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How to use this Best Practice Statement

ThisBest Practice Statement includesagenerd introduction and asummary of important principles
underlying theimmunisation of immunodeficient children and adol escents; pecific recommendations
concerning their immunisation are outlined in Sections 1 to 7. Each section hasthe samelayout,
including background information, generd principles, and detailed recommendations (listed asbullet
pointsand highlighted within boxesfor clarity). Many of the sectionsincorporate additional recom-
mendations concerning passiveimmunisation. Sections2 and 3 asoincludefurther specificinforma:
tionfor particular patient groups. Section 8 providesinformation about specific vaccines.

NB Itisimportant to read the section entitled “ General principlesfor al immunodeficient children
and adolescents’ (page 6) beforereferring toindividual sectionsof the Statement.
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Introduction

I mmuni sation worksbecause theintact immune system’scomplex network of lymphocytesand effec-
tor cellsgenerates memory and specificity. Immune dysfunction dueto disease or the treatment of
disease affectsdifferent e ementsof theimmune systemto varying degrees, and thisinturn determines
the effectiveness and safety of specific vaccines. Someimmunocompromised children and adoles-
centsat particular risk of certaininfectionswill benefit from extraimmunisations. Advancesin medical
care (egtheincreasing success of both chemotherapy and transplantationin avariety of conditions,
the development of highly activeanti-retrovira trestmentin HIV), together with grester use of immu-
nosuppressivetreatment for inflammatory diseases, have resulted in greatly increased numbers of
immunocompromised children and adol escents whose immuni sati on schedul e needsto be carefully
considered.

Seven groupsof conditionsand treatments need to be considered:

1) Primary immunodeficiency.

2) Standard chemotherapy* for leukaemiaand solid tumours.

3) Intensive chemotherapy* and haemopoietic stem cell transplantation/ rescue (allogeneic or
autologous; bone marrow, or peripheral blood, or umbilical cord blood).

4) Solid organ transplantation.

5) Inflammatory disease being treated with immunosuppressivetherapy.

6) HIV infection.

7) Other conditions, including hyposplenism, malnutrition and chronic disease, nephrotic syn-
drome, and children born prematurely.

* [Inthisstatement, “intensive” chemotherapy isdefined asthat whichisfollowed by allogeneic or
autologous haemopoietic stem cell trangplantation (or rescue); all other chemotherapy isdefined as
“gtandard”.

Unfortunately, thereare only afew published reports of controlled studies (constituting level 2 evi-
dence') onwhich to base recommendationsfor immunising specific groups of immunocompromised
children. Therefore, except wherereferenced otherwise, this Best Practice Statement usesevidence
from expert committee opinionsand reports, and the clinical experience and practice of respected
authorities(level 4 evidence). Overall, the statement can be considered to provide grade C and some-
timesB, recommendations.*

Thereisaclear and important need for further research inimmunocompromised children concerning
immunisationingenera, and specific vaccinesin particular. TheWorking Party anticipatesthat the
publication of this Statement will act asastimulusfor audit of current and recommended practices,
andthat thiswill inturn promoteresearch.

Although theWorking Party did not consider it appropriate to create patient and parent information
sheetson anationa basis, therecommendationsprovide atemplatefor thelocal production of such
documents.



Abbreviations

AIDS

BCG

BMT

CGD

CID

CVID

DT

DTP

Hib

HIV

HSCT

OoPV

PBSCT

PID

SCID

21G

Acquiredimmunodeficiency syndrome
Bacille Camette Guerin (TB vaccine)
Bonemarrow transplantation/ rescue
Chronic granulomatousdisease
Combinedimmunodeficiency
Commonvariableimmunodeficiency
Diphtheria-tetanusvaccine
Diphtheria-tetanus-pertussisvaccine
Haemaophilusinfluenzaetypeb (vaccine)

Humanimmunodeficiency virus

Haemopoietic stem cell transplantation/ rescue (BMT, PBSCT, umbilica cord

blood transplantation)

Immunoglobulin

I ntravenousimmunoglobulin

Inactivated polio vaccine

Meningococca Group C conjugated vaccine
Mead es, mumps, rubdllavaccine
Humannormal immunoglobulin

Ord poliovaccine

Peripheral blood stem cell transplantation/ rescue
Primary immunodeficiency

Severe combined immunodeficiency

Zogterimmunoglobulin



General principles for all immunodeficient children and adolescents

It cannot be overemphas sed that vaccinationswhich may benefit these patientsshould be given
and not avoided, so long as each vaccine being delivered is safe. However, there are many
scenarioswherethereislittle convincing evidencefor efficacy, and current practiceisbased on
clinical experiencerather than published research. Further study isnecessary in many aspectsof
Immunisationinimmunocompromised children.

Therearecertain situationswherelivevaccinesare clearly not safeand should beavoided (eg
BCGinpatientswith SCID).

Routi ne measurement of specific antibody concentrationsto guideimmunisation decisonsisnot
recommended becausethelevelsare often very difficult tointerpret.

Ingeneral, vaccinesarenot likely to be beneficia whilst the patient ison g replacement treat-
ment. Therefore, vaccineadministration generdly should bedeferred until at least 3 monthsafter
cessation of such treatment.

Primary health care records should be updated if immunisations are undertaken in the hospital
SHting.

Certaingenerd principlesrelaetoimmunisation of sblingsor other close contacts:

Avoid adminigtration of livevaccines(except MM R and BCG) to sblingsof immunocompromised
patients. Live OPV can betransmitted from person to person. Wherethereisarecommenda-
tionthat OPV should not beused andthat | PV should be used instead in animmunocompromised
patient, the same principle should be applied to al household and other close contacts. How-
ever, MMR can be given because transmission of these vaccineviruses hasnot been reported.
Indeed, itisstrongly recommended that siblings should be given MMR to reducethe patient’s
risk of exposureto wild meades.

Patients should avoid close physical contact with children vaccinated with OPV for approxi-
mately 4-6 weeksfollowing administration, althoughitisnot suggested that children should be
kept away from school for thisperiod. If contact isunavoidabl e (eg within the household when
OPV hasbeen giveninadvertently), rigorous handwashing and hygiene (eg using separate tow-
els) must be practised for thisperiod of time.



1 Primary immunodeficiency (PID)

Childrenwith inherited defectsof immunity areat increased risk of frequent and severeinfection.
Therefore, they requirethe maximum protection possiblefrom both active and (where appropriate)
passveimmunisaion.

1.1 General Principles

* Only rarely isimmunity so compromised that activeimmunisationistotally ineffectiveand
ingppropriate.

* Certainlivevaccinesmay poserisksto someof thesechildren.

* Subgroupsof primary immunodeficiencies need to be considered separately:

NB Seegenera principlesreating toimmunisation of siblingsor other close contacts (page
6).

1.1.1 Group 1- Severe

»  Severeand other combined immunodeficiencies (SCID, CID)
» di Georgesyndrome*

»  Wiskott Aldrich Syndrome*

» Ataxiatdangiectasa*

» Leukocyteadhesondeficiency

* HypergM syndrome (CD40 ligand deficiency)

»  Chronic mucocutaneouscandidiasis (APECED syndrome)
* HyperIgE (“Job’'s’) syndrome*

» Familid erythrophagocyticlymphohistiocytosis(FEL)

»  Xlinkedagammeaglobulineemia

»  Common variableimmunodeficiency (CVID)*

The phenotypic severity of some of these conditions (indicated by asterisksin Table) is
variable, sotheimmunisationsused will not be standard. However, ingenerd, such patients
will not begivenlivevaccines, dthough somecan begiven MMR safdly and somewill have
been given OPV and/ or MMR without ill effectsprior to the diagnosis of immunodefi-
ciency. Thevaueof activeimmunisationiscontroversa in someof thesedisordersparticu-
larly when 1g replacement isbeing used. When immunisation is performed, monitoring of
antibody responses may be undertaken if interpretationisnot rendered impossibleby Ig
treatment. Since vaccinesinduce both humoral and cell-mediated immunity, they may beof
vauein childrenwith severe but specific defects of antibody production (such as X-linked
agammeaglobulinaemia). Theuseof varicellazoster vaccinein seronegativefamily members
may provideindirect protection for patientswith severe PID. Some childrenwith severe
PID may bemanaged by HSCT (see section 3 for re-immunisation post-HSCT).

1.1.2 Group 2 - Moderate

* IgA deficiency and/or most IgG subclassdeficiencies
» Failureof antibody productionto specific vaccines



Thesechildren, athough usually judged not to require | g replacement therapy , are often
givenlongterm antibiotic prophylaxis. They are not known to be at risk from commonly
used livevaccines, and indeed many will have been given both OPV and MMR, and some
BCG prior todiagnosis. Nevertheless, |PV can beused instead of OPV, and MM R should
not bewithheld routinely. Additional vaccines, including pneumococcal and influenza
vaccines, should usualy begiven, asshould BCG wherelocd policiessuggest itsuse.

1.1.3 Group 3 - Non specific

» Chronicneutropenia

»  Chronicgranulomatousdisease (CGD)
»  Complement deficiency diseases

»  Other opsonisation defects

Childrenwiththesedisordersare not at enhanced risk from livevaccines (except for BCG
inCGD). Therefore, withthisexception, al routine vacinesshould begiven. Additionaly,
they should receive pneumococca and influenzavaccines, and in the case of complement
deficiencies, meningococcal A, C, Y, W135 vaccine also. However, patientswith CGD
should not be given BCG because of thereported risk of disseminated BCGosis.

1.1.4 Group 4-Undiagnosed predisposition to infection

* Clinica impression of increased susceptibility to infection without demonstrable abnor-
malitieson stlandard immunological tests.

Childrenthought clinicaly to beunusualy pronetoinfectionsbutinwhom availableinves-
tigationsfail either to permit aspecificimmunological diagnos's, or toreveal andternative
explanation such ascydticfibross, should begiven dl routinevaccines, aswell aspneumo-
coccal and influenzavaccines as deemed appropriate. Antibody responsesto vaccines
oftenform part of thediagnostic investigation of such cases.

1.2 Recommendations for immunisation of children with PID

Group 1 — Severe

* Seek specialist advice. Requirementswill vary between patients.

* A few will begiven no vaccines. Many will receive non-live vaccinesonly (eg Diphtheria,
Tetanus, Pertussis, Hib, MeningoC).

* UselPV instead of OPV.

*Avoid BCG

» Some patients can safely begiven MMR.

» Consider giving varicellazoster vaccineto seronegative family membersto provideindirect
protection.




Group 2 — Moderate

» All routinevaccinesshould begiven (Diphtheria, Tetanus, Pertussis, Polio, Hib, MeningoC,
MMR) asper universal childhood immunisation schedule.
* IPV may be used instead of OPV.
» Give conjugate pneumococcal vaccineinitially, followed by polysaccharide pneumococcal
vaccineoncethechildis2 yearsold? (see section 8.6).
« If child under 24 months age, give 3 doses of conjugate vaccine at monthly intervals,
followed by one dose of polysaccharidevaccineat 2 yearsage.
« |f child over 24 monthsage, give 2 doses conjugate vaccinea monthly intervas, followed
by one dose of polysaccharidevaccine.
* Giveinfluenzavaccineannudly inautumn from age of 6 months.
* Can recelve BCG whenindicated.

Group 3 — Non-specific

» All routine vaccines should be given (Diphtheria, Tetanus, Pertussis, Polio, Hib, MeningoC,
MMR) asper universal childhood immunisation schedule.

* OPV can be used.

* Give conjugate pneumococcal vaccineinitialy, followed by polysaccharide pneumococcal
vaccine (see schedule outlined abovefor Group 2).

* Giveinfluenzavaccineannudly inautumn from age of 6 months.

* For complement defects—give polysaccharide meningococcal A,C,Y,W135 vaccine.

* Canreceive BCG whenindicated, except in patientswith CGD.

Group 4 — Undiagnosed

» All routinevaccines should be given (Diphtheria, Tetanus, Pertussis, Polio, Hib, MeningoC,
MMR) asper universal childhood immunisation schedule.

* OPV can be used.

* Give conjugate pneumococcal vaccineinitialy, followed by polysaccharide pneumococcal
vaccine (see schedule outlined abovefor Group 2).

* Giveinfluenzavaccineannudly inautumn from age of 6 months.

* Can recelve BCG whenindicated.

1.3 Recommendations for passive immunisation of children with PID

Many children with severe (group 1) and somewith moderate (group 2) PID receiveregular
treatment with intravenousor subcutaneouspooled I g.

* Childrenwith severe PID may d so requirepecific passive protection following known exposure
to varicellazoster or measles(see section 2.4 for further details).
* Specidist advice should besought inall such cases.




2 Standard chemotherapy for leukaemia and solid tumours

Thedegree of compromiseof immunefunction during and after treatment for malignant diseasein
childhoodisdetermined by:

» thenatureof thedisease,
» thedegreeand nature of treatment-induced immuno- and myel osuppression, and
»  whether the spleen hasbeen irradiated or removed.

In most contemporary treatment regimens, chemotherapy is the principle cause of the
Immunocompromised state, but in some situations other treatment modalities (eg radiotherapy,
monoclona antibodies), aswell astheunderlying maignancy (eg Hodgkin'sdisease), may contrib-
uteto immunaosuppression.

2.1 General principles

* Avoidal livevaccines (but see section below on varicellazoster vaccine) in patientsactively
receiving treatment, and for 6 monthsfollowing cessation of treatment. Thisincludes OPV,
MMR, BCG, ora typhoid and yellow fever vaccines. IPV should beadministered in place of
OPV.

NB Seegenerd principlesreating toimmunisation of sblingsor other close contacts(page6).
These precautionsapply during, and for 6 monthsfollowing cessation of, treatment.

2.2 Recommendations for immunisation of children treated with standard
chemotherapy

2.2.1 Immunisation during and until six months after completion of
treatment

* During treatment, admini stration of non-livevaccines(iel PV rather than OPV) may be
congdered, following the content and timing of theuniversa childhood immunisation schedule
asclosaly aspossible, provided that the child’sgeneral conditionisstable (iefreefrom
infection and major organtoxicity) andisexpected to stay sofor 3weeksfrom immunisa
tion. Althoughitislikely that responseswill be suboptimal, some patientsmay achieve
protectiveantibody levels. Thismay beimportant, for example, if the patient isat higher
than usual risk of tetanusexposure.

* Influenzavaccineisrecommended annually inautumn for al patientsreceiving chemo-
therapy, and for those still within 6 months of completion of chemotherapy.

2.2.2 Immunisation six months and later after completion of treatment

* At 6 monthsfollowing completion of treatment, administer an additiona booster of diph-
theria, tetanus, acellular pertussis, IPV, Hib, MeningoC and MM R. Subsequent routine
booster doses (eg pre-school) will not be necessary if they arescheduled to begivenwithin
oneyear of thisadditional dose.
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« If patient hasprevioudy had BCG and isconsidered to beinahighrisk group for tuber-

culosis, check tuberculintest and if negative, revaccinate. If patient hasnot previoudy had

BCG immuniseaccordingtoloca policy. Ensurethat primary hedth careteamisinformed.
* Highrisk groupsfor tuberculossare:

* Familieswith an ethnic minority background from acountry with anincidenceof tubercu-

losisof greater than 40 per 100,000 per year.

* Patientstravelling for over amonth to acountry with an incidence of tubercul osis of

greater than 40 per 100,000 per year.

» Household contact or prolonged close contact with an individual withtuberculoss.

2.3 Other specific vaccines

« VaricelaZoster: Routineadministration isnot practised currently in the United Kingdom,
and many oncol ogists and haematol ogi sts have concerns about interrupting treatment to alow
itsadministration. Therefore, theroutine use of varicellazoster vaccineisnot recommended at
the current time, although itsuse may be considered appropriatein individual patients after
careful assessment of potential benefitsand disadvantages. A licensefor thelive attenuated
vaccineisexpected to be granted during 2002. Inthe meantime, if considered appropriate, itis
possi bleto obtain the vaccine on anamed patient basisfor administrationtoindividua patients,
provided that a) thelymphocytecount is>0.7 x 10%1, b) immunosuppressivetherapy iswithheld
for 1 week prior toand 1 week after thefirst dose, and ¢) no steroidsare givenfor thefollowing
2weeks. Thereare published studiesconcerning administrationin leukaemic patientsin continu-
ousremission for over ayear,® and in solid tumour patients.* Cases of varicellazoster arere-
ported after immunisation - these may betrested with aciclovir givenintravenoudly if clinically
severe. Stepsshould betakento culturethevirusand establish whether it isvaccineor wild type
(seesection 8.10). Theuseof varicellazoster vaccinein seronegative family membersmay be
considered asameansof providing indirect protection for susceptible patients during, and for
sx monthsafter completion of, standard chemotherapy.

2.4 Recommendations for passive immunisation of children treated with
standard chemotherapy

Thisisapplicablefor al patientson activetrestment, or within 6 monthsof completion of therapy.

2.4.1 Passive immunisation after measles contact

» Contact requires action regardless of antibody status.®

» Children who havesignificant contact (play or direct contact for morethan 15 minutes, on
ward or in household) with anindividua with virologically confirmed mead esduring the
infectious period from up to 5 daysprior to, to 4 days after, the onset of therash require
passiveimmunisation. Every effort should be madeto confirm the diagnosisof meadesin
theindex case, but thismay not alwaysbepossible. Loca availability will determinewhich
investigationsare used for confirmation of the diagnosis. In theevent of contact with clini-
cally diagnosed but virologically unproven mead es, passiveimmunisation may bewarranted

if theclinical diagnossseemsplausible.



« If lessthan 14 days (most effectiveif within 72 hours) from contact, in view of the
potential severity of mead esinfectionin these patients, give either intramuscular human
normal 1g (NIG) or (especialy if thrombocytopenic) intravenous|ig (1VIg). Theprotec-
tion lastsapproximately 4 weeks.

* NIG dose:
Under 1 year age250 mg
1-2 yearsage 500 mg
Over 2 yearsage 750 mg

* [VIg (standard dose) 0.4g/kg

2.4.2 Passiveimmunisation after varicella zoster contact

» Theclinical history of past infection and the current antibody status should be ascer-
tained prior to commencement of chemotherapy and prior to administration of blood
products. Routineretesting of initialy antibody positive patientsisnot recommended since
standard EI A assaysdo not provide clinically hel pful information about the degree of
protection.

» Significant contact with anindividual with chickenpox (play or direct contact for more
than 15 minutes, on ward or in household), during theinfectious period from 2 daysprior
to onset of rash, until crusting of al vesicles, or with herpes zoster (direct contact with
exposed lesionsonly) requiresone of thefollowing prophylactic treatmentsin varicella

antibody negative patients.

Either

* Acicloviriswidely prescribed asaprophylactic agent in thissetting. However, there
isreatively littlesupportiveclinicd literature®
* Highdoseora aciclovir from 7—21 daysfollowing theinitial contact.
*Aciclovir dose:
Under 2 years age 200 mg four times daily
2-6 years age 400 mg four times daily
Over 6 years age 800 mg four times daily

Or

« |f lessthan 72 hoursfrom contact, giveintramuscular zoster immunoglobulin (ZIG)
(may attenuateinfectionif administered up to 10 dayspost exposure) or (especidly if
thrombocytopenic) 1V 1g. The protection lasts approximately 4 weeks.
* ZIG dose:

Under 5 years age 250 mg

5-10 years age 500 mg

Over 10 years age 750 mg
* 1VIg (standard dose) 0.4g/kg

12



» Whichever method of prophylaxisisused, the patient and family should beinstructed to
contact the speciaist unitimmediately if any suspiciousskinlesionsdevel op sothat early
trestment with intravenous aciclovir may be considered.

13



3 Intensive chemotherapy and haemopoietic stem cell
transplantation / rescue (HSCT)

Following HSCT, the degree and kinetics of immunefunction recovery isdetermined by:

e theoriginal disease,

» thetypeof conditioning regimen,

» whether autologous or allogenei ¢ haemopoietic stem cellswere used, and the source of these
stem cells (bone marrow, peripheral blood, umbilical cord blood),

» thedegreeof HLA disparity between allogeneic donor and reci pient (particul arly theuse of an
unrelated or mismatched rel ated donor),

e whether T cell depletion (invivo or invitro) was performed,

* theengraftment Satus,

» thetimedapsed sincetransplantation, and

» thepresenceor absenceof chronic GVHD and of continued immunosuppressivetreatment.

Although thereare many published studies concerning immunisation after HSCT, interpretation of
their findingsis complicated by considerabl e heterogeneity in patients and donors, and also by
inclusion of patientswith chronic GVHD, and of thosereceiving immunosuppressivetreatment, in
some studies. Although some publications have only included patientsimmunised relatively late (eg
2 years) after alogenelc HSCT, thisstatement (in common with guiddinessuggested by many BMT
groups) recommends earlier immunisation provided that the patient has been off all immunosup-
pressivetreatment for aspecified period (see section 3.2.1 below).

Itisassumed that dll intensive chemotherapy isfollowed by HSCT, so separate recommendations
for intensive chemotherapy aloneare not presented.

3.1 General principles

NB Seegenerd principlesreating toimmunisation of sblingsor other close contacts(page6).
These precautionsapply until the patient isat least 12 months post-HSCT and has been off all
Immunosuppressivetreatment for at least 12 months, and hasno evidence of active GVHD.

3.1.1 Allogeneic HSCT

* |t should beassumed that all children areat very considerablerisk of losing their natural
or immunisation-derived protective antibodies against awide variety of potentially pre-
ventabl e infectious diseases. Although debate continues over whether they will remain
immunologicaly naive, or dternaivey acquirethedonor’ simmunity, without re-immunisa
tion, itislikely that individual childrenwill differ inthisrespect (see section 3 above).

However,ingenerd.:

* All children who have received an allogeneic HSCT should be considered for are-
immunisation programme.

* Inview of thedifficulty of predicting theextent of immunerecovery inindividua children
and ininterpreting specific antibody levels, apragmatic approach isto recommend re-
immunisation of all recipientsof allogeneic HSCT, starting at thetimes stated in section
3.2.1.

14



» Theuseof livevaccinesispotentialy dangerousuntil the child hasbeen off dl immunosup-
pressivetreatment for at least 12 monthsand hasno evidence of active chronic GVHD.

* Chronic GVHD anditstreatment both cause considerable and often prolonged immuno-
suppression. Therefore, these children respond poorly to immunisation, and theadministra:
tion of livevaccinesispotentialy dangerous. However, they areat high risk of infectious
complicationsdueto their immunosuppressed condition, and the use of non-livevaccinesis
recommended if the patient isnot receiving 1VIg, evenif it isconsidered that the response
may besub-optimal.

3.1.2 Autologous HSCT

* In comparison to those children who havereceived an allogeneic HSCT, the frequency
and severity of loss of immunity appearsto belower in children who havereceived an
autologousHSCT. Nevertheless, for exampl e, about 70% of patients may become seron-
egativeto tetanus after autologous HSCT, and 50% after autologous PBSCT.’

Therefore, ingenerd:

* All children who have received an autologous HSCT should be considered for are-
immunisation programme.

* Inview of thedifficulty of predicting theextent of immunerecovery inindividua children
andininterpreting specific antibody levels, apragmatic approachisto recommend re-im-
munisation of al recipientsof autologousHSCT, starting 1 year post-HSCT.

3.1.3 Specific antibody measurements

Routine measurement of specific antibody levelsisrarely helpful, and isnot recommended
except inthe context of research studies.

3.2 Recommendations for immunisation of children after HSCT

3.2.1 Re-immunisation of allogeneic HSCT recipients

* Re-immunisation should commence:

* 12 monthsafter aHL A-identical sibling donor allogeneic or asyngeneic HSCT.

* 18 months after any other allogeneic HSCT.
* Providing that:

* thereisno evidence of active chronic GVHD, and

» the child has been off al immunosuppressivetreatment (eg steroids, cyclosporinA)

for at least 6 months (12 months before administering any livevaccines), and

» thechild hasbeen off IVIgfor at least 3 months.
» However, in patientswith chronic GVHD not recelving 1V1g, consder the use of non-live
vaccines—see section 3.1.1 above.
* Insomeinstances, it may be appropriatefor infantswho have undergonealogeneic HSCT
for primary immunodeficiency in supraregiona unitsto start immunisation at earlier time
points post-HSCT than those specified above. However, thisshould only beinstigated
under specialist advicefrom the supraregiona unit.
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HLA-identical sibling donor allogeneic or syngeneic HSCT
* At 12 months post-HSCT, administer
« Diphtheria, tetanus, acellular pertussis— 3 doses at monthly interval s.#1°
¢ |PV - 3dosesat monthly interval s>
* Hib - 3dosesat monthly intervals.1®4
» MeningoC - 3dosesat monthly intervals.®
* At 15 months post-HSCT, administer:
* Pneumococca vaccine—give conjugate vaccineinitidly, followed by polysaccharide
vaccine oncethe child is 24 months post-HSCT?6 (see section 8.6).
« |f child under 24 months age, give 3 doses of conjugate vaccine at monthly
intervals (NB polysaccharidevaccinetofollow later —see below).
« |If child over 24 monthsage, give 2 doses conjugate vaccineat monthly intervals
(NB polysaccharidevaccinetofollow later —see below).
* At 18 and 24 months post-HSCT, administer:
* MMR (providing thet at least 12 monthsoff all immunosuppressivetreatment)’8 —
these 2 doses should usually be given with aminimum 6 monthinterval, but the 2
dose can be given 4 weeks after the 1% in the event of ameasl es outbreak.
* At 24 months post-HSCT, administer:
* Polysaccharide pneumococcal vaccine (see above and section 8.6) — 1 dose.
* Every autumn, adminigter:
* Influenzavaccine® (for aslong asthe patient remainsclinicaly immunocompromised
or isconsidered to beat increased risk frominfluenzavirusinfection).

Any other allogeneic HSCT
* Re-immuni sation schedul e as above, but starting and continuing 6 monthslater (iestarting
at 18 months post-HSCT).

3.2.2 Re-immunisation of autologous HSCT recipients

* Re-immuni sation programme should commence 1 year after an autologousHSCT.
* Thescheduleisidentical tothat for “HLA-identica sibling donor alogeneic or syngeneic
HSCT” (seeabove).

3.3 Other active immunisations

Thereisalack of evidence about the safety (or otherwise) of BCG immunisation after HSCT
because tuberculosisisrelatively uncommon inthose countriesin which most HSCT proce-
duresare performed. Thereforeits use should be avoided unlessthereisaclear case of need
(egtravel to or residenceinacountry with ahighincidence of TB [greater than 40 per 100,000
per year]), and thereisgood evidence of immune function recovery (no history of serious
infections, satisfactory serumimmunoglobulin concentrations, CD4 lymphocyte numbersand
lymphocytefunctionwith no evidenceof chronic GVHD).
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3.4 Recommendations for wounds likely to engender a risk of tetanus in
children after HSCT

* Patients suffering wounds likely to engender arisk of tetanus, and who have not been
reilmmunised yet, should be considered non-immune and should receiveafirst dose of tetanus
vaccine.

» Tetanusimmunoglobulin (250-500 unitsintramuscul arly) should aso be given, dong with
wound toilet and prophylactic antibiotics (i ntravenous benzyl penicillin or co-amoxiclav).

3.5 Adoptive immunotherapy (pre-harvest donor immunisation)

* Thereisprdiminary evidencethat donor immunisation with conjugate Hib vaccine, performed
before bone marrow harvest, may enhance and accel erate recovery of specific anti-Hib anti-
bodiesintherecipient after allogeneic HSCT.2 However, the practica and ethica implications
of thisprocedurelimit itsusefulnesssince most donorsfor paediatric patientsundergoing allo-
genelc HSCT areeither children themselvesor are unrelated. More evidence of benefitisre-
quired before pre-harvest donor immunisation can be generaly recommended.

* A paralld study suggested the possible benefit of immuni sation with conjugate Hib vaccine
before bone marrow harvest in autologousBMT patients.2t However, although pre-harvest
immunisationislikely to be morefeasible and acceptabl e in the autologous setting, thereis
insufficient evidence of benefit to justify itsrecommendation at present.

» Morestudies of immunisation before stem cell harvest, particularly asameansof achieving
adoptiveimmunotherapy in allogeneic HSCTS, arerequired.

3.6 Recommendations for passive immunisation after HSCT in children

3.6.1 Measles and varicella zoster

» Significant contact with mead esor with varicellazoster virusinfection requirestreatment
asoutlinedinsection 2.4.1 and 2.4.2, regardless of antibody statuspre-HSCT.

» Thisrecommendationisapplicablefor al alogeneic and autologousHSCT patientsuntil
at least 1 year post-HSCT (18 months post-HSCT from non-sibling and mismatched re-
lated donorsor from unrel ated all ogeneic donors), and at least 12 months off al immuno-
suppressivetreatment.

3.6.2 Intravenous immunoglobulin

* IVIgisused by many BMT centresfor prophylaxisagainst CMV inallogeneic HSCT
patientswho are CMV 1gG positive pre-HSCT, or whose donor isCMV 1gG positive. 22
* 1VIg may also be used in patients with chronic GVHD receiving long-term
immunusuppressvetreatment.

* Dosesof 1VIgusedfor theseindicationsvary, but typically 0.4 - 0.6 g/lkgisgivenevery
1-4 weeks.

3.7 Hyposplenism due to total body irradiation

Patients who have received total body irradiation (TBI) are assumed to have functional
hyposplenism. Lifelong antibiotic prophylaxis (usudly with phenoxymethyl penicillin) isrecom-
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mended in these patients (seesection 7.1).

3.8 Varicella zoster vaccination of seronegative family members

Theuseof varicellazoster vaccinein seronegative family membersmay be considered asa
meansof providing indirect protectionfor HSCT recipientsuntil at least 12 months post-HSCT,
and until the patient hasbeen off al immunosuppressivetreatment for at least 12 months, and

hasno evidenceof active GVHD.
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4 Solid organ transplantation

Most children undergoing solid organ transplantation will have commenced, and many compl eted,
the primary immunisation schedule. However, after transplantation, these children areusualy on
long term immunosuppression. Therefore, most do not have another opportunity for optimal immu-
nisation once atransplant has been performed. There arefew published studies of vaccination
specificdly in children undergoing solid organ transplantation, soitispossibleonly to proposeafew
important generd principlesand recommendations.

4.1 General principles

» Beforesolid organ transplantation, children should be up to datewith routine primary immu-
nisations.

» After solid organ transplantation, children receiving chronicimmunosuppressive treatment
should begiven non-livevaccinesnormally according to the universa childhood immunisation
schedule, but should not receivelivevaccines.

NB Seegenerd principlesrelating toimmunisation of siblingsor other close contacts (page6).

These precautions apply whilst the child isrecel ving immunosuppresivetreatment following
solid organ transplantation.

4.2 Recommendations for immunisation of children treated by solid organ
transplantation

4.2.1 Immunisation before transplantation

* Ensurethat the childisfully up to datewith routine primary and (where relevant) booster
immunisations

» Varicellazoster vaccine should be givenin non-immune patients.

» Children undergoing haemodiaysiswhilst awaiting rend transplantation should begiven
hepatitis B vaccineif they havenot aready receivedit.

4.2.2 Immunisation after transplantation

» Theroutine childhood immunisation schedul e should continue to befollowed with the
exception of livevaccines.
* Pneumococcal vaccine should be given?* —administer conjugate vaccineinitialy, fol-
lowed by polysaccharide vaccine oncethe child is2 years ol d? (see section 8.6).
« If child under 24 monthsage, give 3 doses of conjugatevaccineat monthly intervals,
followed by onedose of polysaccharidevaccineat 2 yearsof age.
« If child over 24 months age, give 2 doses conjugate vaccine at monthly intervals,
followed by onedose of polysaccharide vaccine.
» Influenzavaccine should begiven annudly in autumn.
» Congder giving varicellazoster vaccineto seronegative family membersto provideindi-
rect protection for susceptible patients.
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4.3 Recommendations for passive immunisation in children after solid or-
gan transplantation

* Passive protection against mead eswith NI G (see section 2.4.1) isrecommended inthe event
of sgnificant contact, regardlessof antibody status. Although thereisno specific evidencebasis
for thispracticein this patient group, and contact with measles has been very rarein recent
years, it is considered that the potential consequences of measles infection in all
immunocompromised children merit prophylaxis.

* Passive protection against chickenpox (or herpeszoster) with ZIG and/or aciclovir (see sec-
tion 2.4.2) should begivenintheevent of significant contact in non-immune patients.
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5 Inflammatory disease being treated with systemic
corticosteroids and/or other immunosuppressive drugs

Severd inflammatory diseases, such asinflammatory bowel diseaseandjuvenileidiopathic arthritis,
may be treated with pharmacological doses of systemic corticosteroids and/or other
immunosuppressivedrugs. Thedoseand duration of systemic steroid treetment thet resultsinggnificant
immunosuppressionisusualy considered to be prednisolone 2 mg/kg/day for morethan oneweek,
or 1 mg/kg/day for morethan one month (or equivalent doses of other steroids). The statements
below apply to this group of children, as well as to those given additional or alternative
immunosuppressive drugs, such asazathioprine, cyclosporin A, methotrexate, and other newer
agents (eg mycophenolate mofetil, TNF blocking agents) who may suffer further impairment of
immunefunction.

5.1 General principles

* Children withinflammatory diseasestreated with immunosuppressivetreatment, including
systemic corticosteroids, should be given non-livevaccinesnormally according totheuniversa
childhood immunisation schedul e, but should not recelvelivevaccines.

* Although there are theoretical anxietiesthat immunisations may exacerbate the underlying
diseasein childrenwith certain inflammatory diseases, such asjuvenileidiopathic arthritis, there
ISno convincing evidenceto support these concerns

NB Seegenerd principlesreating toimmunisation of sblingsor other close contacts (page6).
These precautions apply whilst the child isrecelving immunosuppressive treatment, and for 3
months (steroids) or 6 months (other immunosuppressivetreatment) after itscompl etion.

5.2 Recommendations for immunisation of children with inflammatory dis-
ease being treated with immunosuppressive drugs

« If circumstances permit, varicellazoster antibody status should be checked prior to starting
immunosuppressivetreatment; where appropriate, varicellazoster vaccine should begiven at
thistime.
» Similarly, if circumstances permit, pneumococcal vaccine should be given prior to starting
immunosuppressvetreatment. If thisisnot possible, it should still begivenwhilst thechildison
immunosuppress vetrestment unlessit isanticipated that thistreatment islikely to bediscontin-
ued permanently inthenext 6 months. Administer conjugetevaccineinitialy, followed by polysac-
charidevaccine oncethechildis2 yearsold? (see section 8.6).
« If child under 24 months age, give 3 doses of conjugate vaccineat monthly intervals,
followed by 1 dose of polysaccharidevaccineat 2 yearsof age.
« If child over 24 monthsage, give 2 doses conjugate vaccine at monthly intervals, fol-
lowed by 1 dose of polysaccharidevaccine.
» Theroutine childhood immuni sation schedul e shoul d be followed with theexception (ingen-
era) of livevaccines.
* Livevaccinesmay be given oncethe child hasbeen off steroid treatment for morethan 3
months, and off other or combination immunosuppressivetreatment for morethan 6 months.
» Influenzavaccine should be given annudly in autumn.
» Consider giving varicellazoster vaccineto seronegativefamily membersto provideindirect
protection for susceptible patients.
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5.3 Recommendations for passive immunisation during immunosuppres-
sive treatment for inflammatory disease in children

* Passive protection against mead eswith NI G should be giveninthe event of significant con-
tact, regardless of antibody status (see Sections2.4.1 and 4.3).

» Passive protection against chickenpox (or herpeszoster) with ZIG and/or aciclovir should be
givenintheevent of Sgnificant contact in non-immune patients (see Section 2.4.2).
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6 HIV infection

Childrenwith HIV infection havemostly acquired their infection by vertical transmisson. Initidly, it
may not be clear whether or not the childisinfected. I nfected children may maintainimmunocompe-
tencefor aprolonged period or may progressrapidly toAlDS. The degree of immunosuppression
present can be classified according to criteriaproduced by the Centersfor Disease Control ( see
table).®

CD4 count /uL (%)

Age <12 months 1-5years 6-12 years

No suppression >1500 (>25) >1000 (=15-24) >500 (>25)

Moderatesuppression | 750 -1499 (15-24) 500 -999 (115 - 24) 200 - 499 (15-24)

Severe suppression <750 (<15) <500 (<15) <200 (<15)

Theuseof highly activeanti-retrovira therapy (HAART) regimenscan restoreaconsiderablede-
gree of immunocompetence eveninthemost severely compromised patients. In general, vaccines
will produce apoor immune responsein severely immunocompromised patients. If HAART is
being considered in such casesthenit may bewiseto defer vaccination until someimmune compe-
tence hasbeen restored. Alternatively, in those patients al ready immunised, repeating the vaccina
tionsafter introduction of HAART should be considered.

Theuseof livevaccinesinthisgroup of patientsispotentialy problematic and decisonsontheir use
needto betakeninthelight of therisksof developing thedisease. In severely immunocompromised
patients, disseminated BCGos shasfollowed immunisation with BCG and extremely rare cases of
vaccine associated paralytic poliomyelitishave been described. Inthelatter casethereisasoarisk
to other immunocompromised individualsin the household. MM R hasbeen used widely in HIV-
infected children but there hasbeen arecent single casereport of vaccine strain mead es pneumoni-
tisfollowingimmunisationinaseverely immunocompromised adol escent. %

6.1 General principles

* Inthe UK, most infantsbornto HIV-infected mothersarenot given BCG but arefollowed up
closdly. Indevel oping countrieswheretherisk of exposureto TB ishigher thevaccineisused.
* |PV should beused instead of OPV in childrenwith HIV infection.

NB Seegenera principlesreating toimmunisation of sblingsor other close contacts (page6).

6.2 Recommendations for immunisation of children with HIV infection

* Theroutine childhood immunisation schedul eisfollowed normally except that IPV isgiven
instead of OPV and MM R isnot given whilethechild hasasevere degree of immunosuppres-
sion asjudged by the CD4 lymphocyte count (see Table - Section 6).
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« If thechild'sHIV statusprovesto be non-infected, BCG should begiven sincethereisahigh
risk of exposureto tuberculosisin ahousehold with at least one other HIV-infected individual.
« |f thefamily isreturning soonto acountry with ahighincidenceof tuberculosis(greater than
40 per 100,000 per year), and the child will not befollowed up closaly, BCG should begiven
at birth (asper WHO policy for devel oping countries).
« Influenzavaccinewill producearesponseinmost HIV infected childrenwho arenot severdly
immunodeficient and should begiven annually in autumn after theage of 6 months.
» Conjugate pneumaococca vaccine hasyet to befully evauated inthisgroup of patientsbutis
potentidly very useful and should be considered. Administer conjugate vaccineinitialy, fol-
lowed by polysaccharide vaccineoncethechildis2 years ol d? (see section 8.6).
« If child under 24 months age, give 3 doses of conjugate vaccineat monthly intervals,
followed by 1 dose of polysaccharidevaccineat 2 yearsof age.
« If child over 24 monthsage, give 2 doses conjugate vaccine at monthly intervals, fol-
lowed by 1 doseof polysaccharide vaccine.

6.3 Recommendations for passive immunisation in children with HIV in-
fection

» Passive protection againgt mead eswith NI G should begivenintheevent of significant con-
tact (see Sections2.4.1). Thisshould be given regardless of antibody statusand regardlessof
the degree of immunosuppression.

» Passive protection against chickenpox (or herpeszoster) with ZIG and/or aciclovir should be
givenintheevent of sgnificant contact in non-immune patientswho haveimmunosuppression
of moderate or severe degree asjudged by CD4 count (see Tablein Section 6). See also
Section2.4.2.
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7 Other conditions
7.1 Sickle cell disease and other causes of hyposplenism

Children with absent spleensor reduced splenic function, including thosewith sicklecell disease
and coeliac disease, arenot at any increased risk from viral infection, nor from live vaccines.
However, overwhelming pneumococcal infectionisasignificant risk for these patients, whilst
invasive Hibinfection (even after theage of 5 years) and meningococcal infection may occur.
Re-immunisation may be deemed necessary, based on specific antibody titres, but clear recom-
mendationscan not bemade. Lifelong antibiotic prophylaxis(usualy with phenoxymethyl penicil -
lin) isrecommended in these patients, but they and their families should be made aware that
penicillin-resistant strainsof Streptococcus pneumoniae are commoner in some partsof the
world. A low threshold for seeking urgent medical attention should be advised in the event of
febrileor severeillnesswhilst abroad in these patients.

7.1.1 Recommendations for immunisation of children with sickle cell dis-
ease and other causes of hyposplenism

» Theroutine childhood immunisation schedule, including live vaccines, should befollowed
normaly.
» |nfuenzavaccination should be advised annually in autumn sinceit reducestherisk of
serious secondary bacteria infection.
* Pneumococcal vaccine should begiven - administer conjugate vaccineinitialy, followed
by polysaccharide vaccineoncethechildis2 years ol d? (see section 8.6).
« If child under 24 monthsage, give 3 dosesof conjugate vaccineat monthly intervals,
followed by 1 dose of polysaccharidevaccineat 2 yearsof age.
« |f child over 24 months age, give 2 doses conjugate vaccine at monthly intervals,
followed by 1 doseof polysaccharidevaccine.
* If an elective splenectomy isplanned, it isimportant to ensurethat the childisup to date
with Hib and meningococcal C conjugate vaccinations, and has received pneumococcal
vaccination, asfar in advanceaspossible.

7.2 Malnutrition and chronic disease

Although very important globally, chronic malnutritionisarare cause of impaired immunere-
sponsesto infectionsand vaccinesin the UK. However, childrenwith chronic diseasesinwhich
inadequate nutrition may occur, such ascysticfibrosis, may beat greater risk of infection.

7.2.1 Recommendations for immunisation of children with malnutrition
and chronic disease

» Theroutinechildhood immunisation schedule, including livevaccines, isfollowed normdly.
* Additional protection with pneumococca vaccine should be offered - administer conju-
gatevaccineinitialy, followed by polysaccharide vaccineoncethechildis2 yearsol d? (see
section 8.6).
« If child under 12 monthsage, give 3 dosesof conjugate vaccineat monthly intervals,
followed by 1 dose of polysaccharidevaccineat 2 yearsof age.
« If child over 12 months age, give 1 dose conjugate vaccine, followed by 1 dose of
polysaccharide vaccine after 2 birthday.
* | nfluenzaimmunisation should be given annudly inautumn.
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7.3 Nephrotic syndrome

Children with the nephrotic syndromeare at increased risk of pneumococcal infection, and
a so often receive corticosteroi ds or other immunosuppressivetreatment (see section 5.2 and
5.3for recommendationsfor children receiving such trestment).

7.3.1 Recommendations for immunisation of children with nephrotic
syndrome

« Children with the nephrotic syndrome shoul d receive pneumococca vaccine—adminis-
ter conjugate vaccineinitially, followed by polysaccharide vaccine oncethechildis2
yearsold? (see section 8.6).
« |f child under 12 monthsage, give 3 dosesof conjugatevaccinea monthly intervals,
followed by 1 dose of polysaccharidevaccineat 2 yearsof age.
« If child over 12 monthsage, give 1 dose conjugate vaccine, followed by 1 dose of
polysaccharide vaccine after 2 birthday.

7.3.2 Recommendations for passive immunisation in children with ne-
phrotic syndrome

* Except when in remission, children with nephrotic syndrome need passive protectionin
the event of significant contact with chickenpox (or herpeszoster) or meas es (see sec-
tions2.4.1and 2.4.2).

7.4 Children born prematurely

Children born prematurely respond appropriately to most immunisations, but thereissome
evidencethat aminority may fail to respond adequately to Hib and hepatitis B immunisations.

7.4.1 Recommendations for immunisation of children born prematurely

* All routine childhood i mmuni sations shoul d be given and shoul d be scheduled onthe
basisof the child'sactual date of birth, with no allowance being madefor prematurity.

» More studiesof immunisation are needed in prematureinfants, especialy thosetreated
with corticosteroids.
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8 Specific Vaccines

8.1 Diphtheria and Tetanus (DT) (non-live)

Theseare non-live protein antigenswhich are highly immunogenic. Theonly childrenwho
should not be given them are those deemed total ly unableto mount antibody responsesand
who are passively protected with 1g. Give adult preparation (low dosediphtheria, (“dT”) in
children over >10yearsof age.

8.2 Pertussis (P or aP) (non-live)

Childreninthe UK recelve 3dosesduring thefirst year of life. Wholecell vaccineismost
commonly used ininfancy, athough acellular vaccine (aP) may be used as sometimesthe
supply of wholecell vaccineisinterrupted. A booster dose, combined with DT, wasintro-
duced asstandard in October 2001. It isimportant that acellular vaccineisusedin children
older than 1 year, asthewhole cell vaccine frequently causes adverse effects. Pertussis
vaccineshould generdly beusedindl immunocompromised children, sinceit till frequently
circulatesin the community. Even patientswith poor antibody production can nevertheless
mount cell-mediated responses. Immunodeficient children who have not compl eted apri-
mary course of 3 doses, or who havelost immunity dueto HSCT, should befully re-immu-
nisedwiththeacd lular vaccine. Others, including older children, should receiveasingledose
of acdllular vaccine,

8.3 Poliomyelitis (OPV and IPV) (live and non-live)

A trivalent liveora vaccine (OPV) isusedinthe UK universal childhood scheduleat present,
except in stuations of supply shortage. Casesof paralytic polio dueto thevaccine are seen
very rarely innormal children but are aserious problemin children with major defectsin
specific immunity.?” An inactivated injectable trivalent vaccine (IPV) of comparable
immunogenicity islicensed inthe UK and isused for routineimmunisation in many other
countries. It can begiven combined with DTP/Hib. In children with specific severeor mod-
erateimmunodeficiencies, who require polio immunisation, thisvaccineisthelogica choice.

8.4 Haemophilus influenzae type b (Hib) (non-live)

Several protein-conjugated capsular polysaccharide vaccinesarelicensed and availablein
the UK and can be given combined with DTP. Despite the reduced prevalence of disease
duetothisorganism sincetheintroductioninthe UK of universa immunisationin 1992, itis
gtill of mgjor concerninimmunodeficient children. Thevaccineislikely to beimmunogenic
and of some protectivevauein mostimmunocompromised children. Immunodeficient chil-
drenwho have not completed aprimary course of 3 doses, or who havelost immunity dueto
HSCT, should befully re-immunised.

8.5 Combined Measles, Mumps and Rubella (MMR) (live)

Thistrivaent livevirusvaccine posestheoretica risksto children with severe specificimmu-
nodeficiency which haveto be weighed against therisks of contracting thewild-typeill-
nesses. Unlike OPV, cases of vaccine-induced severedisease arevirtually unknown. In
practicethevaccineisnot usudly given knowingly to many severely immunocompromised

27



children. Thosereceiving lg arelikely to beprotected passvely. Herd immunity effectswill go
someway towards protecting the remainder. Withhol ding the vaccine from patientswith
moderate or non-specificimmunodeficiency isnot necessary. A second doseof MMR vac-
cineisrecommended in children undergoing primary immunisation or re-immunisation post-
HSCT, inlinewith theuniversa childhood immunisation schedule.

8.6 Pneumococcus (non-live)

Until recently the only available vaccinewasanon-live 23-valent capsul ar polysaccharide
vaccinethat ispoorly immunogenic, and thusof very littlevaue, innormal children under 2
yearsof ageand in other children with poor antibody production. In 2001 thefirst of anew
generation of conjugate pneumococca vaccinesreceived aEuropean licenseand can now be
obtainedinthe UK. Itis7-vaent — providing protection against serotypesresponsiblefor
about 75% of invasive disease. Children at enhanced risk of pneumococcal infection should
normally beimmunisedinitialy withthe conjugatevaccine (1, 2or 3 dozgadependi ngonage
and severity of risk; seeindividual sectionsaboveand arecent review  for detailed recom-
mendations). Thisshould befollowed later by adose of the polysaccharide vaccinein order
to derive some protection againgt the 16 serotypesnot included in the conjugatevaccine. The
latter immuni sation should not normally be given until at least 2 yearsof age. Immunisation
againgt pneumococcus may sometimesbeomitted in severely immunodeficient childrenonlg
treatment. Routine booster doses of pneumococcal vaccineare not currently recommended.
Therecommendations madeinthisBest Practice Statement aresmilar to the current Depart-
ment of Health guiddines, dthough theformer recommend usein children over 2 yearsof age
(unlikethelatter), and thereare minor differencesin thenumber of doses suggested for some

agegroups.
8.7 Meningococcus (non-live)

Thereisno vaccinecurrently availableagainst Group B, the commonest straininthe UK. A
bivalent polysaccharide vaccine against groupsA and C hasbeen availablefor sometimeand
used in the management of group C outbreaks. A quadrivalent polysaccharide vaccine
(A,CY,W135) isavailable on anamed patient basisonly. Like pneumococcal polysaccha
ridevaccine, thesevaccinesare poorly immunogenicin children under 2 yearsof ageandin
other immunocompromised children, inwhom they arenot widdy used. However, they have
adefinedrolein rare casesof complement component deficiency, whereA,C,Y,W135vac-
cineisused. Furthermore, A,C vaccineisadvisableinimmunocompromised childrenlikely to
travel to areas of endemic and epidemic groupA infection, especially sub-Saharan Africa
Recently highly immunogenic protein-conjugated group C vaccines have been devel oped
whichwereincluded intheuniversa childhood immunisation schedulein 1999. Itissuggested
that children undergoing re-immunisation post-HSCT receive 3 doses, Sncethey areconsid-
ered to be potentialy immunologically naive. Other immunocompromised children should
receive 3 dosesininfancy or onedoseif older than 1 year of age.Routine booster doses of
meningococcal vaccinesarenot currently recommended.

8.8 Influenza A and B (non-live)

Several non-live combined influenzaA and B vaccines are manufactured each year. Live
attenuated nasal vaccineisunder development but isnot currently available. Influenzamay
causesevereillnessinimmunocompromised children and a so predi gposeto secondary becterid
infections. These vaccines should therefore be given widely each autumn in these patient
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populationsand to their family contactsand care-givers.

8.9 Tuberculosis (BCG) (live)

Thislivebacteria vaccineisthought to provide protection againgt severe childhood infectioniif
givenininfancy. It must not be given to infants suspected to haveimmunodeficiency (athough
itsroutineuseispolicy inthirdworld countriesregardiessof HIV gatus). Itsuselater in childhood
iscontrarindicated in patientswith severeinherited defects of specificimmunity or CGD,%
during and for 6 months after standard chemotherapy, or after HSCT (but see section 3.3).
Otherwiseit should only beused asaccording toloca policy which variesin different partsof
the UK.

8.10 Varicella Zoster (live)

A livevaccinehasbeen availablefor sometime (OKA srain) andlicensureinthe UK isexpected
soon. Meantimeit can be obtained on anamed patient basisfrom the manufacturers (Glaxo
Smith Klineand Aventis Pasteur M SD) for selected cases such asorgan transplant recipients,
someindividud childrenwith malignant diseasee. Thereisaso acasefor usingthisvaccinein
seronegativefamily membersof childrenwith severe cdl-mediatedimmunodeficiency and others
at risk, asaway of providingindirect protection for the patientsat risk. Additiondly, someunits
haveingtituted apolicy of giving thisvaccineto seronegeative hed th care profess ondswho care
for immunodeficient children. Although the vaccine can occasionally induce amild form of
varicdla(ather generdised or a theinjection ste), thevaccinevirusishighly sengtivetoaciclovir
which canthereforebeusedif thereareclinica concernsinimmunocompromised recipients. In
caseswhere the degree of immunocompromiseisjudged to put the patient at high risk, or
wherethechildissignificantly unwell with widespread infection (eg morethan 50 lesions),
aciclovir should beadministered intravenoudly. Itisimport to attempt toisolate the virusfrom
lesionsand to arrangetesting to determinewhether it isvaccineor wild type—asasignificant
proportion of casesof suspectedVZV infectionarenot VZV and many post-vaccinecasesare
duetoVZV wildtypeinfection

8.11 Hepatitis B (non-live)

Thisrecombinant protein vaccineisnow givenroutingy toinfantsin many countries, but notin
the UK at present. It can be used safely inimmunodeficient children, but should only begiven
to seronegative high-risk cases such aschildren born to hepatitis B surface antigen positive
mothers (these infants may al so require passive immunisation), children who have close
household contactswho are or arelikely to be casesor carriersof hepatitisB, and children
with chronicrend fallurelikely torequirediaysisor transplantation.

8.12 Travel vaccines

Non-livevaccines (hepatitisA, cholera, rabies, typhoid Vi polysaccharide) are safeand should
generdly beused asindicated. They may beadministered after HSCT if clinically indicated, or
required for travel purposes, although the response may be suboptimal if given beforethe
recommended timefor starting the re-immunisation programme (seesections 3.2.1and 3.2.2).
Theresponseto typhoid Vi polysaccharidevaccineislikely to besuboptimd if givento children
lessthan 2 yearsof age, or earlier than 2 years post-HSCT. Livevaccines, (eg yellow fever,
liveoral typhoidvaccine) carry potentia risksfor severely immunocompromised patientsand
should only be used under specialist guidancein such cases.
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