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Abstract

Immunocompromised children have a higher risk of developing infections and associated
higher rates of mortality and morbidity. Although this group could benefit the most from
vaccine administration, specific considerations regarding immunisations are required.

This review is a summary of the vaccines that are relevant to the immunocompromised host,
covering both live and non-live vaccines. Burden of disease, safety,
immunogenicity/effectiveness and specific recommendations for each vaccine are described

as well as specific guidelines from different organisations.
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recommendations

Introduction

Children who are at increased risk of infections, either due to an impaired immune system or
underlying chronic illness, require specific consideration when it comes to immunisation.
These individuals potentially stand to benefit most from vaccine administration, but often
have sub-optimal responses or may be more likely to suffer adverse effects, particularly from
live vaccines. As new vaccines become available and the epidemiology of vaccine-

preventable diseases evolves, it is increasingly important for all those caring for children to



be up to date with the recent changes in these guidelines, changing the traditional low uptake

of additional immunisations in high risk groups (1).

Accordingly this review will focus on new developments in the field of active immunization
in immunocompromised and ‘at-risk’ children, including those with primary

immunodeficiencies and those on immunosuppressive therapy (Table 1).

Specific vaccines with relevance to the immunocompromised host

Live vaccines

Guidelines regarding the use live vaccines in the immunocompromised host are evolving.
Long considered an absolute contra-indication, a more nuanced approach has emerged. This
reflects the need to balance the degree of immunosuppression, the risk of natural exposure
and the availability of non-live alternatives. Such decisions should therefore be made on a
case by case basis, considering the current health status as well as the type of

immunodeficiency.

Rotavirus

The rotavirus vaccine is an oral live vaccine available in two different versions; a monovalent

vaccine licensed as a two dose schedule and a pentavalent version with a three doses schedule

(2).(3).



Burden of disease

Despite evidence of herd-immunity in populations with high immunisation rates, it remains
likely that immunocompromised children in such countries will be exposed to this virus,

albeit potentially at an older age than in a non-immunised population (4),(5).

Although there are relatively few data on the clinical outcome in immunocompromised
children with rotavirus infection, an observational study in 28 paediatric oncology patients
receiving intensive chemotherapy showed the mean length of hospital stay in children with
confirmed rotavirus infection was 12.6 days (+/-2.3 days), significantly longer than matched
children without rotavirus infection (5.0 days+/-1.5 days.) These children also required
higher rates of parental nutrition or tube feeding (p<0.001) (6) than non-infected patients.
Reports of rotavirus infection in paediatric liver transplant recipients also emphasise the

severity of illness in solid organ transplant recipients (7),(8).

Safety

There have been three case reports of infants with Severe Combined Immunodeficiency
(SCID) with a “vaccine associated disease” following rotavirus immunization (9). The main
symptoms cited were severe diarrhoea and dehydration after immunisation. In all of the cases,
nucleic acid isolated from stools using RT-PCR analysis showed amplification of the

rotavirus vaccine strains, with prolonged shedding when compared with healthy children (9).



By contrast, a double blind study of 100 Human immunodeficiency virus (HIV)-infected
mildly or a-symptomatic infants, who were randomised 1:1 to receive human rotavirus
R1X4414 strain vaccine or placebo, showed that the vaccine was well tolerated, with
symptoms occurring at a similar frequency in both groups (10). The peak and duration of
vaccine virus shedding was similar to that reported in healthy infants, although there was one

case with prolonged shedding that resolved between day 56 and 70 (10).

Immunogenicity/effectiveness

Although no data are available on the efficacy of rotavirus immunisation in
immunocompromised children, the above study showed that the vaccine was immunogenic in
HIV-infected infants, with 57% of vaccine recipients achieving the threshold of 20 U/mL

serum antirotavirus IgA compared with 18% in controls (10).

Recommendations

In summary this vaccine should be avoided in infants with SCID, but is recommended for
infants with HIV infection (11). Although of uncertain efficacy and safety in infants with
other immunocompromising conditions, the majority of the children are likely to benefit, by
potentially avoiding the severe outcome associated with a natural rotavirus infection is this

population (2),(6,7).



Varicella

Two monovalent varicella vaccines are available, both of which are contain the live
attenuated ‘OKA’ strain. The vaccines are licensed from 12 months of age and two doses are
normally administrated at least four to eight weeks apart (3). The vaccine strain is susceptible

to aciclovir and, unique amongst immunisations, establishes a latent infection in the recipient.

Burden of disease

In countries without routine immunisation exposure is almost inevitable. The risk of
devastating varicella infections in immunocompromised children is well documented, with
hospitalisation rates in HIV positive children on highly active antiretroviral treatment
(HAART) 16 times higher than the general population in the UK (and 150 times higher if not
on treatment) (12). For children on anti-tumor necrosis factor (TNF) immunosuppressive
treatment the hospitalisation rate due to shingles and varicella was 32 and 26 cases per 100
000 patients respectively, considerably higher than rates of 3.4 and 1.9 (respectively) in the
general paediatric population (13).

Accordingly varicella seronegative immunocompromised children frequently receive
administration of immunoglobulin or aciclovir prophylaxis following natural exposure,

adding to the burden of their underlying disease (14).

Safety



A cohort of 97 HIV positive children who were varicella-zoster virus (VZV) naive and had a
CDA4+ percentage of >15% and a CD4+ T cell count > 200 cells/uL were immunised with two
doses of live varicella vaccine three months apart (15). The vaccine was well tolerated, with a
breakthrough rash reported in two patients following the first vaccine dose and one after the
second dose. Systemic adverse events were identified in 12% of the subjects, but no serious

adverse events considered to be related to the vaccine were reported (15).

The breakthrough rash after the varicella vaccine was also reported in three out of 25
paediatric rheumatology patients receiving treatment methotrexate +/-corticosteroids,
however no severe adverse reactions were reported in the 40 days following immunization

(16).

A multicenter retrospective cohort study in children with DiGeorge Syndrome, a congenital
disorder characterized by a cellular immune deficiency, showed that in cases with mild-to-
moderate immunosuppression varicella vaccine is well tolerated and only one unspecified

rash was described (17).

By contrast, amongst children receiving maintenance chemotherapy for leukaemia
(immunised in the middle of a two weeks ‘window’ off treatment), rashes were observed in
36% of children following the first dose of vaccine, 10% of whom transmitted the vaccine
virus to siblings (18). Although the rash was not considered to be severe, it was extensive and
in 3% of the cases continued to evolve for up to six weeks (18). There are also case reports of
fatalities following dissemination of the varicella vaccine virus in a four year old girl
immunised five weeks previously during a two week window off maintenance chemotherapy

for leukaemia, and reactivation of the virus in a 47 year old man with a non-Hodgkin’s



lymphoma (19).

Immunogenicity/effectiveness

A retrospective study in HIV positive children, showed two doses of varicella vaccine to have
an effectiveness of 82% (95% ClI, 24-99%) against varicella and 100% (95% CI, 67-100%),
against herpes zoster (20). Two (3%) vaccinated children developed breakthrough varicella at
3.9 and 4.7 years after one and two vaccine doses. Among 65 vaccinated children receiving

HAART none developed zoster in contrast to 15/60 unvaccinated children (p<0.01).

In a study by Pileggi et al enrolling children with rheumatologic conditions receiving
immunosuppressive treatment, two cases of varicella (out of 25) were identified after one
dose of the varicella vaccine during the follow-up period (median 32 months) (16). The same
study showed that positive VZV- IgG titers four to six weeks after vaccination were reached
in 50% of the previous seronegative patients and in 72.2% of the controls (healthy children).
One year after immunisation the titers remained positive in 80% of the patients that

previously seroconverted (16).

In the study described above, in which 191 children in remission from leukaemia were

immunised with varicella vaccine, 18% developed varicella disease after household exposure,

compared to 90% in historical controls (18).

Recommendations



The varicella vaccine is currently recommended for varicella seronegative HIV positive
patients with CD4 counts of more than 15%, preferably three months after immune
reconstitution (2,11). Similarly, children with DiGeorge syndrome can receive the varicella

vaccine if they have adequate CD4 counts (17).

For children who are varicella seronegative and are due to commence immunosuppressive
medication, it is recommended that the varicella vaccine is administered three to four weeks
before commencing treatment. According to European league against rheumatism (EULAR)
guidelines, more studies are required before recommendations on primary vaccinations with
live attenuated vaccines can be made while on low-dose immunosuppressive therapy (21).
However, use of the varicella vaccine in children on high dose immunosuppressants is clearly

contra-indicated.

In children with leukemia, it is recommended that immunisation should be deferred until they

are in remission, three months after chemotherapy with evidence of recovery of cell mediated

immunity (22).

It is also recommended that family members of all immunosuppressed children who are not

themselves immune to varicella should be immunized (16).

Influenza



Live influenza vaccines have been shown to be more effective in healthy children than
inactivated vaccines, but they are only licensed for children above two years of age and their

use in immunocompromised children has the potential to cause influenza like illness (23).

Burden of disease

As a major cause of global mortality and morbidity in children, influenza infections are
known particularly to affect children with underlying medical conditions (24). Of the 70 UK
children that died during the influenza A HIN1 pandemic, 64% had a co-morbidity, none of

whom had been immunized (24),(25).

During 2009-2010 influenza A H1N1 pandemic in the UK, a childhood mortality rate of six
per million population was reported. Of these, 64% had a severe pre-existing disorder (26).
In 2014-2015, 22% of the confirmed influenza cases in the UK were children and 27% of

these had an underlying condition (27).

Safety

Clinical studies of live attenuated influenza vaccine (LAIV) have been performed in HIV

infected children and also in a small number of mild to moderately immunocompromised

children with cancer. None of these studies demonstrated any serious safety concerns

following LAIV administration (28),(29)
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Immunogenicity

Two hundred and forty three HIV infected children receiving antiretroviral treatment were
randomised either to receive intranasal live influenza vaccine or an intramuscular inactivated
vaccine (30). The antibody responses to both of the vaccines were similar to those reported in
healthy children (30). In a small pilot study, seroresponses to LAIV were demonstrated in

some children receiving chemotherapy for cancer (29).

Recommendations

The use of the intranasal live vaccine is recommended for 2 to 18 year olds with stable HIV
infection receiving antiretroviral therapy in the UK (3),(11) but not in the USA (31), where it
is recommended these children/adolescents receive the inactivated vaccine. The UK
guidelines also recommend use of LAIV in ‘at-risk’ children who are receiving

topical/inhaled corticosteroids or low-dose systemic corticosteroids (3).

The inactivated influenza vaccine is recommended for children on high doses of
immunosuppressants, on chemotherapy or with T or B cell immunodeficiency, and in all

children in clinical risk groups under two years of age (3).

Immunisation of contacts
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Immunisation of household and close contacts of “at risk’ children is encouraged to reduce
the risk of transmitting wild-type virus (32). In the UK guidelines this applies to those who
expect to share living accommodation on most of the days over the winter and for whom
close contact is unavoidable (3). Influenza vaccine should also be offered to social care

workers and health professionals in contact with such patients (3).

Immunising close contacts with LAIV raises the theoretical risk of exposing the
immunocompromised patient to the vaccine virus and subsequent ‘vaccine type’ influenza
infection (3). In a study in which 197 healthy children attending day care were randomised to
receive either LAIV or placebo, 80% of the 98 vaccine recipients shed at least one vaccine
strain (mean 7.6 days). One unimmunised child developed mild respiratory symptoms
associated with isolation of the vaccine strain virus, giving a probability of vaccine strain

transmission of 0.58% (95% ClI, 0-1.7%) (32).

Accordingly, 2013 Infectious Diseases Society of America (ISDA) and UK guidelines
recommend that close contacts of severely immunocompromised patients (e.g. patients with
SCID or within two months of a hematopoietic stem cell transplant or with graft vs host
disease should receive the inactivated, rather than live, influenza vaccine (3),(22)). Casual

contacts (e.g. at school) may receive the LAIV vaccine as per usual indications.

MeaslessMMR (measles, mumps, rubella)

Burden of disease
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In high-income countries with a high immunisation uptake the incidence of these infections
and associated mortality rates are low, but recent outbreaks have demonstrated the potential
for measles exposure from isolated outbreaks in discrete areas with historically low levels of

immunisation (33).

Given the potential of immunisation with the live measles vaccine to prevent overwhelming
natural infection in children with acquired immune deficiency syndrome (AIDS), the use of
measles vaccines in HIV positive children with relative immunocompetence is the most well
studied example of giving a live vaccine in an immunocompromised population, and was the

subject of a WHO global advisory committee report (34).

Safety

No serious adverse reactions were reported in HIV positive children with a CD4 count of >
15% who received a primary or booster dose of vaccine whilst on anti-retroviral treatment
(35), while administration of measles vaccine nine to eighteen months post bone marrow

transplant was also shown to be safe with no severe or moderate adverse reactions (36).

Immunogenicity/effectiveness

HIV infected children may develop a sub-optimal response to the primary measles

immunisation and lack long-term protective antibody titers (37). Of 29 children on
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antiretroviral treatment previously immunised with one or two doses of measles vaccine only
10 (34.5%) had detectable anti-measles antibody, compared with 6/37 (16.2%) unvaccinated
HIV infected children in the same study. Eight to 12 weeks after immunisation in the overall

population, 93.3% had positive measles antibodies (37).

A retrospective study by Zignol et al. showed a loss of previously detectable measles specific
serum antibodies in 25% of 92 children successfully treated for solid organ or haematological
malignancy (38). In a study with 51 patients who had received a bone marrow transplant at
least nine months prior to vaccination (53% under immunosuppressive drugs), nine were
found to be non-immune to measles at the time of vaccination (77.7% under

immunosuppression); all nine seroconverted after vaccination.

Recommendations

Similar to the varicella vaccine, the MMR vaccine is recommended in HIV infected children
or those with DiGeorge syndrome whose CD4 count is more than 15% (11),(17). The
vaccine should otherwise be avoided for all T cell and combined T and B cell
immunodeficiencies; the vaccine may be safe in those with B cell immunodeficiencies but is

unlikely to be of benefit if these patients are receiving immunoglobulin replacement (2).

Children who are to receive immunosuppressive medication should have primary

immunisation prior to commencement of treatment if possible.
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Non-live vaccines

In general, immunocompromised children should receive all the routine non-live vaccines,

although they may require additional doses and in specific cases additional non-live vaccines.

Meningococcus

Vaccines against Neisseria meningitidis serogroups A, C, W and Y are based on the
respective capsular group-specific polysaccharide antigens, either as ‘plain’ polysaccharide
vaccines (poorly immunogenic in children under two years of age), or with the
polysaccharide antigens conjugated to a protein carrier. It is the latter, ‘conjugate’, vaccines
that are generally recommended for use in children, formulated either as monovalent

(capsular groups A and C) or multivalent vaccines (e.g. MenACWY).

Vaccines developed to protect against serogroup B meningococcus, by contrast, target
subcapsular proteins, and recently a Meningitis B (MenB) vaccine (Bexsero®) has been
licensed for use in infants and older children/adolescents in Europe and elsewhere (39), while
this vaccine and another vaccine (Trumenba®) are licensed for use in adolescents in the USA

(40),(41) with European licensure expected for the latter in the near future.

Burden of disease
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Increased susceptibility to meningococcal disease is primarily seen in individuals with
deficits in the complement cascade (42), in particular those who lack the ability to activate
C3 and thereby or otherwise to create the membrane attack complex that is the functional

endpoint of the classical, lectin and alternative complement pathways (43).

Although rare (estimated prevalence of 0.03% in Caucasian population), individuals with a
complement deficiency in the alternative pathway, C3 or in the late pathway components (C5,
C6, C7, C8, C9) have a 5000-10000 fold increase risk of meningococcal disease when
compared with healthy individuals (43),(44), with 40 — 50% of these individuals experiencing

recurrent meningococcal disease (43).

Complement deficiencies can also be acquired, such as in patients receiving the monoclonal
antibody Eculizumab, which acts as a terminal complement pathway inhibitor and is used to
treat certain types of auto-immune disease (35,45). An efficacy study in which 195 patients
with paroxysmal nocturnal haemoglubinuria received Eculizumab described two cases of
meningococcal invasive disease over a 66 month period, resulting in an infection rate of 0.42

per 100 patient-years (46).

Immunogenicity and effectiveness

The most direct, albeit observational, evidence of the ability of meningococcal vaccines to
provide protection to patients with complement deficiencies comes from a study of 45
patients diagnosed with late complement component deficiency, 31 (69%) of whom were

immunised with the meningococcal ACWY plain polysaccharide vaccine. In the three to
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eight year follow-up period, episodes of meningococcal disease were reported in 19% of the
vaccinated population, compared with 43% among unvaccinated patients (47). No studies of
the immunogenicity or effectiveness of meningococcal conjugate or sub-capsular-protein
vaccines in complement deficient individuals have yet been published, although such a study

has recently been completed (Clinical trials.gov NCT02141516).

Studies of the monovalent conjugate MenC vaccine in asplenic adults (48), of conjugate
MenACWY vaccines in patients post bone marrow transplant (49) and of patients with HIV
infection (50) have been conducted, all showing a general trend towards reduced

immunogenicity compared with healthy controls.

Recommendations

The current recommendation is to vaccinate all children with congenital or acquired

complement deficiency or asplenia with MenB and MenACWY vaccines. The immunization

schedules (adapted according to the age at diagnosis) and are shown in Table 2.

Pneumococcus

Vaccines against Streptococcus pneumoniae are based on the capsular polysaccharides,

which can either be presented in a ‘plain polysaccharide’ vaccine (PPV, containing purified

capsular polysaccharides from 23 pneumococcal capsular types (PPV23)) or conjugated to
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carrier proteins, as for example the 10-valent (PCV10) and 13-valent pneumococcal

conjugate vaccines (PCV13) currently available.

Burden of disease

Children with a broad range of co-morbidities are at an increased risk of invasive
pneumococcal disease (IPD). Examples include untreated HIV infected children in the UK
and Ireland who were more than 150 times more likely than uninfected children to suffer
invasive pneumococcal disease (IPD) (a risk that remained 16.7 higher even once

commenced on HAART) (12).

A national surveillance study conducted in England and Wales between 2009 and 2011 found
that 29.3% of children less than five years of age who developed IPD also had a co-morbidity,
the two most common of which were an immunodeficiency (33.9%) and chronic respiratory

disease (31.5%) (51).

However, the introduction of routine childhood immunisation with pneumococcal conjugate
vaccines has contributed to a large reduction in morbidity and mortality of IPD in the general
population and, by direct protection and herd immunity, in ‘at-risk’ children. A large and
growing proportion of residual IPD cases are caused by serotypes not contained in the
PCV10 or PCV13 vaccines making the administration of additional conjugate vaccine doses

to at-risk individuals progressively less effective and cost-effective over time.
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Immunogenicity and effectiveness

A literature review of 58 trials on immunogenicity of PCV in populations with a higher risk
of IPD, provided re-assuring data on the immunogenicity of the 7-valent pneumococcal
conjugate vaccine (PCV7) in immunocompromised, asplenic and HIV infected children,
although functional responses in the latter group were lower than in HIV seronegative
children (52). Children undergoing stem cell transplantation also benefit from the vaccine,
but in children who had a history of solid organ transplantation, the immunogenicity of PCV7
varied according to the organ (52). The immunogenicity of PCV13 in at risk groups has been
less well studied, although 48 children and adolescents with perinatally acquired HIV
infection mounted a robust immune response to this vaccine which persisted for the majority

of the serotypes beyond six months (53).

Although there are no randomized studies of pure polysaccharide pneumococcal vaccines in
high-risk groups showing benefit (and one conducted in Uganda in adults with HIV infection
which suggested increased rates of pneumococcal disease in vaccine recipients), PPV23 is
still widely recommended both for adults and children at high risk of IPD. During 2010-2011,
124 children with co-morbidities were identified in a national survey in England and Wales
with IPD, of whom only 26.6% had received PPV23 (54). After adjusting for age, sex, year
of diagnosis and previous PCV7 vaccination, the development of IPD due to PPV specific
serotypes was not associated with prior PPVV23 vaccination (adjusted odds ratio 1.09 (95%ClI
0.36-3.32) (54) raising doubts about the effectiveness, as well as the uptake, of this vaccine in

at-risk children.
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When repeated doses of PPV23 are given at short intervals, hypo-responsiveness (reduced
seroresponses) to some vaccine serotypes may be observed. If PPV23 is given to a child who
has previously received PCV7, the antibody responses against the majority of the PCV
serotypes are higher than in an unprimed child although subsequent responses to further

doses of PPVV23 may once again be lower (55).

Recommendations

In an era of widespread use of PCV, the majority of ‘at-risk’ children will have already
received these vaccines in infancy, and all except older children will have received either a
10 or 13 valent vaccine. While it is important to ensure that at risk children have received
routinely recommended pneumococcal conjugate vaccines, cost-effectiveness analyses in the
UK argue against offering additional doses of PCV13 to most ‘at-risk’ children, with the
exception of children recovering from bone marrow transplant, with haematological

malignancies or primary immunodeficiencies.

The use of PPV23 in ‘at-risk’ children is controversial, and is not included in CHIVA

guidelines for immunization of HIV infected children (11).

Immunisations schedules for specific conditions

While the discussions above focus on vaccines of particular relevance, immunisation

guidelines will, appropriately, usually be developed with a ‘condition-specific’ focus e.g. for
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children experiencing asplenia, splenic dysfunction, complement deficiency, HIV and
children receiving immunosuppressive treatment and chemotherapy. A summary of the
general principles for differing conditions and immunisations is given in Table 3, however,
the specifics of these guidelines will differ between different countries according to their

routine immunisation schedules and local epidemiology.

Examples of condition- and region- specific guidelines included here are those for children

with complement deficiencies or asplenia (Table 2).

Further information on these guidelines, and additional regional specific guidelines are

available at the following locations:

Asplenia, splenic dysfunction and complement deficiency:
e UK guidelines:
Immunisations against the disease: the Green Book(3), Available from:

https://www.gov.uk/government/collections/immunisation-against-infectious-disease-

the-green-book

e USA guidelines:
Infectious Disease Society of America (IDSA): Clinical Practice Guideline of the
Vaccination of the Immunocompromised Host 2013(22); Available from:

http://cid.oxfordjournals.org/lookup/doi/10.1093/cid/cit684

HIV:

e UK guidelines (CHIVA)
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https://www.gov.uk/government/collections/immunisation-against-infectious-disease-the-green-book
https://www.gov.uk/government/collections/immunisation-against-infectious-disease-the-green-book
http://cid.oxfordjournals.org/lookup/doi/10.1093/cid/cit684

Children’s HIV association (CHIVA): CHIVA Vaccination of HIV infected Children
2015(11); Available from:

http://www.chiva.org.uk/quidelines/immunisation/

e USA guidelines:
Infectious Disease Society of America (IDSA): Clinical Practice Guideline of the
Vaccination of the Immunocompromised Host 2013 (22); Available from:

http://cid.oxfordjournals.org/lookup/doi/10.1093/cid/cit684

Vaccination for children receiving chemotherapy and Bone Marrow Transplantation

e UK guidelines
Children’s Cancer and Leukaemia Group (CCLG) guidelines: Vaccinations for
Paediatrics Patients Treated with Standard-Dose Chemotherapy and Haematopoietic
Stem Cell Transplantation (HSCT) Recipients. CCLG guidelines. 2014(56)

e European Union guidelines
European Society for Blood and Marrow transplantation: EBMT-EHS Handbook
2012(57). Available from:

https://www.ebmt.org/Contents/Resources/Library/EBMTESHhandbook/Pages/EBM

T-ESH-handbook.aspx

e USA guidelines
Infectious Disease Society of America (IDSA): Clinical Practice Guideline of the
Vaccination of the Immunocompromised Host 2013 (22); Available from:

http://cid.oxfordjournals.org/lookup/doi/10.1093/cid/cit684
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http://www.chiva.org.uk/guidelines/immunisation/
http://cid.oxfordjournals.org/lookup/doi/10.1093/cid/cit684
https://www.ebmt.org/Contents/Resources/Library/EBMTESHhandbook/Pages/EBMT-ESH-handbook.aspx
https://www.ebmt.org/Contents/Resources/Library/EBMTESHhandbook/Pages/EBMT-ESH-handbook.aspx
http://cid.oxfordjournals.org/lookup/doi/10.1093/cid/cit684

Summary

Immunisations have the potential to provide protection to immunocompromised children who
are at increased risk of developing infections associated with high morbidity and mortality
rates. However, special considerations for this population are required regarding both live
and non-live vaccines. Importantly, the uptake of additional vaccines in
immunocompromised children is known to be low, increasing the need for constant update
and awareness in the medical community. No vaccine works while it is on the shelf, and it is
incumbent on all paediatricians to be mindful of the immunisation status of at-risk children,

and to ensure they are receiving optimal vaccine induced protection.
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Table 1 Secondary immunodeficiency due to immunosuppressive medication

Secondary immunodeficiency due to immunosuppressive medication

1. Glucocorticoids
- High dose glucocorticoids pulse therapy (> 2mg/kg/day or >20 mg per day for 2
weeks)

2. Non-biological immunosuppressants (also known as DMARDS)
-Methotrexate: >15 mg/m2/week

-Cyclosporine: > 2.5 mg/kg/day

-Azathioprine: 1-3 mg/kg/day

-Cyclophosphamide: 0.5-2.0 mg/kg/day

-Leflunomide: 0.25-0.5 mg/kg/day

-6-mercaptopurine: 1.5 mg/kg/day

3.Biological agents (any dose considered immunossupressive):
-Infliximab (Anti-TNF «)

-Rituximab (Anti B cell activity)

-Abatacept (reduced T cell activation)

-Tocilizumab (Anti I1L-6)

-Eculizumab (reduced complement activation)

Adapted from: Heijstek M et al. Ann Rheum Dis 2011.
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Table 2 Recommendations for Men B and Men ACWY vaccines in immunocompromised children (asplenia, splenic dysfunction, complement

disorders)

UK recommendations*

US recommendations **

Diagnosed under 6 months
- Men B: 2,3 and 4 months with routine immunisations or 3 doses with one
month intervals, with a booster at 14 months
- Men Cand ACWY:
o Men C naive patients should receive 2 doses of Men ACWY 1 month
apart.
o If 1 dose of MenC has been given, give a dose of MenACWY at least
one month later.
o Booster doses:
= 12 months (Hib/MenC)
= 14 months (MenACWY)
= 24 months (Hib/MenC)

Diagnosed 6-11 months
- Men B: 2 doses with at least 2 months interval; booster after 2" birthday
- Men Cand ACWY:
o Men C naive children should receive 2 doses of Men ACWY 1 month
apart
o If 1 dose of MenC has been given, give a dose of MenACWY at least
one month later.
o Booster doses:
= 12 months (Hib/MenC)
= 14 months (MenACWY)
= 24 months (Hib/MenC)

Diagnosed 12-23 months
- Men B: 2 doses with at least 2 months interval; Booster 12-23 months after
primary course
- Men Cand ACWY:
o Booster doses:

= 12 months (Hib/MenC)
= 14 months (MenACWY)
= 24 months (Hib/MenC)

Men B**:

Age >9 years old:

Bexsero ® 2 doses at least 1 month apart; Trumenba® 3 doses
(2" dose 2 months after the first and 3 dose 6 months after the
first

Men C and ACWY?#:
Age 6 weeks-18 months
- Men C: 4 doses of Hib/Men C administered at 2,4, 6
and 12-15 months or if

Age > 9 months:
- Men ACWY: as an alternative to the first scheme 2
primary doses of ACWY should be administered 3
months apart if age between 9-23 months and with 2
months apart if >24 months old

*Adapted from: Salisbury D, Ramsay M NK. Immunisation
against infectious disease: the green book, Public Health
England. 2013. Chapter 7: 49-56; **Adapted from: CDC:
Meningococcal:Who needs to be vaccinated? October
2015; *Adapted from: Rubin LG et al. 2013 IDSA Clinical
Practice Guideline for Vaccination of the
Immunocompromised Host. Clin Infect D 2014
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Table 3 Vaccine recommendations for specific conditions

Primary immunodeficiencies Acquired immunodeficiencies Other

Q L's D
B Recommended = - = - = < 5 c 2 g =2 9 8 E o
S g B §E By g 5 .8 S5 85 8 %2 g E2 & Fed5. S
Q 2 < 2 S = o S e &= © S S 5 2 2 &
~ O — _ O - <5 — 0w = O o <} ) ) o T = o E c
Uncertain safety or effectiveness | ©§ & S5 3 22 S & $8% §&8 8¢ SE| 320 @& ¢ b g €5 82% o
28 T o8 85 S £E £2 £ S g5 ©vo5| &8 L 28 = s - oSE 3
o £% = &% S 8 & S 228 83 882 8 85 B E8 o £§528% B
B Contraindicated 2° 8 £° § g3 < = I S E == £ A5 5% £ I = % 2223 ¢
- 8 n 2 2 % = £ & £7 = L5 §' S £ s ©g a

Not recommended 2 8 ks ¥ o 3 5
‘Routine’
a a n

inactivated vaccines

Live
vaccines

MMR, Rotavirus, BCG

Varicella Zoster Vaccine

‘Additional’ inactivated Vaccinesb

Influenza vaccine (annual)
(IAV- inactivated vaccine, live — live

attenuated)

Vaccines for household contacts

c [0 ¢ e 0] N
d

a) Effectiveness doubtful, especially for children on immunoglobulin replacement therapy

b) If>2 years old and PCV not previously administered give 2 doses (2 to 5 years old) or 1 dose (=5 years) if recommended by local

guidelines

c) Safety uncertain and effective immune response unlikely, therefore generally not indicated
d) Safe when given to DiGeorge syndrome patients >12 months with CD4 >15% and normal PHA (mitogen) response

e) Avoid BCG and other live bacterial vaccines (e.g. oral typhoid)
f) If HAART indicated, delay vaccination until both viral load <50 cp/ml and CD4 >15% for 6 months
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Rotavirus safe, MMR only if CD4 >15% (or CD4 >750 cells/mm3 [<12 mo], CD4 >500 cells/mm3 [1 - 5 years], CD4 >200 cells/mm3
[> 6 years]), avoid BCG

Only if CD4 >15% (or CD4 >750 cells/mm3 [<12 mo], CD4 >500 cells/mm3 [1 - 5 years], CD4 >200 cells/mm3 [> 6 years])
Considered as 'high dose": Glucocorticoids as pulse therapy or >2 mg/kg/d or 20mg/d for >2 weeks; on non-biological
immunosuppressants (Methotrexate >15 mg/m2/week; Cyclosporine >2.5/mg/d; Sulphosalazine 40 mg/kg/d to 2 g/d; Azathioprine 1-3
mg/kg/d; Cyclophosphamide 0.5-2 mg/kg/d; Leflunomide 0.25-0.5 mg/kg/d; 6-Mercaptopurine >1.5 mg/kg/d); biological agents (e.g.
Infliximab, Rituximab, Abatacept, Tocilizumab, Eculizumab, ...) at any dose within the last 6 months

If child not up to date with vaccines, catch-up immunisations should ideally be given before commencing immunosuppressants

Avoid all live vaccines for 6 months after treatment

Only for children on Eculizumab due to increased risk of meningococcal disease given central role of C5 (bound by eculizumab) in
complement cascade

If possible, check VZV serology prior to commencing treatment/transplant and administer the varicella vaccine to sero-negative children
at least 4 weeks before

Safe but should not be administered during induction or consolidation therapy because lack of immune response; administer a booster
dose of all routine vaccines (except Rotavirus) at 6 months following completion of chemotherapy

Avoid in patients on treatment and for 6 months following cessation of treatment

Conditioning therapy before transplantation removes the humoral immune memory; vaccination as per routine schedule if not
immunosuppressed prior to HSCT (should be completed >4 weeks before HSCT). Dependent upon local guidelines re-immunisation
should begin 6 -12 months (inactivated vaccines) or 18 to 24 months (live vaccines) after transplant. This should be delayed if
immunosuppressive drugs within 6 mo (12 mo for live vaccines), or IVIG has been used within 3 months, or evidence of GvHD.
Vaccination as per schedule (including adolescent immunisations and MMR) should be given whenever possible >4 weeks prior to
transplant; avoid live vaccine after transplant

Hepatitis B and VZV vaccine to be given >4 weeks prior to transplant

Give MMR and VZV during remission when off steroids for 3 mo or off other immunosuppressants for 6 mo; if on Rituximab immunise
as per specific guidance

Live attenuated influenza vaccine only if not on high-dose immunosuppressants

If on aspirin, consider VZV vaccination in children >12 mo to decrease risk of Reye's syndrome

Administer at the chronological age (even if on steroid therapy for CLD), particular attention to timely routine booster doses; rotavirus
vaccination should be given even if still in NICU (standard infection control measure apply)
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