, 9, 96–98].

Multiple studies have assessed the response
to vaccination in patients with IBD [99, 100]. In
general, patients receiving monotherapy may
have an adequate serologic response to vacci-
nation, despite some studies reporting a
diminished immune response in patients
receiving anti-tumour necrosis factor (anti-TNF)
monotherapy [99, 100] and a reduction of the
response to orally administered vaccines in
patients on vedolizumab, consistently with its
gut-selective mechanism of action [101]. Con-
versely, a decreased serologic response to vac-
cination has been demonstrated in patients on
combination therapy [99, 100]. It is unclear
whether vaccination maintains an effective
protection in case of an absent serological
immune response. On the basis of these data,
patients with IBD should ideally be vaccinated
before starting the immunosuppressive therapy,
as recommended by the current guidelines
[2, 9, 96, 97]. According to the American Col-
lege of Gastroenterology, ACIP, IDSA, and the
European Crohn’s and Colitis Organisation
[2, 9, 96, 97], all non-live vaccines can be
administered to patients with IBD regardless of
immunosuppression status [96, 98], including
pneumococcal vaccination and vaccines against
Hib, HAV, HBV, HPV, influenzavirus, tetanus
and pertussis. HBV infection and reactivation
are of great concern, especially in case of anti-
TNF therapy, as fulminant and fatal cases of
HBV have been reported [102]. During flu sea-
son, patients with IBD should undergo annual
vaccination because of a higher likelihood of
influenza-related complications
[2, 9, 95, 97, 103]. Table 5 provides a list of
recommended vaccines in patients with IBD.

Research is currently underway regarding the
safety of administering live vaccination to
patients with IBD receiving high-dose
immunosuppression. For this reason, live
attenuated vaccines are generally recommended
for patients on low-dose (prednisone equiva-
lent\20 mg/day for\14 days, methotrex-
ate\ 0.4 mg/kg/week, azathioprine\3.0 mg/
kg/day, or 6-mercaptopurine\1.5 mg/kg/day)
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but not high-dose immunosuppression [47].
The package insert for vedolizumab states that
patients on this biologic agent may receive live
vaccines if the benefits outweigh the risks,
whereas patients treated with ustekinumab and
tofacitinib should not receive live vaccines
because of the lack of supporting evidence
[104, 105]. Patients with IBD are at a signifi-
cantly increased risk of developing herpes zoster
infections, which can occur at an early age as
compared to the general population [106].
Treatment with corticosteroids, thiopurines and
tofacitinib is associated with higher odds of
developing herpes zoster infections [106–108]
and a combination of anti-TNF and thiopurine
further increases the risk of zoster [109].
According to the American College of Gas-
troenterology (ACG) guidelines, the adminis-
tration of the live attenuated zoster vaccine is
highly recommended even in patients with IBD
on low-dose immunosuppression [95]. A recent
study suggests that live zoster vaccine may be
relatively safe in patients receiving anti-TNF
agents [110]. Although the new inactivated
formulation of zoster vaccine is available in
various countries, its efficacy in patients with
IBD has not been established yet.

Solid Organ Transplantation (SOT)
Recipients

The recently published guidelines by the
American Society of Transplantation (AST) rec-
ommend the review of the immunisation status
early during pre-transplant evaluation [3].
Pneumococcal, influenza, HBV, HPV and
meningococcal vaccines are the most frequently
recommended inactivated vaccines among SOT
candidates [3]. Both inactivated and live vacci-
nes can be administered before transplantation,
and appropriate vaccination should be updated
during this time [3]. As patients who are can-
didates for SOT usually have end-stage organ
disease, early vaccination assessment and
administration should be performed by
nephrologists, hepatologists, cardiologists,
pneumologists and other healthcare providers
who regularly assess SOT candidates. Following
SOT, lower serological responses to

immunisation have been reported compared to
healthy subjects, although the data is usually
limited to small studies and highly heteroge-
neous [29]. Furthermore, vaccination in the
post-transplant setting presents some chal-
lenges and should take into account the timing
from transplantation and the type of vaccine to
be administered [3]. In particular, inactivated
vaccines can be generally given starting at
3 months post transplant, with the exception of
the influenza vaccine, which can be given as
early as 1 month after transplantation, for
example if transplantation occurs during the flu
season [3]. The use of booster doses of influenza
vaccine in SOT remains controversial [111]. A
recent randomised controlled trial using two
doses of trivalent IIV in SOT patients 1 month
after transplantation was associated with higher
short-term seroconversion [112]. Better sero-
protection was also demonstrated in kidney
transplant recipients receiving repeat doses of
influenza vaccine, but similar results were not
confirmed in liver transplant recipients [113].
While inactivated vaccines can be safely
administered post transplant, live attenuated
vaccines are generally contraindicated or should
be considered on a case-by-case basis [3]. One
exception is represented by nonimmunised
children undergoing kidney or liver transplant
and receiving very low doses of immunosup-
pressants and have no sign of organ rejection
[2]. Regarding herpes zoster, both candidate and
recipients of SOT may receive vaccination with
the recently marketed subunit vaccines. Recent
guidelines, however, are still cautious on the use
of VZV subunit vaccination because of the
paucity of data among immunosuppressed
subjects [114].

Neuromuscular Diseases

Neuromuscular diseases include a wide spec-
trum of clinical conditions (e.g. dystrophies,
myopathies, myasthenia gravis, polymyosi-
tis/dermatomyositis etc.) that are often bur-
dened by high rates of vaccine-
preventable infectious complications
[115, 116]. Respiratory complications (e.g.
aspiration pneumonia, progressive respiratory
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disease), cardiovascular complications and AI
associated with the use of immunosuppressive
therapy (e.g. corticosteroids and anti-TNF ther-
apy) can occur [115, 116]. Similar to other
patient populations, also in this group the need
for vaccination is underestimated, and there is
the fear that vaccination may negatively impact
the course of the disease itself. Furthermore,
healthcare personnel involved in neuromuscu-
lar disease centres of expertise do not usually
include experts in vaccination. A study includ-
ing 58 adult patients with myasthenia gravis
and 208 healthy subjects suggested that the
level of vaccine-induced immunity against
diphtheria and tetanus was comparable
between the groups [117]. Expert consensus
recommends that patients with a neuromuscu-
lar disorder follow the same vaccination as the
general population [115, 116]. Two doses of live
attenuated vaccines (e.g. measles, mumps,
rubella and varicella vaccines) should be
administered before the start of immunosup-
pressive therapies [115]. Seasonal influenza

vaccination and pneumococcal vaccination are
also recommended [116].

Other Diseases

Various chronic diseases (e.g. diabetes mellitus,
cardiac and pulmonary diseases) in subjects
who are otherwise considered immunocompe-
tent may increase the risk of developing serious
vaccine-preventable infections and their related
complications [118, 119]. It is therefore recom-
mended that subjects with chronic diseases
receive routine inactivated and live attenuated
vaccines and update their vaccination status
[118]. Vaccination should be planned in the
early phases of the disease to allow higher
immunogenicity [120, 121]. If the disease pro-
gresses, patients’ immunisation status should be
reviewed.

Patients with heart diseases and diabetes
mellitus, in particular, can develop flu-related
complications and invasive pneumococcal

Table 6 Recommended vaccines in patients with chronic diseases

Vaccine type (dose) Chronic disease

MenACWY (1 dose) Non-malignant haematological disorders

Pneumococcal vaccine (PCV; PPV after at least

12 months)

Non-malignant haematological disorders

Chronic cardiac disease

Chronic pulmonary disease

Diabetes

Patients who have or are candidates for cochlear implants

Patients with chronic cerebrospinal fluid leaks due to trauma or surgical

intervention

Cystic fibrosis

Hib (1 dose, if not previously vaccinated) Patients who have or are candidates for cochlear implants

Influenza vaccine (seasonal) Haematological diseases (not cancer)

Chronic cardiac and/or pulmonary disease

Diabetes

Cystic fibrosis

MenACWY meningococcal conjugate vaccine (quadrivalent), PCV pneumococcal conjugate vaccine, PPV pneumococcal
polysaccharide vaccine, Hib H. influenzae type b vaccine
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disease, and have increased risk for disease
progression or exacerbation requiring hospital-
isation [122]. Patients with diabetes may have
cardiovascular, renal and other disease-related
end-stage organ disease and increased risk of
acquiring HBV. In this group, pneumococcal
vaccine, seasonal influenzavirus and HBV vac-
cinations are recommended [120, 123]. As a
result of their reduced cellular mediated
immunity, patients with diabetes mellitus are at
risk for developing herpes zoster due to VZV-
specific reduced immune response [124]. Some
guidelines suggest administering anti-influenza,
pneumococcal, HBV and herpes zoster vacci-
nation in patients with diabetes mellitus
[120, 123]. Among patients with chronic respi-
ratory diseases, flu vaccination is recom-
mended, especially in patients suffering from
chronic obstructive pulmonary disease. Pneu-
mococcal vaccine is also recommended in this
group and may reduce the use of antimicrobials
associated with the treatment of bacterial dis-
eases therefore impacting antimicrobial resis-
tance [125]. Both inactivated and live vaccines
can be administered in patients with cystic
fibrosis. In this group, seasonal influenzavirus
and pneumococcal vaccination are recom-
mended [126]. Other suggested vaccinations
include a two-dose varicella vaccine and, since
patients with cystic fibrosis are at risk of asso-
ciated liver disease, hepatitis vaccines [126].

In conclusion, patients who do not fulfil the
definition of AI but present chronic diseases
may still benefit from specific vaccinations, as
summarized in Table 6.

AREAS FOR FUTURE RESEARCH

Although data from small trials or observational
studies appear encouraging in favouring vacci-
nation in AI, some recommendations still
remain poorly supported by evidence even in
comprehensive and recent guidelines [2–12].
Furthermore, as highlighted in Table 1 in the
supplementary material, the knowledge on
serological and/or cellular responses in AI is still
limited and few reports are available regarding
optimal protection correlates in this popula-
tion. Studies investigating the role of

permanent protective humoral immune
responses associated with long-lived plasma
cells may inform new vaccine strategies aiming
at reaching sufficient antigenic threshold of
B cell stimulation, although this may be diffi-
cult among patients with impaired B responses
[127].

An urgent need remains to plan prospective
studies and adequately powered vaccination
trials with relevant endpoints in well-defined AI
subgroups. Specific groups of patients with AI
may benefit from targeted assessment of their
vaccine response and should be chosen
according to their underlying disease (e.g. hap-
loidentical or unrelated cord blood transplants
(UCBT) recipients among patients with haema-
tological disorders; recipients of different SOT),
timing of immunosuppression (e.g. before or
after anti-CD20 monoclonal antibody treat-
ment) or type of therapy received (e.g. anti-
B monoclonal antibodies before and after HSCT
or novel drugs such as blinatumomab and anti-
CD19/20/22 CAR T cells) [3–5].

There are still open questions regarding the
use of recently introduced or marketed vaccines
such as nonavalent HPV vaccine, inactivated
VZV vaccine and SARS-CoV-2 vaccine in
patients with AI. Although recommended in
patients with AI at high risk for HPV infection
according to national guidelines [128], the
benefit of all types of HPV vaccinations in pre-
venting HPV-related cancer still needs to be
extensively evaluated in patients not included
in the usual age-based recommendation.
Recently, the efficacy and safety of the inacti-
vated VZV vaccine for herpes zoster prevention
was studied in a phase 3 randomised controlled
trial encompassing 2637 patients with solid
tumour or haematological malignancies [129].
Clinical efficacy was shown only in patients
with solid tumours or autologous HSCT despite
immunogenicity being detected in all groups by
production of VZV-specific antibody responses
[129, 130]. Novel vaccine approaches (e.g.
replication-deficient, adenovirus vector-based
vaccines that contain the SARS-CoV-2 spike
protein and mRNA-based vaccines that encode a
SARS-CoV-2 spike protein) have been studied
during the COVID-19 pandemic in 2020 [131].
Two vaccines, BNT162b2 Pfizer-BioNTech and
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mRNA-1273 Moderna, were given Emergency
Use Authorization (EUA) on the basis of
phase 1/2 studies in the setting of a public
health emergency [131–133]. Currently, no
SARS-CoV-2 vaccine trial is enrolling patients
receiving immunosuppressive therapy and no
specific recommendations for individuals with
AI have currently been made by ACIP [47]. The
risks and benefits for immunocompromised
patients receiving a SARS-CoV-2 vaccine should
be therefore evaluated on a case-by-case basis,
considering factors such as the incidence of
infection in the community, the approved vac-
cine formulation available, the level of
immunosuppression the patient has received
and the underlying disease.

In conclusion, studies on optimal imple-
mentation of immunisation in individuals with
AI should be pursued in future research, always
taking into consideration country recommen-
dations, age and timing of immunosuppression.

CONCLUSIONS

Vaccination of patients with AI is a priority
because of the increased mortality associated
with vaccine-preventable diseases. Suboptimal
vaccine efficacy and safety concerns remain the
most important challenges associated with
vaccine administration in this patient popula-
tion. While vaccination against S. pneumoniae
and influenza is generally recommended in all
patients with AI, other vaccines and vaccine
schedules should be personalised and adminis-
tered according to the underlying disease. Cor-
rect timing for vaccine administration is also
paramount, and may depend on many factors,
such as concomitant immunosuppressive treat-
ments or disease-related complications. Gener-
ally speaking, vaccination during the early
course of diseases or before the onset of
immunosuppression should be encouraged,
since disease progression may further impair
immunity and responses to vaccination. As a
result of the multiple challenges associated with
vaccination in patients with altered immunity,
experts in vaccination should be included in all
centres that manage these patients, and studies

to investigate vaccine coverage in patients
with AI should be encouraged.
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