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s u m m a r y 

Haematopoietic stem cell transplant (HSCT) recipients have deficiencies in their adaptive immunity 

against vaccine preventable diseases. National and International guidance recommends that HSCT recipi- 

ents are considered ‘never vaccinated’ and offered a comprehensive course of revaccination. This position 

statement aims to draw upon the current evidence base and existing guidelines, and align this with na- 

tional vaccine availability and licensing considerations in order to recommend a pragmatic and standard- 

ised re-vaccination schedule for adult and paediatric HSCT recipients in the UK. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Within weeks of haematopoietic stem cell transplant (HSCT) 

here is a decline in antibody titres against vaccine preventable 

iseases (VPD). 1–9 This immune defect may persist for years post- 

SCT in both autologous and allogeneic settings 10 and infections 

ontribute substantially to mortality. 11 HSCT recipients are sus- 

eptible to pathogens against which they were vaccinated pre- 

ransplant; and an increased risk of morbidity and mortality from 

nfluenza, measles, Streptococcus pneumoniae, Haemophilus influen- 
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haematopoietic stem cell transplant recipients: Prepared on behalf of 

lular therapy (BSBMTCT), the Children’s cancer and L..., Journal of Infec
ae type b, and Bordetella pertussis is reported. 12–15 National and 

nternational groups therefore recommend that HSCT recipients are 

onsidered ‘never vaccinated’ and offered a comprehensive course 

f re-vaccination aligned with the national vaccination schedule in 

heir country of residence. Recommendations for re-vaccination of 

SCT recipients have been published by several societies including 

he Infectious Diseases Society of America (IDSA), the American So- 

iety for Transplantation and Cellular Therapy (ASTCT) and the Eu- 

opean Society for Blood and Marrow Transplantation (EBMT). 16–18 

e-vaccination is also addressed by conference publications from 

he European Conference on Infections in Leukaemia (ECIL) and the 

onsensus Conference on Clinical Practice in GvHD (CCCPG). 19 , 20 

aediatric specific recommendations are made by the Children’s 

ancer and Leukaemia Group (CCLG) and Royal College of Paedi- 
ion Association. This is an open access article under the CC BY license 
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trics and Child Health. 21 , 22 Despite these resources, surveys of 

SCT centres in the UK and Ireland over the last two decades 

ave demonstrated both poor vaccine uptake and heterogeneity 

n all aspects of re-vaccination practice including vaccine selec- 

ion, initiation and deferral of vaccination, and vaccination of pa- 

ients with graft-versus-host-disease (GvHD) and/or receiving im- 

unosuppressive therapy (IST). 23–27 A number of factors may con- 

ribute to this, including an evidence base insufficient to inform 

etailed practical guidance, varying recommendations between ex- 

sting guidelines, and the practical challenges of implementing in- 

ernational recommendations at a national level. 

While in the UK a single National Health Service (NHS) sched- 

le details routine vaccination of children and adults, there is no 

urrent schedule in place for re-vaccination of adult HSCT recipi- 

nts, and paediatric schedules require updating. 21 , 22 The COVID-19 

andemic has highlighted the importance of vaccination strategies 

pecific to immunocompromised patients including HSCT recipi- 

nts, and as such a review of evidence and harmonized UK recom- 

endations that cover both routine and SARS-CoV-2 vaccinations 

re timely. 24 

The aim of this statement is to draw upon the current evidence 

ase and existing guidelines, and align this with national vaccine 

vailability and licensing considerations in order to recommend a 

ragmatic and standardised re-vaccination schedule for adult and 

aediatric HSCT recipients in the UK. The recommendation of post- 

SCT re-vaccination from the HSCT team has been identified as an 

mportant cue for patients 28 and these statements and accompa- 

ying schedules should offer a valuable tool to facilitate discussion 

nd promote vaccination uptake. 

In as far as evidence allows the recommended schedule has 

een aligned with the National Health Service (NHS) routine vac- 

ination schedule to ensure it is deliverable within the UK. Vac- 

ine trade names and composition are given. If the named vaccine 

s not available an alternative with the same composition may be 

dministered. 

ommencing and deferring re-vaccination 

ommencing re-vaccination 

VPD including invasive pneumococcal disease (IPD) and in- 

uenza may cause morbidity and mortality in patients in the early 

ost-HSCT period. 13 , 29–31 Conferring immunity through vaccination 

t the earliest opportunity is therefore imperative. However, the 

mmune impairment that renders patients susceptible to infection 

n the early to medium post-HSCT period may also limit the im- 

une response to vaccines. An association between a longer time 

rom HSCT and a greater response to vaccination is reported. 32–34 

he optimum timepoint for vaccination post HSCT has not been es- 

ablished. The earliest reported responses are to T cell dependant 

rotein-polysaccharide conjugate vaccines which are immunogenic 

rom as early as 3 months post-HSCT. Biomarkers predictive of vac- 

ine response have not been established. A clear association be- 

ween CD4 + , CD8 + and CD19 + lymphocyte counts and the im- 

une response to a range of vaccines has not emerged. 35–39 Cur- 

ent recommendations are for re-vaccination schedules to com- 

ence from 3 to 6 months without routine assessment of mark- 

rs of immune reconstitution. In practice many UK allogeneic HSCT 

entres vaccinate from one year post-HSCT. 24 , 38 , 40 , 41 In the UK re- 

accination schedules are almost universally administered in pri- 

ary care rather than in HSCT centres. 24 Given the frequency of 

SCT clinic follow-up and in some cases hospital admission in the 

rst 3–6 months, there may be practical limitations on early deliv- 

ry of re-vaccination in primary care. 

1) In the absence of contraindications or reasons for deferral, adult 

and paediatric HSCT recipients should commence re-vaccination at 
2 
6 months post-HSCT with consideration given to vaccination from 

3 months where practical. 

2) In the absence of evidence, the routine use of markers of im- 

mune reconstitution to guide timing of re-vaccination is not rec- 

ommended. 

3) Minimum recommended intervals between vaccine doses should 

be maintained. If practical considerations around vaccine delivery 

lead to minor extensions in dosing intervals, this is not expected 

to negatively impact vaccine responses and the course should be 

continued to completion. 

eferring re-vaccination 

Recommendations and decisions to defer re-vaccination are 

argely based on expert opinion rather than on evidence. For ex- 

mple, the impact of GvHD on vaccine immunogenicity has been 

nconsistently reported. 2 , 32 , 38 , 42–45 Given patients with GvHD or 

eceiving immunosuppressive therapy are at increased risk from 

nfection, current guidelines favour commencing re-vaccination 

ather than deferring. In practice only a minority of UK HSCT cen- 

res proceed with re-vaccination if patients have chronic GvHD. 24 

n the absence of evidence prescriptive recommendations are not 

ossible, but the following considerations may be applied: 

1) If a patient has relapsed disease post-HSCT, take into account the 

prognosis and future therapeutic options when deciding whether 

to commence re-vaccination or defer vaccination. 

2) Where the re-vaccination schedule is interrupted by disease relapse 

and the patient receives a subsequent second autologous or allo- 

geneic HSCT, the patient should again be considered ‘never vac- 

cinated’ and the schedule re-started at the appropriate time after 

the second HSCT rather than resumed. 

3) HSCT recipients with mild cGvHD should commence re- 

vaccination. Consider re-vaccination of patients with moderate 

or severe cGvHD but take into account intensity and expected 

duration of cGvHD targeted therapy. 

4) HSCT recipients who are receiving low-dose steroid therapy 

( < 0.5 mg/kg prednisolone or equivalent) should commence re- 

vaccination. When patients are approaching the end of an im- 

munosuppressive treatment weaning schedule, a short deferral pe- 

riod until weaning is complete may be reasonable. 

5) For HSCT recipients who remain on high-dose steroid therapy 

(prednisolone > 0.5 mg/kg) or combination therapy beyond 6 

months post-HSCT, take into account indication, intensity and ex- 

pected duration of IST when deciding whether to vaccinate or de- 

fer. 

6) If donor lymphocyte infusions are being considered or are sched- 

uled, it is reasonable to defer routine re-vaccination until com- 

pleted. Prioritisation of specific vaccines (e.g. seasonal inactivated 

influenza vaccine or SARS-CoV-2 vaccine) should be considered in 

high-risk epidemiological settings. 

accination selection and vaccine schedule 

on-live vaccines 

afety of non-live vaccines 

There is no evidence from prospective trials of seasonal in- 

uenza and pneumococcal vaccines that adverse events after are 

ore frequent in HSCT recipients than the general population, nor 

ifferent in nature or severity. 41 , 46–49 Neither is there evidence for 

riggering or worsening of GvHD. 35 , 41 However, regarding SARS- 

OV-2 vaccines, a prospective study of the Pfizer mRNA BNT162b2 

accine reported worsening of GvHD in 4.4% of allogeneic HSCT re- 

ipients, 50 while a further study reported exacerbation of GvHD in 

.5% of patients after the first vaccine dose. In a study of the Pfizer 
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RNA BNT162b and Moderna mRNA-1273 vaccine new cGvHD was 

eported in 9.7% of patients and worsening of cGvHD in 3.5% of pa- 

ients. In the specific setting of autoHSCT for autoimmune disease, 

on-live vaccines are recommended as there are not data suggest- 

ng vaccines may trigger disease reactivation. 51 In conclusion non- 

ive vaccines are safe in the HSCT population. HSCT patients are at 

ncreased risk of mortality from SARS-CoV-2 infection and benefits 

f vaccination are considered to outweigh risk. 52 , 53 

iphtheria, tetanus, pertussis, polio, Haemophilus influenzae b, 

epatitis B vaccination in the NHS routine schedule 

In the NHS routine schedule primary vaccination against diph- 

heria, tetanus, pertussis, polio, Haemophilus influenzae type b and 

epatitis B (DTaP/IPV/Hib/HepB) is with either of the combination 

exavalent vaccines Infanrix hexa or Vaxelis given as 3 doses at 

onthly intervals from eight weeks of age . As summarised below 

ither of these vaccines is the pragmatic choice for re-vaccination 

f HSCT recipients. 

iphtheria, tetanus, pertussis 

Current international guidelines recommend 3 doses of a 

iphtheria-tetanus-pertussis vaccine from 6 months post-HSCT. In 

SCT recipients the immunogenicity of a 3-dose schedule of a 

etanus toxoid vaccine is superior to a single dose, 1 and is sim- 

larly immunogenic whether administered from 6 or 18 months 

ost HSCT. 54 Low-dose pertussis vaccines (2.5–8mcg pertussis tox- 

id – designated ‘p’) are poorly immunogenic when used for pri- 

ary vaccination. 55 , 56 Similarly, responses to low-dose diphtheria 

accines (2 IU diphtheria toxoid – designated ‘d’) appear inferior to 

igh-dose vaccines (not less than 30IU diphtheria toxoid – desig- 

ated ‘D’) in HSCT recipients. Both Infanrix hexa and Vaxelis contain 

igh-dose tetanus, diphtheria and pertussis toxoid (DTaP). 

olio 

Current guidelines recommend 3 doses of an inactivated po- 

io vaccine (IPV) from 6 months post HSCT. In HSCT recipients a 

 dose schedule of a polio vaccine is more immunogenic than a 

ingle vaccine dose 2–4 with equivalent immunogenicity at 6 or 18 

onths post HSCT. 4 

aemophilus influenzae type b (Hib) 

Current guidelines recommend 3 doses of a Hib-conjugate vac- 

ine from 6 months post-HSCT. A 3-dose schedule of a Hib con- 

ugate vaccine is immunogenic whether administered at 3 or 6 

onths post-HSCT. 57 Primary Hib vaccination in the NHS routine 

chedule is with 3 monthly doses of Infanrix hexa or Vaxelis and 

 booster dose (in combination with Meningococcus C conjugate 

accine) at 12 months of age. 

epatitis B (HepB) 

Current recommendations for HepB vaccination vary with some 

roups advocating vaccination for all HSCT recipients, 16 , 58 while 

thers recommend vaccination only for recipients seronegative for 

epB pre-HSCT or patients who have lost protective immunity 

ost-HSCT. 17 , 20 A 3-dose schedule of a HepB vaccine has been 

ound to be immunogenic in allogeneic HSCT recipients. 59 HepB is 

ow part of the hexa-valent vaccine administered as part of the 

outine UK childhood immunisation programme. 

ooster doses 

There is little evidence to guide administration of booster doses 

n HSCT recipients. In the NHS routine vaccination schedule a 

iphtheria-tetanus-pertussis and polio booster is administered af- 

er 3 years 4 months of age using either Repevax or Boostrix- 

PV which are both full dose diphtheria and pertussis vaccines 
3

DTaP/IPV). A further diphtheria-tetanus and polio booster is ad- 

inistered at 14 years of age using Revaxis which contains low 

ose diphtheria toxoid (Td/IPV). In the absence of data specific to 

his population we recommend following the NHS routine vaccina- 

ion schedule. 

1) Adult and paediatric recipients of autologous and allogeneic HSCT 

should receive 3 doses of a DTaP/IPV/Hib/HepB vaccine (Infranrix 

Hexa or Vaxelis) one month apart, from 6 months post-transplant. 

2) In the absence of evidence in the HSCT population it is reason- 

able to offer adult and paediatric recipients of autologous and al- 

logeneic HSCT a DTaP/IPV booster vaccine (Repevax or Boostrix- 

IPV) at 3 years post-HSCT, and to offer a Td/IPV booster vaccine 

(Revaxis) at 14 years post-HSCT following the NHS routine vacci- 

nation schedule. 

eisseria meningitidis (Meningococcus) 

The most recent international guidance advocates the adminis- 

ration of meningococcal vaccines from 6 months post-HSCT fol- 

owing country specific recommendations. 20 This reflects variation 

n national meningococcal vaccine programmes which are adapted 

o protect against prevalent serogroups. In the NHS routine vacci- 

ation schedule infants receive a primary course of Meningococ- 

al B (MenB) conjugate vaccine with Bexsero at 8 and 16 weeks 

f age as part of the routine vaccination schedule, and then a fur- 

her booster dose at 1 year. At 1 year of age one dose of Meningo-

occal C (MenC) conjugate vaccine (Menitorix) is administered and 

hen one dose of Meningococcal ACWY (MenACWY) conjugate vac- 

ine (Nimenrix or Menveo) at 14 years of age. There are currently 

o data on immunogenicity of MenB vaccines in HSCT recipients. 

he immunogenicity of a single dose of MenACWY conjugate vac- 

ine is poor in HSCT recipients, but is improved with a second 

ose administered after approximately 9 months. 44 , 60 , 40 , 48 We rec- 

mmend following the NHS routine vaccination schedule for the 

enB vaccine, but in view of the poor response to a single dose 

f MenACWY conjugate in HSCT recipients we recommend a mod- 

fied schedule using two doses. The 8 and 18 months timepoint 

or the MenACWY has been chose pragmatically to coincide with 

dminstration of other vaccines. 

1) Adult and paediatric recipients of autologous and allogeneic HSCT 

should receive 2 primary doses of a MenB vaccine (Bexsero) at a 

2-month interval from 6 months post-HSCT. A booster dose should 

be administered at 18 months post-HSCT (or 1 year after primary 

dose 1). 

2) Adult and paediatric recipients of autologous and allogeneic HSCT 

should receive 2 doses of a MenACWY vaccine (Nimenrix or Men- 

veo), the first from 8 months post-HSCT and the second at 18 

months post-HSCT (or 10 months after the first dose). 

treptococcus pneumoniae (Pneumococcus) 

All current guidelines recommend a primary 3 dose course 

iven monthly of a pneumococcal conjugate vaccine (PCV) com- 

encing from 3 to 6 months post-HSCT, followed by a booster dose 

fter a further 6 months. The recommended booster is either a fur- 

her dose of a PCV or a pneumococcal polysaccharide vaccine (PSV) 

nd selection is determined by whether or not the recipient has 

ctive GvHD. In the NHS routine vaccination schedule infants re- 

eive the 13-valent PCV (PCV13) Prevenar-13 at 12 weeks of age, 

nd a booster dose at 1 year. Patients aged 65 years are offered 

he 23-valent PSV Pneumovax . 

Pneumococcal vaccines are the most extensively studied in 

SCT recipients. GvHD is a risk factor for loss of immunity to 

neumococcus, and patients with GvHD respond poorly to PSV. 61 

owever, immunogenicity of PCV is superior to PSV in HSCT re- 

ipients, 62 and a 3-dose schedule of 7-valent PCV (PCV7) is more 

mmunogenic than 2 doses when administered from 6 to 9 months 
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ost allogeneic HSCT. 49 Immunogenicity assessed 1 month after a 

-dose PCV7 regimen was equivalent whether administered from 

 or 9 months post-HSCT. In this study participants went on to 

eceive a 23-valent PSV (PSV23) booster approximately 6 months 

fter completion of the primary course. Of patients who did not 

espond to the primary course, almost half responded 1 month af- 

er the PSV23 booster. It is important to note that durability of re- 

ponse assessed at 24 months was inferior in the early 3-month 

roup. 38 A follow-on study demonstrated that serotype coverage 

ay be broadened beyond the serotypes included in PCV7 by ad- 

inistration of PSV23. 43 In a study of PCV13, a fourth PCV booster 

ose administered 6 months after the primary course may boost 

aning immune response but at the expense of increased rate of 

ocal and systemic reactions. 41 

In view of the evidence favoring a 3-dose primary PCV schedule 

ollowed by a booster we recommend a modification of the NHS 

outine vaccination schedule. The 18-month booster time point has 

een chosen pragmatically to coincide with administration of other 

accines. 

1) Adult and paediatric recipients of autologous and allogeneic HSCT 

should receive 3 primary doses of PCV13 (Prevenar 13) from 6 

months post-HSCT. Consideration can be given to commencing vac- 

cination from 3 months. 

2) A booster dose should be given at 18 months post-HSCT (10 

months after last primary dose) with either PCV13 if the recipi- 

ent has active GvHD, or PSV23 (Pneumovax) if they do not have 

GvHD. 

uman papillomavirus (HPV) 

Current guidelines recommend HPV vaccination from 6 to 12 

onths post-HSCT following national recommendations. 20 In the 

HS routine vaccination schedule all children aged 12–13 years of 

ge are offered 2 doses of the quadrivalent HPV vaccine Gardasil 

dministered 6–24 months apart. Where vaccination was missed or 

he schedule incomplete, patients remain eligible up to 25 years of 

ge. A 3 dose schedule is recommended for immunocompromised 

atients with 2 doses at a monthly interval and then a third dose 

–6 after the first dose. 63 In the UK HPV infection is very rare be-

ore 14 years of age. Prevalence of high-risk HPV (type 16 and 18) 

hich is associated with development of cervical cancer peaks at 

0% at age 20–24 years but women remain at risk into their 60 s 

ith a reported prevalence of 6%. 64 In HSCT recipients the cumu- 

ative incidence of genital HPV infection is reported at 40.1% at 20 

ears post-HSCT, with incidence of 67.1% in patient with cGvHD. 65 

GvHD is also a risk factor for development of HPV associated 

umours. 66 Three doses of Gardasil were immunogenic in female 

SCT recipients aged 18–49. Patients were vaccinated regardless of 

PV history and pre-HSCT HPV vaccination, but patients with ac- 

ive HPV disease were excluded. 67 Vaccination may protect against 

nfection with new HPV types in patients previously infected. 

In view of national recommendations for immunocompromised 

atients and the above data, we recommend that all HSCT recipi- 

nts aged 12 or over are offered 3 doses of HPV vaccine. Pragmati- 

ally in order to limit the number of vaccinations given at any one 

ime point to a maximum of 4, we recommend commencing pae- 

iatric HPV vaccination from 6 months post-HSCT, and adult HPV 

accination from 18 months. However, consideration can be given 

o earlier HPV vaccination in selected adult patients considered at 

igher risk of HPV in the first 18 months post HSCT. 

1) All HSCT recipients aged 12 or over should be offered a primary 

course of 3 doses of a quadrivalent HPV (Gardasil). For adults 

a pragmatic 18, 19 and 24 months post-HSCT schedule is rec- 

ommended. Paediatric vaccination is recommended at 6,7 and 12 
months. 

4 
easonal inactivated influenza vaccine (SIIV) 

The NHS offers the SIIV annually to high-risk individuals. The 

ive attenuated influenza vaccine (LAIV) is contraindicated in the 

mmunocompromised patients and should not be given to HSCT 

ecipients of any age. 68 

In HSCT populations the SIIV is minimally immunogenic be- 

ore 6 months and responses are impaired until at least 12 

onths. 32 , 34 , 37 , 69 However, the seasonal pattern of influenza 

eans that delaying SIIV administration to 12 months or beyond 

SCT leaves patients at risk of influenza related morbidity and 

ortality; patients transplanted during the influenza season are at 

ighest risk of infection, with progression to pneumonia occurring 

ore frequently in the early post-HSCT period and associated with 

 30-day mortality rate of up to 28%. 30 , 70 In the absence of al- 

ernative evidence-based strategies, current guidelines recommend 

nnual administration of the SIIV from 6 months post autologous 

nd allogeneic HSCT. 

1) Adult and paediatric recipients of autologous and allogeneic HSCT 

should receive one dose of the SIIV annually from 6 months post- 

HSCT. Consider giving SIIV from 3 months post-HSCT if within a 

peak influenza transmission period. 

2) LAIV should not be administered to HSCT recipients of any age and 

should not be administered to household contacts of HSCT recipi- 

ents who should be advised to receive the SIIV. 

ARS-CoV-2 

HSCT recipients are in a COVID-19 high-risk group and con- 

erring immunity by vaccination at the earliest effective time- 

oint is desirable. There are emerging data on the immunogenic- 

ty of SARS-CoV-2 vaccines in HSCT recipients, mostly to the Pfizer 

RNA BNT162b2 vaccine. Seroconversion following two doses of 

fizer vaccine has been shown to occur in 50 – 84.7% of allo- 

eneic HSCT recipients and 60 – 84% of autologous HSCT recipi- 

nts, 50 , 71–74 which was significantly lower than in healthy control 

articipants when included. 50 Similar antibody titres between au- 

ologous and allogeneic HSCT recipients have been noted. 75 Sev- 

ral studies have also observed lower antibody induction in indi- 

iduals within the first 12 months following HSCT and HSCT re- 

ipients should receive a 3-dose primary course. 50 , 72 , 73 The Green 

ook recommends that HSCT recipients who were vaccinated pre- 

SCT are considered for re-vaccination post-HSCT with a 3-dose 

rimary course and 4th dose as a booster. The optimum SARS-CoV- 

 vaccination strategy following HSCT is an active and evolving 

rea of research. Updated position statements on post-HSCT SARS- 

oV-2 vaccination are available on the BSBMTCT website ( https: 

/bsbmtct.org/bsbmtct- and- covid/ ). A paediatric formulation of the 

fizer-BioNTech vaccine has been licensed for children aged 5–11. 

1) Adult recipients of autologous and allogeneic HSCT aged 18 or 

more should receive a 3-dose primary course of SARS-CoV-2 vac- 

cine from 3 – 6 months following HSCT. The first two doses should 

be administered at the minimum licensed interval ( e.g. 3 weeks 

for Pfizer BNT162b2 and Novavax NVX-CoV2373 and 4 weeks for 

AstraZeneca ChAdOX1-S and Moderna mRNA 1273 vaccines). The 

3rd primary dose should be administered at a minimum interval 

of 8 weeks later, followed by a booster 4th dose no sooner than 3 

months after the 3rd dose, both with SARS-CoV-2 mRNA vaccines. 

If mRNA vaccination is clinically contraindicated, then NVX-CoV- 

2373 can be used instead for primary and/or booster doses. 

2) Following this re-vaccination schedule, recommendations for addi- 

tional boosters in adult HSCT recipients should follow current na- 

tional recommendations, including the use of novel multi-valent 

vaccines. 

3) Paediatric recipients of autologous and allogeneic HSCT aged 12 

and over should receive a 3-dose primary course of an mRNA 

SARS-CoV-2 vaccine from 3 – 6 months following HSCT. If mRNA 

https://bsbmtct.org/bsbmtct-and-covid/


P. Miller, S. Patel, R. Skinner et al. Journal of Infection xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: YJINF [m5G; November 23, 2022;8:50 ] 

(

(

V

H

r

t

A

t

w

o

a

a

a

2

t

a

t

c

l

2

S

i

i

m

c

c

(

(

L

m

p

t

g

u

g

l

(

(

(

M

c

w

c

p

s

s

a

4

p

a

(

(

V

p

p

i

v

P

n

w

H

r

v

f

o

c

v

s

d

t

n

i

s

L

w

s

t

f

g

s

c

vaccines are clinically contraindicated then NVX-CoV-2373 may be 

used instead. 

4) Paediatric recipients of autologous and allogeneic HSCT aged 5–11 

years should receive a 2-dose primary course of the Pfizer BioN- 

Tech paediatric dose mRNA SARS-CoV-2 vaccine from 3 – 6 months 

following HSCT. 

5) Following this revaccination schedule, recommendations for addi- 

tional boosters in paediatric HSCT recipients should follow national 

recommendations, including the use of novel multi-valent vaccines. 

aricella zoster virus (VZV) 

The risk of Herpes zoster reactivation increases following 

SCT. 59 , 60 Antiviral prophylaxis is given to reduce this risk, but the 

equired duration of prophylaxis is unclear and the risk of reactiva- 

ion increases following cessation of antivirals in many individuals. 

 recombinant zoster vaccine Shingrix is now available which con- 

ains the varicella zoster virus glycoprotein E antigen adjuvanted 

ith the ASO1 B system. It is licensed for use in those aged 18 

r over. In a phase 3 clinical trial in autologous HSCT recipients 

ged 18 years or more, two doses of Shingrix given 1 – 2 months 

part as early as 50–70 days following HSCT had 68.2% efficacy 

gainst the incidence of herpes zoster over a median follow-up of 

1 months. 76 Recommendations for use in the UK as detailed in 

he Green Book are as part of the National Programme in adults 

ged 70–79 years old. Given the high risk of zoster reactivation in 

he first 2 – 3 years after HSCT and contraindication to live vari- 

ella vaccines until 24 months (see section on live vaccines be- 

ow), we recommend that all adult HSCT recipients should receive 

 doses of Shingrix at least 2 months apart. Patients who receive 

hingrix should have VZV serology performed at 24 months and 

f antibody negative receive 2 doses of live VZV (Varivax or Var- 

lrix) providing all criteria for administration of live vaccines are 

et. For paediatric HSCT recipients in whom the vaccine is not li- 

ensed, and for adults in whom the recombinant zoster vaccine is 

ontraindicated, see VZV under live vaccines. 

1) Adult recipients of autologous and allogeneic HSCT aged 18 years 

or more should receive 2 doses of Shingrix at least 2 months apart, 

commencing at 6 months following HSCT. 

2) VZV serology should be performed at 24 months and if antibody 

negative then administration of a live attenuated varicella vaccines 

(LAVV) Varivax or Varilrix should be considered as per VZV section 

under live vaccines. 

ive vaccines 

Live vaccines are contraindicated in patients with certain pri- 

ary or acquired immunodeficiencies or receiving immunosup- 

ressive medications. These are outlined in detail in chapter 6 of 

he UK Health Security Agency (UKHSA) Green Book. 77 All current 

uidelines recommend delay of live vaccines in HSCT recipients 

ntil specific criteria are met. Considering the consensus across the 

uidelines and also the UKHSA Green Book we recommend the fol- 

owing minimum criteria for administration of live vaccines. 

1) Live vaccines should not be administered to adult or paediatric re- 

cipients of autologous or allogeneic HSCT unless all of the follow- 

ing criteria are met: (i) 24 months post HSCT; (ii) No active GvHD; 

(iii) Remain in remission from underlying disease; (iv) No sys- 

temic immunosuppressive therapy for 12 months including mon- 

oclonal antibodies; (v) No intravenous immunoglobulin (IVIg) in 

last 3 months. Many autologous HSCT recipients, such as those 

with myeloma, may remain on long-term maintenance chemother- 

apy and live vaccines will be contraindicated long-term. 

2) If patients meet the criteria above but remain on post-HSCT ther- 

apy targeted at underlying disease, the safety of administration of 
5 
live vaccines must be considered with reference to the Green Book 

and relevant summary of product characteristics. 

3) The Green Book Chapter 11: The UK Immunisation Schedule should 

be consulted for current guidance on time interval between admin- 

istration of live vaccines. 78 

easles-mumps-rubella (MMR) 

Current guidelines recommend administration of an MMR vac- 

ine from 24 months post-HSCT in measles seronegative patients 

ho meet criteria for administration of live vaccines. We do not 

onsider evaluation of measles serostatus mandatory for paediatric 

atients, and lack of access to serological testing should not re- 

trict vaccination in adult patients. In the NHS routine vaccination 

chedule, primary immunisation is with either VaxPRO or Priorix 

t 1 year of age, and a booster dose is administered from 3 years 

 months of age. Loss of MMR seropositivity is well documented 

ost-HSCT. 7–9 Two doses of MMR vaccine administered 6 months 

part are immunogenic from 12 to 24 months post-HSCT. 79–81 

1) Adult recipients of autologous and allogeneic HSCT who are 24 

months post procedure, have no active GvHD, have not received 

systemic IST for 12 months, meet all other criteria for administra- 

tion of live vaccines, and are measles seronegative should receive 

2 primary doses of an MMR vaccines (MMR VaxPro or Priorix) ad- 

ministered 6 months apart. Lack of access to serological testing 

should not preclude vaccination as long as other criteria are met. 

2) Paediatric recipients of autologous and allogeneic HSCT who are 

24 months post procedure, have no active GvHD, have not received 

systemic IST for 12 months, meet all other criteria for administra- 

tion of live vaccines, should receive 2 primary doses of an MMR 

vaccines (MMR VaxPro or Priorix) administered 6 months apart. 

In the setting of a community measles outbreak consider vacci- 

nation of paediatric HSCT recipients who are at least 18 months 

post-HSCT but meet all other criteria. 

aricella zoster virus (VZV) 

Live attenuated Varicella vaccines are administered for two pur- 

oses: (i) to reduce the risk of primary infection in seronegative 

atients; (ii) to reduce risk of reactivation (shingles) in previously 

nfected patients. Low-titre ( ≥1350 PFU) live attenuated varicella 

accines (LAVV) are indicated for the former, and high-titre (19,400 

FU) live attenuated zoster vaccines (LAZV) for the latter. 

The LAVV is not yet part of the NHS childhood routine vacci- 

ation schedule but is recommended for non-immune healthcare 

orkers and close contacts of immunocompromised individuals. 

owever, the LAZV Zostavax is routinely administered on the NHS 

outine vaccination schedule from the age of 70. Given the high 

iral titre and absence of safety data LAZVs are not recommended 

or HSCT recipients at any stage post-HSCT. Current guidelines rec- 

mmend consideration of LAVV in HSCT recipients who are vari- 

ella seronegative and meet the criteria for administration of live 

accines. 

Data on LAVV in HSCT recipients are limited. Retrospective 

tudies report seroconversion rates of 35–65% after a single LAVV 

ose in VZV seronegative paediatric patients who were more 

han 24 months post auto or allogeneic HSCT. Up to 71% of 

on-responders seroconverted after 2nd or 3rd doses 82 , 83 . Sim- 

lar high seroconversion rates were seen in a small prospective 

tudy of seronegative paediatric patients 84 . Immunogenicity of two 

AVV doses administered 8 weeks apart to VZV seropositive adults 

ithin 6 months of autologous HSCT was poor. In these studies 

mall numbers of patients developed possible varicella rash but 

here were no serious safety concerns. VZV serology should be per- 

ormed in all patients (including adult patients who received Shin- 

rix at 6 months) and those patients who are antibody negative 

hould receive 2 doses of LAVV (Varivax or Varilrix) providing all 

riteria for live vaccines are met. 
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1) For paediatric recipients of autologous and allogeneic HSCT who 

are 24 months post procedure, have no active GvHD, have not re- 

ceived systemic IST for 12 months, meet all other criteria for ad- 

ministration of live vaccines and are VZV seronegative, consider 2 

doses of LAVV (Varivax or Varilrix) administered 2 months apart. 

2) VZV serology should be performed for all adult recipients of autol- 

ogous and allogeneic HSCT (including those who received Shingrix) 

at 24 months and for those who are VZV seronegative, have no ac- 

tive GvHD, have not received systemic IST for 12 months, meet all 

other criteria for administration of live vaccines, consider 2 doses 

of LAVV (Varivax or Varilrix) administered 2 months apart. 

3) Live attenuated Zoster Vaccines ( e.g. Zostavax) are contraindicated 

in HSCT recipients and should not be administered. 

otavirus vaccine 

The rotavirus vaccine is administered as part of the NHS routine 

accination schedule to infants at eight weeks of age. The rotavirus 

accine may cause severe diarrhoea in immunocompromised pa- 

ients, and disease incidence is lower after infancy (and the inci- 

ence of temporal vaccine linked intussusception increases after 

nfancy) so it is not recommended in HSCT recipients. 85 

on-routine vaccines 

CG (Bacillus Calmette-Guerin) vaccine 

The BCG vaccine is not administered as part of the NHS routine 

accination schedule. However, it is given on the NHS to children 

nd adults considered at increased risk of coming into contact with 

B either through area of residence, country of origin, or occupa- 

ional exposure. There is little data on the safety of BCG vaccines 

n HSCT recipients and current international guidance is that the 

accine is contraindicated in HSCT recipients and therefore admin- 

stration is not recommended. 

ravel vaccines 

HSCT recipients travelling to regions of endemic disease should 

ndergo a risk assessment at a specialist travel clinic. Considera- 

ion must be given as to whether vaccines are live attenuated or 

nactivated with the former generally considered contraindicated 

n HSCT recipients. There are no data on safety, immunogenicity or 

fficacy of vaccines against Japanese enchephalitis, rabies, typhoid 

nd cholera. A small number of carefully selected HSCT recipients 

ave received live attenuated yellow fever vaccine without adverse 

vents. 86–88 

ssessing response to vaccines in HSCT recipients 

Serological assessment may be undertaken to evaluate response 

o an initial vaccine course, or for monitoring long-term durabil- 

ty of response. In the absence of evidence to guide assessment of 

esponse to vaccines in HSCT recipients, recommendations across 

urrent guidelines vary. The IDSA recommends routine assessment 

f HepB Ab titres post-vaccination. The CCCPG suggests serologi- 

al testing should be considered post primary vaccine and booster 

osing in patients with cGvHD. ASBMT guidelines advocate assess- 

ng response to pneumococcal and HepB vaccines, as well as rou- 

ine long-term monitoring every 4 to 5 years for HepB, measles, 

etanus, diphtheria and polio. ECIL guidelines suggest assessment 

f response to pneumococcal vaccine at 2 years post vaccination, 

nd long-term monitoring of Hib every 5–10 years and DTP every 

–5 years. No groups give recommendations around repeating vac- 

ine doses. 

1) Routine assessment of vaccine response in HSCT recipients is not 

recommended. Response assessment may be considered if patients 

have risk factors for poor response such as cGvHD or long-term 

immunosuppressive therapy. 
6 
2) Scheduled booster doses for DTP and polio are recommended in 

keeping with the NHS routine vaccination schedule (see section 

non-live vaccines) and therefore routine long-term monitoring is 

not recommended. 

3) Assessment of response may be considered at any post-vaccination 

time point in clinical contexts such as breakthrough infections with 

VPDs, recurrent infections, or other clinical concerns about im- 

mune deficiency. However, in the absence of evidence, decisions re- 

garding vaccine booster doses or repeating primary re-vaccination 

courses must be made on a case-by-case basis. 

accination of household members and close contacts 

Adult and paediatric household members and close contacts of 

SCT recipient should be vaccinated in accordance with the NHS 

outine vaccination schedule with the following caveats. 

1) Household members and close contacts should receive the SIIV an- 

nually. Given the theoretical risk of transmission of live attenuated 

virus, the LAIV should not be administered to household members 

and close contacts of HSCT recipients who are within 2 months of 

transplant or have active GvHD. 

2) Given the theoretical risk of transmission of live attenuated virus, 

If an infant household member or close contact receives the ro- 

tavirus vaccine, HSCT recipients who are within 2 months of trans- 

plant or have active GvHD should avoid contact with the infant’s 

stool for 4 weeks. 

3) Household members of adult and paediatric HSCT recipients should 

be offered SARS-CoV-2 vaccination in keeping with current Green- 

book guidance on SARS-CoV-2 vaccination in household contacts 

of immunosuppressed individuals. 

uality assurance and audit 

In accordance with European Society of Blood and Marrow 

ransplant (EBMT) – Joint Accreditation Committee (JACIE) stan- 

ards 89 all units should maintain local Standard Operating Pro- 

edures (SOP) for vaccination of HSCT recipients and auditable 

ecords of vaccine administration for quality assurance purposes. 

hen re-vaccination is commenced, general practitioners should 

e provided with a copy of the re-vaccination schedules for pae- 

iatrics (Appendix 1) or Adults (Appendix 2) to ensure appropri- 

te vaccine selection and timing of administration. HSCT recipi- 

nts should be encouraged to hold a vaccine record that is com- 

leted by the healthcare practitioner administering each vaccine. 

he schedules in Appendix 1 and 2 may serve this purpose, or the 

ost-HSCT vaccination record produced by Anthony Nolan may be 

sed for this purpose. 

udit standards 

Percentage of HSCT recipients commencing routine re- 

accination at 6 months post-HSCT or for whom a documented 

ecision has been made by an HSCT physician to defer re- 

accination: target 100% 

Percentage of HSCT recipients who by 24 months post-HSCT 

ave received all recommended non-live vaccines, or for whom a 

ocumented decision has been made by an HSCT physician to de- 

er re-vaccination: target 100% 

Percentage of HSCT recipients receiving a live vaccine who do 

ot meet all criteria for administration of live vaccines: target 0% 
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