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Abstract 
 

For months to years after haematopoietic stem cell transplant (HSCT), recipients may 

experience immune complications including graft versus host disease (GvHD), 

infections, and autoimmune phenomenon.  These manifestations of impaired and 

dysregulated immunity contribute substantially to the burden of morbidity and 

mortality amongst HSCT recipients.  In the general population, vaccination is an 

effective strategy for prevention of a number of infectious diseases.  In HSCT recipients, 

the same immune impairment that renders them susceptible to infections may also 

blunt the adaptive immune response essential for effective immunisation. The optimum 

approach to vaccination of HSCT recipients is largely unclear.  The first study in this 

thesis explores how current evidence and recommendations for vaccination of HSCT 

recipients translate into clinical care. A national survey of vaccination practice at 

allogeneic HSCT programmes was conducted on behalf of the British Society of Blood 

and Marrow Transplantation(BSBMT).  We identified marked heterogeneity in all 

aspects of practice.  The second study uses two serological assays to investigate the 

immunogenicity of the seasonal inactivated influenza vaccine administered to 

recipients of reduced intensity conditioning allogeneic HSCT in the first-year post-

transplant.  Immunogenicity was universally poor by both assays. The third study in this 

thesis identifies specific patient demographics and patterns of health belief that are 

associated with low vaccination intent amongst HSCT recipients.  These findings may 

help to develop targeted patient education programmes.  The final study in this thesis 

moves away from vaccination and explores the immune-mediated complication 



4 

 

autoimmune cytopenia (AIC) following transplant for acquired aplastic anaemia (aAA).  

This study was supported by the European Society for Blood and Marrow 

Transplantation (EBMT).  Cumulative incidence of AIC at 10 years post HSCT was 5.1%. 

Peripheral blood stem cell (PBSC) source, was associated with a higher incidence of AIC 

and myeloablative conditioning with a lower incidence in a multivariable Cox analysis. 
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Impact Statement 
 

Through three related studies this thesis explores prophylactic vaccination of stem cell 

transplant recipients against infectious diseases.  The first study in this thesis highlights 

the marked heterogeneity in vaccination practice across UK allogeneic HSCT 

programmes.  These findings have been disseminated to the international transplant 

community through publication in Bone Marrow Transplantation.  The study highlights 

the need for UK practice recommendations that incorporate the expertise of 

international guidelines with considerations specific to the UK.  Discussions around 

recommendation development are underway with interested parties.  The study 

provides a benchmark against which practice can be assessed in the future after 

development of such recommendations. However, it is important to acknowledge that 

the evidence base for optimum vaccination of HSCT recipients is limited. The second 

study contributes to this evidence base and explores vaccination of HSCT recipients 

receiving reduced intensity conditioning regimens using a standard haemagglutination 

inhibition assay (HAI), and a potentially more sensitive viral microneutralization (VMN) 

assay.  Our findings demonstrate that administration of a single dose of the seasonal 

inactivated influenza vaccine (SIIV) is poorly immunogenic within the first-year post 

HSCT.  This pathes the way for future studies exploring novel vaccination schedules, 

possibly incorporating pre-HSCT vaccination,  or novel vaccine formulations. The VMN is 

shown to be more sensitive than the HAI in this patient group, and future studies may 

usefully correlate immunogenicity with vaccine efficacy data.  In the third study in this 

thesis, focus is turned to the sociodemographic factors and patient health beliefs that 
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influence influenza vaccine intent amongst HSCT recipients.   A modified Health Belief 

Model was a good predictor of vaccine intent, and adults aged over 65 who had not 

previously received the influenza vaccine were likely to have lower vaccine intent.  The 

importance of vaccine promotion by both general practitioners and stem cell transplant 

specialists is highlighted.  The findings may be used as a basis to develop targeted 

interventions to promote vaccine uptake amongst this high-risk group. These findings 

will be disseminated to the bone marrow transplant and broader healthcare community 

through publication in BMJ Open.   

The final study in this thesis was conducted with support from the severe aplastic 

anaemia working party (SAAWP) and autoimmune disease working party (ADWP) of the 

European Group for Blood and Marrow Transplantation (EBMT). The study is the first to 

explore the incidence, risk factors and treatment of autoimmune cytopenias (AIC) 

following allogeneic HSCT for a single disease indication.  This clinically-focussed study  

highlights patient subgroups that may be at higher risk of AIC and demonstrates the 

challenges of treating this relatively resistant complication. Our findings contribute to 

existing evidence that that peripheral blood and bone marrow stem cells have different 

immunological properties, and future immune reconstitution studies may demonstrate 

how this relates to post-HSCT autoimmune complications.  
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1 Introduction 

1.1 Overview of the Human Immune System 

 

The essential function of the human immune system is to protect from the multitude 

microorganisms that surround us.  Despite continually encountering pathogenic viruses, 

bacteria, fungi and parasites, it is only relatively rarely that humans succumb to serious 

infection.  The human immune system achieves this through three key functions: 

Recognition of infection, eradication of infection, and development and maintenance of 

long-term immune memory.  A fourth crucial function is immune-regulation which 

serves to limit allergic and autoimmune reactions(1). 

All the cells of the blood and the immune system are the progeny of the self-renewing 

pluripotent haematopoietic stem cells (HSC) of the bone marrow (2).  HSCs give rise to 

myeloid and lymphoid progenitor cells. Myeloid progenitors differentiate into 

erythrocytes, megakaryocytes, and cells of the immune system, namely macrophages, 

mast cells, dendritic cells, and the three granulocytes (neutrophils, eosinophils and 

basophils).  These are collectively referred to as the cells of the ‘innate’ immune system. 

Lymphoid progenitors differentiate into three classes of lymphocytes: natural killer (NK) 

cells which are also part of the innate immune system, and B and T-Lymphocytes (B and 

T cells) which comprise the ‘adaptive’ immune system (Figure 1).  
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Figure 1: Overview of the innate and adaptive immunity (Beutler and Goodnow, 2011) Used with permission. 

 

1.1.1 The Innate Immune System 

 

The innate immune system provides a rapid, front-line response to infection. Through 

pattern recognition receptors (PRRs), such as toll-like receptors, the cells of the innate 

immune system identify common, conserved signature molecules on microorganisms 

called pathogen associated molecular patterns  (PAMPs), as well as molecules released 

by endogenous cells undergoing stress or cellular injury called damaged associated 

molecular patterns (DAMPs)(4).  Through cytokine release, activated macrophages 

stimulate inflammation and through chemokines initiate migration of neutrophils, 

monocytes and other granulocytes to sites of infection.  This response occurs within 

minutes of infection.  Natural killer (NK) cells are also activated by macrophage 

cytokines. The function of NK-cells is to suppress cells infected by viruses until an 

adaptive response is underway, and they also have a role in controlling tumour cells(1). 
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Dendritic cells within the tissue also bear PRRs, and when activated are the principal 

link between the innate and adaptive immune system. Activated dendritic cells migrate 

to secondary lymphoid tissue (lymph nodes, spleen and mucosal lymphoid tissue) 

where they present pathogen derived molecules (antigen) to naïve lymphocytes, hence 

their classification as antigen-presenting cells (APCs) 

 

1.1.2 The Adaptive Immune System 

 

While the innate system provides a fast, but unfocussed immune reaction in response 

to PAMPs and DAMPs, the adaptive immune system responds over days to weeks with 

a targeted response to specific pathogen antigens.   B and T cells mature in the primary 

lymphoid tissue (bone marrow and thymus respectively), and then circulate in 

secondary lymphoid tissue as mature naïve cells. During maturation in primary 

lymphoid tissue, self-reactive lymphocytes are negatively selected as part of immune-

regulation (5). The structure of B and T cell receptors allow them to bind a wide range 

of molecules and so mount an adaptive immune response to any encountered 

pathogen. Following activation, dendritic cells migrate to the peripheral lymphoid tissue 

where they encounter mature naïve lymphocytes.  Dendritic cells activate T cells by 

‘presenting’ pathogen specific antigen in association with human-leucocyte-antigen 

(HLA) Class 2 proteins.  Activated cluster-of -differentiation(CD)8+ cytotoxic T cells enter 

the circulation and migrate to sites of infection where they identify infected cells by 

‘recognition’ of specific antigen in association with MHC class 1 molecules on non-
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immune cells. CD4+ T helper cells remain in the lymphoid tissue where they recognize 

antigen in association with MHC Class 2 on APCs and provide co-stimulatory signals that 

‘help’ activate B cells.  Activated B cells undergo a processes of affinity maturation and 

clonal proliferation and produce antibody (Ab) specific to the presented antigen. Ab 

produced by B cells protect against pathogen by three mechanisms: First, neutralization 

of pathogens by blocking either binding receptors or toxins; second, opsonisation which 

enables phagocytosis by macrophages; and finally, through activation of the proteolytic 

cascade of the complement system.  Both antigen specific B and T cells persist as 

memory cells and provide long-term immunity to previously encountered pathogen.  An 

important immune phenomenon is the secondary immunization effect, whereby on 

repeat stimulation memory B cells produce higher titres of higher-affinity Ab compared 

to primary stimulation.  It is immune memory that helps prevent illness from a 

previously encountered micro-organism and enables immunization by vaccination. 

The role of a third class of T lymphocyte, the regulatory T cell (T reg), is to control 

immune response.  These cells are thought to play an important role in maintaining self-

tolerance and prevention of autoimmunity (6).   

 

1.2 The Role of Immunization by Vaccination in Disease Prevention 

 

Immunization is defined as ‘the process whereby a person is made immune or resistant 

to an infectious disease, typically by administration of a vaccine’(7).  Hereafter 

‘vaccination’ will be used to describe the administration of a vaccine with the aim of 
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immunization.  Once administered, vaccines provoke an immune response through the 

mechanisms of the innate and adaptive immune as outlined in section 1.1.  Vaccination 

plays a vital role in disease prevention at the individual, community and global level. 

At the individual level, vaccination can protect against disease if infection occurs, can 

attenuate the severity and duration of an illness if breakthrough disease does occur, 

and by both mechanisms can also protect against related diseases, for example 

hepatocellular carcinoma associated with chronic Hepatitis B infection(8), and 

anogenital disease associated with human papillomavirus (HPV) infection(9).   

At the community level, if a critical portion of the population is successfully immunized 

through vaccination, the spread of infection can be restricted through a reduction in 

quantity and/or duration of pathogen shedding in vaccinated individuals. This can 

reduce the incidence of disease and even eliminate it locally.  Non-vaccinated 

individuals may also benefit from the reduction in transmission of pathogens, and this is 

known as ‘herd immunity’(10). 

The potential global health benefit of vaccination programmes was realised in 1980 

when the World Health Organization declared the eradication of smallpox (11).  Disease 

eradication through vaccination is not possible when pathogens are harboured in 

environmental or animal reservoirs.   
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1.3 Classification of Vaccines and Vaccine Adjuvants 

 

Vaccines are classified by the type of antigen they contain.  The main categories are 

summarized in Figure 2.    

 

 

Figure 2: Classification of vaccine types 

 

1.3.1.1 Live Attenuated Vaccines 

 

Live vaccines are composed of attenuated or non-pathogenic strains of the 

microorganism.  Attenuated strains may be naturally occurring, such as type 2 

poliovirus (12), or strains pathogenic in animals but not humans may be isolated (for 

example Edward Jenner’s use of cowpox to immunize against smallpox).  Pathogens can 
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be attenuated in the laboratory by culture over multiple generations in adverse growing 

conditions, or through recombinant DNA technology. Due to the simpler genome, 

laboratory attenuation of viruses is more straightforward than bacteria. As live vaccines 

closely resemble a natural infection, and are able to replicate, they provoke a strong 

cellular and antibody response, which offers long-term protection usually with a single 

dose (12).   Examples of live attenuated vaccines include the Measles-Mumps-Rubella 

(MMR) vaccines Priorix® and M-M-RVAXPRO®, and the varicella vaccine Varivax®.  The 

disadvantages of live vaccines include the need for refrigeration, which makes the 

supply and storage chain more complex and expensive, and the side effect profile which 

includes mild forms of the disease.   

 

1.3.1.2 Non-Live Vaccines 

 

Non-Live vaccines are comprised of either pathogens inactivated by chemicals, heat or 

radiation and administered in whole or split form, or recombinant subunit vaccines. 

Recombinant subunits may be viral surface proteins or bacterial capsule 

polysaccharides, or detoxified toxins referred to as toxoids.  As these killed pathogens 

or recombinant components are not capable of replication they are quickly eradicated 

by the immune system after administration, and so provoke a weaker and less durable 

immune response than live attenuated vaccines. However, the side effect profile is 

generally more favourable. Some recombinant vaccines, for examples the 

pneumococcal polysaccharide vaccine, provoke a weak immune response, and 
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therefore may be conjugated with an enhancing carrier protein.  Bacterial toxoids are 

often used as conjugate proteins, for example the diphtheria toxoid CRM197 used in 

the pneumococcal conjugate vaccine Prevnar®(13).  

 

1.3.1.3 Vaccine Adjuvants 

 

Adjuvants are compounds added to vaccines formulations to potentiate the immune 

response.  Although heterogenous, they can be considered in two main groups: delivery 

systems and immunopotentiators (12).  The mechanisms of action are not fully 

understood, but delivery systems are thought to enhance APC uptake of antigen by 

provoking mild inflammation at the site of injection (14), while immunopotentiators 

interact directly with APCs via PRRs (12). An example of an adjuvanted vaccine is 

FLUAD™ , a three-component (trivalent) inactivated influenza vaccine containing MF59 

which is an oil-in-water squalene, delivery system type adjuvant licensed for used in 

people aged over 65 (15). 
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1.4 Evaluating Vaccines 

 

1.4.1 Immunogenicity, Efficacy and Effectiveness 

 

The first two stages of vaccine evaluation are product development (basic science and 

pre-clinical) and safety testing (phase 1); these phases will not be discussed in detail 

here.  The subsequent phases that evaluate a vaccine and determine how well it 

prevents the disease it targets, are themselves significant research challenges(16).  This 

process of vaccine evaluation can be considered in three phases, each of which answers 

a different question. 

 

1.4.1.1 Phase 2 - Vaccine Immunogenicity 

 

Vaccine immunogenicity is a measure of a vaccines ability to provoke an immune 

response in an individual, and asks the question does the immune system recognize the 

vaccine as foreign and respond to it with a specific and durable immune response? 

Immunogenicity is determined by identifying a change, and the duration of this change, 

in a measurable component of the immune response.  Vaccine immunogenicity is 

typically determined by a change in a specific antibody level in response to 

administration of a vaccine.   A vaccine immunogenicity study may evaluate different 

dosing and scheduling strategies to determine the most immunogenic. 
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1.4.1.2 Phase 3- Vaccine Efficacy 

 

This is a measure of a vaccine in ‘ideal’ conditions and so is usually assessed in the 

context of a double-blinded prospective randomized control trial.  Studies of vaccine 

efficacy ask the question ‘does the immune response provoked by the vaccine actually 

serve to prevent illness in a study population?’(16). Vaccine efficacy is dependent on 

the immune response within the study population being sufficient both qualitatively 

(magnitude of immune response) and also quantitively (avidity of immune response) 

(17).  Vaccine efficacy studies are required before a new vaccine is licensed for use. 

 

1.4.1.3 Phase 4 – Vaccine Effectiveness 

 

Vaccine effectiveness is the most difficult aspect to evaluate.  This is a measure of 

whether a vaccine works in the real-world setting, and asks the question, ‘does the 

vaccine actually help to prevent infection and disease spread in the population?’(16).  

Vaccine effectiveness is typically assessed retrospectively in a case-control or cohort 

study.  Vaccine effectiveness is dependent on immunogenicity and efficacy but is also 

affected by vaccine coverage of the population, targeting of at risk groups, timing of 

vaccination (particularly applicable to seasonal vaccines), logistical aspects such as 

vaccine storage conditions and supply chains, and other non-vaccine variables which 
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determine how well a vaccine performs in the real world.  Vaccine effectiveness studies 

can only be performed after a vaccine has been licensed and administered in to target 

population. 

 

1.4.1.4 Correlates of Protection 

 

A correlate of protection (COP) is a measurable immune response that is associated 

with a reduction in risk from a specific illness.  A COP is determined by identifying an 

association between an immune response to a vaccine and a clinical outcome measure.   

For example, the haemagglutination inhibition (HAI) assay measures Ab to the influenza 

virus hemagglutinin (HA) protein.  An HAI Ab titre of 1:40 is considered to correlate with 

a 50% reduction in risk of infection from influenza virus(18). A negative (<1:10) pre-

vaccination Ab titre increasing to ≥ 1:40, or a fourfold increase from pre to post 

vaccination titre, is considered a marker of seroconversion following vaccination or 

exposure to virus(19).  COPs are important as they provide a benchmark against which 

to measure new vaccines, and a way to estimate efficacy of a vaccine without 

performing complex, time-consuming and expensive efficacy studies. In the case of the 

seasonal influenza vaccine it would be impossible to perform phase 3 efficacy studies 

each year, therefore immunogenicity studies are conducted in studies of relatively 

limited size, and the new annual vaccine must achieve specific licensing criteria, which 

have until recently been based on the following COPs referred to as the Committee for 

Medical Products for Human use (CHMP) criteria:   
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1. >40% patients aged 18-60 (>30% in patients aged over 60) achieving 

seroconversion or a significant increase in HAI titre  

2. 70% patients aged 18-60 (>60% in patients aged over 60) achieving an 

HAI titre ≥ 1:40  

3. A mean geometric mean titre increase >2.5 

 

COPs and their limitations, and recent changes to the CHMP criteria are discussed in 

further detail in section 3.1.7. 

 

1.5 The United Kingdom National Health Service Vaccination Schedule 

 

In the United Kingdom, a schedule of vaccinations is offered routinely on the National 

Health Service (NHS) and administered in Primary Care. In addition to routine vaccines 

for the general population, additional vaccines are offered to at risk individuals.  The 

national vaccination schedule is summarized in Table 1. 
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Age Group / Population Group Vaccine 

8 Weeks 5-in-1: diphtheria, tetanus, pertussis, polio, 
Haemophilus influenzae B (Hib) 
pneumococcal conjugate (PCV) 
rotavirusa  
meningitis B (MenB) 

12 Weeks 5-in-1 (dose 2) 
rotavirusa (dose 2) 

16 Weeks 5-in-1 (dose 3) 
PCV (dose 2) 
MenB (dose 2) 

1 year 2-in-1: Hib (dose 3), meningitis C (MenC) (dose 1) 
PCV (dose 3) 
MenB (dose 3) 

2-7 paediatric intranasal influenza vaccine (PIIV) 

3 years 4 months measles-mumps-rubella (MMR) a 
4-in-1: diphtheria, tetanus, pertussis, polio 

12-13 years (girls only) human papillomavirus (HPV) 

14 years 3-in-1: diphtheria, tetanus, polio 
meningitis ACWY (MenACWY) 

65 Years pneumococcal polysaccharide vaccine (PPSV) 

Over 65 years annual seasonal inactivated influenza vaccine (IIV) 

70 years herpes zoster (Shingles) a 

Pregnant Women inactivated influenza vaccine 
pertussis  

Long-term health conditions inactivated influenza vaccine 

Other at-risk groups PCV / PPSV 
hepatitis B (HepB) 
tuberculosis (TB) 
varicella zoster (VAR) (Chickenpox) 

alive attenuated vaccines 

Table 1: Summary of United Kingdom NHS vaccination schedule(20) 

 

1.6 Overview of Haematopoietic Stem Cell Transplant 

 

Haematopoietic stem cell transplant (HSCT) is a potentially curative therapy used in the 

treatment of a range of malignant and non-malignant conditions (21).  The number of 
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transplants performed in the United Kingdom and Republic of Ireland is increasing year-

on-year, with 4113 transplants performed in 2015(22).  The basic principle of HSCT is 

the eradication of disease, or consolidation of previous treatment with ‘conditioning’ 

therapy, comprised of high-dose chemotherapy alone or in combination with total body 

irradiation(TBI), followed by reconstitution of a non-diseased haematopoietic system 

from HSCs. The HSC source may be autologous, harvested from the patient prior to 

administration of conditioning, or allogeneic from a related or volunteer unrelated 

donor (VUD).   

 

1.6.1 Autologous HSCT   

 

Autologous HSCT (autoHSCT) is a therapy used in the treatment of several 

haematological malignancies, autoimmune diseases and solid tumours. In the latter 

setting, damage to haematopoietic tissue is a side-effect of high-dose therapy, rather 

than the primary intent.  The ablated haematopoietic system is reconstituted using the 

patient’s previously harvested HSCs. The therapeutic effect of autoHSCT is derived 

solely from the conditioning chemotherapy. 
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1.6.2 Allogeneic HSCT 

 

Allogeneic HSCT (alloHSCT) is a therapy used in the treatment of several haematological 

malignancies, bone marrow failure syndromes, haemoglobin disorders, immune 

deficiencies and metabolic disorders.  In alloHSCT, conditioning regimens are defined as 

non-myeloablative (NMA), reduced intensity (RIC) or myeloablative (MAC), based on 

the duration and reversibility of the cytopenia induced (23) . HSCs may be harvested by 

apheresis from a donor’s peripheral blood (PBSC) following granulocyte-colony 

stimulating factor (G-CSF) mobilization, directly by unstimulated bone marrow harvest 

(BMH), or from frozen umbilical cord blood (UCB) units.  

Donor and recipient histocompatibility is determined by HLA type.  HLA is encoded by 

the hyper-polymorphic genes of the major histocompatibility complex (MHC) on the 

short arm of chromosome 6. There are 2 classes of HLA and both play a role in antigen 

presentation and self-tolerance. HLA Class 1 is present on all nucleated cells and 

platelets and presents intra-cellular viral or bacterial peptide to CD8+ cytotoxic T cells 

(previously activated by dendritic cells) which then mount an immune response against 

the infected cell. HLA Class 2 is present on APCs, and presents phagocytosed 

extracellular peptide to CD4+ T helper cells. Crucially, the immune effector cell 

receptors interact with the MHC-peptide complex so either foreign MHC (on 

transplanted tissue) or foreign peptide provokes an immune response, hence the role 

of HLA in histocompatibility. Current guidelines recommend high-resolution allelic level 
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donor and recipient matching at 3 class 1 alleles (HLA-A, -B and –C) and 2 class 2 alleles 

(HLA –DRB1 and –DQB1)(24). 

In the setting of malignant disease, the therapeutic effect of alloHSCT is derived from 

the anti-tumour effect of conditioning therapy, but also and importantly from immune 

control of disease by donor lymphocytes harvested and transplanted with the HSCs.  

Where indicated, lymphocytes may be collected and infused months to years after 

HSCT as a donor lymphocyte infusion (DLI).  This targeting of minor histocompatibility 

antigen on tumour cells by the transplanted donor immune system is known as the 

graft-versus leukaemia (GvL) effect(25).  The therapeutic effect of GvL means that 

alloHSCT is not dependent on myeloablation, and this understanding has promoted the 

routine use of RIC regimens for patients who are older or with co-morbidities, in whom 

MAC would carry an unacceptable risk of therapy related morbidity and mortality. 

However, the therapeutic benefits of GvL are limited by the linked pathological process, 

graft-versus host disease (GvHD) where the transplanted immune system also attacks 

and damages healthy recipient tissue.  One of the major challenges of HSCT is the 

dissociation of GvL from GvHD, so recipients may benefit from the former with 

improved progression-free survival and reduced relapse rates, without suffering the 

deleterious effects of the latter.  

In the setting of non-malignant disease, the donor HSCs reconstitute a healthy 

haematopoietic system free from immune deficiency or haemoglobinopathy or correct 

a metabolic disorder.  In this context, there is no requirement for a GvL effect, and 

therefore clinicians seek to minimise GvHD by various means. 
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1.6.3 Complications of HSCT 

 

While offering potential cure for high-risk diseases, HSCT carries a significant risk of 

morbidity and mortality from transplant related complications. The major complications 

of alloHSCT are organ toxicity and sinusoidal obstructive syndrome (SOS) related to 

conditioning chemotherapy, and infections related to impaired and dysregulated 

immunity. As outlined in 1.6.2 immune reactivity between the transplanted donor 

immune system and healthy host tissue manifests as GvHD which can take acute 

(aGvHD) and chronic (cGvHD) forms. Finally, disease relapse and secondary 

malignancies remain major challenges in HSCT.   

Impaired and dysregulated immunity places HSCT recipients at increased risk from 

infection, and may restrict the immunogenicity of vaccines.  

 

1.7 Immune Impairment after HSCT 

 

HSCT recipients are significantly immunocompromised for months to years post-

transplant.  This is related to the underlying disease, conditioning chemotherapy and 

immunosuppressive therapy (IST), GvHD and its treatment, and the natural pattern of 

immune reconstitution following HSCT.  
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1.7.1 Conditioning and Immunosuppressive Therapy 

 

HSCT recipients may have impaired immunity because of their underlying 

haematological disease, and this will certainly be compounded by chemotherapy, 

conditioning and IST administered during and after HSCT.  The key components of HSCT 

conditioning and immunosuppressive therapy are outlined in Figure 3.  

 

Figure 3: HSCT conditioning and immunosuppressive therapy 

 

IST is typically weaned over the first few months after HSCT, but depending on 

manifestations of acute and chronic GVHD may need to be continued for considerably 

longer.  
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1.7.2 Graft Versus Host Disease 

 

GvHD is the major complication of alloHSCT.  GvHD is classified as acute or chronic. 

Historically, classification was based on time of onset from transplant with 100 days 

delineating aGvHD and cGvHD. Although nomenclature remains the same, current 

classification is based on clinical features. aGvHD affects skin, liver and gastrointestinal 

tract, while cGvHD may be an organ specific or multi-system disorder resembling 

autoimmune disease (26). Lymphocyte depletion of the HSC product has contributed to 

a reduction in rates of severe aGvHD (27).  However the reported incidence of cGvHD is 

30-70% and is the main contributor to non-relapse mortality amongst alloHSCT 

recipients(28).  GvHD is thought to be initiated by injury of recipient tissue by the 

conditioning therapy, which activates APCs and stimulates production of pro-

inflammatory cytokines. Activated recipient APCs interact with donor derived T and B 

cells  targeting an adaptive immune response towards healthy host tissue(29). In 

addition to precipitating tissue inflammation and fibrosis, GvHD contributes to immune 

impairment and dysfunction through thymic atrophy (30,31) and functional 

hyposplenism (32). What is more, the mainstay of GvHD treatment is IST.  

Unsurprisingly the major cause of cGvHD associated non-relapse mortality is infection 

(33). 
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1.8 Immune Reconstitution 

 

Both RIC and MAC regimens render patients aplastic, and without HSC rescue they 

would almost invariably succumb to infection.  Immune reconstitution describes the 

process of a functioning, disease-free immune system maturing from transplanted HSCs 

and donor lymphocytes.  The effector cells of the immune system reconstitute at 

different time-points post HSCT, and qualitative recovery may not coincide with 

quantitative. Full immune recovery may take years or more(34). Many factors impact 

on time to quantitative and qualitative immune reconstitution including initial disease, 

donor-recipient HLA match, recipient age, HSC source, conditioning intensity, 

lymphocyte depletion, GVHD, infectious complications, and use of serotherapies such 

as monoclonal antibodies (35).   Broad patterns of immune recovery are outlined below 

and summarised in Figure4.  

 

Figure4: Approximate immune effector cell reconstitution (percentage of normal counts) after MAC HSCT. (36)  Used 

with permission 
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1.8.1 Reconstitution of Innate Immune Response 

 

The effector cells of the innate immune response are the earliest to recover after HSCT. 

Granulocyte counts, particularly neutrophils recover within the first month of 

transplant. This is dependent on stem cell source with recovery taking approximately 14 

days for PBSC, 21 days for BMH and 30 days for UCB(34).  Monocytes also recovery 

within the early post-HSCT phase.   However, functional recovery may take several 

months (37).  Quantitative and qualitative reconstitution of NK cells occurs within 1-2 

months and does not seem to be affected by HSC source, recipient age or GvHD (38).  

Likewise, dendritic cell recovery occurs within 3 months of HSCT although time to 

functional recovery is unclear (39). 

 

1.8.2 Reconstitution of Adaptive Immune Response 

 

B Cell counts are reported to return to normal numbers within 12 months of HSCT(40), 

although function as determined by Ab production may take 2 years or more.  

Reconstitution of B Cells is through the same adaptive process as outlined in 1.1.2. This 

is referred to as ‘recapitulation of ontogeny’.  Reconstitution of B cells is impaired by 

GvHD (41).  
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T cell recovery is HSC source dependent with recovery post UCB reported at 6-9 

months(42) and post PBSC around 12 months in the absence of GvHD(43).  Importantly, 

early CD8+ T cell recovery may occur swiftly within 3 months by thymic-independent 

peripheral expansion of memory lymphocytes transplanted with the HSC product or 

later administered as DLI (44).  This is thought to contribute to a narrow T cell 

repertoire, and may have a role in the pathogenesis of immune phenomenon post-HSCT 

including cGvHD and autoimmune disease  (45).  The pathogenesis of autoimmune 

disease post HSCT is discussed in more detail in Section 5.1.2.   Development of de-novo 

mature T cells from naïve T cells derived from donor HSCs is dependent on thymic 

function and may be significantly impaired in older patients who have undergone 

thymic involution, and in recipients with GvHD.  CD4+ T helper cells may take up to 2 

years to recover (46) and this delay may contribute to impairment of immune function 

despite qualitative recovery of other effector cell subsets.  

A number of studies have investigated disease specific Ab levels following auto and 

alloHSCT.  In the first months after HSCT there is a decline in all immunoglobulin 

subclasses.  However, Ab levels specific to commonly encountered antigen may recover 

within the first year (35). In contrast, Ab levels to Antigen not encountered after HSCT, 

including the vaccine preventable diseases, may decline for months to years after 

transplant.  Studies have identified a post-HSCT decline in Ab titres to measles, mumps 

and rubella (47–49), tetanus (50), poliovirus(51–53), and pneumococcus (54,55).   This 

is most evident in alloHSCT recipients, but a marked and progressive decline in disease 

specific Ab titres is also seen in autoHSCT recipients(56–58). 
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1.9 Infection after HSCT 

 

It is apparent that HSCT recipients are profoundly immunocompromised for weeks to 

months post HSCT and may experience both quantitative and qualitative deficiencies of 

the innate and adaptive immune system for months to years. Consequently, HSCT 

recipients are at significant risk of post-HSCT infection.  In a large multi-centre, 

retrospective series of HLA-identical sibling AlloHSCT recipients transplanted between 

1980 and 2001, infections accounted for 10% of all deaths, and 15% of non-relapse 

deaths.  Bacteria accounted for 36% of infection related deaths, viruses 31%, fungi 28% 

and parasites 5%.  50% of infection related deaths occurred before 3 months, and 50% 

after (59).  Importantly, the authors found an improvement in infection related 

mortality within the first 12 months of HSCT over the study period.  A more recent 

single centre study reported a 6% 1 year cumulative incidence of death from infection 

again with bacterial and viral infection being the most common (37.5% and 25% 

respectively)(60). 

Susceptibility to pathogenic organisms evolves over time under the influence of factors 

outlined in 1.7. Pathogenic organisms encountered in the post-transplant period are 

shown in Figure 5.   
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Figure 5: Phases of Infection after alloHSCT (61) Open Access 

  

1.10 Vaccine Preventable Disease after HSCT 

 

As a result of the profound immunosuppression and loss of adaptive immune memory 

associated with HSCT, recipients may become susceptible to diseases to which they 

were previously immune following past exposure or vaccination.  Most vaccine 

preventable diseases (VPD) are rare amongst the general UK population, and given 

widespread vaccination HSCT recipients may derive benefit from herd immunity.  For 

most VPDs, there are only a limited number of reports of illness post-HSCT, so the 

clinical significance of decreased antibody levels is not apparent from clinical data.  The 

exceptions to this are the influenza virus and Streptococcus pneumoniae infections. 
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1.10.1 Influenza Virus after HSCT 

 

Seasonal influenza accounts for 20-40% of respiratory viral infections post HSCT (62,63).  

As one would expect, transplantation during influenza season is associated with 

increased risk of infection.   A 10-23% mortality rate is reported for seasonal influenza, 

rising to 28% in those who develop secondary pneumonia (63–66).  Lower respiratory 

tract infection is more common in those early post-transplant and with lymphopenia 

(64). 

The 2009 Influenza pandemic A H1N1 virus A(H1N1)pdm09 carried a higher morbidity 

and mortality in HSCT recipients than in the general population.  Incidence of infection 

was reported at 4% with a higher rate among recipients of allo compared with 

autoHSCT (67,68).  Infection carried a high reported incidence of severe complications 

with 21-50% progression to lower respiratory tract infection and 8-30% mechanical 

ventilation.  Mortality was reported at 5-43%(67–73). By way of comparison,  in the 

United Kingdom the case fatality rate in the general population was 26 per 100,000(74).  

Of note, these predominantly retrospective studies of HSCT populations may have 

missed mild cases of A(H1N1)pdm09  not presenting to HSCT centres, and so incidence 

may be underestimated, and complication rate overestimated.    A comparative study of 

seasonal influenza and A(H1N1)pdm09  found a higher rate of severe complication in 

the latter, but a similar overall influenza associated mortality(75). The A(H1N1)pdm09 

virus has continued to circulate since 2009 and up to the most recent flu season 

(Northern Hemisphere 2016 Season) as one of the dominant seasonal strains. 
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Identified risk factors for severe complications from A(H1N1)pdm09 included active 

GvHD and immunosuppressive treatment with steroids and mycophenolate, and 

lymphopenia.  In the general population younger age was associated with increased 

morbidity and mortality with a peak mortality rate in those aged less than twenty(76)  

This is in contrast to HSCT recipients in whom increasing age was associated with 

poorer outcome.  Disease was generally milder in paediatric HSCT recipients and 

haemato-oncology patients (77,78). It is thought that previously acquired cross-reactive 

antibodies to the A(H1N1) strain circulating prior to 1957 provided protection against 

A(H1N1)pdm09 in older members of the general population, while some immunological 

cross-reactivity between A(H1N1)pdm09  and the strain circulating between 1957 and 

2009 provided some protection in those aged 20-60.  The poorer outcome with age in 

HSCT recipients may of course be related to underlying disease state, but a loss of 

protective immune memory post-transplant may have contributed.  Nosocomial 

infection was also found to be associated with poorer outcome(72). This may reflect 

underlying illness in hospitalized patients and emphasizes the need for rigorous 

infection control to protect the most vulnerable HSCT recipients.   

 

 

 

1.10.2 Pneumococcal Disease after HSCT 
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Pneumococcal disease – illnesses cause by Streptococcus pneumoniae – is a significant 

cause of morbidity and mortality post HSCT.  In the immunocompetent, this bacterium 

typically causes non-invasive diseases such as ear infections and bronchitis.  However, 

Streptococcus pneumoniae can also cause pneumonia, bacteraemia and meningitis, and 

these invasive pneumococcal diseases are more common in the immunocompromised.  

Several large multi-centre studies have investigated invasive pneumococcal disease in 

HSCT recipients.  Although invasive pneumococcal disease may present early post-

transplant during the period of pre-engraftment neutropenia(79), the majority of cases 

present late with a reported median time point of 15-27 months(79–82).  In recipients 

of both autologous and allogeneic HSCT the incidence is significantly higher than the 

general population; up to 965/100000 (80) in allogeneic HSCT recipients compared with 

a reported incidence in the general population of 11.5/100000(81).  AlloHSCT and the 

presence of GvHD or treatment with IST have been identified as risk factors for 

infection, although are not consistently associated with mortality(79) which has been 

reported at 20-30%.   

 

1.10.3 Other Vaccine Preventable Diseases 

 

Other vaccine preventable diseases have not been investigated systemically post HSCT, 

principally owing to small case numbers.   There are case reports and small case series 

of Haemophilus influenzae infection in HSCT recipients (83–86).  Pertussis infection in 

HSCT recipients has also been reported (Kochethu, Clark, & Craddock, 2006; Suzuki et 
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al., 2003).  Measles infection in the immunocompromised, including HSCT recipients, 

can result in severe infection and lead to disease complications such as measles 

interstitial pneumonia (87,88).  

 

1.11 Prevention of Infection and Vaccination after HSCT 

 

During and following the alloHSCT process, a range of measures are undertaken to 

prevent infection in recipients.  Broadly speaking these can be classified as: i) measures 

to prevent exposure to pathogens, ii) measure to prevent occurrence of disease in 

event of exposure, and iii) measures to prevent disease reactivation in the case of latent 

infections.   

Exposure prevention measures include pre-HSCT screening of recipient and donor for 

infection, nursing in high-efficiency particulate air (HEPA) filtered rooms, attention to 

hand-hygiene among both patient and healthcare staff, and a low bacterial diet.  To 

prevent disease occurrence patients will typically be administered prophylactic 

antimicrobials against bacterial, fungal and viral pathogens.  In addition, prophylaxis will 

be administered if patients are at risk from reactivation of latent infection (e.g. 

toxoplasmosis, viral hepatitis). Antifungals and antivirals will typically be continued until 

recipients are free of GvHD and no longer requiring IST, while prophylaxis against 

encapsulated bacteria will be continued life-long.   
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Given the post-HSCT loss of adaptive cellular and humoral immune memory, the decline 

in VPD specific Ab levels, and with evidence for increased morbidity and mortality from 

at least some VPDs, current recommendations are that recipients receive a schedule of 

vaccinations after auto and alloHSCT.  Indeed, a number of immunogenicity studies 

have demonstrated that waning Ab titres to VPDs can be boosted by vaccination 

(53,89,90). However, the immune response to vaccination may be impaired after both 

auto and alloHSCT, and longer time from transplant to vaccination has been reported as 

a predictor of vaccine response(91,92). This accords with knowledge of patterns of 

immune reconstitution post HSCT.    

There are no clinical efficacy studies of vaccines in HSCT recipients, and it is not clear 

whether COPs established in healthy populations are meaningful in 

immunocompromised subgroups, or whether suboptimal immune responses may 

convey some clinical benefit in high-risk populations. For VPDs that are rare in the 

general population, poor early immunogenicity or vaccine administration from 12 

months or more after HSCT seems not to result in high infection rates based on the 

limited number of case reports.  However, the influenza vaccine is time critical, and is 

available and typically administered during the influenza season from October to 

February.  In the absence of clinical efficacy studies, the optimum seasonal influenza 

vaccination strategy for recipients who are within the first weeks to months after HSCT 

during the annual season is unknown.  The evidence for influenza vaccination will be 

discussed in detail in Chapter 3.  Invasive pneumococcal disease can present in both the 

early and late post HSCT period(79). However, there is evidence that the PCV is 
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immunogenic in recipients from 3 months post HSCT (93,94) although efficacy data is 

again lacking.  

 

1.12 Vaccination Guidelines 

 

Although evidence for vaccination post HSCT is limited, FACT-JACIE International 

Standards for Haematopoietic Cellular Therapy require that vaccination schedules are in 

place at accredited HSCT programmes (95). To define this schedule of post-HSCT 

vaccination, UK HSCT programmes can refer to guidelines from several major societies, 

along with consensus conference proceedings and recommendations from national 

paediatric groups (96–99).  Full details of vaccination guidelines appear in appendix 1, 

but are summarised here. Current guidelines advise commencing post-HSCT vaccination 

schedules from 3-6 months post HSCT (96,98,100,101), with some paediatric experts 

recommending commencing at 12 months(99). Active cGvHD or concomitant IST are 

given universally as contraindications to live attenuated vaccines due to concerns about 

vaccine induced disease.  However, live attenuated vaccines can be administered 2 

years after HSCT providing these contraindications no longer apply.  Guidelines suggest 

non-live vaccines should be administered regardless of concomitant GvHD, but 

response to vaccine may be measured (96,98).  Non-live vaccines may be delayed if 

recipients are treated with high dose IST (100).  The Current UK paediatric 

recommendation is that inactive vaccines are delayed if recipients have active cGvHD 

(99).  All guidelines recommend administration of vaccines against the VPDs covered by 
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the routine UK NHS schedule, although where a choice of formulations are available 

guidelines vary or make no specific recommendation. 

 

1.13 Current post-HSCT Vaccination Practice 

 

A small number of studies have investigated vaccination practice after HSCT. 

Ariza-Heredia et al(102) investigated vaccination rates at 6 months post HSCT in 663 

patients in the United States.  38% of patients were fully vaccinated, 24% partially 

vaccinated and 38% had received no vaccines.  At 6 month 15% had received 

inactivated influenza vaccine, and 40% pneumococcal conjugate vaccine.  The authors 

conducted a physician survey and review of the case notes of unvaccinated HSCT 

recipients to identify possible barriers to vaccination.  They suggest that physician 

awareness of vaccination guidelines, and awareness of contraindications to vaccination 

may have contributed to low vaccination rates.  Furthermore, they suggest that clinical 

guidelines are not sufficiently encompassing to guide decision making in some of the 

complex clinical scenarios encountered in post HSCT care.  The need for investigation of 

patient barriers in this specific group is acknowledged.  The low rates of vaccination 

concord with the results of a previous study by Lerchenfeldt et al (103) who 

investigated vaccination rates among 137 recipient of allogeneic and autologous HSCT.  

33% of patients missed at least one vaccine set, and 26% received a vaccine set later 

than recommended. 
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 Audits have been performed recently at two UK transplant centres.  In an audit of 30 

HSCT recipients, 70% were up to date with recommended vaccine schedule at 1 year 

post transplant, but this fell to only 28% at 2 years (104).  Uptake of seasonal influenza 

vaccine was 72%.   Again, physician knowledge of guidelines and the perception of 

GVHD as a contraindication to vaccination may have contributed to low vaccination 

rates.  In an audit of the records of 100 consecutive HSCT recipients 60% had 

commenced revaccination by 6 months(105).  Patients unvaccinated tended to be those 

with a more complex clinical course, or frequent hospital admissions. Again, there was 

an inconsistent approach towards vaccinating HSCT recipients with GVHD. 

This small number of studies shows a variable but overall low rate of revaccination and 

completion of schedules among this high-risk group of patients.  Whether this pattern is 

reflected broadly across UK HSCT programmes is not known.  Adoption and knowledge 

of guidelines, including contraindications to vaccination, a limited evidence base, and 

complexity of clinical scenarios were identified as possible barriers to vaccination 

practice.   

 

1.14 Conclusion 

 

This introduction describes the function of the human immune system, and how 

vaccination can induce long term immune memory and prevent disease at the 

individual, community and global level.  HSCT is a profoundly immunosuppressive 

therapy, and immune reconstitution may take months to years. This results in a loss of 
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immune memory to previously encountered pathogens and vaccines, and may render 

HSCT recipients susceptible to VPDs, in particular to seasonal influenza virus and 

invasive pneumococcal disease.  What is more, patterns of immune reconstitution 

impair response to some vaccines for at least the first year after HSCT.  This is a 

particular issue for the seasonal flu vaccine, administration of which is time critical.    

Although the evidence base for vaccination post HSCT is limited, national and 

international guidelines and recommendations have been published. Studies and audits 

suggest that implementation of vaccination schedules is poor, and this may be due to 

the limited evidence base, and poor physician awareness of guidelines 

recommendations. Although patient factors contributing to vaccine acceptance and 

refusal have been studied in other high-risk populations, this has not been explored in 

HSCT recipients. Through three related studies, the aims of this thesis are: i) To review 

post alloHSCT vaccination practice across UK programmes; ii) To investigate influenza 

vaccine immunogenicity in alloHSCT recipients in the first-year post HSCT; and iii) 

Explore how the health beliefs of HSCT recipients contribute to seasonal influenza 

vaccination intent.  Expanding on the theme of impaired and dysregulated immunity, 

the final study in this thesis moves away from vaccination, and explores autoimmune 

cytopenias (AIC) as a complication of HSCT for acquired aplastic anaemia (aAA)
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2 Routine Vaccination Programme (RVP) Practice after Adult 
and Paediatric Allogeneic Haematopoietic Stem Cell 
Transplant: A British Society of Blood and Marrow 
Transplantation Survey of UK NHS-Based Programmes. 

 

 

2.1 Introduction 

 

As outlined in Chapter 1, infection is an important cause of morbidity and mortality 

following HSCT (61). Impaired humoral immunity, evidenced by a decline in Ab titres to 

VPDs, is observed within weeks and may continue for years post-HSCT (47–55).   Studies 

of the immunogenicity of a number of vaccines have demonstrated that waning or 

undetectable post-HSCT Ab titres can be boosted through vaccination(47–49,51–

56,89,106,107).    However, correlating immunogenicity data with clinical efficacy in a 

trial setting, or establishing real-world vaccine effectiveness is challenging in small 

patient groups, and no robust data exists for HSCT recipients.  Moreover, it remains 

unclear whether COPs (for example a ‘seroprotective’ HAI titre of ≥ 40, or a 

pneumococcal IgG anti-capsular Ab level ≥ 0.35 ug/ml) established in the general 

population can be extrapolated to HSCT recipients.   Although these questions about 

the efficacy and effectiveness of post-HSCT vaccination remain unanswered, it is 

considered best practice to attempt to afford recipients the same breadth of immunity 

to VPDs as the general population.   To this end, FACT-JACIE International Standards for 

Haematopoietic Cellular Therapy Production Collection, Processing and Administration 
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state that schedules and indications should be in place for post-transplant vaccination 

of alloHSCT recipients(95).  The current position of the Infectious Diseases Society of 

America (IDSA) is that regardless of donor or recipient infection or vaccination history, 

HSCT recipients should be viewed as ‘never vaccinated’ and offered a schedule of post-

transplant vaccination(97).  

 

HSCT programmes can refer to several guidelines and consensus statements at 

international and national level, to define this schedule of post-transplant vaccination.  

In 2009 the American Society for Blood and Marrow Transplantation (ASBMT) convened 

an international group of experts in infectious diseases, HSCT, and public health, to 

develop guidelines for preventing infectious complications among HSCT recipients, and 

this included a detailed section on post HSCT vaccination (ASBMT2009) (96).  A report 

from the Clinical Consensus Conference on Clinical Practice in cGvHD provided updated 

advice in 2011 that addressed in detail vaccination of recipients suffering this post-

transplant complication (CPcGVHD2011) (98).  The IDSA produced 2013 guidelines 

(IDSA2013)(97) for vaccination of the immunocompromised host, which included a 

schedule for adult and paediatric HSCT recipients.   

 

In the United Kingdom, the Department of Health (DOH) ‘Green Book’ details 

vaccination for the general population, and touches briefly on vaccination of HSCT 

recipients but does not provide recommendations or a schedule, instead referring the 

reader to publications given above for specialist information (108). The Royal College of 
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Paediatrics and Child Health (RCPCH2002)(109) and Children’s Cancer and Leukaemia 

Group (CCLG2014)(99) have published recommendations addressing vaccination of 

paediatric HSCT recipients. Immunisation Guidelines for Ireland 2015 (IGI2015) provide 

recommended vaccination schedules for adult and paediatric HSCT recipients(101).   

 

The recommendations given in these guidelines vary, and in some cases are 

contradictory (110).  This may reflect the limitations of the current evidence base, 

differences in expert opinion, and different licensing of vaccines between nations, 

meaning some vaccines recommended by international groups may not be available 

and recommended at national level: for example, the full-dose diphtheria-tetanus-

pertussis (DTaP) vaccine is not licensed for use in adults in the United Kingdom.   

 

2.2 UK post-HSCT vaccination practice  

 

UK post-HSCT vaccination practice was scoped by the British Society of Blood and 

Marrow Transplant (BSBMT) in 2007 prior to publication of recommendations discussed 

above(111).  The study included auto and alloHSCT programmes and the overall 

response rate was 56% (n=29).  All responding alloHSCT programmes (n=20) 

recommended post-HSCT vaccination, although there was variation in the vaccines 

administered (100% diphtheria-tetanus-pertussis and influenza A; 95% pneumococcal 

and polio vaccine; 90% Haemophilus influenzae B; and 80% meningococcal C vaccine).  
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The survey did not report on other aspects of post-HSCT vaccination including service 

organization, commencement and delay of vaccination and monitoring of response.    

 

A recent single-centre audit identified variation in post-HSCT vaccination practice(105).  

Of those patients who were more than 6 months post-HSCT, 60% had commenced re-

vaccination programmes.  The authors reported an inconsistent approach to vaccinating 

HSCT recipients with GvHD or receiving immunosuppressive therapy. 

 

2.3 Study Hypothesis and Objective 

 

We hypothesized that variation across guidelines and the factors underlying this, 

contribute to variation in post-HSCT vaccination practice among the adult and 

paediatric alloHSCT programmes of the UK NHS.   

 

The aim of this study conducted on behalf of the BSBMT was to bring knowledge of UK 

post-alloHSCT vaccination practice up-to-date and determine how current evidence, 

recommendations and guidelines translate into clinical care, by exploring in detail 

service organization, vaccine selection, commencement and delay of vaccination, and 

monitoring of response to vaccines. 
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2.4 Materials and Methods 

2.4.1 Survey Development and Design 

 

A Routine Vaccination Programme (RVP) was defined as a ‘series of scheduled 

vaccinations administered after alloHSCT as part of standard post-transplant care’.  A 

25-question web-based survey was developed using SmartSurvey™.  Questions were 

grouped into four themes: RVP service organization, RVP vaccine selection, RVP 

commencement and delay, and monitoring of response to vaccines.  Response options 

were mapped to the current national and international guidelines outlined in 2.1 and 

where appropriate to the question format, a free-text box was also offered.  The survey 

was developed in conjunction with an infectious disease physician, senior adult and 

paediatric alloHSCT physicians, and an alloHSCT nurse specialists all with an interest and 

expertise in vaccination.   The survey was piloted with 5 HSCT specialists and optimized 

accordingly. The final survey can be found in appendix 2. 

 

2.4.2 Survey Administration 

 

An invitation to participate was e-mailed by the BSBMT to all 27 adult and 12 paediatric 

UK alloHSCT programme directors.  Directors were invited to complete the survey or 

delegate to the member of staff taking primary responsibility for the vaccination 

programme.  Programmes were not asked to submit SOPs for review.  The survey was 

open between May and December 2015.  
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2.5 Results 

2.5.1 Response Rate and HSCT Programme Characteristics 

 

100% of adult, and 83% of paediatric HSCT programmes responded to the survey, with 

an overall response rate of 95%. The age range of patients treated by paediatric 

programmes was 0-20 years.  The majority of surveys were completed by HSCT 

programme directors (54%) or consultant grade HSCT physicians (30%) with the 

remainder completed by HSCT nurse specialists (8%), pharmacists (5%) or non-

consultant grade physicians (3%).  95% of responding programmes were JACIE 

accredited having completed at least 1 cycle, with 5% working towards JACIE 

accreditation.   

 

2.5.2 RVP Service Organization 

 

All responding adult and paediatric alloHSCT programmes recommend a RVP to HSCT 

recipients transplanted at their centre.   However, only a minority of adult (8%) and 

paediatric (10%) programmes offer vaccination on site; the remainder refer HSCT 

recipients to their primary care physician for vaccine administration.  Nearly two-thirds 

(65%) of programmes do not maintain a record of vaccine administration in patients’ 

records.  Of these programmes that do not maintain local vaccination records, 29% 

have audited RVP practice, compared with 54% of HSCT programmes that do.  The 

survey did not enquire about the scope of audits undertaken. 
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Most adult (97%) and paediatric (80%) programmes maintain a document controlled 

standard operating procedure (SOP) detailing RVP schedules.   Programmes were asked 

to indicate the main vaccination guidelines or policy document referenced in the SOP, 

and/or to which healthcare practitioners refer to guide RVP decisions.  The majority of 

adult programmes (72%) draw from either international HSCT specific guidelines (e.g. 

ASBMT 2009, IDSA 2013) or modified versions, whereas the majority of paediatric 

programmes (60%) draw from national HSCT specific guidelines (e.g. RCPCH 2002, CCLG 

2014). Naturally, these trends reflect the published guidelines most relevant to adult 

and paediatric programmes respectively.  

 

A minority (21%) of adult programmes use locally developed HSCT specific guidelines, 

and 7% indicate that they use a combination of international HSCT specific, and national 

non-HSCT specific guidelines (e.g. DOH Green Book).  In free text one programme stated 

that they need to use this combination as they have ‘problems with getting vaccinations 

done if [their] recommendations are not compatible with Green Book advice’.  A 

minority of paediatric programmes use international guidelines (10%), or locally 

developed guidelines (10%).  20% of paediatric programmes indicated that they use 

national HSCT specific guidelines combined with national non-HSCT specific guidelines. 
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2.5.3 Vaccines included in RVP schedules 

 

Vaccines administered or recommended for RVP by adult and paediatric HSCT 

programmes are shown in Table 2. 

 

Vaccine or formulation  
Paediatric  Adult  

n (%) n (%) 

Pneumococcal      10 (100) 27 (100) 

     23 valent polysaccharide 2 (20) 5 (18) 

     13 valent conjugate 7 (70) 21 (78) 

     No specific recommendation 1 (10) 1 (4) 

Tetanus-diphtheria-pertussis 10 (100) 27 (100) 

     Full dose (DTaP) 4 (40) 17 (63) 

     Reduced dose (Tdap) 1 (10) 7 (26) 

     Full (DTaP) or reduced (Tdap) dose depending on 
age 

3 (30) 0 (0) 

     No specific recommendation 2 (20) 3 (11) 

Meningococcal 10 (100) 26 (96) 

     Men C conjugate 4 (40) 16 (62) 

     Men ACWY conjugate 2 (20) 6 (23) 

     Men B conjugate 0 (0) 0 (0) 

     Men C or ACWY depending on age 2 (20) 0 (0) 

     No specific recommendation 2 (20) 4 (15) 

Haemophilus influenzae B 10 (100) 27 (100) 

Inactivated poliovirus 10 (100) 26 (96) 

Inactivated influenza 10 (100) 26 (96) 

Measles-mumps-rubella (if measles seronegative) 10 (100) 14 (52) 

Human papillomavirus – female recipients 10 (100) 4 (15) 

Human papillomavirus – male recipients 4 (40) 1 (4) 

Varicella (if seronegative) 2 (20) 0 (0) 

Hepatitis B 2 (20) 9 (33) 
 

Table 2: Vaccines and specific formulations (where applicable) routinely recommended post-HSCT in 10 paediatric and 

27 adult alloHSCT programmes 
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Adult programmes appear cautious around administration of live attenuated vaccines, 

with only half recommending Measles-Mumps-Rubella (MMR) vaccines to measles 

seronegative patients. In contrast, all paediatric programmes recommend this vaccine.  

A minority (20%) of paediatric programmes, and no adult programmes recommend a 

live attenuated varicella vaccine to seronegative recipients.  

 

Almost all adult and paediatric programmes recommend an inactivated vaccine against 

the VPDs covered by the UK NHS vaccination schedule (diphtheria-tetanus-pertussis, 

Haemophilus influenza B, pneumococcus, influenza, meningococcal and polio vaccines). 

The exception to this is the human papilloma virus (HPV) vaccine, which is 

recommended for females aged 11-26 by all paediatric programmes but only 15% of 

adult programmes. In the UK only high-risk individuals are immunized against hepatitis 

B; a minority of adult (33%) and paediatric (20%) programmes recommend this vaccine 

as routine.   

 

Several formulations of the pneumococcal, diphtheria-tetanus-pertussis and 

meningococcal vaccines are available in the UK and are used in the NHS vaccination 

schedule in different age and population groups.  The immunogenicity of these 

formulations is not equivalent, and some are poorly-immunogenic in HSCT recipients.  

 



74 

 

2.5.3.1 Pneumococcal Vaccine 

 

Most adult (70%) and paediatric (78%) programmes recommend a vaccination schedule 

that includes the immunogenic pneumococcal conjugate vaccine (PCV) (93), with 18% 

and 20% recommending the pneumococcal polysaccharide vaccine (PPSV), which is 

poorly immunogenic in this patient group(112).  The remaining adult and paediatric 

programmes do not make a specific recommendation. 

 

2.5.3.2 Diphtheria-Tetanus-Pertussis Vaccine 

 

A majority of adult (63%) but less than half (40%) of paediatric programmes 

recommend a schedule that includes the immunogenic full-dose diphtheria-tetanus-

pertussis (DTaP) vaccine.  The remaining adult programmes either recommend the 

reduced dose vaccine (dTap) or do not give a specific recommendation (11%).  30% of 

paediatric programmes recommend either DTaP or dTap depending on patient age, 

which would accord with the UK NHS vaccination schedule for the general population.  

 

2.5.3.3 Meningococcal Vaccine 

 

Three meningococcal vaccines are currently included in the UK NHS vaccination 

schedule for different age groups:  a monovalent meningococcal C (MenC), a 
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monovalent meningococcal B (MenC), and a quadrivalent meningococcal ACWY 

(MenACWY) vaccine.    The latter two vaccines were introduced in September 2015 

during the survey period, in response to an increased number of cases of invasive 

meningococcal disease caused  by B and W capsular groups (113,114).     

Most adult (62%) and paediatric (40%) programmes recommend the MenC vaccine first 

line, with 8 (22%) adult and paediatric programmes recommending the MenACWY 

vaccine.  Of these 8 programmes, 3 completed the survey prior to September 2015, and 

5 after.  No programmes recommend the MenB vaccine first line.  

 

2.5.4 Commencement of RVP Vaccines 

 

The most common time point at which adult and paediatric programmes commence 

RVP is 12 months post-HSCT.  However, there is variation in practice with adult 

programmes commencing from 3 to 18 months, and paediatric programmes from 6 to 

18 months.  All adult and 80% of paediatric programmes commence RVP in recipients of 

sibling and unrelated donors at the same time point post-HSCT.  20% of paediatric 

programmes delay RVP in recipients of unrelated donors until 18 months post-HSCT.        

 

Most adult programmes (74%) do not measure a marker of immune reconstitution 

before commencement of RVP.  In contrast, 70% of paediatric programmes do assess 
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immune reconstitution, measuring lymphocyte subsets alone (30%) or in combination 

with immunoglobulin levels (40%).   

 

2.5.5 Delay of RVP Vaccines 

2.5.5.1 Chronic GvHD and Immunosuppressive Therapy  

 

The approach to vaccination of HSCT recipients with cGvHD or on IST varies across 

programmes.  Programmes were asked to indicate the lowest or ‘threshold’ cGvHD 

grade by NIH global severity criteria (26), and lowest or ‘threshold’ combination of IST, 

that necessitates deferral of inactivated and live attenuated vaccines.  While the 

majority of paediatric (80%) and adult (74%) programmes defer inactivated vaccines if 

recipients have active cGvHD, the threshold grade prompting deferral varies (Table 3).   
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Paediatric  Adult  

n (%) n (%) 

Timing of Commencement 
Sibling or 
Syngeneic 
donor 

Unrelated 
Donor 

Sibling or 
Syngeneic 
donor 

Unrelated 
Donor 

3 months 0 (0) 0 (0) 4 (15) 4 (15) 

6 months 1 (10) 1 (10) 8 (30) 8 (30) 

9 months 1 (10) 1 (10) 1 (4) 1 (4) 

12 months 8 (80) 6 (60) 13 (48) 13 (48) 

18 months 0 (0) 2 (20) 1 (4) 1 (4) 

Reasons for delaying RVP 
Live 
attenuated 
vaccines  

Inactivated 
Vaccines 

Live 
attenuated 
vaccines 

Inactivated 
Vaccines 

cGvHDb     

     Would not delay for cGvHD 0 (0) 2 (20) 1 (4)a 7 (26) 

     Mild 4 (40) 2 (20) 20 (77) a 8 (30) 

     Moderate-Severe 6 (60) 6 (60) 5 (19) a 12 (44) 

IST b     

     Would not delay for IST 0 (0) 0 (0) 0 (0) a 6 (22) 

     Single agent IST including 
              corticosteroid 

10 (100) 9 (90) 25 (96) a 15 (56) 

     Dual agent IST 0 (0) 1 (10) 1 (4) a 6 (22) 

     Triple agent IST 0 (0) 0 (0) 0 (0) a 0 (0) 

Acute illness 9 (90) 8 (80) 20 (75) 22 (81) 

CD4 Count < 200 cells/ul 9 (90) 9 (90) 9 (33) 4 (15) 

CD20 Antibody in last 6 months 8 (80) 6 (60) 9 (33) 2 (7) 

IVIg in last 6 months 4 (40) 2 (20) 2 (7) 1 (4) 
 

Table 3: Timing of commencement and reasons for delaying routine vaccination in 10 paediatric and 27 adult UK 

alloHSCT programmes. aData available from n = 26 programmes.  bLowest cGvHD grade or IST combination 

necessitating deferral indicated.  

 

The remaining 20% of paediatric and 26% of adult programmes administer inactive 

vaccines to HSCT recipients with active cGvHD regardless of grade. All paediatric and 
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the majority (78%) of adult programmes defer inactivated vaccines if recipients are on 

IST.  Again, there is no consensus on the lowest IST combination that necessitates 

deferral (Table 3).  

 

2.5.5.2 Other reasons for delaying RVP  

 

As expected, the majority of paediatric and adult programmes administer neither live 

attenuated (90% and 75% respectively) nor inactive (80% and 81% respectively) RVP 

vaccines to recipients with an acute illness.  A minority of adult programmes delay RVP 

vaccines in recipients treated with a monoclonal CD20 antibody (7% inactivated, 33% 

live attenuated), or intravenous immunoglobulin (4% inactivated, 7% live attenuated) in 

the last 6 months.  The percentage of paediatric programmes that delay RVP vaccines is 

greater for both recipients treated with monoclonal CD20Ab (60% inactivated, 80% live 

attenuated) and intravenous immunoglobulin(IVIg) (20% inactivated, 40% live 

attenuated). 

 

2.5.6 Monitoring Response to RVP Vaccines 

 

Half of paediatric programmes, and 44% of adult programmes routinely monitor 

serological response to vaccinations. Of the adult programmes that routinely monitor 

Ab response to vaccination, 100% monitor pneumococcal Ab, 58% Haemophilus 



79 

 

influenzae B, 50% tetanus and 17% for both meningococcal and measles Ab.  Of the 

paediatric programmes that routinely monitor Ab levels, 100% monitor pneumococcal 

Ab, 100% tetanus, 60% Haemophilus influenzae B, 20% for each of mumps and rubella 

and diphtheria antibodies.  30% of adult programmes monitor serological response to 

vaccine if clinically indicated.  Indications give are as follows:  illness from a VPD (100%), 

Ongoing IST (75%), active GVHD (38%).  All the 30% of paediatric programmes that 

monitor response if clinically indicated, give illness from VPD as the sole indication.   

 

2.5.7 Vaccination of Family Members and Close Contacts 

 

HSCT programmes were asked to indicate whether they recommend seasonal influenza 

vaccine for family members and close contacts.  15% of adult programmes did not 

answer this question.  Of the responding adult programmes, all recommend seasonal 

influenza vaccination of both adult and child family members.  90% of paediatric 

programmes recommend seasonal influenza vaccination of family members. 20% of 

paediatric and 22% of adult programmes recommend child family members and close 

contacts are vaccinated with the live intranasal vaccine with the remainder either 

recommending the SIIV or giving no specific recommendation.  
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2.6 Discussion 

 

With a 95% response rate, this survey provides a current and comprehensive picture of 

RVP practice across adult and paediatric UK NHS alloHSCT programmes.  To our 

knowledge this is the most detailed national survey of post alloHSCT RVP practice to 

date, encompassing service organization, vaccine selection, commencement and delay 

of vaccination, and monitoring of response to vaccines.   

 

The best-practice recommendation to offer HSCT recipients prophylactic vaccination 

has been adopted universally by responding adult and paediatric programmes, 

representing 100% and 83% of all UK programmes respectively.  However, as 

hypothesized, we identified variation across all survey themes.   

 

2.6.1 Service Organization 

 

The main sources of guidance used by HCST programmes to inform local SOPs, or guide 

RVP decisions are broadly divided along adult and paediatric lines.  In the UK, national 

paediatric HSCT specific guidelines were last updated by CCLG in 2014, and 60% of 

alloHSCT programmes identify national guidelines as their main source of information.  

National adult HSCT specific guidelines have not been published in the UK, and 72% of 

adult programmes use either international HSCT specific guidelines or adapt these for 
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local use.  This leaves the remainder of paediatric and adult HSCT programmes using 

locally developed guidelines, or a combination of international and national non-HSCT 

specific guidelines.  As programmes draw from a range of different guidelines, and in 

some cases, adapt guidelines locally, a degree of variation in practice is to be 

anticipated.  This highlights the need for a harmonized guideline and/or policy that 

synthesizes best practice recommendations and national licensing considerations, 

thereby providing HSCT programmes and primary care teams who administer vaccines a 

single up-to-date reference source. 

 

Almost all UK transplant programmes refer HSCT recipients to primary care for RVP with 

only a minority administering vaccines at the HSCT centre.  In the NHS of the United 

Kingdom and Northern Ireland, the national vaccination schedule is delivered in primary 

care.   It is therefore unsurprising that HSCT programmes refer patients to primary care 

rather than establish vaccination services locally.  When several vaccine formulations 

are licensed in the UK, the majority of HSCT programmes make specific 

recommendations to primary care. However, a minority do not make specific 

recommendations and therefore the decision will fall to the administering primary care 

team.  Fewer than half of adult and paediatric HSCT programmes keep a local record of 

vaccine administration and this may be reflected in the 80% of paediatric and 56% of 

adult HSCT programmes that have never undertaken an audit of RVP practice. Certainly, 

audit rates are lower amongst those programmes that do no keep local records of RVP 

versus those that do (29% v 54%).  Clearly, if some HSCT programmes do not provide 



82 

 

detailed vaccination recommendations, or maintain local RVP records it is paramount 

that primary care practices have sufficient resources and familiarity with post-HSCT 

vaccination schedules to be able to make appropriate vaccine selections, record vaccine 

administration, monitor uptake and provide vaccination reminders to HSCT recipients, 

many of whom will be receiving vaccinations outside of the normal age ranges and 

time-points of the NHS national vaccination programme. Whether this is the case was 

beyond the scope of this survey, but warrants future investigation.  These findings also 

suggest that many HSCT programmes may not have detailed information about 

vaccination uptake in their patients. 

 

2.6.2 Vaccine Selection 

 

2.6.2.1 Inactivated Vaccines 

 

The inactivated vaccines recommended for administration are almost universally 

recommended by UK AlloHSCT programmes.  However, where more than one vaccine 

formulation is available, selection varies across programmes.   
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2.6.2.1.1 Pneumococcal Vaccine 

 

The percentage of programmes recommending a pneumococcal vaccine has increased 

from 95% in 2007 (115), to 100% in the current survey.  Two vaccine formulations are 

routinely used in the UK vaccination schedule:  the 23-valent pneumococcal 

polysaccharide vaccine (PPSV23), and the 13-valent pneumococcal conjugate vaccine 

(PCV13).  All current HSCT vaccination guidelines recommend that adult and paediatric 

recipients receive a pneumococcal vaccine, although the timing of initiation varies from 

3 to 15 months post HSCT.  The earlier vaccination time-point is derived from studies 

that show the PCV is equivalently immunogenic when administered at 3 and 9 months 

post HSCT with complete seroprotection rates approaching 80% in a 3 dose schedule 

(94,116).  The PPSV23 is poorly immunogenic in both 1 and 2 dose schedules (117), and 

when compared head-to-head with the PCV(112).  Across all guidelines, the PCV is 

recommended for the primary vaccination course, with the PPSV23 offered as a fourth 

dose 12 months after commencement in recipients without cGvHD to broaden the 

serotype response (93). In those with cGvHD a fourth dose of PCV is recommended.  In 

the UK routine vaccination schedule the PCV13 is administered to infants under 2 years, 

and the PPSV23 is administered in high risk individuals aged over 2 years, and in adults 

over 65. The exception to this is severely immunocompromised patients including HSCT 

recipients in whom the PCV13 has been recommended since the December 2013 

update of the DOH Green Book.  However, this indication does not appear in the British 

National Formulary(118).  While the majority of paediatric and adult programmes 

recommend a vaccine schedule that includes the PCV, a fifth of paediatric and adult 
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programmes recommend the poorly immunogenic PPSV23 first line. A minority of 

programmes make no specific recommendation.  This may be a particular issue for 

adult recipients, an age group that would normally receive the PPSV23.  Whether 

primary care practitioners are administering the PCV13 in preference to PPSV23 is 

unknown.  Given HSCT recipients are at high risk of morbidity and mortality from 

invasive pneumococcal disease, it is of concern that some patients may not be receiving 

the more immunogenic vaccine.   

 

2.6.2.1.2 Meningococcal Vaccine 

 

In the UK, the MenC-conjugate vaccine is administered to infants. In 2015, in response 

to a proportional increase in capsular group B and W infections(119), the MenC teenage 

booster given in school years 9-10 was replaced with the quadrivalent MenACWY, and a 

MenB vaccines for infants was introduced .  Both UK formulations of the ACWY vaccine 

(Nimenrix®, Menveo®) are conjugate vaccines, while the MenB vaccine (Bexsero®) is a 

non-conjugate recombinant protein vaccine.   

 

The optimum selection and timing of meningococcal vaccine in HSCT recipients is 

unclear.  Three doses of the MenC conjugate vaccine resulted in seroprotective Ab 

titres when administered at 12 months in autologous, and 18 months in paediatric 

allogeneic HSCT recipients(120).  A quadrivalent meningococcal polysaccharide vaccine 
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was found to be immunogenic from 8 months post alloHSCT in adult recipients (121).  

However, more recently the quadrivalent MenACWY conjugate vaccine showed limited 

immunogenicity when administered in a single dose at a median time point of 2.34 

years post HSCT.  A second dose in a subgroup of the study population resulted in 

higher rates of seroresponse (122).  To our knowledge, immunogenicity of the MenB 

vaccine has not been explored in HSCT recipients. 

 

Current guidelines including IDSA2013 and CCLG2014 recommend the MenACWY 

vaccine. ASBMT2009 recommends following national vaccination policy.  The guidelines 

most recently published are the IGI2015 and MenACWY and MenB are both 

recommended. Across UK alloHSCT programmes practice varies with both the MenC 

and MenACWY recommended first line.  It is likely that this variation in practice is 

related to the recent introduction of MenACWY and MenB in the UK.  Although, this 

perhaps highlights the issue of responding to changes in national vaccine licensing and 

recommendation when working from international or locally adapted guidelines.        

 

2.6.2.1.3 Diphtheria-Tetanus-Pertussis Vaccine 

 

A diphtheria-tetanus-pertussis vaccine is recommended by all current HSCT vaccination 

guidelines, although advice around specific formulation varies.  In the UK 5 vaccines 

containing diphtheria and tetanus toxoid are available: 
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-DTaP (Full dose) – Pediacel® (5 in1), Infanrix® (4 in1) 

-dTaP (Reduced dose diphtheria) – Repevax® (4 in 1) 

-dTap (Reduced dose diphtheria and pertussis) – Boostrix® (4 in 1) 

-dT/IVP (Reduced dose diphtheria in combination with IPV) – Revaxis® (3 in 1)   

 

In the UK primary vaccination is with 3 doses of DTaP in infancy (5 in 1) followed by a 

first pre-school booster of either DTaP or dTaP (4 in1).  A fourth reduced dose dT (3 in 

1) booster is administered in children aged 13-18. 

 

The reduced dose dTap vaccine is poorly immunogenic in autologous HSCT 

recipients(123), and the full dose DTaP is recommended for primary vaccination in all 

HSCT recipients.  DTaP is associated with an increased rate of local reaction in adult, 

immunocompetent individuals, but this reaction is rarely seen in the 

immunocompromised (96). Over a quarter of adult HSCT programmes either 

recommend the reduced dose vaccine, or make no specific recommendation.  The 

majority of paediatric HSCT programmes recommend the DTaP vaccine, or vary their 

recommendation according to age.  As an additional complication, no DTaP 

formulations are licensed for patients over 13 years of age in the UK, so whether 
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adolescent and adult HSCT recipients are receiving this formulation in primary care is 

unclear.  Again, a limited evidence base, variation across guidelines and national 

licensing issues are likely to contribute to variation in practice. 

2.6.2.1.4 Human Papillomavirus Vaccine 

 

The recommendation of human papilloma virus quadrivalent (HPV4) vaccine varies by 

recipient age group with all paediatric but only a minority of adult programmes 

recommending this vaccine. Female HSCT recipients are at increased risk of genital HPV 

disease compared with the general population, and extensive cGvHD is a significant risk 

factor for disease and associated severe dysplasia (124,125).  The HPV4  vaccine has 

been shown to significantly reduce the incidence of HPV associated anogenital 

diseases(9), and high grade cervical intraepithelial neoplasia(126) in healthy female 

populations.  While there is no current evidence to recommend use of the HPV4 vaccine 

in HSCT recipients, a Phase 1 trial of safety and immunogenicity in female alloHSCT 

recipients aged 18 to 50 is ongoing (NCT01092195).  Acknowledging lack of evidence, 

IDSA 2013 guidelines recommend considering administration of HPV4 vaccine in 

females and males age 11-26.  IGI2013 guidelines recommend administration for 

females up to 45 years.  In the UK NHS routine vaccine schedule the HPV4 vaccine is 

administered to girls aged 12 to 13 and is available on the NHS up to age of 18.  Lack of 

evidence and restricted availability on the NHS likely contribute to very few adult 

alloHSCT programmes recommending this vaccine to female recipients. 
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2.6.2.2 Live Vaccines 

 

The two live vaccines recommended in IDSA2013 for HSCT recipients are measles-

mumps-rubella (MMR) and varicella (VAR) vaccines.  These two vaccines are 

recommended for measles and varicella-seronegative recipients respectively, who are 

24 months post-HSCT with neither GvHD nor ongoing immunosuppression and 8-11 

months after last dose of IVIg.  Only half of adult programmes recommend MMR and 

none VAR.  This may be due to the relative complexity of determining the appropriate 

timing of vaccination(127) and concerns regarding vaccine induced disease if 

administered despite contraindications.    

 

While all paediatric alloHSCT programmes recommend MMR vaccine administration, 

only 20% recommend VAR. The VAR vaccine is not part of the NHS routine vaccination 

schedule, but is offered to high-risk individuals.  In contrast with IDSA2013, The 

CCLG2014 guidelines give VAR as contraindicated in HSCT recipients.  It is likely that this 

contradiction between international and national guidelines contributes to the reported 

variation in practice across HSCT programmes.  
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2.6.3 Commencement and Delay of Vaccines 

 

In broad terms, the optimum time-point for starting RVP is as soon as a vaccine will 

induce immunity without causing undesirable effects.  This time-point is likely to vary 

between HSCT recipients depending on a range of pre and post-HSCT variables.  

Currently, no markers of immune reconstitution have been reliably associated with 

vaccine response.  A higher lymphocyte count has been associated with achieving HAI 

titres≥40 in response to an adjuvanted MIIV A(H1N1)pdm09 vaccine although a cut-off 

value for administration was not determined(128).    Similarly, adult recipients with 

higher CD19+ B-Cell and CD4+ T helper cell counts were more likely to respond to a SIIV 

(92).  In contrast, CD4+ T helper cell counts of </>200 were not associated with 

response to PCV (94), and CD4+, CD8+ and CD19+ lymphocyte counts at 6 and 12 

months post HSCT were not associated with response to DTaP in paediatric 

recipients(129).  Given lack of evidence for using markers of immune reconstitution to 

guide RVP commencement, current guidelines recommend a standardized rather than 

tailored approach. Most adult alloHSCT programmes in the UK follow this practice, 

while 70% of paediatric programmes assess lymphocyte subsets alone or with Ig levels. 

The survey did not enquire about threshold values for commencing RVP.  

 

Current international guidelines recommend starting RVP in adult and paediatric 

recipients at 3-6 months post-HSCT, commencing with the PCV13. In the UK, the RCPCH 

2002 recommends commencing recipients of sibling and unrelated donors at 12 and 18 
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months respectively.  The more recent CCLG2014 recommends most recipients should 

be started around 12 months, but consideration can be given to an earlier time-point 

on a case-by-case basis. In practice UK paediatric and adult HSCT programmes 

commence RVP at a range of time points from 3 to 18 months, with the majority 

commencing at 12 months.  20% of paediatric programmes follow RCPCH2002 guidance 

and commence recipients of unrelated donors at 18 months. 

 

Guidelines universally advise against the administration of live vaccines to HSCT 

recipients with active cGvHD or receiving immunosuppressive therapy (IST) at any dose 

due to an increased risk of vaccine induced disease.  It is of concern that 19% of adult 

and 60% of paediatric programmes indicated moderate or severe GvHD is their 

threshold grade for deferral of live vaccines.  Similarly, a single adult programme 

indicated that they consider dual IST as the threshold dose for delay of live vaccines.  

 

HSCT recipients with GvHD or on IST are at high-risk of infection, and international 

guidelines recommend administration of inactive vaccines in those with active or 

resolved cGvHD of any severity grade.  CCGVHD2011 suggest that vaccination may be 

reasonably withheld for up to 3 months in adult recipients if they are receiving dual IST 

comprising >0.5mg/kg prednisolone combined with an additional immunosuppressive 

agent.  The same guideline recommends that vaccines should not be postponed in 

children and adolescents with ongoing active or resolved cGvHD irrespective of 

immunosuppressive therapy, due to higher exposure to infectious agents in day-care 
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and schools, and more rapid immune reconstitution following HSCT.  However, in 

contrast with this guidance CCLG2014 paediatric guidelines recommend that inactive 

vaccines should be withheld if the recipient has active cGvHD, and until they have been 

off IST for 6 months.  While it is certainly desirable to offer patients with GvHD or on IST 

protection against infection, the impact of this immunosuppressive process on vaccine 

immunogenicity is unclear. Studies have reported impaired immunogenicity of PCV (94), 

SIIV(91), Hib and polio virus vaccine(130) in patients with GvHD, while others have not 

found this association (51,93,122,131). In practice, the majority of adult and paediatric 

programmes delay inactivated vaccines in HSCT recipients with cGvHD or receiving IST. 

This finding is in keeping with single centre studies of vaccination practice that have 

reported delay of vaccination in recipients with GvHD(102,104,105). While 

acknowledging the limited evidence base for vaccination of patients with GvHD or 

receiving IST, it is of concern that many UK HSCT programmes are not be offering this 

particularly high-risk subgroup of HSCT recipients potentially protective immunity to 

VPDs such as invasive pneumococcal disease and seasonal influenza.   

 

2.6.4 Monitoring Response to Vaccination  

 

Guidance on monitoring response to vaccines after HSCT is again varied.  All 

immunogenicity studies in this population have investigated primary vaccination post 

HST.  None have followed-up patients over lengthy periods or explored approaches to 

booster vaccinations in the setting of impaired response to the primary course.   IDSA 
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2013 recommend monitoring of HepB Ab levels.   ASBMT 2009 advises routine testing 

of HepB and pneumococcal Ab levels, and along with IGI2015, recommends testing 

every 4 to 5 years for Measles, Diphtheria, tetanus and polio Ab levels. CCGVHD2011 

advises routine monitoring of Ab levels should be considered, especially in those with 

GvHD while RCPCH2002 explicitly counsels against routine measurement of response.  

It is unsurprising that reported practice across UK alloHSCT programmes varies 

considerably, and is perhaps guided by individual experience (e.g. of breakthrough 

disease) and availability of testing. 

 

2.6.5 Vaccination of Family Members and Close Contacts 

 

It is recommended that household members and close contacts of HSCT recipients 

receive the seasonal influenza vaccine annually. IDSA2013 advises that either the SIIV or 

live attenuated intranasal vaccine (LAIV) is administered unless the recipient is within 2 

months of HSCT, or has GvHD.  The evidence for this recommendation is however weak. 

Given the limited immunogenicity of the SIIV in HSCT recipients, particularly within the 

first year, this provision of herd immunity may be particularly important, and it is 

encouraging that most adult and paediatric programmes make this recommendation.  

Approximately 20% of adult and paediatric programmes recommend LAIV for child 

household contacts. 
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2.7 Conclusions 

 

With an overall response rate of 95%, this survey provides an up-to-date, detailed and 

comprehensive overview of RVP practice across UK HSCT programmes.  A weakness of 

the survey format is that it relies on self-reported practice without independent 

verification, and programmes were not asked to submit SOPs for review.   

 

Reassuringly, routine post-HSCT vaccination has been adopted by all responding adult 

and paediatric programmes.   However, as hypothesized there was variation in practice 

across all survey themes.  This may be attributed to an evidence base insufficient to 

provide detailed practical guidance, conflicting recommendations between guidelines, 

tension between international recommendations and national vaccine licensing 

restrictions, and in some cases a lack of familiarity with current guidelines.  

 

As outlined, there are various sources of post-HSCT RVP guidance.  Survey findings 

indicate that HSCT programmes are working independently to adapt these for UK 

practice.  While acknowledging the need for an improved evidence base for post-HSCT 

vaccination, a practical step would be to combine efforts and expertise through the 

BSBMT and the British Society for Haematology (BSH), to develop a single, national 

adult and paediatric guideline, synthesising current best practice recommendations and 

national licensing restrictions.  
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Responsibility for vaccine administration currently lies in Primary Care and it is unlikely 

that most programmes have resources to bring vaccination within the HSCT centre.   

Therefore, strategies are required to facilitate communication so enabling HSCT 

programmes to recommend immunogenic vaccine formulation at an appropriate time-

point, and allow GPs to confirm vaccine administration for the purposes of audit and 

quality assurance.  A national guideline should include a vaccination schedule and 

checklist that can be provided to the primary care team and can be completed and 

returned to HSCT programmes.  

 

Vaccination of recipients with GvHD and IST is an area of concern, with regard to both 

administration of live vaccines, and delay of inactive vaccines.  As an urgent interim 

measure, we recommend programmes review current practice alongside best practice 

guidance.  To raise awareness of these pressing issues, a version of this survey report 

was disseminated through Bone Marrow Transplantation in January 2017(132).
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3 A pilot study comparing the microneutralization assay and 

haemagglutination inhibition assay as measures of the 

immunogenicity of seasonal inactive influenza vaccine in 

recipients of reduced intensity conditioning allogeneic 

haematopoietic stem cell transplant during the first-year 

post-transplant 

 

3.1 Introduction  

 

Influenza is an enveloped, single-stranded RNA virus of the genus Orthomyxoviridae 

(133).  There are 3 subtypes of influenza that cause disease in humans: influenza A, B 

and C. A fourth virus, influenza D, has been discovered in cattle and pigs (134).  In 

addition to humans, Influenza A has avian, swine and equine reservoirs while Influenza 

B has only been identified in seal populations(135).  A and B viruses both undergo 

gradual mutation of the viral genome resulting in subtle changes in viral protein called 

‘antigenic drift’.  Additionally for influenza A, the large cross-species reservoirs enable 

rapid mutation and virus recombination called ‘antigenic shift’(136).  This enables the 

emergence of novel strains to which the human population is immunologically naïve; 

and so while both influenza A and B can cause moderate to severe illness and local 

epidemics, all influenza pandemics of the 20th century, and the most recent pandemic 

in 2009 have been caused by Influenza A viruses (137). 
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3.1.1 Influenza Virus Virion  

 

The influenza virus virion is roughly spherical in shape.  The viral envelope is a lipid 

bilayer derived from the host cell membrane, and contains three viral transmembrane 

proteins: haemagglutinin (HA), neuraminidase (NA) and matrix 2 protein (M2).  These 3 

proteins make up approximately 80%, 17% and 3% of surface proteins respectively 

(138).   The influenza virion core contains eight segments of single-stranded RNA 

associated with nucleoprotein (NP) forming ribonucleoprotein (RNP) complexes.  The 

RNPs are surrounded by matrix 1 (M1) protein(139).   

 

 

Figure 6: The structure of the influenza virus. HA = Haemagglutinin. NA = Neuraminidase. M1 = Matrix 1 Protein. M2 = 

Matrix 2 Protein. (140) Used with permission. 
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3.1.2 Influenza Virus Lifecycle 

 

The first stage of the influenza virus lifecycle is virus binding and entry into the host cell.  

This process is initiated by the HA transmembrane protein.  The HA protein is 

synthesised as an inactive precursor, and before fusion with the cell membrane must be 

cleaved by proteases of the respiratory epithelium (141).  In humans, this limits site of 

infection to the respiratory tract.  It is recognized that highly pathogenic avian influenza 

strains (H5 and H7) are readily cleaved by proteases in a range of tissue, and so lead to 

disseminated infection in the avian host (142).  The HA protein, once cleaved, binds to 

the sialic acid component of host cell membrane glycoproteins.  Sialic acid is bound to 

carbohydrate to form a glyocoprotein by alpha(2,6) linkage in human respiratory 

epithelium, and by alpha(2,3) linkage in avian intestinal mucosa (141).  Human influenza 

viruses bind preferentially to the former, and avian viruses the latter (143) hence the 

dominant sites of replication and species specificity of the viruses.  Swine influenza 

viruses bind to both forms of carbohydrate-sialic acid linkage.  Cross-species virus 

mutation or recombination results in ‘antigenic-shift’ (see 3.1) and evolution of 

pandemic virus strains.  Once binding has occurred the virion enters the host cell by 

endocytosis. The viral RNA (vRNA) then enters the cell nucleus where the host 

replication machinery is used by the virus for genome replication and transcription.  The 

replicated vRNA and viral proteins are exported from the cell nucleus, and transported 

to the apical cell membrane where HA, NA and M2 are inserted prior to budding and 

virion release.  A critical step in virion release is the removal of sialic acid from the cell 

membrane, which is the essential function of the NA protein (144).  
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3.1.3 Classification of Influenza Viruses  

 

Influenza A subtypes are classified by HA and NA proteins.  16 HA and 9 NA subtypes 

can be distinguished serologically.  H1N1, H2N2 and H3N2 subtypes commonly infect 

humans, with rare transmission of highly pathogenic avian subtypes (H5N1, H7N7 and 

H9N2)(139).  Influenza B viruses are not classified into subtypes rather by lineage and 

strain. 

 

3.1.4 Influenza Virus Infection 

 

Influenza is a highly contagious, acute respiratory infection transmitted by droplets 

when infected individuals cough, sneeze or talk.  The virus may also be transmitted 

from contaminated surfaces or hands.  The World Health Organization estimates 

seasonal epidemics result in 3 to 5 million severe illnesses annually(145).  The estimated 

influenza-related death rate in the United States is 9.9 per 100,000 (95% CI 7.9-

11.9)(146).  In the United Kingdom, Public Health England estimates the number of 

influenza deaths by excess all-cause deaths during the season.  In 2015-2016 this was 

estimated at 2,291 deaths, or 0.8% deaths in excess(147). 

 

The incubation period of influenza is 1 to 4 days. Viral shedding may begin 2 to 3 days 

prior to symptoms, and then persists for 6 to 7 days following symptoms onset. (148).    
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Figure 7: Symptoms and Complications of Influenza Infection. (149) Used with Permission 

 

Symptoms and complications of influenza infection are shown in Figure 7.  Those at 

increased risk of complications include the elderly, young children under 6 months old, 

pregnant women and those with chronic health conditions or the 

immunocompromised.  Discussion of clinical management of seasonal influenza 

infection is beyond the scope of this introduction. 
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3.1.5 Global Influenza Patterns and the Seasonal Influenza Virus Vaccine 

 

  

In temperate regions, the influenza virus has a seasonal pattern, with epidemics 

occurring during the winter months of the Northern and Southern Hemispheres. In 

tropical regions influenza infection appears highest during the rainy season, and some 

South East Asian regions having a bimodal seasonal pattern (150).   Observation of 

global patterns from 1997 to 2005 suggests that at least for influenza A, the Tropics are 

a global reservoir with seasonal spread of virus away from the equator (151).  A wide 

range of environmental and behavioral factors are thought to cause the observed 

seasonal pattern: Seasonal changes in humidity, levels of solar radiation and 

temperature may contribute to increased virus survival and efficient transmission, and 

may impact on host immune function; while seasonal patterns of behavior that increase 

contact rates enable swift virus transmission through the population (150). 

 

Due to antigenic drift and shift the circulating subtypes and strains of influenza virus are 

continually evolving, and it is therefore necessary to formulate and administer vaccines 

annually.   The WHO surveys global influenza patterns to determine dominant and 

emerging Influenza A subtypes and influenza B strains, and based on this makes 

recommendations on the composition of the seasonal influenza vaccine for the 

Northern and Southern hemispheres(152). 

 

The recommended composition of the Northern Hemisphere 2015-2016 trivalent 

vaccine was:  
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• A/California/7/2009(H1N1)pdm09-like virus 

• A/Switzerland/9715293/2013-like virus 

• B/Phuket/3073/2013-like virus 

 

As discussed in 1.4.1.4, the annual vaccine must meet minimum licensing criteria based 

on immunogenicity studies and COPs.  However, during seasons where vaccine antigen 

is poorly matched to circulating virus strains, clinical effectiveness will be reduced 

despite adequate vaccine immunogenicity. 

 

3.1.6 Human Immune Response to Influenza and Seasonal Influenza Vaccine 

 

The human immune system mounts both innate and adaptive responses (1) to the 

influenza virus, and seasonal influenza vaccine.  Antibodies to HA, NA, M1, M2 and NP 

(3.1.1) have been detected in human serum, however only HA and NA antibodies 

contribute to protective immunity(153).  The most important target of the humoral 

response is the HA protein. Seasonal influenza vaccine contains HA for each virus strain.  

HA Ab neutralizes the influenza virus and prevents primary infection by blocking entry 

into the host epithelial cells(154).  NA Ab blocks the sialic-acid receptor destroying 

function of the NA protein(155), and so prevents viral release from infected host cell, 

and therefore spread of infection(156). The CD8+ adaptive T Cell response is crucial for 

targeting infected cells and limiting disease if infection occurs.  
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3.1.7 Influenza Vaccine Immunogenicity and Correlates of Protection  

 

 

Influenza COPs were established in the early 1970s in healthy adult populations using 

attenuated virus strains to induce immunity. An HAI titre of 1:18 to 1:36 was associated 

with  50% protection from infection. (18). Following these early studies an An HAI tire of 

1:40 has been considered ‘seroprotective’, although for clarity the term ‘50% 

protective’ may be better employed. The annual licensing of seasonal influenza vaccines 

has until 2016 been based on Committee for Medical Products for Human Use (CHMP) 

criteria, which are derived from this COP and summarized in 1.4.1.4.      

 

Over recent years, a growing body of evidence has questioned the clinical relevance of 

the 1:40 seroprotective HAI titre.  Firstly, a model derived from meta-analysis of 15 

studies from 1945 to 1996 found a continuous relationship between HAI titre and 

estimated probability of protection, with the slope of the curve steepest up to a titre of 

100 (approx. 0.9 probability of protection), thus questioning the validity of a single cut-

off value (157).  Clinical studies have reported 50% seroprotective titres ranging from 

1:15 for a  cell-culture based vaccine(158), up to 1:110 in a paediatric study of 

adjuvanated versus non-adjuvanted influenza vaccine (159).  Futhermore, the HAI 

derived COP does not take into account mucosal IgA titres, or cellular immune 

response.  Seroprotective titres have not been established in target groups including 

the elderly and immunocompromised groups including HSCT recipients and it remains 

unclear whether an HAI tire of 1:40 conveys the same level of protection in these 

groups.   
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The European Medicines Agency (EMA) drafted a new guideline on influenza vaccine 

licensing in 2014, and published these in July 2016(160).  Acknowledging the ‘lack of 

robust evidence to support immunological correlates of protection against influenza’ 

the CHMP criteria were dropped. The new guidelines instead recommend that the 

immunogenicity and therefore the estimated efficacy of non-adjuvanted seasonal 

vaccines should be non-inferior to currently licensed vaccines.  Furthermore, the EMA 

recommends that neutralizing antibodies are determined in all vaccine studies using 

viral neutralization techniques such as the viral microneutralization (VMN) assay, and 

recommends measurement of quantity and quality of T cell response.  Pre-licensing 

studies of immunogenicity in immunocompromised patients is not required but the 

EMA suggests such immunogenicity in subpopulations should be investigated. 

 

3.1.8 Immunogenicity, Efficacy and Effectiveness of the Seasonal Influenza Vaccine 

in HSCT Recipients – Literature Review 

 

A small number of studies have investigated the immunogenicity of the seasonal 

trivalent inactivated influenza vaccine (TIIV) in alloHSCT recipients.  In 2009 during the 

Influenza A pandemic, a monovalent A(H1N1)pdm09 vaccine (MIIV) was released in 

advance of the trivalent seasonal vaccine to expedite vaccination.  This was available in 

adjuvanted and non-adjuvanted forms, and immunogenicity in HSCT recipients was 

reported.  The studies of non-adjuvanted MIIV vaccines will be discussed here. All 

studies used HAI to determine seroresponse (for definitions of seroconversion and 
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seroprotection see 1.4.1.4) to vaccine.  Studies are summarized in Table 4 and outlined 

below 

 

 

3.1.9  TIIV Immunogenicity Studies  

 

In a study of 48 recipients of lymphocyte deplete BMH autoHSCT(n=13) and MAC 

alloHSCT(n=35), either 1 or 2 doses of TIIV were administered at a median time point of 

14.5 months (range 2 to 82).  A statistically significant association was reported 

between seroprotection and seroconversion rates at 4 weeks post-vaccination and time 

interval from HSCT to initial vaccination.  TIIV was totally ineffective within the first 6 

months following BMT in this group of patients receiving MAC regimens (91).  A 2 dose 

regimen was revisited by Karras and colleagues (92) who carried out a randomized trial 

of a 1 versus 2 dose schedule of TIIV following.     Of 65 participants, 23 received UCB 

HSCs, and 42 HSC from sibling or VUD (BMH or PBSC not specified).  39 were 

conditioned with MAC and 26 RIC and the two groups were matched for conditioning 

intensity, GVHD prophylaxis and stem cell source.  
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Reference Vaccination 
Schedule and 
Timing of 
administration 

Population HSCT variables Seroresponse Rates (SC/SP 
determined by HAI) 

Other Findings 

Engelhard 
et al, 1993 

2 doses 28 
days apart 
 
Med 14.5 
(range 2-82) 
months 
 
 

n=48 
 
Age 21 (1-50) 
 
 
 
 

n=35 alloHSCT 
-BMH 
-MAC 
-Lymph Dep 
 
 
n=13 auto HSCT 
-BMH  
 
 

No SC before 6 months 
 
SC/SP not enhanced by second 
vaccine dose 

Longer time from 
transplant associated 
with higher SC rates 
 
 
GvHD associated with 
lower seroconversion 
rates to A(H1N1) only 

Pauksen et 
al, 2000 

1 dose  
+GM-CSF 
 
Range 4-24 
months 

n=117  
 
Age>16 
 
 

n=50 alloHSCT 
-?HSC source 
-?Conditioning 
-7 Lymph Dep 
 

In alloHSCT group:  
<12 months 9-31% SC 
>12 months 20-40% SC 
 
 

significantly higher 
Influenza B 
seroconversion rates 
with GM-CSF 

Gandhi et al 
2001 

1 dose 
 
Med 16 
months 
(alloHSCT) 

n=50 
 
age 43.1(15-63) 

n=9 alloHSCT 
-BMH 
-MAC 
- ?lymph Dep 
 
n=29 auto HSCT 
-29 PBSC, 12 BMH 

Allo – 0% SP 
Auto BMT – 10% SP 
Auto PBSC – 13% SP  

Equivalent response 
PBSC and BMH 
autoHSCT 
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Avetisyan et 
al 2008 

5 < 6 months 
9 >6 months 
 

n=14  
 
age 41 (21-66)  

All alloHSCT 
-11 PBSC, 3 UCB 
-6 RIC, 8MAC 
-?lymph Dep 

A(H1N1) - 29%  SP 
A(H3N2) and Influenza B – 0% 
SP 
 
 

B+T Cell response as 
early as 2 months 
 

Karras et al, 
2013 

1 v 2 dose 
regimen 
 
Med 10 (range 
2-236) months 

n=65  
 
age 40 (15-51) 
 

All alloHSCT 
- 23 UCB, 42? HSC Source 
-26 RIC, 39 MAC 
-No lymph Dep 

< 12 months 0-8% SC 
>12 months 39-64% SC 
 
At <12 months SC to any 1 
strain 
2-6 months = 12%SC 
6-12 months = 30% SC 
 
 

No benefit from 2 
doses 
 
Longer time from 
transplant associated 
with higher SC rates 
 
Response rates 
equivalent at 2-6 and 6-
12 months 

Issa et al, 
2011 

1 dose 
A(H1N1)pdm09 
vaccine 
 
Med 19 (range 
2.5-9.4) 
months 

n=82 
 
age 44 (20-71) 

All alloHSCT 
-35 Sibling, 47 VUD  
-3 UCB, 79 ?HSC source 
-38 RIC, 44MAC 
-No lymph Dep 

SP rates: 
< 6months 37.5%  
6-12 months 50%  
12-24 months 38.7% 
>24 months 69% 
 

Longer time from 
transplant associated 
with higher 
seroprotection rates 

 
Table 4: Summary of studies of seasonal inactivated influenza vaccine in alloHSCT recipients. SC = Seroconversion. SP = Seroprotection  
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No patients received lymphocyte deplete grafts.  The study found no evidence for 

increased serological response or T cell response in patients who received a second 

vaccination dose.  Seroconversion was greater when vaccination was administered >12 

months after HSCT versus < 12 months. At >12 months seroconversion rates to 

A(H1N1), A(H3N2) and Influenza B were 64%, 39% and 39% respectively.  At <12 

months seroconversion rates to A(H1N1), A(H3N2) and B/Victoria were 6%, 0% and 8% 

respectively.    However, the study found that the seroconversion rate to any of the 3 

vaccine strains was similar at 2-6 months and 6-12 months (12% vs. 30%, p=0.43).  The 

authors suggest that although seroconversion rates are low at <12 months, the similar 

rate at 2-6 and 6-12 months suggest that vaccination may be beneficial earlier than 

current guidelines recommend, and that further studies are needed to confirm this 

finding.  

 

In a study of the immunomodulatory effect of Granulocyte-Macrophage Colony-

Stimulating-Factor (GM-CSF) on TIIV immunogenicity, 35 recipients of alloHSCT were 

vaccinated at <12 months, and 15 at >12months (161). In the <12-month group there 

was a 9 to 31% response to the vaccine subunits (A(H1N1) 31%, A(H3N2), 9%, Influenza 

B 20%). In the >12-month group there was a 13-40% response to the vaccine subunits 

(A(H1N1) 13%, A(H3N2) 40%, Influenza B 20%)  

 

In a study of 50 patients, of whom 9 were recipients of allogeneic BMT and received 

MAC, a trivalent IIV was administered at a mean time point of 16 months (SD 5.8) post-
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transplant.  None of the recipients of allogeneic BMT demonstrated a serological 

response to vaccination(162).   

 

A small study of 14 AlloHSCT recipients evaluated humoral and cellular immune 

response to TIIV.  6 recipients were conditioned with RIC and 8 MAC.  11 patients were 

transplanted with PBSC and 3 with UCB.  5 patients were vaccinated at <6 months after 

transplant and 9 patients >6 months.  4 patients demonstrated protective antibody 

titres to influenza A(H1N1) but none of the patients developed protective antibody 

titres to H(3N2) or influenza B.  The authors do not indicate at which time point the 

responding group of patients were vaccinated.  Evidence of early cell mediated 

immunity was demonstrated using pentamer staining to enumerate CD8+ cell response, 

and Elispot to enumerate Interleukin-3, interleukin-4 and interferon gamma producing 

cells. Due to small study size it was not possible to correlate cell mediated response 

with clinical findings to determine a protective response (163).   

 

The non-adjuvanted 2009 MIIV vaccine was administered to 92 Allogeneic HSCT 

recipients at a median time point of 19 months (2.5-9.4) (164).  Length of time from 

transplant was significantly associated with a seroprotective HI titre.  There was no 

association between rate of seroprotective HI antibody titre and conditioning regimen, 

stem cell source, cGvHD or immunosuppression at time of vaccination.   Rates of 

seroprotective titre by time from HSCT to vaccination were 37.5% at for those 

vaccinated at <6months, 50% at 6-12 months, 38.7% at 12-24 months and 69% at >24 

months.  



109 

 

3.1.10 Factors Associated with Seroresponse to TIIV 

 

3.1.10.1 Time Interval from Transplant to Vaccination 

 

An association between vaccine response and time interval from HSCT to vaccination 

has been reported with seasonal TIIV (91,92), A(H1N1) and non-adjuvanted MIIV (164).  

However, 2 AS03-adjuvant MIIV studies showed no association with time interval from 

transplant to vaccination(128,165).  

 

3.1.10.2 Conditioning Regimen, Stem Cell Source and Stem Cell Donor 

 

A single study (166) reported a higher seroconversion rate to the H3N2 component of 

the Seasonal TIIV in recipients of matched sibling donor and matched unrelated donor 

transplants versus umbilical cord blood (24% versus 4%, p=0.04).  Other studies have 

found no association between conditioning regimen (RIC v MAC), stem cell source 

(BMT, PBSC, UCBT) and donor type (sibling, unrelated donor, umbilical cord) and 

serological response to Seasonal TIIV, 2009 H1N1 adjuvanted or non-adjuvanted 

MIIV(91,161,164,165,167–169) 

 

3.1.10.3 GvHD and IST 

 

Engelhard and colleagues (91) found active GVHD at time of vaccination was associated 

with an impaired response to A(H1N1) but not the other components of the seasonal 

TIIV. Pauksen et al found no association between serological response to seasonal TIIV 

and cGvHD treatment at time of vaccination (161). Karras and colleagues (92) did not 



110 

 

report on GVHD directly, but found no association between steroid use at time of 

vaccination and serological or cellular response to TIIV.  

 

3.1.10.4 Monoclonal Antibody Therapy 

 

Rituximab administration within a year prior to vaccination has been associated with 

lower rates of seroprotection in response to 2009 H1N1 MIIV (164). Engelhard and 

colleagues (128) found patients treated with Rituximab within 6 months prior to 

vaccination did not respond to adjuvanted MIIV.  This accords with previous findings 

from a study of non-HSCT patients with haematological malignancies(170). 

 

3.1.10.5 Markers of Immune Reconstitution 

 

A marker of immune reconstitution that correlates with seroconversion and 

seroprotection in response to influenza vaccine would allow clinicians to tailor timing of 

vaccination to individual patients.  

 

Karras et al (92) found in multivariate analysis that those HSCT recipients with a higher 

CD19+ B Cell count had a significantly higher odds ratio of seroconverting to seasonal 

TIIV.  In univariate analysis Mohty and colleagues  (168) found haemoglobin less than 

12g/L, lymphopenia less than 1g/L, IgG less than 4g/L, IgA less than 5g/L, IgM less than 

0.5g/L and naïve CD4+ T cell less than 150/uL were significantly associated with a lower 

GMT following 2009 H1N1 AS03 adjuvanted MIIV.  However, none of these associations 

were significant in multivariate analysis.   
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3.1.11 Efficacy and Effectiveness 

 

A single study has investigated clinical efficacy of the TIIV in HSCT recipients (171).  A 

cohort of 177 BMT recipients who presented with respiratory symptoms and had at 

least one nasal swab over a 1-year period were included.  Vaccination records and 

results from nasal swabs were reviewed retrospectively.  118 patients were alloHSCT 

recipients.  134 patients were within 6 months of HSCT. In accordance with 

international recommendations only patients more than 6 months from HSCT received 

the TIIV.  Influenza was diagnosed by direct immunofluorescence assay.  Of the HSCT 

recipients less than 6 months from BMT 25/134 were diagnosed with seasonal 

influenza. Of the 43 HSCT recipients more than 6 months from HSCT 19 were vaccinated 

of whom 2 were diagnosed with influenza. 24 were unvaccinated and 12 were 

diagnosed with seasonal influenza. In the HSCT recipients eligible for vaccination (more 

than 6 months from transplant), TIIV administration was associated with a reduced 

occurrence of influenza (p=0.015).  The authors calculated a vaccine efficacy of 80% 

when administered greater than 6 months from transplant.  Serological response was 

not assessed in this study so COP cannot be determined.  Unfortunately the high 

estimate of 80% vaccine efficacy may be inaccurate owing to retrospective assessment 

of vaccination status (172), no risk adjustment or matching of cases and controls (173) 

and the small cohort size.  Furthermore, the authors have used a clinical efficacy 

calculation typically used in randomized-control trials rather than an effectiveness 

calculation used in retrospective case-control studies.  
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3.1.12 Side Effects 

 

3.1.12.1 General Population 

 

The WHO estimates local reactions to the trivalent TIIV occur in 10-64/100 doses.  

Estimates for severe systemic adverse events are 0.7 cases of anaphylaxis per million 

doses, 1-2 cases of Guillan-Barre Syndrome per million doses, and 76 cases of ocular-

respiratory syndrome per million doses (174).   

   

Placebo controlled studies have reported increased rates of local, mild, transient 

adverse reactions in both older (175,176) and younger, healthy working 

adults(177,178).  Symptoms included local swelling, itching, warm feeling, pain when 

touched and discomfort. None of these studies reported a difference in rates of 

systemic symptoms (fever, myalgia, headache, fatigue) between placebo and treatment 

groups.  A pooled analysis of 28 clinical trials of an inactivated split-virion TIIV reported 

mild injection site pain as the most common adverse event in children, adults and the 

elderly, and mild-moderate fever as the most common adverse incidence in infants 

(21.1%).  9 severe adverse-events across the 28 trials were possibly attributable to the 

vaccine and included an asthma attack, an episode of Bell’s palsy, an episode of DVT, 

and an episode of transient meningeal syndrome.  In this study, the incidence of mild-

moderate fever decreased with age (4.3% in children, 1.4% in adults, 1.0% in the 

elderly)(179).  Similarly, a pooled analysis of 76 trials of an inactivated subunit TIIV 

reported non-severe local reactions as the most common adverse events. The same 
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study reported post-licensing adverse-event rates of 14.4 events per million doses and 

again the most common events were local injection site reactions(180).  

 

Current evidence is considered inadequate to accept or reject a causal link between 

influenza vaccination and Guillan-Barre syndrome(181).  Controlled trials have not 

identified a link between GBS and influenza vaccination, (Govaert et al. 1993; Margolis 

et al. 1990; Bridges et al. 2000; Nichol et al. 1996). A retrospective Canadian population-

based study between 1992-2004 identified a small but statistically signficant association 

between influenza vaccination and increased risk for hospitalization with GBS (relative 

incidence 1.45,  95%CI 1.05-1.99, p=0.02) although further analysis revealed no 

seasonal pattern, and identified no increase in rates of GBS after introduction of a 

universal influenza immunisation programme (182).   

 

Occular Respiratory Syndrome (ORS) was reported in Canada during the 2000-2001 

influenza season.  The pathogenesis of ORS  is unknown, but it is not considered a type 

1 allergic reaction to the vaccine (Skowronski et al. 2002). The putative aetiology was 

high quantities of unsplit viral particles in a vaccine formulation administered that year, 

although cases have been reported in subsequent years and with reformulated and 

other manufacturers‘ vaccines.  Symptoms are heterogenous and include ocular 

features of conjunctival injection and palpebral oedema, and respiratory symptoms 

including cough, sore throat, hoarseness, chest tightness, difficulty in breathing and 

swallowing.  ORS is an infrequent adverse event generally considered benign with <1% 

cases requiring hospital admission for more than 24 hours(183) and the majority of 
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cases (73%) resolving fully within 48 hours without specific medical intervention 

(184,185). 

 

 

3.1.12.2 HSCT Recipients 

 

No published studies have identified an increased risk of TIIV side-effects in HSCT 

recipients relative to rates reported in the general population, and in particular TIIV 

administration has not been associated with an increased risk of GvHD in either 

paediatric or adult populations(92,162,186).  The potential benefit of TIIV 

administration are therefore considered to outweigh the risk of side-effects in 

immunocompromised patient groups including HSCT recipients. (187,188). 

 

 

3.1.13 Conclusions from Current Studies of TIIV in HSCT Recipients 

 

The reported range of seroprotection rates reported across these studies to any one of 

the three vaccine strains in recipients of alloHSCT is 0-40%. Seroresponse rates to TIIV 

are lower in the first year after HSCT compared with later time points.  However, in the 

absence of efficacy data in this population, the clinical relevance of a 1:40 HAI Ab titre is 

unknown.  Study populations are heterogenous and data is insufficient to modify dosing 

schedules or timing of administration of TIIV by stem cell source, donor type, 

conditioning regimen or lymphocyte depletion.  Similarly, the impact of GvHD and IST 
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on response to TIIV is unclear.  A single study has evaluated cellular response to TIIV. No 

studies have used the VMN assay to assess vaccine response.    

 

3.1.14 Viral Microneutralization Assay 

 

As outlined in 3.1.9, TIIV immunogenicity studies in HSCT recipients have focused 

primarily on Ab levels determined by the HAI assay, and have assessed response by 

seroconversion and seroprotection rates.  The clinical significance of the seroprotective 

HAI titre of 1:40 has been challenged in a growing body of evidence.  The EMA now 

recommends that functional influenza virus neutralizing Ab is measured. The VMN 

assay is a highly sensitive and specific method for detecting influenza strain-specific 

functional antibodies that inhibit virus entry or block virus replication(189).  Studies 

have demonstrated a correlation between HAI and VMN results, and also the higher 

sensitivity of VMN to detect low-titre seroconversion particularly for antibodies to 

influenza B(190,191) , 2009 pandemic H1N1 virus (192), and avian H5N1 virus(193). One 

study has demonstrated a correlation between pre-vaccination MN titres and response 

to vaccine by HAI.  Neutralising antibody titres were determined for children who were 

seronegative by HAI (titre < 8) prior to receiving inactive influenza vaccine.  Those who 

developed seroprotective HAI titres to Influenza A and B in response to IIV, had a higher 

geometric mean neutralizing titre pre-vaccination(194).   
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3.2 Gaps in Knowledge and Study Rationale 

 

The optimum timing of seasonal IIV administration is not known. However, a consistent 

finding across studies is a correlation between time-point of vaccine administration 

post-transplant, and antibody titres.  Vaccine administered at >12 months from HSCT 

appears most immunogenic, however recipients have been shown to respond to 

vaccination at 6-12 months and current guidelines are based on these findings(100).  

More recently a single study has shown an equivalent response among HSCT recipients 

vaccinated at 2-6 months and 6-12 months using HI assay(92).  It is possible that despite 

low seroconversion and seroprotection rates, HSCT recipients derive a clinical benefit 

from early vaccination.    

 

Most published studies have involved recipients of sibling or VUD HSCT treated with 

MAC regimens.  There is limited data on response to IIV following RIC regimens, and 

whether IIV  is beneficial in the first months following HSCT in this group of patients is 

unknown(195).  Therefore, guidelines referenced above recommend the same 

vaccination schedule for all HSCT recipients regardless of conditioning regimen (96).  

European data from 2000 to 2011 has shown an increase in absolute numbers of HSCT 

recipients treated with RIC from 1436 to 5567.  In the United Kingdom over 50% of 

HSCT recipients during this period were treated with RIC (196).  It is therefore 

important to understand response to TIIV in this expanding group of patients. 
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The VMN assay offers a more sensitive technique than HAI for detecting low titre 

seroconversion in response to IIV particularly for Influenza A(H1N1), A(H5N1) and 

Influenza B.  This assay has not been used to evaluate response to IIV in recipients of 

HSCT who are known to have low titre responses to IIV at least up until 12 months post-

allograft. 

 

The aim of this study is to compare the VMN and HAI as measures of immunogenicity of 

the TIIV administered in the first year after RIC alloHSCT.  This study may offer further 

insight into TIIV immunogenicity and allow future larger studies to be appropriately 

powered.  It may be possible to base future efficacy studies in the HSCT on the VMN 

assay. 

 

 

3.3 Study Overview 

 

HSCT recipients were recruited at 2 study sites during the annual influenza season from 

October 2015 to February 2016.  Study sites were the Royal Hallamshire Hospital, part 

of Sheffield Teaching Hospitals NHS Foundation Trust, and the Royal Marsden Hospital 

NHS Foundation Trust.  All participants were deemed eligible by the responsible HSCT 

physician to receive the seasonal TIIV as part of their standard post HSCT care.  

Normally patients would be referred to their General Practitioner (GP) for TIIV 

administration. For study purposes TIIV was administered at the HSCT centres.  

Sheffield Teaching Hospital recommends TIIV to HSCT recipients from 3 months post 
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HSCT. The Royal Marsden Hospital recommends TIIV to HSCT recipients at the beginning 

of the influenza season regardless of time point post HSCT. Therefore, study 

participants were vaccinated at a range of timepoints within the first-year post HSCT.  

Blood samples were collected for laboratory analysis. A 1 x 5ml blood sample was taken 

on day of vaccination to assess baseline Ab titre, and a second 1x5ml blood sample 28-

35 days after vaccination to assess response. Blood samples were centrifuged, 

aliquoted and frozen locally as serum samples, and then shipped to the Public Health 

England (PHE) influenza virus reference department laboratory.   Laboratory work was 

performed between February and October 2016.  Pre and post vaccination samples 

were tested using the standard HAI assay, and the VMN assay.  

 

The study was conducted in compliance with the study protocol, and standards of good 

clinical practice and regulatory requirements. All necessary local NHS research and 

development approvals were obtained for each centre before patient recruitment 

began. 

 

See appendix 3 for patient information sheet, consent form and notice of research 

ethics committee approval. 
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3.3.1 Study Sponsorship, Insurance and Ethical Approval 

 

The study was sponsored and insured by University College London (UCL).  Ethical 

approval for the study was granted on 12 August 2016 by the NHS Health Research 

Authority (HRA) National Research Ethics Service (appendix 3) 

 

 

3.3.2 Study Objectives and Endpoints 

 

Primary Objective 

To compare the rates of seroconversion to the seasonal inactivated influenza vaccine as 

measured by the HAI and VMN assays in recipients of RIC alloHSCT 

Secondary Objectives 

i) To determine whether seroconversion rates in response to IIV in recipients of RIC 

alloHSCT are equivalent at <6 and 6-12 months’ time points post-transplant as 

determined by HAI and VMN assays. 

ii) To determine in those patients who are seronegative by HAI assay pre-vaccination, 

whether a proportion have detectable antibody titres by VMN assay and whether this 

can predict those who will seroconvert or develop seroprotective antibody titres. 

 

 Primary Endpoint 

The rates of seroconversion measured by HAI and VMN assays at 28 days after 

administration of IIV to the study population.  
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Secondary Endpoints 

iii) Pre-vaccination HAI and VMN antibody titres 

i) The rate of seroconversion measured by HIA and VMN 

ii) The rate of seroprotective titres measured by the HAI assay 

 

3.3.3 Study Participants 

 

3.3.3.1 Inclusion and Exclusion Criteria 

 

Inclusion criteria: 

• Aged 16 or over  

• Recipient of RIC alloHSCT for any primary haematological disease 

• Between 0 and 12 months post-transplant at time of vaccination  

• Deemed eligible to receive seasonal influenza vaccine by their transplant 

physician as part of standard clinical care at the treating HSCT centre 

 

Exclusion Criteria: 

• Any patient who has already received seasonal influenza vaccine in the period 

autumn-winter 2015-2016 

• Any patient in whom inactivated influenza vaccine is contraindicated as per 

summary of product characteristics:    

o Hypersensitivity to the active substances, to any of the excipients or to 

any component that may be present as traces such as eggs (ovalbumin, 

chicken proteins), neomycin, formaldehyde and octoxinol-9  



121 

 

o Any patient with febrile illness or acute infection at time of planned 

vaccination 

• Any patient who the responsible transplant physician feels should not receive 

the seasonal IIV as part of routine care 

• Any patient who does not wish to receive the seasonal inactive influenza vaccine 

as part of their routine clinical care 
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3.3.4 Study Flowchart 

 

  

Figure 8: Study Flowchart 

 

1
• Patient deemed eligible to receive IIV as part of standard care by 

transplant physician

2
• Patient invited to participate and informed consent obtained 

3
• Patient information entered into study registration log and unique patient 

ID assigned

4

• Baseline day 0 serum sample drawn and labelled with unique patient ID

• TIIV administered

• Blood sample transferred to local NHS laboratory for centrifuging, 
freezing and storage in designated study area of freezer

5

• Follow-up appointment arranged  four weeks (D28-35) wherever possible 
to coincide with scheduled clinic visit

• Date of follow-up visit entered into study log

6

• Four week blood sample drawn and labelled with unique patient ID

• Blood sample transferred to local NHS laboratory for centrifuging, 
freezing and storage in designated study area of freezer

7

• At end of vaccination season additional data collected on study 
participants from local records and transplant database

8
• Serum samples transferred to central laboratory

9
• MN and HI assays performed in parallell on D0 and four week serum 

samples

10
• Data analysis
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3.3.5 Participant Informed Consent, Registration, Confidentiality and General 

Ethical Considerations 

 

All patients received Patient Information Sheets (PIS) and were offered the opportunity 

to ask any questions about the study. Patients were asked to give written consent and 

were advised that they could withdraw at any time from the study.  Patients were 

advised that their decision to participate or to withdraw from the study would not 

impact on the care they received. As they were deemed eligible to receive the TIIV by 

their HSCT physician, they were advised that if they decided not to participate they 

would still be eligible to receive the TIIV at their General Practitioners.  The PIS sheet 

and study consent form can be seen in appendix 3.  

 

3.3.6 Vaccine Administration 

 

A single dose of the 2015-2016 Northern hemisphere seasonal trivalent split-virion IIV 

(Sanofi) was administered intramuscularly to study participants by a trained member of 

the study team. 

 

3.3.7 Blood Samples 

 

Approximately 1x5ml blood samples were drawn on day of vaccination and 21-28 days 

later. Samples were centrifuged, aliquoted, frozen at -20oC and stored at the study site 

until end of study period.  At the end of the study period all samples were shipped on 
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dry-ice to the central analysis laboratory at Public Health England. In accordance with 

ethics approval, and remaining serum was destroyed at the end of laboratory analysis in 

December 2016.  

 

3.4 Materials and Methods 

 

3.4.1 Solutions, cells and reagents used in Haemagglutination and 

Haemagglutination Inhibition Assay 

 

Solutions/Cells/Reagents Company Location  

Control serum (human and animal) Public Health England London, UK 

Erythrocytes - 0.5% avian(turkey) or 
mammalian (guinea pig) erythrocyte 
suspension in PBS  
 

Public Health England London, UK 

Influenza virus strain (Egg grown) 
-A(H1N1)/Cal/7/09 
-A(H3N2)/Switz/9715293/13 
-B(Phuket)/3073/13 
 

Public Health England London, UK 

Phosphate buffered saline (PBS) Gibco, ThermoFisher  Hemel Hempstead, UK 

Receptor Destroying Enzyme (RDE) Denka Seiken Tokyo, Japan 
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3.4.2 Plastic material used in Haemagglutination and Haemagglutination 

Inhibition Assay 

Plastic Material Company Location 

50ml conical centrifuge tube Falcon, Thermo Fisher  Hemel Hampstead, UK 

1.5ml Screw cap micro tubes Sarstedt Numbrecht, Germany 

96 well V-bottom plates Sterilin, Thermo Fisher  Hemel Hampstead, UK 

Pipettes and tips   

 

3.4.3 Solutions, cells and reagents used in preparation of cell monolayer, 

determining TCID50/ml and Viral Microneutralisation assay 

Solutions/Cells/Reagents Company Location 

Carbol Fuchsin Sigma Gillingham, UK 

Foetal Bovine Serum (FBS) Gibco, Thermo Fisher Hemel Hampstead, UK 

Madin-Derby canine kidney 
(MDCK) cell culture flask 

European Collection of 
Authenticated Cell Cultures 
 

London, UK 

Methanol VWR International Leighton Buzzard, UK 

Modified Eagles Medium 

(MEM) 

Gibco, Thermo Fisher Hemel Hampstead, UK 

Phosphate buffered saline Gibco, Thermo Fisher  Hemel Hempstead, UK 

Serum free – Dulbecco’s 
Modified Eagle’s medium (SF-
DMEM) 
 

Gibco, Thermo Fisher  Hemel Hempstead, UK 

TPCK-Trypsin 1mg/ml frozen 

aliquot 

Sigma Gillingham, UK 

Trypan Blue (0.4%) solution Gibco, Thermo Fisher Hemel Hampstead, UK 

Trypsin-EDTA (0.25%) Gibco, Thermo Fisher Hemel Hempstead, UK 
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3.4.4 Plastic Materials used in preparation of cell monolayer, determining 

TCID50/ml and Viral Microneutralisation assay. 

 

Reagent / Plastic Material Company Location 

7ml bijou container Sigma Gillingham, UK 

50ml conical centrifuge tube Falcon, Thermo Fisher  Hemel Hampstead, UK 

1.5ml Screw cap micro tubes Sarstedt Numbrecht, Germany 

96 well round bottom plate  Sigma Gillingham, UK 

96 well sterile culture plate Sigma Gillingham, UK 

96 well V-bottom plate Sterilin, ThermoFisher Hemel Hampstead, UK 

Pipettes and tips   

 

3.4.5 Solutions, cells and reagents used in ELISA endpoint Viral 

Microneutralisation assay 

 

Solutions/Cells/Reagents Company  Location 

Phosphate Buffered Saline Gibco, Thermo Fisher  Hemel Hempstead, UK 

Modified Eagles Medium (MEM) Gibco, Thermo Fisher Hemel Hampstead, UK 

Methanol BDH Poole, UK 

30% H202 Sigma Gillingham, UK 

Wash Buffer PBS - Tween-20 (0.05%)  BDH Poole, UK 

Tetramethylbenzidine (TMB) liquid 
substrate 
 

Europa Bioproducts Ltd Ely, UK 

0.5M Hydrogen Chloride (HCL) BDH Poole, UK 
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3.4.6 Antibodies used in ELISA endpoint Viral Microneutralisation assay 

 

Antibody Company Location 

Mouse anti-influenza nucleoprotein 
Ab (MCA400) 
 

BioRad California, USA 

peroxidase-conjugate rabbit anti-
mouse Ab (P026) 
 

DAKO California, USA 

 

 

3.4.7 Haemagglutination Inhibition (HAI) Assay 

 

The Haemagglutination Inhibition (HAI) assay is a method for determining the serum 

titre of strain specific influenza antibody targeting the HA protein.  In vitro, the 

influenza virus HA protein binds to sialic acid receptors on avian or mammalian 

erythrocytes in suspension (red blood cells – RBCs) causing agglutination.  Strain specific 

Ab binds the HA protein on the influenza virus surface, and so inhibits the virus from 

binding to the sialic acid receptor on RBCs.  Thus the RBCs in solution are not 

agglutinated by virus and settle out of suspension to form a ‘button’ at the bottom of a 

V-shaped well.  

 

Before conducting the HAI assay, the virus input concentration must be standardized by 

means of the haemagglutination (HA) assay. 
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3.4.7.1 Haemagglutination (HA) Assay 

 

The haemagglutination (HA) assay is a method for determining the titre of influenza 

virus in a sample.  As with the HAI assay, it is based on the in vitro property of a virus 

suspension to agglutinate mammalian and avian RBCs.  The PHE HAI SOP requires a 

standardized virus input concentration of 4 HA units. 1 HA unit is defined as the 

minimum concentration of influenza virus in suspension required to cause complete 

agglutination of a 0.5% suspension of mammalian or avian RBCs.     

 

3.4.7.2 Haemagglutination Assay Method 

 

The HA assay was performed in accordance with Public Health England (PHE) Influenza 

Virus Reference Department Standard Operating Procedures (SOP).  The HA assay was 

performed for the relevant virus strain in the morning before each HAI assay.      

 

1. A frozen aliquot of egg grown influenza virus strain in solution was thawed at 

room temperature.   

2. A 96 well V bottom plate in landscape orientation (Columns 1-12, Rows A-H) was 

prepared as follows (Figure 9):   

a. A 1:4 dilution of virus was prepared in column 1 rows A-C (25ul of virus 

and 75ul PBS)  

b. 50ul of PBS was added to columns 2-12 rows A-C.  

c. A serial, doubling dilution of virus solution was performed across the 96 

well plate.  Using a multi-channel pipette, 50ul of virus solution from 
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column 1 was transferred and mixed in column 2, then 50ul from column 

2 was transferred and mixed in column 3 and continued to column 12.  

This gives dilutions of 1:4, 1:8, 1:16, 1:32 etc 

 

Figure 9: Preparation of 96 well plate for HA assay 

3. 50ul of 0.5% RBCs were added to each well containing titrated virus solution.  

Based on PHE protocol, avian RBCs were used for A(H1N1)pdm09 and B(Phuket). 

Mammalian RBCs were used for A(H3N2) virus.   

4. Plates were covered and incubated at room temperature for 30 (+/-10) minutes 

for avian RBCs, and 60 (+/- 10 minutes) for mammalian RBCs.   

5. After incubation plates were read at an approximately 30-degree angle from 

vertical, against a white background.  

6. A ‘virus positive’ agglutinated well was seen as a pink-red tinge to the solution in 

each well. In the absence of virus induced agglutination RBCs settled out of 
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suspension, formed a ‘button’ in the V bottom well, and ‘ran’ down the well 

when the plate was tipped at the angle above.  This was read as a ‘virus 

negative’ well.  If an RBC button did not ‘run’ this was read as a positive 

agglutinated well (Figure 10). 

7. 1 HA unit of virus is defined as the highest titre at which agglutination is seen. A 

minimum of 2 matching rows were required. In Figure 10 the 1 A unit value is 

1:512.  The 1 HA unit titre was multiplied by 4 to give the 4 HA unit titre (e.g. 

1:512 x 4 = 1:128).   

 

Figure 10: Reading HA assay plate 

 

8. To achieve a more precise 4 HA unit dose, a ‘back-titration’ HA assay was 

performed using non-serial dilutions above and below the 4 HA unit titre. For 
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example, if the 4 HA unit titre were 1:128, 8 virus dilutions in PBS from 1:70 to 

1:210 in 1:20 increments would be prepared in 1.5ml screw cap microtubes.   

9. A 96 well V bottom plate was prepared as follows (Figure 11) 

a. 100ul of the lowest dilution (e.g. 1:70) duplicated in column 1 rows A and 

B, 100ul of the next dilution (e.g. 1:90) duplicated in column 1, rows B 

and C and so on to the bottom of the plate.  The 5th dilution (e.g. 1:150) 

was duplicated in column 7 rows A and B, and again continued down the 

pate so that all 8 dilutions could fit on a single plate.  

b. 50ul of PBS was added to all remaining wells 

c. For each starting dilution, serial doubling dilutions were performed 

across 5 columns of the plate (1-6 and 7-12) 

10. 50ul of appropriate RBCs were added to each well. The plate was incubated and 

read as described above.   

11.  The 4 HA unit dilution was identified as the starting dilution of the row in which 

agglutination was observed in but not beyond column 3 (equating to 1 HA unit). 

In Figure 12, agglutination is seen column 3 rows E and F.  The 4 HA unit starting 

dilution in column 1 row E and F was 1:110.   In this example 1:90 is too 

concentrated as agglutination is seen to 0.5 HA units (i.e. column 4) and 1:130 is 

too dilute as agglutination is only seen to 2 HA units (i.e. column 2).  Duplicated 

dilutions needed to match to determine the 4 HA unit dilution.  In this example 

1:110 would be used as the 4 HA unit virus input dose in the HAI assay. 
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Figure 11: Preparation of 96 well plate for backtitration HA  

 

Figure 12: Reading backtitration HA assay plate 
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12. The volume of 4 HA unit virus solution required for the HAI was then calculated 

allowing 2.5ml per test plate.  A solution at the concentration determined by the 

HA assay was prepared from the thawed virus aliquot, typically in a 50ml conical 

centrifuge tube (Falcon).   

13. To confirm this prepared virus dilution was correct, a further back-titration was 

performed with starting dilution in column 1 rows A to C (i.e. in triplicate) and 

then diluted, incubated and read as described above.  If this triplicate, back-

titration of the prepared virus solution agglutinated to column 3 (equating to 1 

HA unit) but not beyond, this stock was used in the HAI assay.  The triplicate 

dilutions needed to match to confirm the 4 HA unit virus stock dilution was 

correct. 

 

       

3.4.7.3 Haemagglutination Inhibition Assay Method 

 

Serum Preparation 

 

Prior to testing, patient and control sera were treated with Receptor Destroying Enzyme 

(RDE) to remove non-specific inhibitors. 
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1. RDE was dissolved in 20ml sterile saline as per manufacturer’s instructions.  RDE 

was added to aliquots of test and control sera in a 3:1 ratio (300ul RDE: 100ul 

sera) at room temperature. 

2.  RDE-Serum mixture was incubated in a water bath for 18 hours (+/- 2hours) at 

37°C (+/-2°C). 

3. RDE was inactivated by incubating at 56°C (+/-2°C) for 30-60 minutes. 

4. The starting dilution for RDE treated sera was therefore 1:4. 

   

Method 

 

1. A stock of 4 HA unit virus solution was prepared as in 3.4.7.2.  

2. A 96 well V-bottom plate in portrait orientation (Columns H-A, Rows 1-12) was 

prepared as follows (Figure 13):   

a. A 1:10 dilution of patient or control RDE treated sera was prepared in 

column H (30ul PBS and 20ul of serum) nb.starting dilution of RDE 

treated serum is 1:4. 

b. Patients’ pre and post vaccination serum samples were paired and tested 

in adjacent rows. Control serum was added to row 12 of alternate plates. 

c. 25ul of PBS was added to columns G-A of rows 1-12. 

d. A serial, doubling dilution of test and control sera was performed across 

the 96 well plate.  Using a multi-channel pipette, 25ul of serum solution 

from column H was transferred and mixed in column G, then 25ul from 



135 

 

column G was transferred and mixed in column F and continued to 

column A.  This gives dilutions of 1:10, 1:20, 1:40, 1:80 etc. 

 

Figure 13: Preparation of 96 well plate for HAI assay 

 

3. 25ul of prepared and confirmed 4 HA unit virus solution was added to each well. 

4. Plates were covered, and virus-serum mixture was incubated for 60 (+/-10) 

minutes at room temperature. 

5. 25ul of 0.5% RBCs was added to each well.  Based on PHE protocol, avian(turkey) 

RBCs were used for A(H1N1) and B(Phuket). Mammalian (guinea pig) RBCs were 

used for A(H3N2) virus.   

6. Plates were covered and incubated at room temperature for 30 (+/- 10) minutes 

for avian RBCs, or 60 (+/-10 minutes) for mammalian RBCs.   
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7. After incubation plates were read as described above. 

8. For each serum or control sample, antibody titre was recorded as the reciprocal 

of the highest dilution at which agglutination was inhibited (see Figure 14) 

 

Figure 14: Reading HAI assay plate 

 

3.4.7.4 Quality Control 

 

Serum samples were tested in duplicate on separate plates in each assay run. 2 assay 

runs were performed giving 4 values for each sample.  Final results were reported 

according to the PHE titre reporting flowchart appendix 4. 

 

In each run the first plate comprised control samples. Control samples included as a 

minimum 1 positive and 1 negative human serum control, and 2 positive animal (ferret) 
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serum controls.  Control serum was also added to alternate test plates, such that 1 

plate of each duplicate pair included a control.  The geometric mean titre (GMT) of each 

control serum used in a run had to be within two-fold of the expected value to validate 

the run.  The expected values were taken from the PHE quality control database. 

 

3.4.8 Virus Microneutralization (VMN) Assay 

 

The VMN is a sensitive and specific assay for detection of strain specific neutralizing Abs 

that prevent virus entry into cells.  There are two key stages to the assay:- 

 

1. Virus-antibody reaction stage during which a standardized concentration of virus 

is mixed with serial dilutions of test serum. 

2. Inoculation stage in which a cell culture monolayer is inoculated with the virus-

antibody mixture. During this phase virus that has not been neutralized by Ab 

infects, replicates and is released from cells. 

 

As with the HAI assay, the quantity of each virus used in the VMN assay must be 

standardized. The quantity of virus required to produce pathological change in 50% of 

cell cultures is referred to as the median tissue culture infective dose (TCID50) and is 

expressed as TCID50/ml. The standardized input dose for the VMN is 100xTCID50ml.  

The method for determining TCID50/ml and for performing the VMN assay is outlined 

below. 
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Determination of TCID50/ml was performed in accordance with the PHE influenza virus 

reference department SOP.  The VMN assay performed was a modified version of the 

method previously described by the WHO(197).   The first stage of both assays is 

preparation (seeding) of a cell monolayer in microtitre plates. 

 

3.4.8.1 Optimisation of VMN assay  

 

A conventional VMN assay using a cytopathic effect (CPE) endpoint takes 48-72 hours.  

An enzyme-linked immunosorbent assay (ELISA) gives a faster result over 24-48 hours.  

At the time of commencing laboratory work at the PHE influenza virus reference 

department, an ELISA endpoint VMN assay (E-VMN) was already established for 

A(H1N1).  A CPE endpoint VMN assay for A(H3N2) was already established in Madin-

Derby canine kidney (MDCK) - human 2,6-sialyltransferase (SIAT1) cell line.  This cell line 

overexpresses alpha (2,6) linked sialic acids (see 3.1.2)  and yields higher virus titres 

following inoculation (198) and is useful for assessing virus sensitivity to neuraminidase 

inhibitors (199).  MDCK-SIAT is not routinely used for VMN assay.   

 

Given the timeframe available for laboratory work it would not have been feasible to 

optimize ELISA based methods for A(H3N2) and B(Phuket) viruses.  Preliminary work 

indicated that A(H3N2) VMN assay in MDCK-SIAT1 cell line yielded results similar to HAI 

assay.  Therefore, VMN CPE endpoint assay was optimized for A(H1N1), A(H3N2) and 

B(Phuket) in MDCK cell lines.  In addition, the established ELISA endpoint VMN was 

carried out for A(H1N1).  The VMN assay method is outlined below with variables 
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optimized for each virus highlighted and summarized in table 5.  The E-VMN method is 

summarized in section 3.4.8.6. 

 

MDCK cell lines were maintained by PHE staff.  The WHO recommends that cells at low-

passage  (<25-30) are used for VMN assay(200).  Stored frozen cells were thawed at 

passage 30 and maintained until passage 90 in accordance with PHE policy.  Due to 

practical limitations, it was not possible to maintain separate low-passage cell lines for 

the purposes of this laboratory work and therefore MDCK cells were used at the 

passage available.   

 

3.4.8.2 Preparation (Seeding) of microtitre plates with Madin-Derby canine kidney 

(MDCK) cells 

 

Microtitre plates were seeded with MDCK cells from cultures maintained by PHE 

laboratory staff. 

 

1. The procedure outlined was performed around a Bunsen burner to create a 

sterile environment. 

2. A tissue culture flask was observed under an inverted microscope to assess 

health and confluence of the MDCK cell monolayer. 

3. The growth medium from the culture flask was discarded and the cell monolayer 

was washed twice with 20ml of PBS. 

4. 3mls of Trypsin-EDTA (0.25%) was added to the flask and rocked over the 

monolayer for 10-20 seconds and then discarded. 
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5. The cell culture flask was incubated at 36°C and observed every few minutes for 

evidence of cell monolayer detaching. 

6. When cell detachment was evident, 50ml of 10% heat inactivated fetal bovine 

serum (FBS) in Modified Eagles Medium (MEM) was added to the flask and 

pipetted vigorously to break up cell clumps.  The resulting cell suspension was 

then transferred to a 50ml conical centrifuge tube (Falcon).   

7. The cell suspension was centrifuged at 1800 revolutions per minute (RPM) at 

22°C for 5 minutes with acceleration and deceleration times of 5 seconds. 

8. After centrifuging, the medium was poured off and the cell pellet re-suspended 

in 20ml of 1% FBS-MEM. 

9. In a 7ml Bijou container, 50ul of cell suspension was added to 500ul of 1% FBS-

MEM and 450ul of Trypan Blue (0.4%) solution. The stained cell suspension was 

then introduced into a haemocytometer and viable cells were counted under an 

inverted microscope. 

10. Total volume of cell suspension for determination of TCID50/ml or VMN was 

calculated, allowing 10ml suspension per 96 well culture plate.  The cell 

suspension was then made up to the necessary volume adjusting cell 

concentration to 5x105cells/ml. 

11. 100ul of cell suspension was then transferred to each well of a 96 well culture 

plate. 

12. Plates were incubated overnight for 18-22 hours at 37°C in 5% CO2 and observed 

the following day for health and confluence. 
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3.4.8.3 Determination of Influenza TCID50/ml  

 

This procedure was performed around a Bunsen burner to create a sterile environment 

 

Preparation and titration of virus  

 

1. A frozen aliquot of egg grown influenza virus strain was thawed at room 

temperature.   

2. The procedure outlined was performed around a Bunsen burner to create a 

sterile environment. 

3. A starting virus dilution (initially 10-4.5 but subsequently adjusted according to 

initial results) was prepared by adding 10ul of thawed virus solution to 990ul SF-

DMEM in a 1.5ml microtube, and then transferring 63.2ul into 20ml of SF-DMEM 

in a 50ml conical centrifuge tube.   

4. A 96 well round-bottom plate in landscape orientation was prepared as follows 

(Figure 15): 

a. 180ul of virus at 10-4.5 dilution was added to column 1 rows A-H. 

b. 120ul of SF-DMEM was added to all other wells 

c. A serial ½ log dilution of the virus was performed.  Using a multi-channel 

pipette 60ul of virus solution was transferred from column 1, and mixed 

and ejected into well 2.  Pipette tips were then discarded. With clean tips 

60ul was taken from column 2 and mixed and ejected into column 3. This 

was repeated across the 96 well plate to column 11 replacing tips after 

each mixing step. N.b. virus was not transferred to column 12. 
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Figure 15: Preparation of 1/2 Log virus dilution in 96 well round-bottom plate 

 

Washing and inoculation of MDCK cell mo nolayer 

 

5. Using a Vacusafe™ laboratory vacuum pump, 1% FBS-MEM was aspirated from 

each well of the 96 well culture plates prepared in 3.4.8.2.  Each well was 

washed and aspirated twice with 200ul/well of SF-DMEM.  Care was taken not 

to touch the cell monolayer, and not to let the cells dry out. 

6. After the final aspiration, 100ul/well of the prepared serial ½ log virus dilution 

was transferred column-by-column from the 96 well round bottom plate to 

inoculate the MDCK cell monolayer. Fresh pipette tips were used for each 
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transfer. This transfer included 100ul/well of SF-DMEM from column 12 (cell 

control column)  

7. The cell culture plates with virus inoculum were incubated for 1 hour at 37C°C in 

5% CO2. 

 

Preparation of viral growth medium (VGM) and washing of incubated cell 

monolayer 

 

8. During incubation, viral growth medium (VGM) was prepared by adding 1mg/ml 

TPCK-trypsin to a volume of SF-DMEM to give 1ug/ml concentration. 

Approximately 10ml of VGM was required per plate. 

9. After 1-hour incubation, the viral inoculum was removed by aspiration and 

washed twice with 150ul/well SF-DMEM. 

10. After the final aspiration, 100ul/well of prepared VGM was added to the cell 

monolayer.  

11. Cells were then incubated at 37C°C in 5% CO2 for 72 hours. 

 

Plate readout 

 

12. After incubation, infection of cells was determined by 2 methods: - 

a. HA assay of supernatant 
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i. 50ul/well of supernatant was transferred column-by-column from 

the cell culture plate to a 96 well V-bottom plate. Fresh tips were 

used for transfer of each row. 

ii. HA assay was performed on supernatant as described in 3.4.7.1 

b. CPE stain  

i. After removing 50ul for HA, the remaining supernatant was 

removed from each well by aspiration 

ii. The cell monolayer was fixed for 30 minutes using 100ul/well ice 

cold methanol  

iii. Methanol was shaken-off after 30 minutes and in a fume 

cupboard 100ul/well of 5% Carbol Fuchsin was added to each 

well. 

iv. After 30 minutes Carbol Fuchsin was washed off with tap water 

and plates were left to dry. 

13. HA and CPE stain endpoints were compared for each plate (Figure 16 and Figure 17) 

to verify that CPE correlated with presence of virus in supernatant. For 

consistency HA was used as the assay endpoint for titre reporting.  Results 

entered into a spreadsheet and TCID50 was calculated using the Reed-Muench 

formula.  

14. Final TCID50/ml virus input concentration was based on minimum 3 TCID50 

values obtained from separate runs each consisting of 6 plates.  

15. This was repeated to establish TCID50/ml for each virus. 
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Figure 16: HA TCID/50 endpoint. Agglutination of RBCs in well demonstrates that cell monolayer was infected by 

influenza virus, and virus replication and release into supernatant took place over 72 hour incubation. 

 

 

 

Figure 17: CPE Stain TCID/50 endpoint. Wells in which cells were infected and killed by virus over 72 hour incubation 

are not stained  by Carbol Fuchsin. Living cells take up stain and appear pink. Note unstained cells correspond with 

agglutination on HA. Well F6 shows partial CPE and complete agglutination by HA. HA values were used for TCID50 

calculation 
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3.4.8.4 Viral Microneutralization Assay Method 

 

Serum Preparation 

 

Prior to VMN testing, patient and control sera were heat-treated at 56°C(+/- 2°C) for 30 

minutes to remove non-specific inhibitors. 

 

Preparation of virus dilution  

 

1. A frozen aliquot of egg grown influenza virus strain was thawed at room 

temperature.   

2. The procedure outlined was performed around a Bunsen burner to create a 

sterile environment. 

3. A virus dilution was prepared in SF-MEM according to 100xTCID50/ml dose 

calculated in 3.4.8.3. To confirm that this virus dilution produces pathological 

change in 50% of cell cultures, a backtitration is prepared alongside the VMN 

assay. 

 

Preparation of virus backtitration 

 

4. A serial ½ log dilution of the virus prepared in 2 was performed across 8 x 1.5ml 

screwcap microtubes (Figure 18). 

a. Microtubes are labelled 1-8.  

b. 730ul of virus dilution from step 2 is added to microtube 1 
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c. 500ul of SF-MEM is added to microtubes 2-8 

d. 230ul is transferred from microtube 1 and mixed in microtube 2. The tip 

is then discarded. Using a fresh tip 230ul is transferred from microtube 2 

to microtube 3 and this is continued to microtube 8. 

e. The virus dilutions are then transferred to a 96 well round-bottom plate.  

Note that the backtitration dilutions could be transferred directly from 

the microtubes to the MDCK cell monolayer at step 11, but this is time 

sensitive and it proved faster to pre-prepare the dilutions on a round-

bottom plate as described here. 110ul/well of virus dilution is transferred 

from microtube 1 to rows A-D of column 1. 110ul per well is transferred 

from microtube tube 2 to rows A-D of column 2 and so on up to 

microtube tube 8.  

 

Figure 18: Preparation of virus backtitration 
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  Assay Stage 

  Inoculation of monolayer with virus 
 

Incubation of infected cells 

 Virus Strain Virus dilution  
(100xTCID50/ml)  

TPCK-Trypsin 
concentration 
(ug/ml) 

Incubation (minutes 
+/- 15) 

TPCK-Trypsin 
concentration 
(ug/ml) 

Incubation 
(hours +/- 2) 

A/California/7/09(H1N1)  1:90,000 1 120 1 70 
A/Switzerland/9715293/2013 (H3N2) 1:4000 1 120 1 70 
B/Phuket/3073/2013 1:140 MEM Only 180 1.5 46 
 

Table 5: Optimised steps for A(H1N1)pdm09, A(H3N2) and B(Phuket) VMN
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Titration of test and control serum 

5. A 96 well round-bottom plate in landscape orientation was prepared as follows 

(Figure 19): - 

a. A 1:10 dilution of heat-treated test or control serum was prepared in 

column 1 by adding 11ul serum to 99ul PBS  

b. 55ul/well PBS was added to columns 2-11  

c. 110ul/well PBS was added to column 12 

d. A serial, doubling dilution of test and control sera was performed across 

the 96 well plate.  Using a multi-channel pipette, 55ul of serum solution 

from column 1 was transferred and mixed in column 2, then 55ul from 

column 2 was transferred and mixed in column 3 and continued to 

column 10.  This gives dilutions of 1:10, 1:20, 1:40, 1:80 etc.   

e. This is repeated for each test plate 

6. 55ul/well of prepared virus dilution is added to columns 1-11 of each test plate.  

7. Note columns 1-10 contain serum and virus (test wells), column 11 contains 

virus but no serum (virus control wells), and column 12 contains only PBS (cell 

control well) 
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Figure 19: Preparation of serum serial doubling dilutions in 96 well round-bottom plate 

 

a. The plates containing the virus-serum mixture are covered, gently 

agitated and incubated at 37C°C in 5% CO2 for 1 hour for all viruses. The 

virus backtitration plate (although not containing Ab) was also incubated 

alongside the virus-serum mixture to ensure standardization of 

conditions.  

8. When working with multiple plates (>10), virus was added to batches of 10 

plates at 30-minute intervals.   This gave adequate time for plate washing and 

ensured that each subsequent step was performed at the correct time point. 
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Washing and inoculation of MDCK cell monolayer with virus-serum mixture 

and virus backtitration 

 

 

9. While virus-serum mixture was incubating a Vacusafe™ laboratory vacuum 

pump was used to aspirate 1% FBS-MEM from each well of the 96 well culture 

plates prepared in 3.4.8.2.  Each well was washed and aspirated twice with 

200ul/well of SF-DMEM.  Care was taken not to touch the cell monolayer, and 

not to let the cells dry out 

10. After the final aspiration: - 

a. For A(H1N1) and A(H3N3) 100ul/well of VGM (1ug/ml TPCK-Trypsin) was 

added to each well 

b. For B(Phuket) 100ul/well SF-MEM was added to each well.  

11. After 1-hour incubation of the serum-virus mixture, 100ul/well was transferred 

column-by-column onto the corresponding wells of the cell culture plate to 

inoculate the MDCK monolayer.  A multichannel pipette was used, and tips were 

changed for transfer of each row. 

12. 100ul/well from the prepared virus backtitration plate was also transferred to a 

cell culture plate in the manner described in 11.  

13. After the cell culture plate was inoculated with the virus-serum mixture, the 

plates were incubated as follows: - 

a. For A(H1N1) and A(H3N2) 2 hours at 37C°C in 5% CO2  

b. For B(Phuket) 3 hours at 37C°C in 5% CO2  
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Aspiration of virus inoculum and incubation  of infected cells 

 

14. After incubation, the viral inoculum was removed by aspiration and cell 

monolayers were washed twice with 200ul SF-DMEM as described above in 9. 

15. After the final aspiration, VGM was added to the cell monolayer.  The VGM 

concentration used was as follows: - 

a. 1ug/ml TPCK-Trypsin for A(H1N1) and A(H3N2) 

b. 1.5ug/ml TPCK-Trypsin for B(Phuket)  

16. Cell culture plates were then then incubated as follows: - 

a.  For A(H1N1) and A(H3N2) 70 (+/-2) hours at 37C°C in 5% CO2  

b. For B(Phuket) 46 (+/-2) hours at 37C°C in 5% CO2  

17. After incubation infection of cells was determined by HA assay and correlated 

with CPE stain as described in 3.4.8.3.  In all cases Ab titre was reported 

according to HA result. 

 

3.4.8.5 Quality Control 

 

Serum samples were tested in duplicate on separate plates in each assay run.  2 assay 

runs were performed for A(H1N1) and A(H3N2) giving 4 values for each sample.  1 assay 

run was performed for B(Phuket) giving 2 values for each sample.  2 titres were 

reported according to the PHE HAI/VMN reporting flowchart (appendix 4) and the GMT 

of these two values calculated to give a final titre result.  All results from the single 
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B(Phuket) run were reportable by PHE titre reporting flowchart, and the assay was 

clearly less sensitive than the B(Phuket) HAI.  The decision was therefore taken to use 

the remaining serum to perform the A(H1N1)pdm09 E-VMN assay.   

 

In each assay run the first plate comprised control samples. Control samples included as 

a minimum 1 positive and 1 negative human serum control, and 1 positive animal 

(ferret) serum controls.  Control serum was also added to alternate test plates, such 

that 1 plate of each duplicate pair included a control.  After TCID50/ml was determined, 

VMN runs were performed with control samples only.  GMT control values were based 

on a minimum of 4 titres obtained from separate runs within one-fold dilution of each 

other. The GMT of the sera used in a VMN test run had to be within one-fold dilution of 

the expected value to validate the run.  Control sera used along with control values, and 

control results obtained for each assay along with cell passage used are shown in Table 

6.   To confirm the virus dose was correct, the backtitration was reviewed to check that 

50% of infected wells showed CPE at the 1TCID50/ml dilution.    
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  GMT 

 Control Serum (dilution) Control Run 1 Run 2 

AH1N1 Cell Passage  50 86 

 Human Positive 2015 (Neat) 452 640 320 
 Human Negative 2015 (Neat) 40 40 40 
 Human Negative 2013 (Neat) 5 5 5 
 F777 (1:20) 65 113 40 

AH3N2 Cell Passage  87 39 

 Human Positive 2015 (Neat) 1688 1810 1810 
 Human Negative 2013 (Neat) 5 5 5 
 F774 (Neat) 1940 3620 1810 

 F774 (1:2) 1114 1280 1810 
 F763 (Neat) 970 1810 1810 

B Phuket Cell Passage  85 NA 

 Human positive 2015 (Neat) 20 40 NA 
 Human Negative 2013 (Neat) 5 5 NA 
 F776 (1:2) 113 160 NA 
 F765 (Neat) 90 56.57 NA 

Table 6: Control serum GMTs, GMTs obtained from VMN runs and cell passage 

3.4.8.6 ELISA endpoint Viral Microneutralisation Assay (E-VMN) assay Method 

 

Serum Preparation 

 

Prior to VMN testing, patient and control sera were heat-treated at 56°C(+/- 2°C) for 30 

minutes to remove non-specific inhibitors. 

 

Preparation of Virus Dilution 

 

1. A frozen aliquot of egg grown influenza virus strain was thawed at room 

temperature.   

2. A virus dilution of 1:2000 was prepared in a 50ml centrifuge tube in  SF-MEM 

according to previously established 100xTCID50/ml dose. 
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Preparation of Serum Titration  

 

1. A 96 well flat-bottom sterile culture plate in landscape orientation was prepared 

as follows (note plate orientation and control columns are as per Figure 19 but 

volumes are different):- 

a. A 1:10 dilution of heat-treated test or control serum was prepared in 

column 1 by adding 10ul serum to 90ul PBS  

b. 50ul/well PBS was added to columns 2-11  

c. 100ul/well PBS was added to column 12 

d. A serial, doubling dilution of test and control sera was performed across 

the 96 well plate.  Using a multi-channel pipette, 50ul of serum solution 

from column 1 was transferred and mixed in column 2, then 50ul from 

column 2 was transferred and mixed in column 3 and continued to 

column 10.  This gives dilutions of 1:10, 1:20, 1:40, 1:80 etc.   

e. This is repeated for each test plate 

2. 50ul/well of prepared virus dilution is added to columns 1-11 of each test plate.  

3. Note columns 1-10 contain serum and virus (test wells), column 11 contains 

virus but no serum (virus control wells), and column 12 contains only PBS (cell 

control well) 

4. The plates containing the virus-serum mixture are covered, gently agitated and 

incubated at 37°C (+/-2°C) in 5% CO2 for 1 hour. 
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Preparation and addition of MDCK Cell Suspension  

 

1. A 5x105cells/ml MDCK cell suspension was prepared as described in 3.4.8.2 

2. After 1-hour incubation of the serum-virus mixture, 100ul/well of cell 

suspension is added to the 96 well flat-bottom culture plates. 

3. Plates were incubated for 16-18 hours at 37°C (+/-2°C) in 5% CO2. 

4. After incubation cells were checked under a microscope for even distribution 

and confluence. 

 

Termination of viral replication and addition of Antibody  

 

1. After incubation viral replication was terminated as follows: - 

a. Medium was removed from 96 well plates using a Vacusafe™ laboratory 

vacuum pump.  

b. 100ul/well of methanol with 0.6% hydrogen peroxide was added to the 

plate and left for 20minutes after which it was tipped off and plates 

blotted dry. 

2. Plates were washed twice using an automatic plate washer and 350ul/well of 

Wash Buffer PBS-Tween 20 (0.05%). 

3. 100ul/well of mouse monoclonal AB (mAb) specific for A(H1N1)pdm09 

nucleoprotein  (primary Ab) was then added to the plates.   

4. Plates were then incubated for 1 hour (+/- 25 minutes) at 37°C (+/-2°C) in 5% 

CO2 
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5. After incubation plates were washed four times using an automatic plate 

washer and 350ul/well of Wash Buffer PBS-Tween 20 (0.05%). 

6. 100ul/well of rabbit anti-mouse IgG – horse radish peroxidase (HRP) conjugate 

were then added and plates were again incubated for 1 hour (+/- 25 minutes) at 

37°C (+/-2°C) in 5% CO2 

7. Washing was repeated as per step 5 

8. 100ul/well of Tetramethylbenzidine (TMB) was added to each well and plates 

were left in the dark for 18-20 minutes. 

9. 100ul/well of 0.5 molar hydrogen chloride solution was added to stop the 

peroxidase reaction. 

10. Plates were then read immediately using a flatbed scanner at a dual wavelength 

of 450nm and 620nm, with final optical density (OD) reading being the 

difference of the two values. 

 

Quality Control 

 

A single run was performed testing each serum sample in duplicate. The run was 

validated against standard PHE quality control for the E-VMN assay. 

 

3.5 Statistical Analysis 

 

Continuous variables are reported as median values with ranges.  Categorical variables 

are reported as frequencies and percentages.   
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Immunological data is displayed in reverse cumulative frequency distributions for each 

vaccine component and assay.  Supplementary cumulative frequency tables are 

displayed in appendix 5. Immunological data is summarised as pre and post-vaccination 

geometric mean titres (GMT), and geometric mean ratios (GMRs) of pre and post-

vaccination titres. Seroconversion and low-titre seroresponse (LTS) rates are reported 

as frequencies and percentages.  Seroconversion is defined as a change from a negative 

(<10) pre-vaccination titre to ≥40 post-vaccination, or a fourfold increase in baseline 

titre. Low-titre seroresponse is defined as a change from a negative (<10) pre-

vaccination titre to a positive post-vaccination titre but not meeting criteria for 

seroconversion, or a less than fourfold increase in titre. For HAI, rates of titre≥40 are 

reported (historically considered 50% seroprotective in non-immunocompromised 

patients). No current or historical seroprotective titres have been defined for VMN so 

equivalent rates are not reported for this assay.   

 

As Ab titre values were not normally distributed, paired patient results were compared 

with the Wilcoxon signed-rank test for non-parametric data.  Both intra-assay GMTs 

(pre and post HAI, pre and post VMN) and inter-assay GMTs (Pre HAI and pre VMN, 

post HAI and post VMN), and inter-assay GMRs.  An effect size (r) is presented for each 

result.  An r value greater than .3 is considered a medium effect size and greater than .5 

a large effect size(201).  The relationship between log10 transformed HAI and VMN 

titres was explored using a linear regression model and equivalent titres estimated. 
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The relationship between categorical outcome measures (low-titre seroresponse and 

seroprotection rates) and categorical explanatory variables was assessed with Pearson’s 

Chi-Square test, or Fisher’s exact test when expected frequencies were less than 5.  For 

continuous explanatory variables, binary logistic regression was used. 

 

Correlation between non-parametric continuous outcome measures (GMT and GMR) 

and continuous explanatory variables were explored with Spearman’s Rank Correlation. 

For categorical variables Mann-Whitney Test was used.  

 

All statistical testing was 2 sided and at the 95% confidence level. 

 

Analysis was performed with IBM SPSS version 24.  Reverse cumulative frequency 

charts were constructed using StataCorp Stata release 14.  

 

3.6 Results 

 

28 adult patients in the first year after RIC alloHSCT were vaccinated as part of standard 

care and in accordance with local HSCT programme policies between October 2015 and 

February  

2016. One dose of the 2015-2016 Northern hemisphere seasonal trivalent split virion 

IIV (Sanofi) was administered by intramuscular(IM) injection according to 

manufacturer’s instructions by a trained healthcare practitioner. The 2015-2016 

seasonal TIIV contained 15ug Haemagglutinin (HA) each of:  
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 A/California/7/2009(H1N1)pdm09 – A(H1N1)pdm09 

A/Switzerland/9715293/2013(H3N2) – A(H3N2) 

B/Phuket/3073/2013 – B(Phuket) 

 

Post-vaccination blood samples were drawn at a mean of 28.07 (21-50, SD 4.75) days 

from vaccination. One patient was unable to attend follow-up on the scheduled date 

and had a blood sample drawn on day+50 post-vaccination. 

 

3.6.1 Patient Characteristics 

 

Characteristics of 28 study participants are summarized in Table 7.  All patients received 

HSCT as treatment for haematological malignancy.  The most frequent diagnosis was 

AML (50%).  Donor type was VUD in 71.4% of HSCTs, and sibling in 28.6%. HSC source 

was PBSC in 100% of cases, and all conditioning regimens included in-vivo lymphocyte 

depletion with alemtuzumab (89.3%) or antithymocyte globulin (ATG) (10.7%).   
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Characteristic (n=28) Value 

Age at HSCT, median (range) 57.8 (38.0-72.1) 

Gender male, n(%) 15 (53.6) 

Diagnosis, n (%) 
Acute lymphoblastic leukaemia (ALL)  
Acute myeloid leukaemia (AML) 
Chronic lymphocytic leukaemia (CLL) 
Chronic myelomonocytic leukaemia (CMML) 
Myelodysplastic syndrome (MDS) 
Myelofibrosis (MF) 
Multiple myeloma (MM) 
Non-Hodgkin Lymphoma (NHL) 

 
3 (10.7) 
14 (50.0) 
1 (3.6) 
1 (3.6) 
4 (14.3) 
2(7.1) 
1 (3.6) 
2 (7.1) 

Donor type, n (%) 
Sibling donor 
Volunteer unrelated donor (VUD) 

 
8 (28.6) 
20 (71.4) 

Stem cell source, n (%) 
Peripheral blood stem cell (PBSC) 

 
28 (100) 

Conditioning Intensity, n (%) 
Reduced intensity 

 
28 (100) 

Lymphocyte depletion, n (%) 
Alemtuzumab 
Antithymocyte globulin (ATG) 

 
25 (89.3) 
3 (10.7) 

Days from HSCT to vaccination, median (range) 78.5 (24-363) 

Months from HSCT to vaccination, n (%) 
0-3 
>3-6 
>6-12 

 
15(53.6) 
6 (21.4) 
7 (25) 

Lymphocyte count (x10^9) at vaccination, median (range) 0.57 (0.02-2.98) 

Graft versus host disease at vaccination, n(%) 
Acute (stage 1, skin) 
Chronic (mild, skin) 

8 (28.6) 
5 (17.9) 
3 (10.7) 

Immunosuppressive therapy (IST) at vaccination, n(%) 
Any IST 
Single agent 
Dual agent 
Triple agent 

 
18 (64.3) 
13 (46.4) 
4 (14.3) 
1 (3.6) 

Intravenous Immunoglobulin (IVIg) in last 12 months, n(%) 2 (7.1) 

Rituximab in last 12 months, n(%) 3 (10.7) 
 

Table 7: Characteristics of n=28 Patients 
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28.6% of recipients had GvHD, which was limited to stage 1 acute skin GVHD (17.9%) or 

mild chronic skin GVHD (10.7%) in all cases.  Recipients were vaccinated at a median 

time-point of 78.5 (range 24-363) days.  18(64.3%) of patients were receiving IST at 

time of vaccination.  

 

3.6.2 HAI and VMN Immunological Data 

 

Pre and post vaccination Ab titres to A(H1N1)pdm09, A(H3N2) and B(Phuket) by HAI 

and VMN are summarised in reverse cumulative frequency charts (Figure 20 to Figure 

23). Log10 transformed Ab titres are plotted on the x-axis, and % of patients with > x-

titre on the y-axis.  Supplementary cumulative frequency charts are provided in 

appendix 5 and frequency of negative titres (<10) are summarised in Table 8. Reverse 

cumulative frequency curves display each data point and offer a visual means to 

compare pre and post Ab titres, and HAI against VMN assays(202).  For all three vaccine 

components and both HAI and VMN assays the pre and post vaccination curves overlap 

and intersect at several points indicating minimal difference between pre and post 

vaccination titres. With the exception of the A(H3N2) VMN curve, the initial slope of the 

curves is steep reflecting low variability at the lower end of the titre range and a large 

proportion of patients with negative (<10) or low Ab titres both pre and post-

vaccination. 
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 Ab Titre < 10, n(%) 

Vaccine 

Component 

HAI VMN E-VMN 

Pre Post Pre Post Pre Post 

A(H1N1)pdm09 18(64.3) 17(60.7) 15(53.6) 14(50.0) 11(39.3) 11(39.3) 

A(H3N2) 15(53.6) 13(46.4) 3(10.7) 3(10.7)   

B(Phuket) 14(50.0) 19(67.9) 23(82.1) 24(85.6)   

Table 8: Frequency of  negative (<10) Ab titres for A(H1N1)pdm09, H(H3N2) and B(Phuket) 

  

While for A(H1N1)pdm09 and A(H3N2) the proportion of patients with greater than any 

given titre is higher for VMN than HAI and the distribution of positive titres is 

broadened, the reverse is true for B(Phuket). These broad patterns observed in the 

reverse cumulative frequency curves are explored in more detail. 

 

3.6.3 Geometric mean titres (GMT) and geometric mean ratios (GMR) 

 

Pre and post vaccination GMTs for A(H1N1)pdm09, A(H3N2) and B(Phuket) by HAI and 

VMN assays, along with GMRs are summarized in Table 9 and Table 10. 

 

Inter and intra-assay GMTs were compared with Wilcoxon signed rank test and are 

presented with an effect size (r). There was no statistically significant difference in 

GMTs (p>0.05) from pre to post-vaccination for either A(H1N1)pdm09 or A(H3N2), and 

GMRs were close to 1 for both viruses by both assays.  However, post-vaccination GMTs 

for B(Phuket) were lower than pre-vaccination by both HAI (15.17 v 11.89, r=-0.32, 
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p=0.017) and VMN (6.98 v 6.25, r=-0.32, p=0.018).  This is reflected in an HAI GMR of 

0.78 and VMN GMR of 0.89. 

 

GMTs by VMN were higher than by HAI for A(H1N1) both pre-vaccination (16.82 v 

12.56, r=0.30, p=0.024) and post vaccination (16.41 v 11.45, r=0.34, p=0.011). Similarly, 

for A(H3N2) GMTs both pre (129.64 v 11.46, r=0.58, p=<0.001) and post vaccination 

(118.88 v 11.60, r=0.59, p=<0.001) were higher.  However, for Influenza B GMTs were 

lower by VMN than HAI both pre (6.98 v 15.17, r=-0.44, p=0.001) and post vaccination 

(6.25 v 11.89, r=-0.37, p=0.005).    
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Figure 20: Reverse cumulative frequency distribution of A(H1N1)pdm09 Ab titres (Log10 transformed) 

 

 

Figure 21: Reverse cumulative frequency distribution of B(Phuket) Ab titres (Log10 transformed) 
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Figure 22: Reverse cumulative frequency distribution of A(H3N2) Ab titres (Log10 transformed) 

 

 

Figure 23: Reverse cumulative frequency distribution of B(Phuket) Ab titres (Log10 transformed)
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 HAI 
GMT 

 VMN 
GMT 

 GMR 
 

 

Influenza strain Pre-
Vaccination 
 

Post-
Vaccination 
 

r 
(p 
value) 

Pre-
Vaccination 
 

Post-
Vaccination 
 

r 
(p 
value) 

HAI VMN r 
(p 
value) 

A(H1N1)pdm09 12.65 
  

11.45 
 

-0.22 
(0.093) 
 

16.82  
 

16.41 
 

-0.09 
(0.484) 

0.91 
 

0.98  
 

0.21 
(0.270) 

A(H3N2) 11.46  
 

11.60 
 

0.07 
(0.610) 
 

129.64 
 

118.88 
 

-0.14 
(0.277) 

1.01 
  

0.92  
 

-0.08 
(0.968) 

B/Phuket 15.17  
 

11.89 
 

-0.32 
(0.017) 

6.98  
 

6.25 
 

-0.32 
(0.018) 

0.78 
 

0.89  
 

0.16 
(0.384) 

Table 9: GMTs and GMRs for A(H1N1)pdm09, A(H3N2) and B(Phuket) by HAI and VMN assays. P values are derived from Wilcoxon Signed Rank test comparing: HAI pre and post vaccination 
GMTs; VMN pre and post vaccination GMTs;  and HAI and VMN GMRs.  

A(H1N1)pdm09 GMT  
 Pre-

Vaccination 
Post-
Vaccination 

GMR (95% CI) 

ELISA-VMN 34.43 
 

32.87  0.95  

VMN 16.82  
 

16.41  0.98  

R (p value) 0.48 (<0.001) 0.48 (<0.001) 0.06 (0.647) 
Table 10:GMT and GMR for A(H1N1)pdm09 by VMN and ELISA-VMN. P values are derived from Wilcoxon signed-rank test comparing VMN and ELISA-VMN pre- and post-GMTs and GMR
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3.6.4 Rates of seroconversion (SC) and low-titre seroresponse (LTS) 

 

Rates of seroconversion (SC) and low-titre seroresponse (LTS) are summarised in Table 

11. A single seroconversion was detected by E-VMN in a patient vaccinated at 0-3 

months post HSCT.  This same patient had a low-titre seroresponse by VMN.  More low-

titre seroresponses were detected by VMN than HAI for A(H1N1)pdm09 (14.3 versus 

7.1%) and A(H3N2) (28.6 versus 14.3%).  

 

Vaccine 
component 

Assay Low- titre 
seroresponse*, n (%) 

Seroconversion**, n(%) 

A(H1N1)pdm09 HAI 2 (7.1) 0  

 VMN 4 (14.3) 0  
 E-VMN 2 (7.1) 1 (3.6) 

A(H3N2) HAI 4 (14.3) 0  
 VMN 8 (28.6) 0  

B(Phuket) HAI 1 (3.6) 0  

 VMN 0  0  

*Ab titre <10 pre-vaccination to positive post-vaccination but not meeting criteria for seroconversion OR <fourfold 
increase in titre  
** Ab <10 pre-vaccination to ≥40 post vaccination OR ≥ fourfold increase in titre from pre to post vaccination 

 

Table 11: Low titres seroresponse and seroconversion rates in n=28 participants 

Low titres seroresponses by HAI and VMN are displayed by vaccination timepoint in 

Table 12. Of note, only 1 LTS was congruent across HAI and both VMN assays in a patient 

vaccinated at 6-12 months.  For A(H3N2) all low-titre seroresponses were incongruent 

across the two assays. 
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Vaccine 
component 

Vaccination 
Timepoint 

HAI low-titre 
seroresponse, n (%) 

VMN low-titre 
seroresponse, n(%) 

   VMN E-VMN 
A(H1N1)pdm09 <3 (n=15) 0 3 (20) 1 (6.7) 
 3-6 (n=6) 1 (16.7) 0  0 
 6-12 (n=7) 1 (14.3) 1 (14.3) 1 (14.3) 

 Total  2 (7.1) 4 (14.3) 2 (7.1) 

A(H3N2) <3 (n=15) 1 (6.7) 5 (33.3) 
 3-6 (n=6) 3 (50.0) 0  
 6-12 (n=7) 0 3 (42.9) 

 Total  4 (14.3) 8 (28.6) 

B(Phuket) <3 (n=15) 1 (6.7) 0  
 3-6 (n=6) 0  0  
 6-12 (n=7) 0  0  

 Total  1  0 

≥ 1 Strain  <3 (n=15) 2 (13.3) 7 (46.7) 
 3-6 (n=6) 3 (50) 0  
 6-12 (n=7) 1 (14.3) 4 (57.1) 

 Total 6 (21.4) 11 (39.3) 
Table 12: Low titre seroresponse by months from HSCT. A(H1N1)pdm09 LTS congruent across all 3 assays highlighted 

There was no statistically significant association between vaccination timepoint and LTS 

rate for HAI (χ2=3.705, p=0.196) or VMN (χ2 =5.161, p=0.76). 

 

3.6.5 Rates of HAI titre ≥ 40 

 

Rates of pre and post-vaccination titres ≥ 40 by HAI assay are shown in Table 13. 

Frequency of titres ≥ 40 to individual vaccine components are low, ranging from 14.3% 

for A(H3N2) to 32.1% for B(Phuket). For both A(H1N1)pdm09 and A(H3N2), the 

frequency of titres ≥ 40 fell from pre to post vaccination, and in all cases, this occurred 

in patients vaccinated at <3 months post HSCT.  Frequency of titre ≥ 40 to any 1 or more 

vaccine component were 50% both pre and post-vaccination. 
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Vaccine 
Component 

Vaccination 
timepoint 

Pre-
Vaccination, n 
(%) 

Post-
Vaccination, n 
(%) 

Difference 
Post-Pre, 
n(%) 

A(H1N1)pdm09 <3 (n=15) 5 (33.3) 4 (26.7) -1 (-6.7%) 

 3-6 (n=6) 2 (33.3) 2 (33.3) 0 
 6-12 (n=7) 1 (14.3) 1 (14.3) 0 

 Total  8 (28.6) 7 (25.0) -1 (-3.6%) 

A(H3N2) <3 (n=15) 2 (13.3) 2 (13.3) 0 
 3-6 (n=6) 1 (16.7) 1 (16.7) 0 
 6-12 (n=7) 1 (14.3) 1 (14.3) 0 

 Total 4 (14.3) 4 (14.3) 0 

B(Phuket) <3 (n=15) 6 (40.0) 4 (26.7) -2 (-13.3%) 
 3-6 (n=6) 1 (16.7) 1 (16.7) 0 
 6-12 (n=7) 2 (28.6) 2 (28.6) 0 

 Total 9 (32.1) 7 (25.0) -2 (-7.14%) 

≥1 Strain <3 (n=15) 9 (60.0) 9 (60.0) 0 
 3-6 (n=6) 3 (50.0) 3 (50.0) 0 
 6-12 (n=7) 2 (28.6) 2 (28.6) 0 

 Total 14 (50) 14 (50) 0 
Table 13: Rates of pre and post vaccination titres ≥ 40 by vaccination time point 

The rate of Ab titre≥40 to any 1 or more virus strain appears to decline with longer time 

from transplant (60% at <3 months, 50% at 3-6 months, and 28.6% at 6-12) months 

however this was not statistically significant (χ2=1.886, p=0.390). 

 

3.6.6 Negative HAI / Positive VMN status as a predictor of HAI titre ≥ 40 

 

As rates of HAI titre ≥ 40 did not increase from pre to post-vaccination, and there were 

no serconversions, it was not possible to evaluate whether negative HAI/Positive VMN 

status at baseline predicted these two outcomes. For A(H1N1)pdm09, 3(10.7%) patients 

had negative (<10) pre-vaccination titres by HAI, but were positive by VMN. 7 (25%) 

patients had negative pre-vaccination titres by HAI but were positive by E-VMN.  For 

A(H3N2) there were 12(42.9%) HAI negative/VMN positive patients at baseline, and for 
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B(Phuket) 0.   HAI negative/VMN positive status did not predict LTS by HAI for either 

A(H1N1)pdm09  (VMN: χ2=3.476, Fisher’s Exact p=0.206), (E-VMN: χ2=6.462, Fisher’s 

Exact p=0.056) or A(H3N2) (χ2=0.266, Fisher’s Exact p=0.625). 

 

3.6.7 Factors influencing immunogenicity  

 

3.6.7.1 Seroprotection, seroconversion and minimal seroresponse 

 

None of the categorical variables diagnosis, donor type (VUD v Sibling donor), 

lymphocyte depleting agent (Alemtuzumab v ATG), months from HSCT to vaccination 

(either categorised as <3, 3-6, 6-12 or dichotomised as <3 v >3 month, and <6 v >6 

months), GvHD at vaccination, Immunosuppressive therapy at vaccination, Intravenous 

Immunoglobulin within last 12 months, or rituximab within last 12 months were 

associated with pre or post vaccination HAI titre ≥ 40, or low-titre to seroresponse rates 

by HAI or VMN (P>0.05 in all cases by Pearson’s Chi-Square or Fisher’s Exact test).  

Neither was there an association between these outcome variables and the continuous 

explanatory variables age at transplant, lymphocyte count at vaccination, and days from 

HSCT (P>0.05 in all cases by binary logistic regression).  As only 1 seroconversion was 

detected by E-VMN further statistical analysis was not possible for this dependent 

variable. 
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3.6.7.2 Post vaccination Antibody titres  

 

Post-vaccination A(H1N1)pdmo09, A(H3N2, and B(Phuket) Ab titres were not correlated 

with any of the categorical (P>00.5 in all cases by Mann-Whitney U Test) or continuous 

variables (P>0.05 in all cases by Spearman’s rank correlation) given above. 

 

3.6.8 Relationship between HAI and VMN titres 

 

The relationship between log10 transformed HAI and VMN titres was explored using a 

linear regression model. Statistically significant correlation was observed between HAI 

and VMN for  A(H1N1)pdm09 (β=1.139, 95%CI 1.021-1.255, p<0.001), A(H3N2)  

(β=0.871, 95%CI 0.533-1.209,  P<0.001) and B(Phuket) (β=0.396, 95%CI 0.322-0.47, 

P<0.001).  There was also statistically significant correlation between A(H1N1)pdm09 

HAI and E-VMN (β=1.319, 95%CI 1.145-1.493, p<0.001).  Using the linear regression 

equation and 95%CI for β, VMN titres equivalent to an HAI 40 with 95%CI ranges were 

calculated. Equations and equivalent titres are shown in Figure 24 to Figure 27. 
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Figure 24: A(H1N1)pdm09 Lg10 transformed HAI and VMN. HAI 40 ~ VMN 65.18 

 

Figure 25: A(H1N1)pdm09 Lg10 transformed HAI and VMN. HAI 40 ~ E-VMN 164 
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Figure 26 : A(H3N2) Log10 transformed HAI and VMN titres. HAI 40 ~ VMN 366.77 

 

Figure 27: B(Phuket) Log10 transformed HAI and VMN titres. HAI 40 ~ VMN 10.17 
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3.7 Discussion 

 

In this pilot study, the immunogenicity of the 2015-2016 seasonal IIV was evaluated in 

HSCT recipients using the HAI and VMN assay.  This is the first study to report VMN data 

in this patient group.  The study population was homogenous with regard to HSCT 

procedure: All patients received RIC regimens and PBSCs with in-vivo lymphocyte 

depletion.  Furthermore, all patients were within the first 12 months of HSCT at time of 

vaccination.  

 

GMTs for A(H1N1)pdm09 and A(H3N2) determined by VMN were statistically 

significantly higher than by  HAI.  For A(H1N1)pdm09 two VMN assays were compared; 

a 72-hour assay with a CPE endpoint, and a 24 hour assay with ELISA endpoint.  In this 

study, the estimated VMN equivalent of an HAI titre of 40 was 65.18 (95% CI 42.33-

100.36) for the CPE endpoint, and 164 (95% CI 86.37-311.78) for the ELISA endpoint.  

Previous studies in a paediatric and a healthy adult population estimated that ELISA 

VMN titres of 200 and 211 respectively, were equivalent to an HAI titre of 40 (77,203).  

The paediatric study evaluated Ab to the H1N1(A/Brisbane/59/2007) strain, and the 

adult study the A(H1N1)pdm09 strain.  The same paediatric study estimated that a VMN 

titre of 140 was equivalent to an HAI titre of 40 for H3N2(A/Brisbane/10/2007).  In a 

small study of patients infected (rather than vaccinated) by 

H3N2(A/SouthAfrica/114/95/7) GMTs by HAI and ELISA VMN were 29.19 and 362.98 

respectively.  Based on reported results, the estimated equivalent of an HAI titre of 40 

was a VMN titre of 480(193).  The comparative HAI and VMN titres in this present study 
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are consistent with previous research findings.  A(H3N2) viruses have been dominant 

circulating strains and a component of the seasonal IIV since at least 1998 (204), while 

the A(H1N1)pdm09 virus is by definition antigenically dissimilar to H1N1 strains 

predating 2009.  The presence of cross-reacting neutralizing Ab to A(H3N2) may explain 

why the titres by VMN were markedly higher than for the more recent A(H1N1)pdm09 

virus. 

 

Unexpectedly, for B(Phuket) the VMN assay GMT was statistically significantly lower 

than the HAI titre.  The estimated equivalent VMN titre of HAI 40 was 10.17 (95% CI 

7.74-13.36). A previous study comparing HAI and VMN reported increased rates of 

seroconversion by VMN compared with HAI although GMTs were not reported for 

direct comparison(191).  The HAI assay has previously displayed poor sensitivity to 

some influenza strains (205). PHE Respiratory Virus Reference Department experience 

with 2015-2016 B(Phuket) virus indicated very poor HAI sensitivity with unexpected 

negative results in routine testing of samples (personal communication, Dr Katja 

Hoschler). Therefore egg-grown B(Phuket) virus used in reference laboratory testing 

was ether treated to improve HAI sensitivity. Ether treatment cleaves the virion and 

increases Ab binding sites(156,205) however the virion is rendered unable to replicate 

and therefore unsuitable for use in VMN assay.  In this study, ether treated B(Phuket) 

was used for the HAI assay, and non-ether treated for the VMN.  One may therefore 

hypothesise that the VMN would have compared more favourable against HAI using 

non-ether treated virus, however this was not assessed as part of the study. 
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In this study population, seroconversion by HAI was completely absent for all 3 vaccine 

components. A single seroconversion to A(H1N1) was detected by E-VMN in patient 

who was administered IIV at 0 to 3 months. This patient also had the highest detected 

low-titre seroresponse by VMN (<10 to 20) but falling below seroconversion criteria.  

Absence of seroconversion by HAI was an unexpected finding, as previous studies have 

reported modest rates.  Pauksen and colleagues observed seroconversion rates by HAI 

to IIV administered in the first 12 months post HSCT of 31% for A(H1N1, 9% for 

A(H3N2), and 20% for influenza B.  Conditioning intensity, HSC source and use of 

lymphocyte depletion were not reported (161).  Karras and colleagues found 

seroconversion rates of  0% to A(H3N2), 6% for A(H1N1) and 8% for Influenza B(92).  In 

this study 44.6% of patients received RIC and the remainder MAC and this was not 

identified as  factors predictive of seroconversion.  None of the participants in this latter 

study received lymphocyte deplete grafts.  In a study of BMH alloHSCT patients who 

universally received lymphocyte deplete grafts,  there were no seroconversions within 

the first 6 month post HSCT(91).   Although the homogenous population does not allow 

for analysis, it may be the case that universal in-vivo lymphocyte depletion in this 

population impacted on immunogenicity.  As all were recipients of RIC, the median age 

in our study was 57.8, compared with 40.8(92) and 21(91) in the studies above. Older 

age is associated with poorer influenza vaccine immunogenicity in the general 

population and this may have been a contributing factor to poor response in this study 

population(206). 
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Despite vaccination, rates of titre ≥ 40 by HAI were stable from pre to post vaccination 

for A(H3N2) and fell for A(H1N1) and B(Phuket).  Baseline seroprotection rates were 

28.6% for A(H1N1)pdm09, 14.3% for A(H3N2), 32.1% for B(Phuket) and 50% to any 1 or 

more  strain.  In an immunogenicity study of the monovalent A(H1N1)pdm09 vaccine, 

Issa and colleagues reported seroresponse rates to the study vaccine, but also HAI titres 

≥ 40 to the seasonal influenza strains(164).  These ranged from 20.7% for Influenza B, 

and 57.4% for A(H3N2).   However, these patients were evaluated at 2.5 to 92.7 months 

post HSCT, and some had received the seasonal IIV in previous post-HSCT influenza 

seasons. In contrast, patients in this current study were all seasonal IIV naïve following 

HSCT.  Other studies have reported baseline seroprotection rates to Influenza A and B 

of 12-16% (161) and 0-29% (163).  Thus. baseline rates in this study population are 

comparable with previously published data.  Pre-vaccination rates of HAI titre ≥ 40 fell 

with time from HSCT (60% at 0-3 months, 50% at 3-6 months, 28.6% at 6-12 months) 

and this is consistent with previous studies that have reported a waning of disease 

specific Abs within the first-year post HSCT.  Our findings, however, were not 

statistically significant.  

 

Low titre seroresponse (LTS) has not been correlated with clinical outcome and has not 

previously been reported.  This reflects the minimum response detectable by 

serological techniques (i.e. 1-fold change in titre) and it must be acknowledged that this 

falls within the margin of error of such assays (a 1-fold difference in control values 

being acceptable) and the poor correlation between assays would attest to this.  In this 

study rates of LTS were higher by VMN than HAI but low overall (7.1-14.3% for HAI; 14.3 
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to 28.6% for VMN).  There was no correlation with time from transplant possibly 

suggesting that even this minimum detectable response is impaired throughout the first 

12 months.    

 

None of the evaluated patient characteristics correlated with seroresponse measures or 

with GMT or GMRs.  As a pilot study the sample size was small, and this was 

compounded by absent and low measures of seroresponse.  Neither active GvHD nor 

concomitant IST correlated with post vaccination HAI titre ≥ 40. The association 

between IST, GvHD and response to influenza vaccination has not been reported 

consistently.  Our findings are consistent with previous studies reporting low response 

by HAI in the first 12 months.  While Karras and colleagues suggest that equivalent 

seroconversion rates to 1 or more strains at 2-6 and 6-12 months (12 % v 30% p=0.43) 

may justify earlier vaccination, our findings of almost entirely absent humoral response 

throughout the first year would argue against this strategy in RIC PBSC lymphocyte 

deplete alloHSCT recipients.  On the other hand, our study of course did not evaluate 

whether GMTs, GMRs and rates of HAI titre >40 would have dropped significantly 

without vaccination, which may have played a role in maintenance of response. 

 

3.7.1 Study Strengths and Weaknesses 

 

3.7.1.1 Study Population 

 

The study was conducted in a homogenous population with regard to HSCT procedure.  

Inclusion criteria were broad with regard to GvHD, IST and previous serotherapy, and 
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participants were vaccinated as part of standard care at their respective HSCT 

programmes.  While it is not possible to extrapolate our findings to other HSCT sub-

populations (e.g. autologous, BMH or UCB alloHSCT, non-lymphocyte deplete), it does 

point towards poor seroresponse to IIV in this specific population.  Although as the 

sample size for this pilot study is small, results should be interpreted cautiously, and we 

would not recommend change in practice based on current findings.  Vaccination 

timepoint was not evenly distributed over the first year, with 50% of recipients 

vaccinated within the first 3 months. Based on immune reconstitution patterns low 

responses at this time point are to be expected and this may have contributed to the 

lower rates of seroresponse than previously reported.  Although, there was no 

difference between 0-3, 3-6 and 6-12 months, and the only seroconversion detected at 

any timepoint was in the 0-3-month group.  Study participants were all seasonal IIV 

naïve from point of HSCT, however pre-HSCT vaccination status was not reported, and 

we did not have access to pre-HSCT serum samples to determine change in Ab status 

from pre to post HSCT.  Due to sample size, it would not have been meaningful to 

correlate clinical outcome data with immunological data, and therefore this was not 

undertaken.  

 

3.7.1.2 Laboratory Procedures 

 

Correlations between HAI and VMN assays estimated in this study are consistent with 

previous studies in other population groups.  For VMN, it was not possible to select low 

passage MDCK cells as recommended by WHO, however all runs passed Public Health 
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England quality control criteria, with acceptable control values and back titrations.  

Neither the HAI nor the VMN have been standardized internationally, and inter-

laboratory variability is a recognized issue.  Due to timing and funding constraints it was 

not possible to establish an ELISA endpoint for A(H3N2) and B(Phuket). The 

A(H1N1)pdm09 E-VMN appears more sensitive the CPE endpoint VMN, and this assay 

detected the only seroconversion.  It may be that E-VMN would have yielded additional 

seroresponse data for A(H3N2) and B(Phuket).   

 

 

3.8 Conclusion 

 

In conclusion, this study has shown almost complete absence of seroresponse to 

seasonal trivalent IIV administered in the first-year post HSCT in a small cohort of RIC 

PBSC alloHSCT recipients who underwent in-vivo lymphocyte depletion.  This is the first 

study to use the VMN assay to assess immunogenicity of seasonal IIV in HSCT recipients. 

In other study populations, this assay has proven more sensitive with higher GMTs than 

by HAI, and also the detection of higher rates of seroconversion.  The correlations 

between HAI and VMN titres estimated in this study are similar to those reported 

previously in immunocompetent adult and paediatric cohorts, and GMTs were 

statistically significantly higher than HAI by VMN and E-VMN for A(H1N1) and VMN for 

A(H3N2).   Despite this, the E-VMN detected only a single seroconversion to A(H1N1) 

below the threshold of detection by HAI.  It seems that a single dose of seasonal TIIV is 

minimally immunogenic in this study population.  There is a clear need for novel 
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vaccination schedules and vaccine formulations in this patient group, particularly in the 

first-year post HSCT, and it may be that the VMN provides useful immunological data in 

this context.  
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4 The impact of seasonal influenza infection and vaccination 

health beliefs on vaccination intent amongst adult 

recipients of autologous and allogeneic haematopoietic 

stem cell transplant 

 

4.1 Introduction 

 

As reviewed in Chapter 1, all components of the innate and adaptive immune system 

are impaired for months to a year or more post HSCT. As part of this broad 

immunosuppression, antibody titres to VPDs decline from weeks to months post HSCT, 

and this may continue for years without revaccination. In particular, HSCT recipients are 

at risk from invasive pneumococcal disease(207), and have a high morbidity and 

mortality associated with the influenza virus(208).  Current international guidelines 

recommend that after autologous and allogeneic HSCT, recipients should be regarded 

as ‘never vaccinated’ and receive a full schedule of revaccination (100,209).   

 

4.2 Post HSCT Vaccination in Context 

 

Recipients of HSCT may experience numerous post-transplant complications.  

Significant complications common to auto and alloHSCT include toxicity from 
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conditioning chemotherapy, marked immunosuppression, recurrence of primary 

disease, secondary malignancy and psychosocial consequences of such intensive 

treatment.  This latter group of complications includes fatigue, anxiety and depressive 

symptoms, and post-traumatic stress disorder(210).  Other long-term complications 

contributing to morbidity and mortality are related to impaired immunity and 

dysregulated immune reconstitution including infection and autoimmune 

complications.  Unique to alloHSCT is the alloreactivity between donor immune system 

and host tissue that is defined clinically as acute and chronic GvHD. GvHD can cause 

multisystem dysfunction and is an immunosuppressive process.  As a result of such 

post-transplant complications, recovery is rarely straightforward and may be marked by 

periods of acute and chronic ill-health requiring specialist treatments and hospital 

admission(211).   

 

This complex recovery pathway, from both the clinician and patient perspective, and 

the recommendation of a full re-vaccination schedule, may contribute to unique 

healthcare beliefs and barriers to vaccination.  Few studies have sought specifically to 

describe barriers to vaccination among this group, and none have investigated how 

health beliefs influence HSCT recipients’ vaccination intent (See 1.13).  Understanding 

barriers to vaccination and the factors that influence a patient’s vaccination intent and 

uptake, is considered fundamental to developing a successful vaccination 

program(212).  
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It is recognized that vaccination intent is vaccine and context specific(213) so it is 

rational for a health belief study to focus on a single vaccine rather than vaccines and 

vaccination in general.  As referenced above, HSCT recipients are at particular risk from 

seasonal influenza infection, and the influenza vaccine is unique in that it is 

administered annually.   Therefore, this study will focus on health beliefs surrounding 

the seasonal influenza virus, and the seasonal inactivated influenza vaccine (SIIV).  

 

4.3 Seasonal Influenza Vaccination rates post-HSCT 

 

Based on a small number of single centre studies the post-HSCT influenza vaccination 

rate in HSCT recipients is around 60-70% in the first 2 years(104,105). In the 2015-2016 

influenza season, UK influenza vaccination rates were reported at 71% in adults over 65 

and 55.4% in immunosuppressed adults under 65(214).  The NHS England target for the 

2016-2017 influenza season is 75% for adults aged over 65, and at least 55% in all under 

65 high risk groups(215). So, based on limited data, reported vaccination rates in HSCT 

recipients are in keeping with the influenza vaccination rate of patients aged over 65 in 

the UK, and exceeds the rates amongst immunocompromised adults.  However, HSCT 

recipients are vulnerable to seasonal influenza and its complications, and it is desirable 

to continue to improve and maximize vaccination rates.  
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4.4 Factors Influencing Vaccine Uptake in other Patient Groups 

 

A number of published studies have investigated influenza vaccine uptake amongst 

specific patient groups.  These groups include older adults(216–219), high-risk patients  

(220,221) including oncology patients(222) and those with secondary 

immunodeficiency(223), Healthy adults in the workplace(224–228), Healthcare 

workers(229–234), and pregnant women(235–240).  Following the 2009 H1N1 

pandemic a number of studies investigated uptake of the H1N1 vaccine(241–247). 

 

Studies from the USA and UK investigating the groups above have identified common 

themes in patient social and psychological factors that influence IIV intent and uptake.  

Key themes that emerge are as follows: 

 

1. Social Influence 

a) Recommendation from a healthcare professional (248–265) 

2. Disease-Related Factors  

a) Perceived susceptibility to influenza (250,252,254,256,259,260,264,266–

270) 

b) Perceived severity of influenza (250,253,256,258,259,264) 

c) Anticipated regret associated with contracting influenza if not 

vaccinated(255,267,271)(250,251,258,259,264) 
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3. Vaccine Related Factors 

a) Perceived vaccine effectiveness(251,252,255,256,258–

261,263,264,266,268,269,271,272) 

b) Perceived or previously experienced side 

effects(250,253,256,258,259,262,268,269,272–277) 

c) Perception that vaccine causes influenza or may worsen pre-existing 

condition(249–254,258–260,262,270,272,273) 

4. Past behaviour - previous vaccination against 

influenza(251,252,255,258,259,262,264,268,271) 

5. Knowledge  - awareness of recommendation/need to receive influenza 

vaccine(250,260,270,275,276,278) 

6. Altruism - protecting others(258,267) 

  

Many of these factors influencing vaccination intent and uptake will be relevant to 

HSCT recipients to a greater or lesser extent.  However, post HSCT care is a unique and 

complex clinical situation and it is possible that particular influences will dominate, and 

unique influences may exist.  A better understanding of the patient beliefs that 

influence vaccination intent post HSCT may allow the development of targeted 

strategies and interventions that address concerns specific to this group, which may in 

turn contribute to improved vaccine uptake.   

4.5 Theoretical Framework for Investigating Vaccination Intent 
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Theories of health behaviour are largely predicated on the principle that the 

antecedent of a health behaviour is an individual’s intent towards that behaviour.  

Additional variables will clearly impact on whether the behaviour is ultimately carried 

out, but intent is considered a key predictor of  health behaviour(279,280).  The Health 

Belief Model (HBM)has been used in various healthcare contexts to investigate why 

people engage in behaviours to prevent, screen for or diagnose disease(281).  The HBM 

is founded on the theory that three key factors determine intent and behaviour: 1) An 

individual is motivated to undertake a behaviour, for example due to a health concern, 

2) an individual perceives themselves to be at risk from a particular condition or 

outcome, and 3) a given behaviour will reduce risk, and balances favourably in the 

individual’s cost-benefit analysis(282).  These broad determinants are further dissected 

to give 5 measurable constructs: 1) perceived risk of illness, 2) perceived severity of 

illness, 3) perceived effectiveness or benefits of intervention, 4) perceived barriers to 

intervention, and 5) and cues to action.   These constructs are considered among the 

most important predictors of influenza vaccination, and in particular perceived risk 

from and severity of disease are reliably associated with vaccination uptake(283). Since 

the conception of the HBM in 1950’s, additional modifying constructs have been 

proposed. Self-efficacy, or an individual’s perceived ability to successfully bring about 

an outcome is considered an important modifier of the HBM(284).  In addition to the 

cognitive constructs of the HBM, emotional constructs are considered important in 

predicting behaviour.  In particular, worry about disease has been identified as a factor 

that modifies the impact of perceived risk on vaccination behaviour: a patient may 

perceive themselves to be at risk, but unless this is something that worries them they 
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may not engage in a preventative behaviour(271).  Furthermore, anticipated regret of 

illness if a health behaviour is not performed is also considered a predictor of 

intent(285). 

 

4.6 Framework for Investigating Vaccination Intent in HSCT Recipients 

 

A framework for investigating vaccination intent amongst HSCT recipients was adapted 

from the themes outlined in 4.4, and the HBM and modifying constructs outlined in 4.5 

(Figure 28).   
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Figure 28: Framework for investigating vaccine intent in HSCT recipients. The constructs of the HBM (1) were 

investigated as predictors of vaccination intent among HSCT recipients.  Modifying constructs (2) were investigated as 

independent predictors of intent and then significant constructs were incorporated into the HBM to form a modified 

HBM (M-HBM).  The impact of HSCT factors (e.g., HSCT type, time from HSCT, disease indication), sociodemographic 

factors and previous vaccination behaviour were also considered as variables modifying intent (3).  Finally, a subset of 

the risk, severity and barrier constructs of the HBM were framed as constructs relative (4) to ‘before HSCT’ and to 

‘other healthy individuals of the same age’, and investigated as independent predictors of intent.  
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4.7 Study Overview 

 

Auto and alloHSCT recipients were recruited at 3 study sites between the 2015-2016, 

and 2016-2017 influenza seasons. Study sites were the Royal Marsden NHS Foundation 

Trust, St George’s Hospital, St George’s NHS Foundation Trust, and the Freeman 

Hospital, Newcastle Hospitals NHS Foundation Trust. Eligible patients were asked to 

complete a study specific health belief questionnaire.  

 

The study was conducted in compliance with the study protocol, and standards of good 

clinical practice and regulatory requirements. All necessary local NHS research and 

development approvals were obtained for each centre before patient recruitment 

began. 

 

See Appendix 6 for patient information sheet, consent form and notice of research 

ethics committee approval. 

 

4.7.1 Study Sponsorship, Insurance and Ethical Approval 

 

The study was sponsored and insured by University College London (UCL).  Ethical 

approval for the study was granted on 15 March 2016 by the NHS Health Research 

Authority (HRA) National Research Ethics Service (Appendix 6) 
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4.7.2 Study Aims, Hypothesis and Objectives 

 

4.7.2.1 Study Aim 

 

The aim of this study was to investigate the potentially unique factors that may 

influence SIIV vaccination intent in adult recipients of auto and alloHSCT using a 

questionnaire based on the health belief framework outlined in 4.6. 

 

4.7.2.2 Study Hypothesis 

 

There is an association between seasonal influenza and SIIV healthcare beliefs and 

vaccination intent in adult recipients of autologous and allogeneic haematopoietic stem 

cell transplant. 

 

Individuals who perceive that their transplant has placed them at higher risk from 

seasonal influenza virus will be more likely to intend to receive the vaccine compared to 

those who do not perceive themselves to be at higher risk following their transplant.  

 

Individuals who perceive themselves to be at higher risk from seasonal influenza virus 

relative to healthy individuals of the same age will be more likely to intend to receive 
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the vaccine, compared to those who do not perceive themselves to be at higher risk 

relative to healthy individuals of the same age. 

 

4.7.2.3 Study Objectives 

 

Primary Objective: 

To describe, using a theoretical health belief framework, the barriers to vaccination 

perceived by recipients of allogeneic and autologous haematopoietic stem cell 

transplant and correlate this with vaccination intent. 

 

Secondary Objectives: 

To determine whether perceived higher seasonal influenza infection risk post-

transplant predicts vaccination intent among adult recipients of autologous and 

allogeneic haematopoietic stem cell transplant  

 

To determine whether perceived higher seasonal influenza infection risk relative to 

healthy individuals predicts vaccination intent among adult recipients of autologous 

and allogeneic haematopoietic stem cell transplant 

To determine potential barriers to vaccination amenable to targeted intervention  
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4.7.3 Study Participants 

 

Inclusion Criteria: 

 

• Aged 16 or over 

• Recipient of autologous or allogeneic HSCT using any conditioning regimen or 

intensity for any primary haematological disease 

• No absolute contraindications to receiving the SIIV during the next flu season as 

per summary of product characteristics. 

• Not received seasonal influenza vaccine between date of transplant and date of 

completion of study questionnaire 

• Able to read English 

 

Exclusion Criteria: 

 

• Unable to read English 

• Received seasonal influenza vaccine between date of transplant and date of 

completion of study questionnaire 
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4.7.4 Participant Informed Consent, Registration, Confidentiality and General Ethical 

Considerations 

 

The setting for the study was the haematology outpatient department at the NHS 

Trusts given in section 4.7.  All patients received Participant Information Sheets (PIS) 

and were offered the opportunity to ask any questions about the study. Patients were 

asked to give written consent and were advised that they could withdraw at any time 

from the study.  Participants were advised that their decision to participate or to 

withdraw from the study would not impact on the care they received.  Patients 

consenting to the study were asked to complete an anonymous health beliefs 

questionnaire either in the outpatient waiting area or in their own time at home, and 

return the questionnaire in a sealed envelope so it could not be read by either the 

healthcare team or site study team.  All required information was recorded on the 

questionnaire by the participant, so further access to their healthcare records was not 

necessary.  The investigators at the study site were responsible for maintaining patient 

confidentiality throughout. Study IDs were recorded on the local site log alongside local 

hospital number only, to ensure that participants were not approached twice. It was 

not necessary to inform GPs of patients’ participation. 

 

The study was conducted outside of the influenza season so as not to have any 

immediate impact on vaccination decisions. Participants were offered the opportunity 

to raise any questions or concerns raised by the questionnaire with an HSCT nurse 

specialist at each site.  
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4.7.5 Data Handling 

 

The study specific paper-based questionnaire was completed anonymously and 

contained no personal details through which a specific individual could be identified.   

Demographic data was collected on the questionnaire but in a format that could not be 

used to identify a specific individual (i.e. age brackets, ethnicity).  The healthcare team 

at no point had access to individuals’ questionnaires.   

 

The anonymous paper questionnaires were stored securely in the research office at the 

NHS sites until the end of the recruitment period. At the end of the recruitment period 

the paper questionnaires were physically transferred by courier to the Anthony Nolan 

Research Institute. The paper questionnaires were securely stored in the Anthony 

Nolan Research Institute office.  Anonymous data from the paper questionnaire was 

transferred to a study specific password protected electronic spreadsheet.   
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4.8 Materials and Methods 

 

4.8.1 Study Power Calculations 

 

Based on a medium effect size (f2 = 0.15), an α error probability of 0.05, a power (1-β 

error probability) of 0.8 and with 9 predictors in multivariable analysis, a sample size of 

n=114 was calculated. 

 

4.8.2 Study Questionnaire 

 

A 42-item study-specific questionnaire was developed with invaluable advice and input 

from Dr Alice Forster, Senior Research Fellow, Faculty of Population Health Sciences, 

UCL. 

 

The questionnaire was based on the framework summarised in 4.6. Health belief 

statements were devised and clustered to address each construct.  The statements 

clustered by health construct are given in Table 14.  Participants were asked to indicate 

their agreement with each health belief statement on a 5-point Likert scale ranging 

from ‘strongly disagree’ to ‘strongly agree’.  The dependent variable in the 

questionnaire was vaccination intent and this was assessed by 2 statements.  The 

statements were specific with regard to behaviour (receiving the seasonal influenza 
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vaccine) and time frame (during the next winter season), and agreement was assessed 

on a forward and reverse scale.  

 

A subset of statements from the risk, severity and barrier clusters were phrased in 

relation to before HSCT (Table 14, Statement 4,7 and 15), and in relation to other 

healthy people of the same age (Table 14, statement 3,6,10 and 13).  These were sub-

grouped into ‘health relative’ and ‘HSCT relative’ constructs. 

 

Statements pertaining to GP and HSCT team cues to vaccination were phrased to 

explore perception of HSCT team and GP knowledge about seasonal influenza vaccine in 

the context of HSCT, and potential impact of advice from both sources (Statements 20-

23, Table 14).   

 

Questions about preferred vaccination location and ease of access to GP services were 

also included (Statements 16 and 27).    

 

Background questions enquired about type of HSCT (auto or alloHSCT), disease 

indication for HSCT, time from HSCT, past vaccination receipt and information received 

about influenza vaccine since HSCT.  Basic socio-demographic questions established 

age, gender, ethnic background, educational background, relationship status and 
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residential circumstances.  For all potentially sensitive questions ‘Prefer not to answer’ 

options were given.  

 

4.8.2.1 Questionnaire Development and Piloting 

 

After preparing the initial questionnaire draft, detailed think-aloud sessions were 

conducted in October and November 2015 with 3 members of the Anthony Nolan 

patient panel.  Participants were asked to read each question aloud, outline their 

interpretation of the question and then indicate their response and the reason for this.  

The purpose of this was to ensure that questions were clear, easy to understand, that 

interpretation of each question was as intended, and that answers were consistent with 

the question asked.  Following these sessions modifications were made to question 

content, order and phrasing.  

 

In December 2015, the questionnaire was piloted with 10 patients at the Royal 

Marsden Hospital NHS Foundation trust. Participants were asked to complete the 

questionnaire, keeping note of the time taken, and to highlight any questions that they 

had difficulty  answering or otherwise found problematic. The questionnaires were all 

completed within 10 minutes and no participants reported difficulty or concerns about 

the questions.   

The final version of the study questionnaire can be found in appendix 7. 
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Construct (Cronbach’s α value) 

HEALTH BELIEF MODEL 

Intention (α = 0.87) 

1. I intend to receive the seasonal flu vaccine next winter 
2. I will choose not to receive the seasonal flu vaccine next winter 

Susceptibility to seasonal influenza (α = 0.83) 

3. Now I have had a stem cell transplant I can catch the seasonal flu more easily than other people my age 
4. Now I have had a stem cell transplant I can catch the seasonal flu more easily than before my transplant 

Likelihood of contracting seasonal influenza (α = 0.91) 

5. My chances of catching seasonal flu next winter will be high if I do not receive the seasonal flu vaccine 
6. I am more likely than other people my age to catch seasonal flu next winter if I do not receive the seasonal flu vaccine 
7. Now I have had a stem cell transplant it is more likely that I will catch seasonal flu next winter if I do not receive the seasonal flu vaccine 

Severity of seasonal influenza infection (α = 0.91) 

8. If I do not receive the seasonal flu vaccine and caught the seasonal flu next winter this would be a serious illness for me 
9. If I do not receive the seasonal flu vaccine and caught the seasonal flu next winter this would have a negative impact on my recovery from my 

stem cell transplant 
10. If I do not receive the seasonal flu vaccine and caught the seasonal flu next winter I would become more unwell than other people my age 

Barriers to vaccination (α = 0.84) 

11. I am worried about side effects of the seasonal flu vaccine 
12. If I receive the seasonal flu vaccine next winter it may make me feel unwell with the flu or a flu-like illness 
13. If I receive the seasonal flu vaccine next winter I am more likely to experience side effects than other people my age 
14. If I receive the seasonal flu vaccine next winter it may have a negative impact on my recovery from my stem cell transplant 
15. Now I have had a stem cell transplant the seasonal flu vaccine may not work as well for me as it does for other people my age 
16. I would prefer to have the seasonal influenza vaccine next winter at my transplant centre instead of my GP surgery 

Benefits of vaccination (α = 0.66) 

17. If I receive the seasonal flu vaccine next winter it may help to prevent me from catching the seasonal flu 
18. If I receive the seasonal flu vaccine next winter it may help to prevent me from passing the seasonal flu to other people around me 
19. If I receive the seasonal flu vaccine next winter, but still catch the flu, it may help to prevent me from becoming seriously unwell 
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Cues to vaccination (HSCT Team and GP)  (α = 0.76) 

20. If my transplant team advised me to receive the seasonal flu vaccine next winter I would definitely have it  
21. If my GP advised me to receive the seasonal flu vaccine next winter I would definitely have it 
22. My GP understands my condition enough to know if the seasonal flu vaccine is right for me   
23. My transplant team understand my condition enough to know if the seasonal flu vaccine is right for me 

EXTENDED HEALTH BELIEF MODEL 

Worry (α = 0.47) 

24. If I receive the seasonal flu vaccine next winter I will worry less about catching the seasonal flu 
25. The thought of catching seasonal flu next winter worries me 

Self-efficacy with regard to vaccination (α = 0.29) 

26. I have enough information and am able to decide whether the seasonal flu vaccine is right for me 
27. I would find it easy to attend my GP surgery next winter to receive the seasonal flu vaccine 

Anticipated regret if not vaccinated (α = 0.15) 

28. I would regret it if I decided not to receive the seasonal flu vaccine next winter and became unwell with seasonal flu   
29. I would regret it if I decided to receive the seasonal flu vaccine next winter and became unwell with side effects 

AGE AND HSCT RELATIVE CONSTRUCTS 

Constructs in relation to others of the same age (α = 0.64) 

Statements 3, 6, 10, 13 (reverse scale)  

Constructs in relation to before HSCT (α = 0.55) 

Statements 4, 7, 15 

 

Table 14: Study questions grouped by health belief construct. Value for Cronbach’s α test of scale reliability (see 4.10) is given in parentheses for each construct
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4.8.3 Study Recruitment 

 

The study was open at 3 study sites from June to September 2016.  93 participants 

were recruited in total by HSCT Nurse Specialists.   

 

4.9 Measure of Vaccination Intent 

 

Vaccination intent was measured by 2 statements on a five-point Likert scale.  The 

positive intent statement was scored from 0-4 (strongly disagree to strongly agree) and 

the scale was reversed for the negative intent statement.  Scores were summed, and 

the neutral score value (neither agree nor disagree to both statements) was 4.  

Participants were dichotomized to ‘low intent’ (intent score of ≤4) and ‘high intent’ 

(intent score ≥ 5).  This cut-off was chosen as it was considered the most relevant to the 

study question, and provided groups of sufficient size to carry out analysis. 

 

4.10 Statistical Analysis 

 

Categorical patient characteristics and socio-demographic factors are reported as 

frequencies and percentages.   Associations between these variables and vaccination 

intent was examined with Pearson’s chi-squared test, and Fisher’s exact test when 

expected values were less than 5. 
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Health belief statements were grouped into health belief constructs (Table 14).  

Agreement on 5-point Likert scales were scored from 0 to 4 (4 to 0 for reverse scale 

questions).  Internal scale reliability for each cluster of statements was assessed using 

Cronbach’s α. Although there is no absolute cut-off values(286), >0.6 was considered 

indicative of acceptable internal scale reliability and statement scores were summed to 

give a total agreement score.  Values <6 were considered unacceptable and construct 

clusters were reviewed and modified.  Scale reliability was acceptable for all constructs 

of the HBM.  Scale reliability was unacceptable for the modifying clusters relating to 

self-efficacy, worry, anticipated regret and the HSCT relative construct. These 

constructs were therefore adjusted for analysis.  For the self-efficacy construct, 

statements 26 (I have enough information and am able to decide whether the seasonal 

flu vaccine is right for me) and 27 (I would find it easy to attend my GP surgery next 

winter to receive the seasonal flu vaccine) were evaluated separately.  For anticipated 

regret constructs, statements 28 (I would regret it if I decided not to receive the 

seasonal flu vaccine next winter and became unwell with seasonal flu) and 29 (I would 

regret it if I decided to receive the seasonal flu vaccine next winter and became unwell 

with side effects) were analysed separately. For the worry construct statements 24 (If I 

receive the seasonal flu vaccine next winter I will worry less about catching the seasonal 

flu) and 25 (The thought of catching seasonal flu next winter worries me) were also 

analysed separately. For the HSCT relative constructs removal of statement 15 (Now I 

have had a stem cell transplant the seasonal flu vaccine may not work as well for me as 

it does for other people my age) 
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yielded a Cronbach’s α value of 0.83 and therefore this statement was dropped from 

the construct.   

 

Summed agreement scores for each construct were analysed as continuous scales.  For 

vaccination intent, and health belief constructs, mean agreement score values, 

standard deviations and 95% confidence intervals are presented. Histograms, and mean 

and median values were reviewed to confirm normality of distribution for each scale.  

Analysis of Variance (ANOVA) was used to compare mean agreement scores between 

low and high vaccination intent groups for each construct.  Mean agreement scores 

between age groups, and between participants grouped by time from HSCT were also 

compared with ANOVA.  Homogeneity of variances was confirmed with Levene’s 

statistic.   

 

Binary logistic regression was used to examine the effects of health belief constructs on 

seasonal influenza vaccination intent.  Three models were examined: 1) the HBM, 2) the 

M-HBM, 3) age and HSCT relative model.  For each model, a hierarchical regression 

method was used.  The assumption of a linear relationship between each independent 

variable and log of the outcome variable was tested and confirmed using the Box-

Tidwell procedure(287).  Multicollinearity across all constructs was assessed. No 

variance inflation factor was greater than 10, and the mean of values was acceptable at 

1.92(201).  
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Questions 22-25 (HSCT and GP cues), and 16 (Preferred vaccination location) were not 

included in the binary logistic regression model, as statements were phrased such that 

they could not be used as predictors of intent.  For these variables, mean values for the 

low and high intent groups were compared with ANOVA.  HSCT and GP cue scores 

within low and high intent groups were compared with a paired sample T-Test.  The 

number of participants favouring vaccination at their GP practice or HSCT programme 

were compared between the high and low intent groups with Pearson’s Chi-square test. 

 

Missing data was minimal.  1 participant left 1 response blank, 1 participant left 3 

responses blank, and a further 1 participant left 6 responses blank totalling 10 missing 

data points for 3 participants across the whole study.  All missing data points were from 

the high-intent group, and were within the likelihood, severity, barrier and GP cues to 

vaccination constructs.  Summed agreement scores were not calculated in these cases 

and participants were excluded from analysis for the affected construct only. 

 

Power calculations were performed with G*Power version 3.1.  Statistical analysis was 

performed with IBM SPSS version 24.   
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4.11 Results 

 

4.11.1 Participant Characteristics 

 

Characteristics of 93 study participants are given in Table 15.  78.5% were recipients of 

alloHSCT and the most frequent disease indication was AML (28.0%).  The majority 

(68.6%) were within the first 6 months post HSCT.  40.9% of participants had received 

the IIV before HSCT, and only 4.3% had received a non-influenza vaccine since HSCT.  

52.7% of participants were male, and most (84.9%) were of a white ethnic group. 

Characteristic, n=93 n(%) High 
Vaccination 
intent (%) 

P Value 

Gender 
Male 
Female 

 
49 (52.7) 
44 (47.3) 

 
81.6 
70.5 

 
 
0.23 

Age group 
16-34 
35-54 
55-64 
65+ 

 
22 (23.7) 
36 (38.7) 
20 (21.5) 
15 (16.1) 

 
68.2 
91.7 
75.0 
53.5 

 
 
 
 
0.02* 

HSCT Type 
Allogeneic 
Autologous 

 
73 (78.5) 
20 (21.5) 

 
80.0 
75.3 

 
 
0.78 

Disease Indication 
Acute lymphoblastic leukaemia (ALL)  
Acute myeloid leukaemia (AML) 
Aplastic Anaemia (AA) 
Chronic myeloid leukaemia (CML) 
Hodgkin Lymphoma 
Myelodysplastic syndrome (MDS) 
Myelofibrosis (MF) 
Multiple myeloma (MM) 
Non-Hodgkin Lymphoma (NHL)  

 
11 (11.8) 
26 (28.0) 
5 (5.4) 
5 (5.4) 
9 (9.7) 
5 (5.4) 
2 (2.2) 
22 (23.7) 
8 (8.6) 

 
72.7 
76.9 
60.0 
100 
88.9 
60.0 
50.0 
77.3 
75.0 

 
 
 
 
 
 
 
 
 
0.79 
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months from HSCT 
0-6  
7-12  
> 12  

64 (68.8) 
20 (21.5) 
9 (9.7) 

81.3 
70.0 
55.6 

 
 
0.20 

Seasonal flu vaccine before HSCT 
Yes 
No 

 
38 (40.9) 
55 (59.1) 

 
89.5 
67.3 

 
 
0.01* 

Any vaccine since HSCT 
Yes 
No 

 
4 (4.3) 
89 (95.7) 

 
100 
75.3 

 
 
0.26 

Information about flu vaccine from HSCT Team 
Yes 
No 

 
25 (26.9) 
68 (73.1) 

 
80.0 
75.0 

 
 
0.62 

Ethnicity 
White 
Mixed 
Asian 
Black 
Other 

 
79 (84.9) 
2 (2.2) 
8 (8.6) 
3 (3.2) 
1 (1.1) 

 
77.2 
50.0 
87.5 
66.7 
0.0 

 
 
 
 
 
0.32 

Educational Background 
Secondary Education 
Higher Education 
Other 
Prefer not to answer 

 
49 (52.7) 
30 (32.3) 
3 (3.2) 
11 (11.8) 

 
81.6 
80.0 
66.7 
45.5 

 
 
 
 
0.07 

Living Circumstances 
Renting 
Home Owner 
Other 
Prefer not to answer 

 
25 (26.9) 
54 (58.1) 
10 (10.8) 
4 (4.7) 

 
76.0 
79.6 
70.0 
50.0 

 
 
 
 
0.56 

Relationship Status 
Single 
Married / Cohabiting 
Divorced / Separated 
Prefer not to answer 

 
23 (24.7) 
56(60.2) 
10 (10.8) 
4 (4.4) 

 
78.3 
80.4 
50.0 
75.0 

 
 
 
 
0.22 

Table 15: Characteristics of n=93 study participants. *Statistically Significant  
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4.11.2 Vaccination Intent 

 

The mean value was 5.92 (SD 2.0, 95% CI 5.5-6.36.  71 (76.3%) participants had positive 

vaccine intent, and 22 (23.7%) neutral or negative vaccine intent.   

 

4.11.3 Socio-demographic variables and vaccination intent 

 

There was a statistically significant difference in vaccination intent between age groups 

(χ2 9.91, P=0.02). High intent rate was greatest in the 35-54 age group at 91.7%, and 

lowest at 53.3% in the 65+ age group (Figure 29). There was no statistically significant 

association between gender(χ2 1.60, P=0.23), ethnicity (χ2 4.74, P=0.32), educational 

background (χ2 6.95, P=0.07), living circumstance (χ2 2.908, P=0.56), or relationship 

status (χ2 4.39, P=0.22) and intent (Table 15).  

 

To determine whether there was a difference in health beliefs between age groups, 

mean agreement scores for all constructs were compared.  There was no difference 

between mean agreement scores for the 16-34, 35-54 and 55-65 age groups for any 

construct ( p >0.05 in all cases).  The >65 age group had lower mean agreement scores 

for susceptibility statements compared with 16-34 age group (4.40, 95%CI 3.50-5.22 v 

6.14, 95% CI 5.30-6.90, p=0.008) and 35-54 age group (5.86, 95%CI 5.44-6.31 p=0.02), 
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and also for severity statements compared with the 16-34 (6.57, 95%CI 5.45-7.67 v 

8.82, 95%CI 7.71-9.89, p=0.008) and 35-54 (8.77, 95%CI 7.97-9.58, p=0.005) age groups.    

 

 

Figure 29: Seasonal influenza vaccination intent by age group 

 

4.11.4 Transplant variables and vaccination intent 

 

There was no association between type of HSCT (χ2 0.19, p=0.78), or disease indication 

(χ2 4.68, p=0.79) and vaccination intent (Table 15).  Vaccination intent was 80% in the 

first 0-6 months post HSCT, 70% at 6-12 months, and lowest at 55.6% at >12 months 

from HSCT although this finding was not statistically significant (χ2 3.45, p=0.18).   
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To determine whether there was a difference in health beliefs between participants at 

different time points post HSCT, mean agreement scores for all constructs were 

compared.  There was no difference in mean agreement scores between participants at 

0-6 and 6-12 and >12 months post HSCT (p>0.05 in all cases). 

 

4.11.5 Past vaccination behaviour, vaccine information and vaccination intent 

 

There was no association between vaccine intent and previous influenza vaccination 

information from the HSCT team (χ2 0.25, p=0.62) or receipt of any non-influenza 

vaccine since HSCT (χ2 1.30, p=0.26). 

 

The lowest frequency of influenza vaccination prior to HSCT was 22.7% in the 16-34 age 

group and highest at 53.3% in the over 65 age group (Figure 30).  Influenza vaccination 

prior to HSCT was associated with intent in the over 65 age group.  87.5% of those who 

had received the vaccine before HSCT expressed high intent compared with only 14.3% 

of those who had not (Fisher’s exact test, p=0.01).  This was not seen in any of the other 

age categories. Across the combined 16-64 age group vaccination intent was 90% 

amongst those who had received the vaccine prior to HSCT, and 75% in those who had 

not (χ2 2.67, p=0.14). 
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Figure 30: Influenza vaccine receipt prior to HSCT by age group 

 

4.11.6 Health belief constructs and vaccination intent. 

 

Table 16 summarises the mean agreement scores for each health belief constructs 

(after modification as described in 4.10) separated by low and high intent groups.  

ANOVA was used to compare mean agreement scores between groups and p values are 

presented.  For all health belief constructs, with the exception of anticipated regret of 

side effects if vaccinated, there was a statistically significant difference between mean 

agreement scores for the low and high vaccination intent groups. In all cases the 

difference between agreement scores was in the expected direction; the high intent 
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group had statistically significantly higher mean scores for perceived susceptibility to 

influenza (6.09 v 4.05, P<0.001), likelihood of contracting influenza (8.58 v 5.55, 

P<0.001), severity of influenza infection (8.65 v 6.77, P=0.002), benefits of vaccination 

(8.56 v 5.85, P<0.001), worry statement 24 (2.80 v 1.77, P<0.001), self-efficacy 

statement 26 (2.81 v 2.41, P=0.007), self-efficacy statement 27 (3.10 v 2.32, P<0.001), 

anticipated regret statement 28 (3.35 v 2.27, P<0.001) and.  The low intent group had a 

higher mean agreement scores for perceived barriers to vaccination (11.27 v 8.45, 

p=0.001).  The high intent group also had higher mean agreement scores than the low 

intent group for both age (11.09 v 7.91, P <0.001) and HSCT relative (7.74 v 5.82, 

P<0.001) constructs. There was no difference between high and low intent groups for 

worry statement 25 (2.39 v 2.14, p=0.34), and self-efficacy statement 29 2(2.13 v 1.19, 

p=0.40) 

 

The high intent group had statistically significantly higher mean agreement scores than 

the low intent group for HSCT team cues (7.23 v 5.68, p <0.001) and GP cues (5.89 v 

3.55, P<0.001) to vaccination, indicating that knowledge and perceived impact of 

recommendation was not equal between the two groups.  This is explored further in 

4.11.8.   
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Health Belief Constructs 

Number of 
Questions 
(scale 
range) 

Mean Agreement Score (SD, 95% CI)  

Low Vaccination intent 
(n=22) 

High Vaccination Intent 
(n=71) 

P value 

Health Belief Model Constructs     
Susceptibility to Influenza 2 (0-8) 4.05 (1.59, 3.30-4.70) 6.09 (1.38, 5.75-6.39) <0.001 
Likelihood of contracting influenza 3 (0-12) 5.55 (2.06 4.61-6.40) 8.58 (2.48, 8.00-9.18) b <0.001 
Severity of influenza infection 3 (0-12) 6.77 (2.24, 5.83-7.72) 8.65 (2.37, 8.09-9.23) b 0.002 
Barriers to vaccination 5 (0-20) 11.27 (2.96, 10.11-12.44) 8.45 (3.27, 7.66-9.20) a 0.001 
Benefits of vaccination  3 (0-12) 5.95 (2.10, 5.00-6.78) 8.56 (1.80, 8.13-9.00) <0.001 
HSCT team cues to vaccination  2 (0-8) 5.68 (1.17, 5.16-6.15) 7.23 (0.97, 7.00-7.45) <0.001 
GP cues to vaccination 2 (0-8) 3.55 (1.95, 2.73-4.33) 5.89 (1.47, 5.54-6.26)c <0.001 
Modifying Constructs     
24 - Worry less about catching flu if vaccinated 1 (0-4) 1.77 (0.81, 1.40-2.07) 2.80 (0.77, 2.61-3.00) <0.001 
25 - Worry about catching the flu 1 (0-4) 2.14 (1.35, 1.57-2.71) 2.39 (1.01, 2.17-2.63) 0.34 
26 - Self-efficacy: Enough information to decide 
about vaccination 

1 (0-4) 2.14 (1.08, 1.68-2.58) 2.81 (0.98, 2.61-3.00) 0.007 

27 - Self efficacy: Easy to attend GP 1 (0-4) 2.32 (1.04, 1.88 -3.72) 3.10 (0.88, 3.89-4.00) <0.001 
28 - Anticipated regret of catching flu 1 (0-4) 2.27 (1.08, 1.79-2.74) 3.35 (0.69, 3.18-3.52) <0.001 
29 - Anticipated regret of side effects 1 (0-4) 1.91 (1.15, 1.42-2.37) 2.13 (1.06, 1.88-2.39) 0.40 
Relative Constructs     
Constructs relative to healthy individuals the 
same age 

4 (0-16) 7.91 (2.04, 6.95-8.75) 11.09 (2.06, 10.61-11.64 b <0.001 

Constructs relative to before HSCT 2 (0-8) 5.82 (1.53, 5.17-6.42) 7.74 (1.47, 7.40-8.09)c <0.001 
Table 16: Mean agreement score values for each health belief construct separated by high and low vaccination intent groups. Results for each construct are presented as mean score value 
with standard deviations (SD) and 95% confidence intervals. an=68, bn=69,cn=70
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4.11.7 Prediction of Vaccination Intent 

 

The impact of participants’ health beliefs on vaccination intent was examined with 

hierarchical binary logistic regression.  All constructs statistically significant in univariate 

analysis were included in the regression models (Table 16).  As the modifying variables 

age and vaccination prior to HSCT were statistically significantly associated with intent, 

these were adjusted for by inclusion in the first hierarchical regression blocks. As age 

was an ordinal categorical variable, this variable was dichotomized to < and >65 years of 

age.  

 

4.11.7.1 Health Belief Model Constructs 

 

The impact of the HBM constructs on vaccination intent were first examined.  The 

addition of the HBM constructs to age>65 and no pre-HSCT influenza vaccination 

statistically significantly improved the predictive value of the model (χ2 42.91, p<0.001).  

The logistic regression model was statistically significant (χ2 57.24, p<0.001) and 

explained 70.8% (Nagelkerke R2) of the variance in intent to receive influenza vaccine 

next season.   Sensitivity was 93.9% and specificity 77.3%.  Age>65 (OR 0.05, 95% CI 

0.04-0.65, p=0.02), no influenza vaccination prior to HSCT (OR 0.06, 95%CI 0.01-0.62, 

p=0.02) and higher perception of barriers to vaccination (OR 0.68, 95%CI 0.48-0.97, 

p=0.03) were statistically significantly associated with low intent to receive influenza 

vaccine, while higher perceived benefits of vaccination were associated with high intent 
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(OR 3.37, 95%CI 1.47-7.70, p=0.04).  Studentized residuals were reviewed. 2 (2.15%) 

cases lay outside values of +/-2.58(201).  Data entry was checked, and responses 

reviewed. Although responses for these participants were not consistent across the 

questionnaire, and both participants had selected multiple neutral responses, there was 

no clear rationale for excluding these cases and therefore they were left in the model.  

The logistic HBM constructs regression model is summarised in Table 17 

 

HBM Construct SE Wald P  Odds 
Ratio 

95% CI 

Age >65 1.31 5.22 0.02 0.05 0.04-0.65 
No pre HSCT influenza vaccination 1.20 5.56 0.02 0.06 0.01-0.62 
Susceptibility to Influenza 0.45 0.24 0.62 1.24 0.52-2.99 
Likelihood of contracting influenza 0.28 0.96 0.33 1.31 0.76-2.26 
Severity of influenza infection 0.23 0.42 0.51 0.86 0.55-1.35 
Barriers to vaccination 0.18 4.48 0.03 0.68 0.48-0.97 
Benefits of vaccination  0.42 8.63 0.04 3.37 1.47-7.70 

  

Table 17: Logistic regression predicting intent to receive influenza vaccine during next season across all age groups 
based on Health Belief Model constructs and adjusting for age and influenza vaccination prior to HSCT.  

 

In univariable analysis, the impact of pre-HSCT vaccination was seen only in the over 65 

age group.  Therefore, the logistic regression was repeated for the subgroup of patients 

aged under 65 excluding age as a variable, but including no pre-HSCT influenza 

vaccination. Both benefits of vaccination (OR 5.19, 95% CI 1.72-15.69, p=0.04) and 

barriers to vaccination (OR 0.57, 95% CI 0.34-0.94, p=0.027) remained statistically 

significantly associated with vaccine intent, but pre-HSCT influenza vaccination was not 

significant in this subgroup.  
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4.11.7.2 Modifying Constructs 

 

The impact of the modifying constructs on vaccination intent was examined with binary 

logistic regression.  First, they were examined as a discrete group of constructs.  

Significant variables were then added to the HBM in 4.11.7.1 to determine whether the 

predictive value of the HBM could be improved. 

 

The addition of the E-HBM constructs to age>65 and No pre-HSCT influenza vaccination 

statistically significantly improved the predictive value of the model (χ2 57.68, p<0.001).  

The final logistic regression model was statistically significant (χ2 44.06, p<0.001) and 

explained 56.7% (Nagelkerke R2) of the variance in intent to receive influenza vaccine 

next season.  Sensitivity was 93.0% and specificity 72.7%.  Age>65 (OR 0.19, 95%CI 0.16-

0.80, p=0.03) was statistically significantly associated with low intent to receive 

influenza vaccine, while the worry construct was associated with high intent (OR 4.85, 

95%CI 1.76-13.36, p=0.02).  In this model, influenza vaccination prior to HSCT was not 

statistically significantly associated with intent(OR 0.19, 95%CI 0.03-1.06, p=0.06). 

Studentized residuals were reviewed. 3 (3.2%) cases lay outside values of +/-2.58(201).  

Again, there was no clear rationale for excluding these cases and therefore they were 

left in the model.  The M-HBM logistic regression is summarised in Table 18.   
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HBM Construct SE Wald P  Odds 
Ratio 

95% CI 

Age >65 1.07 4.72 0.03 0.19 0.16-0.80 
No pre HSCT influenza vaccination 0.89 3.59 0.06 0.19 0.03-1.06 
Self-efficacy   0.35 2.77 0.10 1.80 0.90-3.60 
Worry less about catching flu 0.51 9.32 0.02 4.85 1.76-13.36 
Anticipated regret of catching flu 0.57 2.01 0.16 1.76 0.81-3.84 

 

Table 18: Logistic regression predicting intent to receive influenza vaccine during next season across all age groups 
based on Health Belief modifying constructs and adjusting for age and influenza vaccination prior to HSCT. 

 

As in 4.11.7.1, the logistic regression was repeated for the subgroup of patients aged 

under 65 excluding age as a variable, but including no pre-HSCT influenza vaccination.  

Emotional response remained statistically significant (OR 4.78, 95% CI 1.63-13.99, 

p=0.04) and pre-HSCT influenza vaccination was not significant in this subgroup.  

 

To determine whether the worry construct would improve the HBM in Table 17, this 

construct was introduced as an additional block in the hierarchical regression.  The 

addition of the modifying worry constructs to the HBM significantly improved the 

predictive value of the model (χ2 4.52, p<0.03) and explained 74.7% (Nagelkerke R2) of 

intent to receive influenza vaccine next season.  The overall model was statistically 

significant (χ2 61.76, p<0.001).  

 

All variables in the original model remained statistically significant.  The final M-HBM is 

summarised in Table 19. 
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HBM Construct SE Wald P  Odds 
Ratio 

95% CI 

Age >65 1.65 5.28 0.02 0.02 0.01-0.57 
No pre HSCT influenza vaccination 1.39 5.28 0.02 0.04 0.02-0.56 
Susceptibility to Influenza 0.54 0.01 0.64 0.96 0.33-2.78 
Likelihood of contracting influenza 0.51 2.32 0.13 1.68 0.86-3.26 
Severity of influenza infection 0.29 1.65 0.20 0.69 0.39-1.21 
Barriers to vaccination 0.19 3.87 0.05 0.69 0.57-0.99 
Benefits of vaccination  0.43 6.50 0.01 2.96 1.29-6.81 
Worry less about catching flu 0.82 3.86 0.05 4.99 1.01-24.77 

 

Table 19 Logistic regression predicting intent to receive influenza vaccine during next season across all age groups 
based on Modified Health Belief Model, and adjusting for age and influenza vaccination prior to HSCT. 

Studentized residuals were reviewed. 3 (3.2%) cases lay outside values of +/-2.58(201) 

and after review, there was no clear rationale for excluding these cases and therefore 

they were left in the model.   

 

4.11.7.3 Relative Constructs 

 

This subgroup of HBM constructs explored HSCT recipients’ health beliefs in relation to 

before their HSCT, and in relation to healthy adults of the same age. The HSCT relative 

constructs explored susceptibility to and likelihood of catching influenza, while the age 

relative constructs explored susceptibility to, and likelihood of catching influenza along 

with benefits of and barriers to vaccination.  A logistic regression model was used to 

explore whether these constructs predicted vaccination intent independently of the 

other M-HBM constructs.  

The addition of the age and HSCT relative constructs block to age>65 and No pre-HSCT 

influenza vaccination statistically significantly improved the predictive value of the 
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model (χ2 24.86, p<0.001).  The logistic regression model with odds ratios and 95% 

confidence intervals is summarised in Table 20.  The final logistic regression model was 

statistically significant (χ2 40.10, p<0.001) and explained 53.6% (Nagelkerke R2) of the 

variance in intent to receive influenza vaccine next season.  Sensitivity was 91.2% and 

specificity 63.6%.  Only the age relative constructs were statistically significant (p=0.01), 

and in this model age >65 was not statistically significant.   Studentized residuals were 

reviewed. 3 (3.2 %) cases lay outside values of +/-2.58(201).  There was no clear 

rationale for excluding these cases and therefore they were left in the model.   

HBM Construct SE Wald P  Odds 
Ratio 

95% CI 

Age >65 0.86 2.98 0.08 0.23 0.04-1.22 
No pre HSCT influenza vaccination 0.79 2.45 0.12 0.29 0.61-1.37 
Age relative construct 0.29 6.35 0.01 2.09 1.18-3.71 
HSCT relative construct  0.36 0.10 0.74 1.12 0.56-2.26 

 

Table 20:  Logistic regression predicting intent to receive influenza vaccine during next season across all age groups 

based age and HSCT relative constructs, and adjusting for age and influenza vaccination prior to HSCT. 

 

4.11.8 GP and HSCT Team Cues to Vaccination 

 

As discussed in 4.11.6 the mean agreement values for GP cues and HSCT cues were 

higher in the high intent than the low intent group.  The statements presented were 

‘My transplant team understands my condition enough to know if the seasonal flu 

vaccine is right for me’ and ‘If my transplant team advised me to receive the seasonal flu 

vaccine next winter I would definitely have it’. The same questions were asked 
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substituting transplant team for GP.  Therefore, this difference in mean agreement 

scores between the low and high intent group may indicate that the latter may have a 

relatively more favourable perception of both GP and HSCT team knowledge, and may 

be more inclined to follow advice regarding vaccination. 

 

To explore GP and HSCT cues within high and low intent groups, mean agreement 

scores for GP and HSCT statements were compared with a paired sample T-Test.  Within 

both low and high intent groups the mean agreement score for HSCT team cues were 

higher than for GP cues.  In the low vaccine intent group, the mean agreement score for 

HSCT cue was 5.68 (SD 1.17, 95% CI 5.16 to 6.15) and for GP cue was 3.55 (SD 1.95, 

95%CI 2.73-4.43) with a difference between the means of 2.13 (1.33 to 2.90, p<0.001).  

In the high vaccine intent group, the mean agreement score for HSCT cues was 7.23 

(0.98, 6.98-7.45) and GP was 5.89 (1.43, 5.54-6.23) with a mean difference of 1.34 

(1.54, 0.96-1.70; p<0.001).  So, within both low and high intent groups participants’ 

agreement scores for HSCT cue statements was significantly higher than for GP cue 

statements.  

 

To further assess this difference, GP and HSCT agreement scores were dichotomized at 

the neutral value (4), to those with low/neutral agreement, or high agreement (Figure 

31).  Of those 71 patients with high vaccine intent, 100% had high agreement with HSCT 

statements, and 84.3% high agreement with GP cue statements.  Of those patients with 
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low vaccine intent, 81.8% had high agreement with HSCT statements, while only 31.8% 

had high agreement with GP cue statements. 

 

 

Figure 31: Comparison of low and high cue scores for HSCT Team and General Practitioner by vaccine intent 

4.11.9 Preferred vaccination location 

 

Participant responses to statement 16 (I would prefer to have the seasonal influenza 

vaccine next winter at my transplant centre instead of my GP surgery) were categorized 

into favours HSCT centre, favours general practitioner and neutral.  Of those with low 

intent over half (54.5%) favoured vaccination at their HSCT programme, with only a 

minority (4.5%) favouring vaccination at their GP practice. Of those with high intent 
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43.7% favoured vaccination at their HSCT programme, compared with 29.6% at their GP 

practice (Figure 32). This finding was approaching statistical significance (χ2 (2)=5.99, 

p=0.05). 

 

 

Figure 32: Comparison of preferred vaccination location by vaccine intent group 

 

4.12 Discussion 

 

This study is the first to explore the impact of sociodemographic, behavioural and 

health belief factors on SIIV intent in HSCT recipients.  Overall vaccine intent was 76.3%, 

which is similar to the vaccine uptake rate of 71% in people aged over 65, and in excess 
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of the 45.1% rate in under 65 at risk groups in the UK population during the UK 2015-

2016 influenza season.  The reported SIIV uptake rate amongst HSCT recipients in 2 

single centre studies is 60-70%(104,105).  SIIV uptake during the 2016-2017 UK 

influenza season was not evaluated, and it must be acknowledged that uptake rates 

may not be equivalent to intent rates reported here.   

 

4.12.1 Transplant Factors 

 

None of the transplant factors assessed were associated with vaccination intent.  

Current influenza vaccination guidelines are standardized for all HSCT recipients as 

evidence is insufficient to recommend modification according to donor type, stem cell 

source or conditioning(96,100).  Influenza infections however do appear to occur with 

greater frequency in allo than autoHSCT recipients (65,288) and may have higher 

associated morbidity and mortality(289) although this latter finding has not been 

consistently reported(64).  There was no difference in vaccination intent between auto 

and alloHSCT recipients, and this perhaps reflects an awareness among both groups 

that vaccination is recommended.   It certainly suggests that the unique complications 

of alloHSCT, principally GvHD, do not contribute to increased influenza vaccination 

intent.  The study did not enquire about concomitant medications, including IST, or 

active GvHD and it remains possible that these factors do impact on vaccine intent 

within the alloHSCT group.  
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Rates of vaccination intent were greatest in those recipients within the first 0-6 months’ 

post-HSCT (81.3%) and lowest at more than 12 months (55.6%) although this finding 

was not statistically significant.  Longer time from HSCT may be associated with a 

reduction in perceived risk of infection, or increased concern about vaccine side effects. 

However, there was no statistically significant difference between mean agreement 

scores with health belief construct statements at 0-6, 6-12 and > 12 months from HSCT.   

 

4.12.2 Socio-demographic factors  

 

None of gender, ethnicity, educational background, living circumstances or relationship 

status were associated with vaccine intent in this study.  In the United States lower 

rates of seasonal IIV vaccination intent have been reported amongst Black African 

Americans aged over 65(290), and a UK study of intent to receive A(H1N1)pdm09 

vaccine reported lower rates amongst Black ethnic groups compared with people of 

Asian and White ethnicities, although the number of participants reporting ethnicity in 

this latter study was low. A recent meta-analysis of international studies found 

inconsistent association between ethnicity and influenza vaccine uptake in population 

groups including healthcare workers, pregnant women, the elderly and those with 

chronic health conditions(291).  In our current study the ethnic distribution across 

participants is similar to that among UK alloHSCT recipients registered in 2014 with 89% 

White, 3% Black, 7% Asian, and 1% other.  Reported UK Figures for autoHSCT recipients 

are 91% white, 3% Black, 5% Asian and 1% other (21).  
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Living alone and being unmarried have been associated with low vaccine uptake (291) 

and it has been suggested that this is related to reduced social cues to vaccination from 

a partner, and in those over 65 related to restricted access to  healthcare services(219).  

In our study population, the majority of patients were within 12 months of HSCT and so 

interacting regularly with healthcare professionals.  Agreement with self-efficacy scores 

pertaining to ease of access to GP vaccination services was the same across age 

categories.    

 

In this study population, vaccination intent varied by age.  It was reassuring to find very 

high vaccination intent at 91.7% in the 35-53 age bracket, but concerning that in those 

over 65, intent at 53.5% fell below the UK uptake rate in this age-group.  Intent rate was 

also lower in the 16-34 age group at 68.2%, but in line with UK uptake rates.  Older age 

has previously been reported as a barrier to vaccination in a cohort of oncology 

patients, including some with haematological malignancy (292). However, a study of 

patients with secondary immunodeficiency, including haematological disorders, 

reported higher vaccination rates in those aged over 65 compared with younger 

patients(223). Likewise, in a UK study, age was found to be a predictor of 

A(H1N1)dpm09 vaccine uptake amongst high-risk adults(241).  A recent meta-analysis 

of international studies found inconsistent association between age and vaccination 

intent and uptake in the general public, older patients, and those with chronic disease 

(291). It is not apparent from these studies why age impacts on intent, and there are 

likely to be a range of social, psychological, financial and healthcare access issues 
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specific to each study population.  In this current study, the over 65 age group was the 

smallest at 16.1% of the study population.  However, this age group had higher mean 

agreement scores for susceptibility to and severity of influenza statements compared 

with 16-54-year olds.  Furthermore, the impact of previous vaccination behaviour was 

most pronounced in this age group.  

 

4.12.3 Previous vaccination behaviours 

 

A strong association between past vaccination behaviours and future vaccination intent 

has been reported(291).  Previous influenza vaccination has been associated with high 

intent or uptake in all at risk groups (219,293) and cancer patients(292).  Our findings 

accord with this, although notably the association was only evident in the over 65 age 

group.  The highest rate of influenza vaccination prior to HSCT was in those over 65 

(53.3%) followed by the 35-54 age group (47.2%).  Lowest rates of previous vaccination 

were amongst the 16-34 age group (22.7%).  Given the over 65 age group is considered 

an at-risk group regardless of comorbidity, and is the target of UK NHS public health 

vaccination campaigns, this is perhaps not surprising.  In the 16-54 age groups intent 

was high regardless of previous vaccination status.  However, in the over 65 age group, 

there was a strong positive but also negative association with high intent amongst 

87.5% of those previously vaccinated, but only 14.3% amongst those not vaccinated.  

Although the reason for this finding is not apparent, it may be that those in the over 65 

age group (some of who would have been eligible to receive the vaccine in the previous 
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flu season on the routine NHS schedule) had actively declined the vaccine in the past, 

whereas those under 65 who had not received the vaccine may simply not have been 

eligible or may not have been offered it.  Therefore, in the older age group low intent 

amongst those not previously vaccinated may be the continuation of pre HSCT vaccine 

refusal.  However, as the questionnaire enquired about previous vaccine receipt, but 

not refusal it was not possible to further evaluate this.  The over 65 age group was the 

smallest in the study and the study was not powered for subgroup analysis.  This must 

be borne in mind when interpreting these findings. However, this warrants further 

evaluation as it may highlight a specific age group in whom intent is low and targeted 

intervention may be effective.  

 

4.12.4 Health Beliefs  

 

Psychological models are considered useful predictors of vaccination intent, and a 

sound basis for developing intervention geared towards increasing intent and 

uptake(291).  Two models were analysed in this study: The HBM and E-HBM. Analysis 

was also performed on a subset of HBM constructs formulated in relation to others of 

the same age, and comparing current with pre-HSCT status.  

 

4.12.4.1 Health Belief Model 
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In univariable analysis, there was an association between all the HBM constructs and 

vaccination intent.  HSCT recipients who agreed more strongly with statements about 

their susceptibility to influenza, their likelihood of contracting influenza and the severity 

of influenza in absence of vaccination, were more likely to have high vaccine intent.  

Conversely, those who agreed more strongly with statements about vaccine side effects 

and lack of efficacy were less likely to have high vaccine intent. In multivariable analysis, 

the HBM explained approximately 70% of the variance in vaccination intent. After 

adjusting for age and pre HSCT vaccination, stronger perceived barriers to vaccination 

were associated with low intent, and stronger perceived benefits with high intent.  

Barriers to vaccination statements explored concern around vaccine side effects 

including flu and flu-like illness, negative impact of vaccination on recovery from HSCT 

and clinical efficacy of vaccine. The benefits of vaccination statements explored 

prevention of influenza, attenuation of disease if infected, and limiting spread of virus 

to others. In a recent systematic review, perceived benefits and barriers to vaccination 

were identified as among the strongest psychological determinants of seasonal 

influenza vaccination intent and uptake amongst the general population, and our 

findings confirm that these factors are similarly important in high-risk HSCT 

recipients(293).  

 

In multivariable sub-analysis of HBM constructs, HSCT recipients who agreed more 

strongly with statements framed in relation to other people of the same age were more 
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likely to have high intent.  These statements explored increased susceptibility to 

influenza, likelihood of contracting influenza, severity of illness and vaccine side-effects.   

 

4.12.4.2 Extended Health Belief Model 

 

In univariable analysis, HSCT recipients who agreed more strongly with self-efficacy 

statements (I have enough information and am able to decide if the seasonal flu vaccine 

is right for me, and I would find it easy to attend my GP surgery to receive the seasonal 

flu vaccine) were more likely to have high intent.  This important finding indicates that 

those patients who felt informed had higher vaccine intent, and conversely feeling less 

well informed is associated with low intent and vaccine hesitancy in this population. 

Equally, those being able to easily access vaccination services had higher vaccine intent.  

So, if healthcare providers can enable HSCT recipients in their decision making by 

providing information, this may enhance vaccine uptake. Likewise, if ease of access to 

vaccination services can be improved, logically this may also enhance uptake.  

 

Those HSCT recipients who agreed with the emotional response statement (If I receive 

the seasonal flu vaccine next winter I will worry less about catching the seasonal flu) and 

anticipated regret statement (I would regret it if I decided not to receive the seasonal flu 

vaccine next winter and became unwell with seasonal flu) were more likely to have high 

vaccine intent.  While it would not be appropriate to promote vaccine uptake by 
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provoking anxiety, discussion of potential benefits of vaccination with HSCT recipients 

may impact on these areas of health belief, and so promote SIIV intent and uptake.  The 

anticipated regret statement ‘I would regret it if I decided to receive the seasonal flu 

vaccine next winter and became unwell with side effects’ was not associated with 

vaccination intent and the mean agreement score for both groups was close to the 

neutral value.  In multivariable analysis, after adjustment for age and pre HSCT 

influenza vaccination, stronger agreement with the emotional response statement, was 

significantly associated with high intent.   

 

The emotional response construct when added to the HBM significantly improved the 

predictive value of the model.  Both age over 65, and no vaccination prior to HSCT were 

significantly associated with low intent in both models.  In a sub-analysis of those aged 

under 65, no vaccination prior to HSCT was not a significant predictor of intent.   

 

4.12.5 GP and HSCT Team Cues to Vaccination 

 

Cues to vaccination statements explored whether participants believe that their GP and 

HSCT team understand their condition well enough to know if the influenza vaccine is 

right for them, and if they were advised to have the vaccine whether they would do so.  

Most HSCT recipients with high intent scores gave high cue scores for both their HSCT 

team (100%) and GP (84.3%).  Of those with low intent scores, the majority gave high 
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cue scores for their HSCT team (81.8%), but only a minority (31.8%) for their GP.  This 

suggests that for those patients with high intent, recommendations from either their 

HSCT team or GP would reinforce planned behaviour, whereas for those with low 

intent, discussion with and advice from their HSCT team may be particularly important 

in helping to change intent.  Cues from healthcare providers are considered a key factor 

in promoting vaccine uptake(291) and a study of cancer patients identified 

recommendation from an oncologist as a key predictor of vaccine uptake although did 

not compare this with advice from a general physician or practitioner(292).  Our 

findings suggest that HSCT recipients particularly value the advice of their specialist 

team, and this reinforce the need for HSCT specialists to engage in discussion with 

patients about influenza vaccination. 

 

4.12.6 Preferred Vaccination Location 

 

Preference for vaccination at HSCT centres rather than GP practices was similar at 

43.7% and 54.5% in low and high intent groups respectively. In the high intent group, 

more patients expressed a preference for vaccination at their GP practice than in the 

low intent group. This suggests that for approximately 50% of those with both low and 

high intent, access to a seasonal influenza vaccination service at HSCT centres may 

facilitate vaccination uptake.    
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4.12.7 Study Strengths and Limitations 

 

The study adapted an established theoretical framework to investigate factors 

influencing vaccination intent in the high-risk HSCT population.  Recruitment fell short 

of calculated sample size and therefore significant predictors may not have been 

detected in multivariable analysis.  The study did not evaluate vaccine uptake, and so 

could not establish how this relates to intent.  Although, intent is considered a reliable 

predictor of behaviour (74), other factors may exert influence and therefore the two 

may not correlate. This may be the case in this study population in whom changes in 

health status can occur relative rapidly due to post HSCT complications. The 

questionnaire was designed to be as specific as possible with regard to vaccine type 

(seasonal influenza vaccine) and timing of vaccination (the 2016-2017 influenza season).  

Questions were given a ‘behavioural context’ (ie if the vaccine is received or not) as 

otherwise intent may have influenced responses; for example someone with high 

vaccination intent may disagree with the statement ‘the flu would be a severe illness for 

me’ as they believe the vaccine they intend to receive will offer protection(294).  The 

questionnaire did not enquire about detailed aspects of HSCT procedure and 

complications including donor type, stem cell source, level of HLA matching, post-HSCT 

immunosuppressive therapy and GvHD and it remains possible that these variables may 

independently impact on intent.  Patients were advised that their healthcare team 

would not have access to responses, and questionnaires were returned in sealed 

envelopes. However, despite this it remains the case that responses may be biased, and 

not accurately reflect individuals’ healthcare beliefs.  The study provides a snapshot at a 
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single time point within the 4 months prior to the influenza season and variation in 

intent over the year would not be captured by this study design.    

 

4.12.8 Conclusion 

 

This is the first study to investigate promoters and barriers to influenza vaccine intent in 

HSCT recipients.  These findings offer a valuable insight into the demographic and 

behavioural factors, and health beliefs that contribute to vaccine intent amongst this 

high-risk patient group.  Overall vaccine intent was high in the four months before the 

2016-2017 UK influenza season.  Lowest rates of intent were in the over 65 age group, 

and particularly amongst those who had not previously received the influenza vaccine.  

Whether this was related to prior vaccine refusal in this age group could not be 

determined from the study and warrants further investigation. Lower rates of intent 

were also found in the 16-34 age group.  While we would advocate efforts to optimise 

vaccine intent and uptake across all HSCT recipients, it may be that specific 

interventions could usefully target these two age groups.  

 

Based on our findings, the HBM is a useful framework for structuring interventions 

(whether face-to-face, or patient information literature) to increase SIIV uptake. 

Drawing attention to HSCT recipients increased risk of influenza, both in terms of 

susceptibility and severity, discussing the potential benefits of vaccination, and 



234 

 

exploring concerns around side effects may help to promote vaccine intent and uptake. 

Equally, planned behaviour may be reinforced through such discussion. Exploring and 

discussing reasons for refusal prior to HSCT may also be important. 

 

For those with high vaccination intent, a recommendation from either the HSCT team 

or recipients’ GP may help to reinforce planned behaviour.  However, for those with 

low intent, recommendation from the HSCT team are particularly important. Currently 

only a minority of alloHSCT centres offer vaccination, and where practical and 

financially viable, the option for HSCT recipients to receive the SIIV locally could be 

explored as a potential means to encourage and optimise uptake. 

 

Based on these findings, we would recommend the development of specific 

interventions aimed at reinforcing planned behaviour, and increasing intent amongst 

those who do not plan to receive the SIIV.  The effectiveness of such interventions 

should be prospectively assessed. However, we would recommend that as a simple and 

potentially effective measure, HSCT specialists explore SIIV intent with their patients 

prior to the annual influenza season, address concerns about side effects, and discuss 

the rationale for and potential benefits of seasonal influenza vaccination. 
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5 Autoimmune cytopenias (AIC) following allogeneic 

haematopoietic stem cell transplant for acquired aplastic 

anaemia: A joint study of the Autoimmune Diseases and 

Severe Aplastic Anaemia Working Parties (ADWP/SAAWP) 

of the European Society for Blood and Marrow 

Transplantation (EBMT).  

 

The following study was conducted as part of this MD (Res) with the support of the 

Autoimmune Diseases and Severe Aplastic Anaemia working parties of the European 

Society for Blood and Marrow Transplantation (EBMT).  The study protocol was 

developed with assistance of Simona Iacobelli, EBMT Statistical Unit.  Data collection 

and handling was overseen by Cora Knol-Bout, Sofie Terwell and Paul Bosman, EBMT 

Leiden Data Office. Statistical analysis was performed by Dirk-Jan Eikema, EBMT 

Statistical Unit. 

5.1 Introduction 

 

5.1.1 Immune mediated complications following HSCT 

 

The structure and function of the healthy human immune system were reviewed in 

chapter 1, along with the necessary yet deleterious effect of HSCT on immunity and 
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subsequent patterns of immune reconstitution.  Most of the major complications of 

HSCT are linked to this balance of immune function: Infection, as already outlined, 

results from quantitative and qualitative immune defects; GvHD describes alloreactivity 

between a transplanted donor immune system and host major or minor 

histocompatibility antigens, and may manifest as acute and/or chronic organ-specific or 

multi-system disease; Insufficient graft versus host interaction may result in limited GvL 

effect and an increased risk of relapse, which may be overcome by infusion of donor 

lymphocytes(25).  A less common, but increasingly recognized complication of HSCT is 

autoimmune disease, thought to result from pathological immune autoreactivity 

targeting non-histocompatibility antigen common to donor and recipient. Autoimmune 

diseases have been described in a range of HSCT settings including autologous 

HSCT(295,296),  allogeneic(297,298) and syngeneic HSCT(299).  Transfer of autoimmune 

disease from donor to recipient has also been reported(300).  Collectively this indicates 

that post-HSCT autoimmune disease is a pathological entity distinct from GvHD.  

Whether autoreactivity develops exclusively from the graft, or also in host immune cells 

that have survived conditioning, has not been determined.  

 

5.1.2 Mechanisms of self-tolerance and pathogenesis of autoimmunity 

 

As discussed in Chapter 1, immune-regulation is vitally important and limits 

autoimmune reactions.  This immune-regulation, or self-tolerance, may be divided into 

central and peripheral mechanisms.  Central tolerance describes the negative selection 
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of immature, autoreactive lymphocytes in central lymphoid tissue.  While strong 

ligation of mature naïve T or B cell receptors by MHC:peptide complex on an APC in 

peripheral lymphoid tissue results in cell proliferation, strong activation of immature 

lymphoid cells in central tissue leads to a halting of maturation, receptor editing, and if 

receptor specificity and affinity remains strong after 1-2 days, cell apoptosis(5).  It is 

thought that through positive selection of reactive lymphocytes, and this negative 

selection of strongly reactive lymphocytes, that populations of cells responsive to 

pathogen but not self, emerge from central lymphoid tissue(1).  However, this central 

negative selection is not absolute, and mechanisms of peripheral tolerance provide a 

further layer of control.  Peripheral tolerance may be divided into regulation intrinsic 

and extrinsic to the autoreactive cell. Intrinsic mechanisms include downregulation of B 

cell receptors on autoreactive clones(301), and upregulation of inhibitory receptors 

such as CD5 which limits immunoglobulin receptor signalling on B Cells(302), and 

Cytotoxic T-Lymphocyte antigen 4 (CTLA4) which is an inhibitor of the T Cell co-

stimulatory pathway(303).  Extrinsic mechanisms of regulation include: B Cell activating 

factor (BAFF) and Interleukin 7 (IL7) mediated competitive survival, whereby strongly 

autoreactive clones require high levels of these cytokines for survival, and are at a 

competitive disadvantage compared with more weakly reactive clones (304); induction 

of cell anergy in which autoreactive clones stimulated by self-antigen in the absence of 

the co-stimulatory signals associated with infection or inflammation become quiescent; 

and finally control of autoreactive clones by T Reg cells which limit differentiation to 

effector cells, and restrict effector function(6).   
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The pathogenesis of autoimmune disease remains poorly understood but seemingly 

relate to breakdown in these mechanisms of self-tolerance.  First, there may be a 

genetic role, with documented familial aggregation of autoimmune conditions(305), the 

association of certain HLA types with autoimmune diseases (306), and autoimmunity 

manifesting in inherited primary immunodeficiencies (307).   Secondly, environmental 

factors may contribute; in murine models inflammatory states have been show to 

trigger and promote autoreactive T cell populations (308,309), and infection may be 

associated with lymphodepletion and homeostatic expansion favouring autoreactive 

clones(310). Finally, iatrogenic dysregulation of the central and peripheral immune 

tolerance, through chemo-or immunotherapy leading to thymic damage and impaired 

thymic function, loss of regulatory T Cell control (6) and, again, homeostatic expansion 

post lymphodepleting therapies.  Clearly, all of these factors may play a role in 

pathogenesis of autoimmune disease following HSCT. 

 

5.1.3 Risk factors for autoimmune disease post HSCT 

 

A number of possible risk factors for development of autoimmune disease post HSCT 

have been identified.  These are non-malignant primary disease(311,312), an unrelated 

donor(313), profoundly lymphodepleting conditioning with alemtuzumab and 

ATG(295), and active chronic graft-versus-host-disease (cGvHD) (313,314).  A  large 

multi-centre retrospective study has identified use of ATG and CD34+ graft selection as 

a risk factor for new autoimmune disease, in the setting of autologous HSCT for primary 
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autoimmune disease(296).  A multicentre study of umbilical cord blood transplants 

(UCBT) has identified younger recipient age and non-malignant primary disease as a risk 

factor for developing autoimmune disease(297).  

 

5.1.4 Manifestations of autoimmune disease post HSCT 

 

A spectrum of autoreactivity has been described following HSCT.  This includes reports 

of autoreactivity without overt disease, for example detection of positive direct 

antiglobulin test (DAT) without overt haemolysis(315); transient and self-limiting 

autoimmunity in the form of positive thyroid peroxidase antibodies with associated 

hyperthyroidism(316); and finally overt, chronic, organ specific or multisystem 

autoimmune disease(317).  The range of documented autoimmune diseases post-HSCT 

are summarised in Table 21. 
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• Haematological 
– Autoimmune Cytopenias 
– Acquired Haemophilia* 

 

• Endocrine 
– Thyroiditis 
– TSH-Receptor blocking Ab* 

 

• Neurological 
– Transverse myelitis 
– Graves’ Disease 
– Myasthenia Gravis* 
– Peripheral Neuropathy 

 

 

• Gastrointestinal 
– Ulcerative Colitis 
– Crohn’s Disease 

 

• Rheumatological 
– SLE 
– Antiphospholipid 

Syndrome* 
– RA 
– Sarcoidosis* 

 

• Dermatological 
– Vitiligo 
– Psoriasis 

 

 

Table 21: Summary of autoimmune diseases documented post autologous and allogeneic HSCT. *=reported after 

autologous HSCT only.(295–298,313) 

 

The most commonly encountered AID post HSCT are autoimmune cytopenias (AIC) 

(317).  AICs have previously been described in a number of HSCT contexts, but large 

registry studies hitherto have not explored AIC following HSCT for a single disease entity 

(298,313,315,318–320).   
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5.1.5 Acquired Aplastic Anaemia 

 

Acquired aplastic anaemia (aAA) is defined as ‘pancytopenia with a hypocellular 

marrow in the absence of an abnormal infiltrate or marrow fibrosis’(321).  aAA is 

thought to be an autoimmune disorder in most cases with immune-mediated 

destruction of HSCs the final step in the pathological pathway(322) (323).  Disease 

severity is stratified according to modified Camitta criteria, (324) and decision to 

proceed to allogeneic HSCT is based on patient age and comorbidity, response to first-

line treatment and availability of a suitable donor (see Figure 33)  

 

 

Figure 33: British Society of Haematology Management algorithm for patients with severe aplastic anaemia (321).  

Adapted from (325). Used with permission. 
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5.2 Study Overview 

 

5.2.1 Study hypothesis, objectives and endpoints 

 

Given documented risk factors for development of autoimmune disease post HSCT, and 

based on clinical suspicion, we hypothesised that the incidence of the most common 

autoimmune phenomenon post-HSCT, namely autoimmune cytopenias, are higher than 

described in other patient populations.  We also sought to explore AIC diagnostic 

strategies, treatment approaches and patient outcomes across EBMT centres. 

Primary Objective 

To estimate the incidence of autoimmune cytopenias in adult and paediatric patients 

treated with allogeneic HSCT for aplastic anaemia between 1st January 2002 and 

December 31st, 2012 at EBMT centres and registered in the EBMT database. 

Secondary Objectives 

i)To identify risk factors associated with development of autoimmune cytopenias in the 

above population 

ii)To document AIC diagnostic criteria employed across EBMT centres 

iii)To document treatment strategies and responses 

iv) To estimate overall survival following onset of AIC  

Corresponding study endpoints were as follows:- 
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Primary End-point 

The incidence of patients treated for aplastic anaemia with first allogeneic HSCT at 

EBMT centres between 2002 and 2012 who developed one or more autoimmune 

cytopenias 

Secondary End-points 

risk factors for developing autoimmune cytopenias by multivariate analysis 

description of diagnostic criteria (Clinical and laboratory) applied to patients with 

reported AIC 

Description of treatment strategies and response to each line of treatment 

Survival time following onset of AIC 

 

5.2.2 Inclusion and exclusion criteria 

 

Inclusion Criteria 

Adult and paediatric patients treated with first allogeneic HSCT for aAA at EBMT centres 

between 1 January 2002 and 31 December 2012. 

Exclusion criteria 

Autoimmune cytopenia diagnosed prior to HSCT 

Second or subsequent allogeneic HSCT for aplastic anaemia 
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5.2.3 Methods and Statistical Analysis 

 

This study was conducted in accordance with the Declaration of Helsinki, and approved 

by the European Society for Blood and Marrow Transplantation (EBMT) Autoimmune 

Disease Working Party (ADWP) and Severe Aplastic Anaemia Working Party (SAAWP).  

All EBMT centres performing allogeneic HSCT for aAA were invited to participate in the 

study.  Centres agreeing to participate identified paediatric and adult patients with aAA 

treated between January 2002 and December 2012 with first allogeneic HSCT.  Centres 

confirmed whether AIC was diagnosed post-HSCT. Patients diagnosed with AIC at any 

time point prior to HSCT were excluded. Data for patients without AIC were extracted 

from the EBMT registry. Centres identifying cases of AIC provided additional data on 

diagnostic criteria and investigations undertaken, therapies administered, and patient 

outcome using a study specific minimal essential data C (MEDC) form (See Appendix 9) 

Incidence of AIC at 1,3,5 and 10 years post allogeneic HSCT was estimated by 

cumulative incidence curves, and death without AIC was considered as the competing 

event.  In univariable analysis, impact of categorized risk factors on AIC incidence was 

evaluated using Gray’s test. The independent impact on risk of variables significant in 

univariable analysis was assessed using a Cox cause-specific hazard model.  Diagnostic 

criteria, treatment and outcomes are described.  Where data points were missing this is 

indicated and cases were omitted from analyses pertaining to the missing variable only.  

 

 



245 

 

5.3 Results 

 

530 patients (37.2% paediatric, 62.8% adult) patients from 41 participating centres 

were eligible for inclusion in the study.  Median age at HSCT was 21.4 years (range 1.7-

69.8).  The median follow-up time was 6.4 years (interquartile range 4.2 to 9.0), and 1, 5 

and 10-year overall survival for the cohort was 85.3% (95% CI 82.3-88.4%), 80.8% (77.4-

84.2) and 78.8% (75.0-82.6%). 

Characteristics of patients, grafts, and conditioning regimens are provided in Table 22. 

25 patients at a median of 10.6 (range 2.6-91.5) months post allogeneic HSCT were 

diagnosed with AIC as follows: 32.0% (n=8) immune thrombocytopenia (ITP), 28.0% 

(n=7) autoimmune haemolytic anaemia (AIHA), 24.0% (n=6) Evans Syndrome (5 cases 

with AIHA and ITP, 1 case with AIHA and AIN), and 16.0% (n=4) autoimmune 

neutropenia (AIN) (Table 22).  

The cumulative incidence of AIC at 1, 3, 5 and 10 years post HSCT was 2.5% (95% CI 1.2-

3.9%), 4.4% (2.6-6.2%), 4.6% (2.8-6.5%) and 5.1% (3.1-7.2) respectively.  Overall survival 

at 5 years after diagnosis of AIC was 85.9% (95% CI 71-100%), with all deaths occurring 

within the first 12 months. 

 



246 

 

 

Table 22: Characteristics of n=530 recipients of allogeneic HSCT for aAA between 2002-2012. *=statistically significant 

at 95% confidence level 

Variable, n(%)

Cumulative Incidence 

of AIC at 10 years 95%CI p value

Patient Sex, n=530

Male, 317 (59.8) 5.6 2.7-8.5

Female 4.6 1.6-7.5 0.779

Patient Age Group, n=530

<18, 197 (37.2) 3.2 0.7-5.8

≥18 6.4 3.3-9.4 0.209

Interval aAA diagnosis to treatment, n=530

<12 months, 381 (71.9) 4.5 2.4-6.7

>12 months 6.6 1.8-11.3 0.589

Patient CMV status, n=469

Negative, 157 (33.4) 8.3 2.8-13.9

Positive 3.7 1.6-5.9 0.142

Donor Type, n=521

Related, 328 (62.4%) 4.0 1.0-6.0

Unrelated 7.0 3.0-10.0 0.077

Stem Cell Source, n=521

Bone Marrow, 358 (68.7) 3.3 1.2-5.6

Peripheral Blood, 143 (27.4) 9.7 4.7-14.8

Cord Blood 20 (3.8) 5.0 0.0-14.6 0.01*

Patient / Donor CMV Match, n=460

Matched, 325 (70.7) 5.4 2.6-8.3

Mismatched 4.7 1.0-8.3 0.959

Patient / Donor Sex Match n=515

Matched, 294 (57.1) 4.9 2.0-7.9

Mismatched - Male Donor, 111 (21.6) 5.8 1.3-10.3

Mismatched - Female Donor, 110 (21.4) 4.7 0.7-8.7 0.854

Conditioning Type, n=497

Myeloablative, 298(60) 2.9 0.6-5.2

Reduced Intensity 8.1 4.2-12.1 0.005*

TBI, n=516

Yes, 53 (10.3) 4.9 2.7-7.1

No 8.1 4.8-15.7 0.305

Fludarabine containing regimen, n=530

Yes, 309 (58.3) 6.5 3.7-9.4

No 3.0 1.9-5.8 0.037*

Antithymocyte Globulin containing Regimen, n=530

Yes, 202 (38.1) 2.7 0-0.56

No 7.1 4.1-10.1 0.007*

ATG and Fludarabine 3.4 0.0-8.5

ATG without Fludarabine 1.9 0.0-4.5 0.979

Alemtuzumab Containing Regimen, n=530

Yes, 298 (60) 10.3 4.5-16.0

No 3.6 1.6-5.7 0.003*

Alemtuzmab and Fludarabine 4.8 0.0-13.9

Alemtuzumab without  Fludarabine 11.6 4.8-18.4 0.118
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5.3.1 Diagnostic Criteria 

 

All AIC cases were suspected due to a new or worsening cytopenia.  Direct antiglobulin 

test (DAT) was performed in 6/7 AIHA patients with 1 IgG positive, and 5 IgG and C3d 

positive (Table 23).  All centres identified at least one biochemical marker of haemolysis 

(raised lactate dehydrogenase, unconjugated hyper-bilirubinaemia, or reduced 

haptoglobin) and 3 identified a peripheral blood reticulocytosis.  Bone marrow 

examination (BME) was performed in 6/8 ITP patients, with 4 displaying normo- or 

hyper-regenerative megakaryopoiesis.  All cases of Evans syndrome were DAT positive 

(4 IgG, 2 IgG and C3d) and all cases involving AIHA and ITP had BME with 4 displaying 

normo- or hyper-regenerative megakaryopoiesis.   Biochemical markers of haemolysis 

were present in 5/6 cases and 2 patients had a peripheral blood reticulocytosis.  Anti-

neutrophil antibodies (ANAb) were screened for in all AIN cases, and the Evans 

syndrome case presenting with AIHA and AIN case, but were only detected in 1 patient. 

 

5.3.2 Treatment and Response 

 

Of 25 patients diagnosed with AIC, 21 (84%) were treated, while 2 (8%) ITP (case 1 and 

2) and 2 (8%) AIN patients (case 22 and 23) received no AIC specific therapy. Treatment 

approach was heterogenous regarding both choice of therapeutic agents, and number 

of agents used at each treatment line (Table 23).  The mainstays of therapy for ITP, 

AIHA and Evans syndrome were corticosteroids and intravenous immunoglobulin (IVIg).  

Corticosteroids were administered to 50%, 100% and 83% of treated ITP, AIHA and  
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Table 23: Treatment and outcome of 25 patients diagnosed with AIC following allogeneic. *Maintenance therapy required

Case No.

1 ITP Female 21 2.4 NA No treatment Untreated

2 ITP Female 50 2.7 NA No treatment CR

3 ITP Male 23 7.6 NA Corticosteroid, IVIg CR CR (died)

4 ITP Male 58 1.4 NA CSA PR* PR

5 ITP Male 21 0.6 NA CSA, MMF, Rituximab NR Splenectomy CR CR

6 ITP Female 37 1.2 NA IVIg CR IVIg CR CR

7 ITP Male 26 0.2 NA Corticosteroid NR IVIg NR Splenectomy CR CR

8 ITP Female 68 1.6 NA Corticosteroid NR IVIg NR Rituximab NR NR (died)

9 AIHA Male 38 0.5 IgG and C3d Corticosteroid CR CR

10 AIHA Female 17 0.4 IgG and C3d Corticosteroid, IVIg NR Rituximab, PEX CR CR

11 AIHA Male 17 1.4 IgG and C3d Corticosteroid NR Rituximab PR PR

12 AIHA Male 20 0.4 IgG Corticosteroid, IVIg NR Rituximab, CSA CR CR

13 AIHA Male 42 0.7 Not performed Corticosteroid CR* Corticosteroid CR* CR

14 AIHA Male 7 0.6 IgG and C3d Corticosteroid CR Rituximab CR Rituximab, MMF CR Rituximab CR CR

15 AIHA Female 20 0.8 IgG and C3d Corticosteroid NR Rituximab NR IVIG NR Splenectomy CR CR

16 Evans Syndome (AIHA and ITP) Female 5 2.4 IgG Corticosteroid, IVIg NR Rituximab NR NR

17 Evans Syndome (AIHA and ITP) Female 18 0.4 IgG and C3d Corticosteroid, IVIg CR* Corticoseroid, IVIg, Rituximab CR* CR

18 Evans Syndome (AIHA and ITP) Male 45 0.3 IgG Corticosteroid, Rituximab CR Corticoseroid, IVIg PR PR

19 Evans Syndome (AIHA and ITP) Male 19 0.4 IgG Corticosteriod, IVIg PR* Corticosteroid, IVIg NR IVIg PR* PR

20 Evans Syndrome (AIHA and AIN) Male 22 0.5 IgG and C3d Corticosteroid, Rituximab NR Cyclophosphamide, PEX NR Splenectomy NR NR (died)

21 Evans Syndome (AIHA and ITP) Female 11 1.0 IgG IVIG NR Rituximab NR MMF NR Splenectomy PR PR

22 AIN Female 4 Unknown ANAb detected No treatment Untreated

23 AIN Male 25 4.4 ANAb not detected No treatment Untreated

24 AIN Male 63 1.2 ANAb not detected GCSF PR* PR

25 AIN Male 55 1.0 ANAb not detected GCSF PR* GCSF, CD20mAb CR* CR

AIC status at 

last follow-up

Treatmet Line and Response

Diagnosis Gender

Age at Allograft 

(Years)

Years from 

AlloHSCT to AIC 

diagnosis DAT / Autoantibody First Second Third Fourth
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Evans syndrome patients respectively. Intravenous immunoglobulin (IVIg) was 

administered concurrently with corticosteroids, or as first or second-line monotherapy, 

in 66.7%, 42.9% and 83.3% of ITP, AIHA and Evans syndrome patients.  The anti-CD20 

monoclonal antibody Rituximab was administered to 71.4% and 83.3% of patients with 

AIHA and Evans syndrome respectively, but only 16.7% of ITP patients.   Other 

immunomodulatory therapies for this group of patients were mycophenolate mofetil 

(MMF) 15%, and Cyclosporine A (CSA) 15%. 1 patient with Evans syndrome presenting 

with AIHA and AIN (Case 20) received cyclophosphamide and underwent plasma 

exchange (PEX).  4 (19.0%) patients did not respond or relapsed following 

immunomodulatory therapy and underwent splenectomy, with 2 achieving CR (1 ITP – 

Case 7, 2 AIHA Case 15), 1 PR (Evans Syndrome – Case 21) and 1 patient (AIHA and AIN 

– Case 20) dying without responding.   Of the four patients with AIN, 2 (Case 24 and 25) 

were treated with granulocyte-colony stimulating factor (GSCF) to PR, one of whom 

required second-line therapy and achieved CR with Rituximab (case 25).  

Overall 47.6% (10/21) of patients did not respond to first-line therapy, with 41.2% 

(7/17) and 57% (4/7) not responding to second or third-line therapy respectively.  Of 

the 52.4 % (11/21) of treated patients who achieved either complete or partial 

response to first-line therapy, nearly two-thirds (63.6%, 7/11) relapsed and required 

further treatment.  AIC status at last follow-up was 12% (3/25) untreated, 52% (13/25) 

CR, 24% (6/25) in PR, and 12% (3/25) NR.  24% (6/25) of patients required ongoing 

maintenance therapy (Table 23).  Highest CR rate at last follow-up was seen in AIHA 

(85.7%) and lowest in Evans Syndrome (16.7%) (Figure 34).  3 patients died during the 

follow-up period, 1 in CR and 2 without responding to therapy.   
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Figure 34: Status at last follow-up of 25 patients diagnosed with AIC following allogeneic HSCT for aAA between 2002-

2012 

 

Risk Factors for Development of AIC 

In univariable analysis, cumulative incidence of AIC at 10 years post HSCT did not vary 

with patient sex (p=0.779), patient age group (<18 vs ≥18, p=0.209), interval from aAA 

diagnosis to HSCT (<12 vs ≥12 months, p=0.589), patient CMV status (p=0.142) donor 

type (related v unrelated, p=0.077), patient/donor CMV match (p=0.959), patient/donor 

sex match (p=0.854), or conditioning with TBI (p=0.305) (Table 22).  However, 10-year 

cumulative incidence of AIC was higher amongst patients treated with non-

myeloablative conditioning (8.1% [4.2-12.1] vs 2.9% [0.6-5.2], p=0.005), and 

conditioning regimens containing Fludarabine (6.5% [3.7-9.4] vs 3.0% [1.9-5.8], 

p=0.037) or Alemtuzumab (10.3% [4.5-16.0] vs 3.6% [1.6-5.7], p=0.003).  Conditioning 

with anti-thymocyte globulin(ATG) was associated with a lower incidence of AIC (2.7 

[0.0-5.6] vs 7.1% [4.1-10.1], p=0.007).  Incidence of AIC was also significantly higher in 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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patients receiving PBSC (9.7% [4.7=14.8]) compared with UCB (5.0% [0.0-14.6]) and BM 

(3.3% [1.2-5.6]) (p=0.01). Incidence of AIC was not higher in regimens containing 

alemtuzumab and fludarabine compared with alemtuzumab alone (4.8 [0.0-13.9] vs. 

11.6 [4.8-18.4]; p=0.118), nor in regimens containing ATG and fludarabine compared 

with ATG alone (3.4 [0.0-8.5] vs. 1.9 [0.0 – 4.5]; p=0.979). 

A subgroup of 475 patients who received either BM or PBSC grafts, and had complete 

information on conditioning regimen were included in a multivariable analysis.  Two 

models explored the independent association of conditioning intensity, stem cell 

source, use of alemtuzumab and/or fludarabine, or use of ATG with risk of AIC (Table 

24).  In the fludarabine and/or alemtuzumab model, these agents were not associated 

with an increased risk of AIC (1.24 [0.37-4.19]; p=0.723).  However, after adjustment for 

alemtuzumab and/or fludarabine, transplant with PBSC remained independently 

associated with a higher risk of AIC (2.81 [1.06-7.49]; p=0.038), and MAC with lower risk 

(0.35 [0.12-0.98]; p=0.046).  Likewise, in the multivariable ATG model, use of this 

serotherapy in conditioning was not associated with higher risk of AIC (0.35 [0.12-1.04]; 

p=0.058) but PBSC (2.74 [1.06-7.05]; p=0.037) and MAC (0.34 [0.12-0.95]; p=0.04) 

remained independently associated with higher and lower risk respectively.  There was 

no increase in the competing risk, death without AIC, associated with any of these 

variables.  Owing to small number of AIC cases it was not possible to adjust for 

additional characteristics and so these findings are not generalizable beyond the study 

population.  
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Table 24:  Estimated cause specific hazard ratios for AIC and death without AIC  using multivariable regression model 

for n=475 recipients of allogeneic HSCT for aAA between 2002-2012. 

5.4 Discussion 

 

In our study population, 10-year cumulative incidence of AIC after allogeneic HSCT for 

aAA was 5.1% (3.1-7.2).  ITP was the most frequent AIC diagnosis, followed by AIHA, 

Evans and AIN.  AIC complicated both the early and late post-HSCT period, with time of 

diagnosis ranging from 2.6 months to 7.6 years. Incidence of AIC in our cohort is similar 

to that reported in previous studies of HSCT populations.  In paediatric patients 

transplanted with a range of allogeneic graft types for malignant and non-malignant 

conditions, a 2.4-2.5% 10 year incidence of AIC, and a 2.4% incidence of AIHA are 

reported (298,320). Among adult recipients of UCB HSCT for haematological 

malignancy, 3 year incidence of AIHA and ITP were 5.4% and 1.4% respectively(318).  

Incidence of AIHA was similar at 4.1-4.4% amongst adult recipients transplanted with a 

range of graft types. (311,313).  Median time of diagnosis in these studies ranged from 

0.8 months to 8.4 years.  The retrospective design of our study and those cited may 

underestimate true AIC incidence. 

Cases of AIC in our study were diagnosed in accordance with recognized criteria.  In the 

absence of haematological or biochemical markers of platelet destruction, ITP is a 

Covariates AIC Death without AIC

Alem and/or Flu vs. Neither Alem nor Flu 1.24 (0.37-4.19);p=0.723 1.40 (0.85-2.31);p=0.181

PBSC vs. BM 2.81 (1.06-7.49);p=0.038 1.15 (0.71-1.85);p=0.572

MAC v RIC 0.35 (0.12-0.98);p=0.046 0.78 (0.49-1.22);p=0.272

ATG vs. no ATG 0.35 (0.12-1.04);p=0.058 1.13 (0.73-1.69);p=0.616

PBSC vs. BM 2.74 (1.06-7.05);p=0.037 1.26 (0.79-2.00);p=0.338

MAC v RIC 0.34 (0.12-0.95);p=0.04 0.72 (0.46-1.12);p=0.146
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diagnosis of exclusion requiring thorough assessment.  However BME is recommended 

only in selected paediatric and adult patients, generally those in whom secondary ITP is 

suspected, or adults over 60 (326,327).  In our present study, most patients diagnosed 

with ITP and all with Evans syndrome underwent BME, which may reflect the need to 

exclude HSCT specific differentials including disease relapse and graft failure.  The 

diagnostic features of AIHA are well described, however in secondary cases not all 

typical laboratory findings may be present(328). While all cases of AIHA, and all but one 

case of Evans syndrome presented with at least one abnormal biochemical marker of 

haemolysis, reticulocytosis was not a dominant feature present in one-third of AIHA 

and Evans syndrome patients.  Testing for ANAb is recommended as part of 

neutropenia work-up, however these are typically of low titre and low avidity (329).  In 

this cohort all diagnosed cases of AIN were tested for ANAb but the majority were 

negative.    

Most ITP patients were treated with corticosteroid or IVIg, while Rituximab was 

infrequently used.  50% of ITP patients achieved either CR or PR with each line of 

therapy.  In the general population a response to first-line steroids of up to 80% has 

been reported (327,330), and the combination of IVIg with corticosteroid therapy may 

hasten platelet recovery (331).  In randomized studies, the combination of Rituximab 

with dexamethasone compared with dexamethasone alone has been shown to improve 

response rates from 36-37% to 58-63% (332,333).  Case reports and series of patients 

with ITP post HSCT have reported response rates of 30-50% following first and second-

line treatment, with the former largely consisting of corticosteroid with or without IVIg, 

and the latter IVIg, Anti-CD20mAb or splenectomy (297,334–337). In cases of post-HSCT 
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ITP refractory to standard therapy, TPO-RA’s have proven effective(338–340).  In our 

cohort no patients were treated with TPO-RAs, which may reflect European Medicines 

Agency licensing of Romiplostim in 2009 and Eltrombopag in 2010, during the last 3 

years of our study eligibility period.   

Although randomized data are lacking, corticosteroids are an established first-line 

therapy for AIHA with retrospective studies reporting responses of approximately 75% 

(341).  Again. there is limited evidence for second-line therapy, but Rituximab or 

splenectomy are the most commonly described (342).  Similar strategies are reported in 

the management of paediatric and adult Evans syndrome(343,344).   Patients in our 

study were largely treated according to this paradigm: All patients with AIHA received 

first-line corticosteroid with or without IVIg; one patient requiring second line therapy 

was re-treated with corticosteroids; and all others received Rituximab with all patients 

achieving a CR or PR.  Evans syndrome appeared the most problematic AIC to treat, 

with the greatest proportion of non-responders.  However, there was no excess of 

deaths in this group compared with other AIC diagnoses.  In cases series of patients 

with AIHA post-HSCT, 14-33% response rates are reported with prednisolone alone, and 

40-45% with prednisolone in combination with rituximab or IVIg (297,298,313–

315,320).  In these series, up to 33% of patients were reported refractory to therapy, 

whereas all patients in our series were in CR or PR at last follow-up. 

Primary AIN is typically a disease of infancy, while secondary AIN occurs mostly in adults 

in the context of systemic autoimmune disease (345).  Neutropenia may respond to 

treatment of the underlying autoimmune disease with GCSF administered cautiously 
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owing to concern about disease flare (329). Case reports of AIN post HSCT have 

documented disease ranging from transient positive ANA Ab and neutropenia not 

requiring treatment (346), to persistent neutropenia requiring GCSF support alone (319) 

or in combination with additional immunomodulatory agents (298).  This pattern of 

disease is borne out in our study with half of diagnosed patients requiring no specific 

therapy.  Two were treated with GCSF, one of whom required additional therapy with 

Anti-CD20mAb.  Both treated patents achieved a PR.  

In allogeneic HSCT for treatment of aplastic anaemia, conditioning regimens are 

modified according to recipient age and typical regimens are comprised of 

cyclophosphamide or fludarabine, ATG or Alemtuzumab, and total body irradiation in 

the setting of alternative donors. (347–350).  In univariable analysis we identified an 

increased incidence of AIC amongst patients treated with alemtuzumab or fludarabine.  

Alemtuzumab used for treatment of multiple sclerosis has been associated with a range 

of autoimmune phenomenon including ITP (351,352). In patients with primary 

autoimmune disease treated with autologous HSCT, alemtuzumab exposure was 

identified as risk factors for secondary autoimmune disease (295,296).  AICs have been 

described following fludarabine therapy for CLL (353–356), other haematological 

malignancies (357) and in a drug surveillance study (358), although this association has 

not been reported consistently (359,360).   In contrast with our findings, conditioning 

with ATG has been associated with an increased risk of secondary autoimmune 

phenomenon following autologous HSCT for primary autoimmune disease (295,296), 

with lymphocyte depletion the putative mechanism.  In vitro, ATG may promote 

expansion of CD4+CD25+ regulatory T (T Reg) cells  from peripheral  mononuclear cells 
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(361,362) although this is limited to rabbit (rATG) rather than horse ATG (hATG)(363).  

In a murine autoimmune encephalomyelitis model, rATG depleted effector T Cells, 

enhanced expansion of T Reg cells, prevented disease occurrence and attenuated early 

manifestations of the induced autoimmune disease (364). rATG has been reported to 

be beneficial in cases series of patients refractory to or unable to tolerate standard 

therapies for autoimmune disease (365–369).  hATG is recommended as first-line 

immunosuppressive therapy for AA (321), however both hATG and rATG may be used in 

HSCT conditioning (349). The proportion of patients receiving rATG and hATG in our 

current study is not known.  In the context of allogeneic HSCT, ATG may reduce 

autoreactivity and contribute to a reduction in risk of AIC. However, this finding did not 

remain significant in multivariable analysis, possibly due to small number of events, and 

further investigation is warranted. 

 

In allogeneic HSCT for AA,  BM conveys a lower risk of chronic GvHD and a survival 

advantage compared with PBSC, and is the recommended stem cell source in all age 

groups (370–372).  Nonetheless, approximately one-third of all patients were 

transplanted with either PBSC or UCB in our study.  Incidence of AIC was significantly 

higher amongst recipients of PBSC compared with UCB and BM.  In multivariable 

analysis, after adjustment for concurrent ATG, and Fludarabine and/or alemtuzumab, 

transplant with PBSC and RIC was independently associated with a higher risk of AIC.  A 

higher number of immunocompetent cells are harvested and transplanted with PBSC 

compared with BMH, (373) and immune recovery is more rapid (41).  Early T Cell 
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recovery occurs predominantly through peripheral expansion, rather than de novo 

thymic ontogenesis in both T replete and deplete grafts (374,375). In RIC, host T cells 

that survive the conditioning regimen may also expand through this mechanism (376).  

Such homeostatic expansion contributes to a narrow T cell repertoire, qualitative 

immune deficiencies (376) and may favour auto-reactive clones(310), contributing to 

the emergence of autoimmune disease (45).  It is possible that the larger inoculum of 

immunocompetent cells and more rapid immune reconstitution in PBSC compared with 

BM, and the potential for homeostatic expansion of host lymphocytes in RIC promotes 

development of autoimmunity; immune reconstitution studies in patients with AIC may 

provide further detail. 

5.5 Conclusions 

 

In conclusion, the incidence of AIC post allogeneic HSCT for aAA is similar to that 

reported among recipients of HSCT for other primary diseases.  A diagnosis of AIC 

should be considered and investigated in cases of new or worsening cytopenia at any 

stage post alloHSCT for aAA.  Diagnosis may be challenging and BME should be 

considered.  Response rates reported here are similar to previous data, but treatment 

strategies are heterogenous and data registration (via the EBMT and other databases), 

is warranted to inform harmonized recommendations for management. Overall survival 

in the AIC group was not reduced compared with the overall cohort, although small 

number of events limited further analysis. Consistent with previous studies, exposure to 

fludarabine and alemtuzumab may contribute to post HSCT AIC, although these findings 

did not remain significant in multivariable analysis. Our finding that ATG may 
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ameliorate risk of AIC post allogeneic HSCT for aAA warrants further investigation as 

part of future prospective studies.  We identified an increased risk of AIC following PBSC 

and RIC HSCT in this cohort.  If validated in other data sets, this may provide further 

evidence that BM is the preferred stem cell source for transplant of patients with aAA.  
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6 Concluding Discussion 

 

6.1 Routine Vaccination Programme (RVP) Practice after Adult and 

Paediatric Allogeneic Haematopoietic Stem Cell Transplant: A British 

Society of Blood and Marrow Transplantation Survey of UK NHS-Based 

Programmes. 

 

6.1.1 Key Findings 

 

With an overall response rate of 95% of UK adult and paediatric alloHSCT programmes, 

this BSBMT national study offers an up-to-date, detailed and comprehensive analysis of 

current RVP practice.   

 

While all responding alloHSCT programmes recommend a RVP to recipients of alloHSCT, 

the specifics of practice varied across all survey themes, with heterogeneity in service 

organization, vaccine selection, commencement and delay of vaccination, and 

monitoring of response to vaccination.  Factors contributing to this may include weak 

evidence for RVP practice, variation between guidelines, restrictions of national vaccine 

licensing and in some cases lack of familiarity with current recommendations.   
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6.1.2 Future Directions  

 

A previous BSBMT vaccination survey conducted in 2007 (111) identified variation in 

vaccine selection. Although several international organisations have published 

recommendations in the intervening years, disparate practices persist.  This indicates 

that there remains the need for a concerted effort to draw these issues to the attention 

of the HSCT community, and offer approaches to harmonize practice and bring it into 

line with current evidence.  

 

6.1.2.1 Dissemination of Findings 

 

The results of the survey have been presented orally at an international infectious 

disease conference (Federation of Infection Societies Annual Conference 2015).  The 

survey was recently published in Bone Marrow Transplantation(132).  An abstract has 

been submitted for the BSBMT 2017 Scientific Day so the findings can be presented 

directly to the UK HSCT community, promoting interest, engagement and discussion in 

this area.  
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6.1.2.2 Further Work 

 

6.1.2.2.1 Engagement with Primary Care 

 

The potential gap between HSCT programme recommendations and vaccine delivery in 

primary care has been highlighted by this survey.  Potential barriers to effective RVP 

practice in Primary Care include: i) in some cases lack of specific vaccine 

recommendations from HSCT programmes. ii) Difficulty in or concern about using 

vaccines off-license (e.g. PCV13 or DTaP in adult HSCT recipients). iii) Poor information 

flow from primary care to the HSCT centre and vice-versa, and iv) Possibly inadequate 

oversight, quality assurance and audit of RVP practice. Furthermore, as most HSCT 

recipients (and certainly adult recipients) are receiving vaccines outside the national 

vaccination schedule, GP practices may encounter difficulties in record keeping and 

reimbursement for vaccines administered.  An essential step in developing effective 

post HSCT RVP practice is to understand how HSCT programme recommendations 

translate into vaccine delivery in primary care, and further elucidate promoters and 

barriers to practice experienced by primary care practitioners.   

 

A practical initial step would be to convene a focus group of GPs who care or have cared 

for HSCT recipients to discuss and explore these issues.  After identifying common 

themes, a GP survey could be developed to scope this at a national level.  Findings 

would help to ensure future guidelines or recommendation addressed practical issues.  
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6.1.2.2.2 Expanding the Evidence Base 

 

While recognising the contribution of numerous researchers whose work is referenced 

throughout this thesis, it must be acknowledged that the evidence base for post HSCT 

vaccination is limited.  Current evidence is insufficient to provide detailed practical 

guidance, or to allow rational modification of vaccination schedules according to HSCT 

variables such as donor type, stem cell source, conditioning intensity or lymphocyte 

depletion, or in response to post-HSCT clinical scenarios.  The optimum timing of 

vaccine administration is in many cases also unclear.  It has recently been argued that a 

‘one-size fits all’ approach to vaccination sits uncomfortably with HSCT physicians (377), 

and this may contribute to both the variation in practice evident from the national 

survey, and also the inconsistent practice within HSCT programmes reported by single 

centre studies(102,105).   Opportunities for future vaccine research are discussed in 

more detail in 6.2.2.   

 

6.1.2.2.3 Developing National Guidance 

 

While acknowledging the limited evidence base and resulting issues discussed above, a 

national HSCT specific vaccination guideline that synthesizes best practice 

recommendations and national licensing restrictions would be a practical step towards 
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harmonization of care.  As above, part of the development process should involve 

engagement with GP colleagues to ensure the guideline addresses barriers to effective 

RVP practice in primary care.  The aim of a national guideline would be to provide a 

single, high-quality, high-profile adult and paediatric information source that is readily 

accessible to both specialist and primary care teams, and provides recommendations 

specifically adapted to UK practice.  Clearly, where evidence is most limited (e.g. using 

markers of immune reconstitution to guide RVP commencement, or effective tailoring 

of RVP schedule according to HSCT type) variation in practice will persist according to 

local experience and expertise.  However, such a guideline may help to address some of 

the more problematic variation in practice reported at national and HSCT programme 

level.  

 

6.2 A pilot study comparing the microneutralization assay and 

haemagglutination inhibition assay as measures of the immunogenicity 

of seasonal inactive influenza vaccine in recipients of reduced intensity 

conditioning allogeneic haematopoietic stem cell transplant during the 

first-year post-transplant 

 

6.2.1 Key Findings 

 

In this study of the immunogenicity of the SIIV administered in the first-year post RIC 

alloHSCT, humoral immune response was virtually undetectable by both the standard 
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HAI assay and the more sensitive VMN assay.  Seroconversion rates were lower than 

reported in previous studies. In the current cohort, all patients were conditioned with 

in-vivo lymphocyte depleting agents, and the impact of this on vaccine response 

warrants further investigation.  

 

This study highlights the need for novel immunogenic influenza vaccines and/or 

vaccination schedules.  More broadly, these findings emphasise the challenges of 

determining the optimum vaccination strategy in this immunocompromised patient 

group.    Certainly, a tension exists between the clinical need to offer early prophylaxis 

for VPDs, and the reconstituting immune system’s capacity to respond to vaccination.  

 

 

6.2.2 Future Directions 

 

6.2.2.1 Dissemination of Findings 

 

This study was presented as a poster at the EBMT 2017 annual conference. A 

manuscript for publication is currently in preparation.  
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6.2.2.2 Further Work 

 

6.2.2.2.1 The VMN in future studies 

 

The European Medicines Agency recommends that virus neutralization assays are 

conducted in all IIV immunogenicity studies. The current pilot study has shown that 

VMN, with ELISA endpoint at least, may detect seroconversions below the HAI 

threshold in HSCT recipients.  In this study, the absence of seroresponse seems to 

reflect the poor immunogenicity of a single IIV dose in the first-year post HSCT, and the 

VMN assay my offer useful immunological data in studies of novel vaccine schedules or 

formulations. Although established COPs will be required to interpret such data. This 

issue is discussed further in 6.2.2.2.4.  

 

6.2.2.2.2 Novel Vaccination Schedules  

 

In the absence of clinical efficacy studies in this population, the correlation between Ab 

titre and level of protection from influenza is not known.  While acknowledging this, it 

seems logical that if influenza Abs wane post-HSCT, strategies to maximise titres 

immediately before HSCT may confer some benefit during the early high-risk period 

when IIV immunogenicity is without doubt impaired.  There are two possible 

approaches: i) Vaccination of donor to achieve donor derived immunity or ii) pre-HSCT 
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vaccination of recipient. While there is evidence that the former may be an effective 

approach for conjugate vaccines at least (378,379), there are ethical and practical 

barriers whether the donor is a sibling or VUD, and patently this is not possible in UCB 

alloHSCT.  A recent study randomized donor-recipient pairs to no pre-HSCT vaccination, 

recipient pre-HSCT vaccination, or donor vaccination. All recipients were vaccinated at 6 

months post HSCT.  GMTs were statistically significantly higher for A(H1N1) in the 

recipient vaccination group compared with the no vaccination group, and for A(H3N2) 

the recipient group compared with both the no vaccination and donor vaccination 

group.  However, seroresponse rates to the 6-month vaccination did not vary by 

randomization group.  It may be that an early post-HSCT booster vaccination at 1-3 

months may have enhanced immune response and this warrants further evaluation, 

including determination of Ab titre by VMN. 

 

6.2.2.2.3 Novel Vaccines 

 

Recent influenza vaccine developments include the licensing of a high-dose, and an 

adjuvanted vaccine.   In a pilot study reported at the Infectious Disease Society of 

America 2016 conference, adult alloHSCT recipients were randomized to receive either 

standard seasonal trivalent IIV or an adjuvanted (MF-59) seasonal trivalent IIV. 

Recipients were vaccinated from 6 months post HSCT and seroconversion rates (range 

21.9 – 57.1%) and GMTs were similar across both groups. Rates of local and systemic 

reactions were similar between the two groups(380).  The investigators reported higher 
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seroconversion rates among recipients vaccinated during the previous influenza season.  

It is possible therefore that vaccination, although minimally immunogenic in the first 

year post-HSCT, may prime the immune system for subsequent seasonal vaccination 

and this could be evaluated in future observational studies.  In a phase I study Halasa 

and colleagues compared single doses of the standard seasonal IIV to high-dose IIV 

containing 60ug HA units/component administered from 6 months post-HSCT.  A(H3N2) 

GMTs and rates of HAI titre >40 (81% versus 36%, p=0.04) were greater for high dose 

vaccine, but not for A(H1N1) or influenza B.  More combined solicited injection-site 

reactions were reported in the high dose group (67% versus 31%, p=0.033) but there 

was no difference between reported systemic reactions (381).  Future studies could 

investigate earlier vaccination timepoints, and alternative vaccination regimens 

including pre-HSCT vaccination.  Again, VMN assay may yield useful information in 

potentially more immunogenic schedules than single, standard dose IIV. 

 

A major goal in influenza vaccination is the development of a universal influenza 

vaccine provoking Ab response to conserved virus antigen. This would offer prolonged 

immunity against a range of influenza subtypes including potential pandemic strains 

without the need for annual vaccination and changes in composition (382).  Although in 

early stages of development, such vaccines may offer new strategies for the 

immunization of immunocompromised patients including HSCT recipients.  Given the 

Ab target would be non-HA Ag, the HAI assay would be of little use as virus may be 
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neutralized yet HA binding sites would remain available for erythrocyte agglutination.  

Modified virus neutralization assays may be an alternative.   

 

6.2.2.2.4 Evaluating Correlates of Protection, Clinical Efficacy and Effectiveness 

 

A major limitation in IIV immunogenicity studies is the lack of validated correlates of 

protection.  As previously discussed this is part of a broader problem, which has 

culminated in revision of CMHP IIV licensing criteria.  Given the size of the HSCT 

population in the UK, establishing any meaningful COPs, or evaluating clinical efficacy 

will remain a significant challenge for the foreseeable future. Sufficiently powered 

prospective studies would require engagement at the national level.   

 

A ‘case test-negative control’ modification of the case-control study design has been 

used to estimate post-licensing clinical effectiveness (383). In this design, the study 

population is drawn from patients presenting with clinical symptoms of upper 

respiratory tract infection and/or influenza.  PCR confirmed positive influenza cases are 

matched with a PCR negative comparison group.  Vaccination status is established and 

from this effectiveness can be estimated.  This offers a relatively low-cost approach to 

estimating effectiveness and removes the need to intensively recruit a control group.  

This design has not been used to estimate vaccine effectiveness in 

immunocompromised subgroups, and warrants further consideration. 
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6.3 The impact of seasonal influenza infection and vaccination health beliefs 

on vaccination intent amongst adult recipients of autologous and 

allogeneic haematopoietic stem cell transplant 

 

 

6.3.1 Key Findings 

 

In this first study to explore influenza vaccination intent amongst HSCT recipients, 

potential promoters and barriers were identified.   A modified Health Belief Model was 

a good predictor of vaccine intent, and offers a basis for developing targeted 

interventions.  Specifically, HSCT recipients who perceived greater potential benefits 

from influenza vaccination, who felt vaccination would mean they worry less about 

catching influenza, and were less concerned about potential side-effects and lack of 

efficacy had stronger vaccination intent.  Adults aged over 65 who had not previously 

received the influenza vaccine were likely to have lower vaccine intent and are a group 

in who targeted interventions to promote influenza vaccine uptake may be particularly 

important.   HSCT recipients, and particularly those with low vaccine intent, seem to 

value a recommendation from their HSCT specialist over their General Practitioner.  

This emphasizes the importance of the HSCT team engaging in clear discussion with 

recipients about the influenza vaccine and addressing concerns.   In practice, the 

evidence of poor influenza vaccine immunogenicity in the first year post-HSCT, and 
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uncertainty about optimum vaccination time-point should be discussed, but this 

balanced against excellent safety profile in the general population, and no evidence for 

increased rate of side effects or risk of worsening of GvHD in HSCT recipients. 

 

6.3.2 Future Directions 

 

6.3.2.1 Dissemination of Findings 

 

An abstract will be submitted to forthcoming HSCT conference and a manuscript for 

publication is in preparation.  

 

6.3.2.2 Further Work 

 

Influenza vaccine information targeted at HSCT recipients may help to improve 

vaccination intent and uptake.  This should specifically address HSCT recipient risk from 

influenza infection, potential benefits of vaccination and concerns about vaccination 

side-effects post HSCT.  While the study in Chapter 4 specifically focused on the 

influenza vaccine, similar strategies may help to promote vaccination uptake more 

broadly.  The effectiveness of such strategies should be assessed prospectively, and 

may also seek to explore the gap between vaccination intent and behaviour in this 
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patient group.  The possibility of developing patient literature by Anthony Nolan is 

currently being explored.  

 

6.4 Autoimmune cytopenias (AIC) following allogeneic haematopoietic stem 

cell transplant for acquired aplastic anaemia: A joint study of the 

Autoimmune Diseases and Severe Aplastic Anaemia Working Parties 

(ADWP/SAAWP) of the European Society for Blood and Marrow 

Transplantation (EBMT).  

 

 

6.4.1 Key Findings 

 

In this study of AIC developing after  allogeneic HSCT for aAA,  the incidence identified 

was similar to that reported in previous studies of other HSCT populations. Response to 

treatment was also similar to previously reported data, although heterogenous 

treatment strategies, study populations and definitions of response across the cited 

studies limit interpretation.  Overall survival of those patients developing AIC was not 

worse than the overall cohort, however small number of cases limited further analysis.   

In keeping with previous findings, and understanding of the pathogenesis of 

autoimmune disease and AIC, conditioning regimens containing alemtuzumab and 

fludarabine were associated with increased incidence of AIC in univariable.  This may be 
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related to profound lymphodepletion and subsequent homeostatic expansion 

associated with these agents. We found a lower incidence of AIC in patients who 

received ATG in the conditioning regimen. A previous study has reported lower AIC risk 

with ATG, however our results are more in keeping with basic scientific findings 

regarding ATG’s effect on regulatory T cell homeostasis.  This finding warrants further 

investigation.  In multivariable analysis after adjusting for conditioning regimen, PBSC 

source and RIC were associated with an increased risk of AIC compared with BM and 

MAC respectively.  This is a novel finding, and may relate to increased number of 

mature lymphocytes in PBSC HSCT, and differences in pattern and rate of immune 

reconstitution between RIC and MAC.   

  

6.4.2 Future Directions 

 

6.4.2.1 Dissemination of Findings 

 

An abstract was presented in poster format at the American Society of Haematology 

(ASH) 2017 annual meeting in Atlanta, Georgia. A manuscript for publication is in 

preparation  
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6.4.2.2 Further Work 

 

The relatively low incidence, and necessarily long follow-up time makes prospective 

studies of AIC post HSCT challenging.  However, further retrospective studies may help 

to expand on our findings.  Our finding that ATG is associated, in univariable analysis, 

with lower risk of AIC could be further explored in other patient populations, and it is 

important to establish whether this effect is related to rATG or hATG.  In the future the 

analysis could be repeated over a subsequent 10-year period to determine whether 

findings remain consistent with time.  In the general population, low incidence of AIC 

has made randomised controlled trials of therapy challenging, and this is even more the 

case in the post-HSCT setting.  Centralized reporting of data is fundamental to 

establishing treatment strategies.  

 

Immune reconstitution data sets could be reviewed, to scope whether patients 

developed autoimmune complications post HSCT.  A comparison of rate and pattern of 

reconstitution could then be made between patients who did and did not develop AIC, 

although this would be limited by confounding factors.  
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6.5 Final Remarks 

 

In conclusion, vaccines are considered one of the great modern achievements in global 

health (384), and while a small part of a complex medical treatment, we must 

nonetheless work to ensure that high-risk, immunocompromised HSCT recipients derive 

maximum benefit from this simple, low-risk, low-cost strategy to prevent morbidity and 

mortality from VPDs.   
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Appendix 1 – Summary of Guidelines and Recommendations 

for Vaccination of Haematopoietic Stem Cell Transplant 

Recipients  
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 GUIDELINE 

 Infectious 
Diseases Society 
of America 2013 
 
 

International 
Consensus 
Conference on 
Clinical Practice in 
GVHD 2011 
 
 

American Society 
of Blood and 
Marrow 
Transplantation 
2009 
 
 
 
 

Immunisation 
Guidelines for 
Ireland 2015 
 
 

Royal College of 
Paediatrics and 
Child Health 
2002 
 
 
 

Children’s Cancer 
and Leukaemia 
Group 2014 
 
 
 

Age Group Adult/Paediatric Adult/Paediatric Adult/Paediatric Adult/Paediatric Paediatric Paediatric 
 
 

Commencement 
post alloHSCT 
(months) 

3-6  >6  
IIV from 4 months 
if community 
outbreak 

3-6  3-6  12 – Sibling 
Donor. 
18  –Unrelated 
donor 
 
 

12   
IIV every Autumn 
from 6 months  
 

GvHD 
 

No live vaccines No Live vaccines 
 
Consider 
measuring 
response to 
inactive vaccines 

No live vaccines 
 
Consider 
measuring 
response to 
inactive vaccines 
 

No lives vaccines No live vaccines 
 
Consider 
inactive 
vaccines  
 

No Live vaccines 
 
No inactive 
vaccines if active 
cGvHD 
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Immunosuppressive 
Therapy 

No Live vaccines  
 
Consider delay if 
high dose 
corticosteroids 

No Live Vaccines 
 
Consider delaying 
inactive in:- 
 
Adults - if 
Pred>0.5mg/kg + 
second IST agent 
OR 
Any three IST 
agents 
BUT 
Do not 
postpone>3 
months 
 
Paeds / 
Adolescent – No 
inactive vaccine 
delay for any IST 
agent 
 
 
 
 
 

No Live vaccines No live vaccines No live vaccines 
 
Inactive 
vaccines – If no 
IST for 6 months  
BUT  
can consider 
earlier 
administration 

No live vaccines  
 
Inactive vaccines 
– If no IST for 6 
months 
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Assessing Response HepB 
recommended 

In patients with 
GVHD 

Routinely test 
 
After vaccination:- 
PCV 
HepB 
 
Every 4-5 years:- 
Hep B 
Measles 
DT 
Polio 
 

Consider every 5 
years:- 
 
Hep B 
Measles 
DT 
Polio 

Explicitly not 
recommended 
 

 

Not discussed 

Live Vaccine criteria 
for administration 

2 yrs Post-HSCT 
No cGvHD 
No IST 
8-11 months post 
IVIg 
 

2 years post HSCT 
No cGvHD 
No IST for 3 
months 
 

2 years post HSCT 
No cGvHD 
No IST  
 
Consider pre and 
post Ab titres 
 
 

2 yrs post Tx 
No cGvHD 
No IST 
CD4>400x106/L 
IgM>0.5g/L 

18 months post 
HSCT (MMR) 
No cGvHD 
No IST 12 
months 
No IVIg 3 
months 

18 months post 
HSCT (MMR) 
No cGvHD 
No IST 12 
months 
No IVIg 3 months 

Serotherapy Consider delay if 
recent Rituximab 
or Alemtuzumab 
 
 
  

See IST Discusses 
Rituximab but no 
specific 
recommendations 

No 
Recommendation 

See IST See IST 
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Inactivated 
Influenza Vaccine 

6 months (4 if 
outbreak) 
 
If age 6 months to 
8 years and first 
IIV give second 
dose after 4 weeks 
 

 6 months (4 if 
outbreak) 
 
If given at 4 
months give 
second dose 1 
month later 
 
If age 6 months to 
8 years and first 
IIV give second 
dose after 4 
weeks 
 

6 months (4 if 
outbreak) 
 
If given earlier 
than 6 months 
consider second 
dose 1month later 
 
If age 6 months to 
8 years and first 
IIV give second 
dose after 4 weeks 

6 months  
 
Initially 2 doses 
for all age groups 
then 1 dose 
annually 

12 months 
 
single dose 

6 months 
 
Single dose 

Pneumococcal 
Vaccine 

Commence 3-6 
months 
 
3 x monthly PCV13 
1 PSV at 12/12 
OR 
1 PCV13 at 12/12 
if cGvHD 

Commence 6 
months  
 
3x monthly PCV13 
1 PSV at 12/12 
OR 
1 PCV13 at 12/12 
if cGvHD 
 

Commence 3-6 
months 
 
3x monthly PCV13 
1 PSV at 12/12 
OR 
1 PCV13 at 12/12 
if cGvHD 
 
Test response 
from 1 month 
after 3or4 doses 

Commence 3-6 
months 
 
3x monthly PCV13 
1 PSV at 12/12 
OR 
1 PCV13 at 12/12 
if cGvHD 
 

Commence 15 
months (21 for 
UD) 
 
Age <24 
months:- 
3 x monthly PCV 
1 x PSV at 24 
months post 
HSCT 
 
Age>24 months 

Commence 12 
months 
 
3x monthly 
PCV13 
1 PSV at 12/12 
OR 
1 PCV13 at 12/12  
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 2 doses of PCV 
for 3 months 
1 x PSV at 24 
months post 
HSCT 

Haemophilus 
Influenzae B 
Vaccine 
 
 
 
 

3 x monthly Hib 
from 6-12 months 

3 x monthly Hib 
from 6 months 
 
Booster at 18 
months 

3 x monthly Hib 
from 6-12 months 

3 x monthly Hib 
from 6-12 months 

3 x monthly Hib 
from 12 months 
(18 for UD) 

3 x monthly Hib 
from 12 months 
 
Booster at 48 
months 

Meningococcal 
Vaccine 

Commence 6-12 
months 
 
-2 x monthly 
MenACWY for 
those aged 11-18 
-booster at age 6-
18 if first dose 
given age 11-15 
 
 
 
 
 

Commence 6-12 
months 
 
- 3 x monthly 
MenC  

Commence 6-12 
months 
 
-Follow country 
recommendation 
for general 
population 

Commence 7 
months 
 
- 2 x monthly 
MenACWY + 
MenB  
- 1x MenACWY at 
11 months 
 
 

Commence 12 
months 
(18 for UD) 
 
3 x monthly 
MenC 

Commence 12 
months 
 
- 2 x MenC  
- 1 x MenACWY 
at 24 months 
- MenC booster 
at 48 months and 
school leaver 
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Diphtheria-Tetanus-
Pertussis Vaccine 

Commence 6 
months 
 
-age<7 x 3DTaP 
-age>7 x3 DTaP  
OR  
dTap followed by 
x2 DT OR x2 dT 
 
 

Commence 6 
months 
 
3xDTaP 
AND 
Booster at 18 
months 

Commence 6-12 
months 
 
-3 x DTaP unless 
not licensed in 
which case dTap 
-If Td consider 
diphtheria Ab 
levels if increased 
risk envisaged 

Commence 6 
months 
 
-DTaP x 3 for all 
 
THEN 
 
age <10 
DTaP after 3 years 
dTap 10 years 
later 
 
age>10 
dTap after 3 years 
dTap 10 years 
later 

Commence 12 
months  
(18 for UD) 
 
3xDTaP 

Commence 12 
months 
 
Age <10 
-DTaP x 3 
-DTaP booster 48 
months 
-dT school leaver 
booster 
 
Age>10 
-dTaP x 3 
-dTaP booster 48 
months 
-dT school leaver 
booster 
 

Hepatitis B Vaccine Commence 6 
months 
 
All recipients 
 
x3 doses 
 
test response 

Commence 6 
months 
 
All recipients 
negative for HepB 
markers 
 
X3 monthly doses 
Booster at 18 

For HBsAg or 
HBcAB Positive 
patients 
 
If HBsAg or HBcAb 
Negative follow 
country 
recommendations 
 

Commence 7 
months 
 
All recipients age 
>10 
X3 doses at 7,9 
and 11 months 
 
Test response 

Consider on 
case by case 
basis 

Consider on case 
by case basis 
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months 
 
Test response 
 

X3 monthly doses after 3rd dose 
 
 

Injectable Polio 
Vaccine 

X3 IPV 6-12 
months post 
 

X3 monthly IPV  
Booster at 18 
months 

X3 IPV 6-12 
months post 
 

X3 monthly IPV 
doses from 6 
months 
Booster after 3 
years 
 

12 months (18 
for UD) 
X3 monthly IPV  
 

12 months 
X3 monthly IPV  
Booster at 48 
months  
School leaver 
booster 
 

Human 
Papillomavirus 
Vaccine 

6-12 months 
CONSIDER 
X 3 HPV for F11-26 
X3 HPV4 for M11-
26 

6-12 months 
CONSIDER 
X3 HPV for F12-17 
Vaccination of 
Males (no 
specifics given) 
 

Country specific 
recommendations 

12 months 
HPV x 3 at 12,14 
and 29 months 
F age 10-45 
M age 10-26 
 

Not discussed 
(vaccine not 
routinely 
available at 
time) 

12 months 
X3 doses for 
F>12 

Measles-Mumps-
Rubella 
(Live attenuated) 
 
In measles 
seronegative 
recipients 

Commence 2 
years if criteria for 
lives vaccines met 
and 8-11 months 
after last IVIg dose 
 
X 2 doses 
 

Commence 2 
years if criteria for 
lives vaccines met  
 
X 2 doses 
 
 

Commence 2 years 
if criteria for lives 
vaccines met  
 
X 2 doses 
 
 

Commence 2 
years if criteria for 
lives vaccines met  
 
X 2 doses 
 

Commence 2 
years if criteria 
for lives 
vaccines met 
and 3months 
after last IVIg 
dose 
 

Commence 18 
months if criteria 
for lives vaccines 
met 
 
X 2 doses 
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 (30  months UD) 
 
X 2 doses 
 

Varicella Vaccine 
(Live attenuated) 
 
In varicella 
seronegative 
recipients 

Commence 2 
years if criteria for 
lives vaccines met 
and 8-11 months 
after last IVIg dose 
 
 
Consider following 
criteria 
-CD4>200cell/mm3 
AND 
-Response to >/=1 
other vaccine 

CONSIDER 
Commence 24 
months if criteria 
for live vaccines 
met 
AND 
Immunological 
response to prior 
inactive vaccines 
 
 

CONSIDER 
If criteria for live 
vaccines met 
 
 

CONSIDER 
Commence 24 
months if criteria 
for lives vaccines 
met 

Not discussed Not 
recommended 
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Appendix 2 – Routine Vaccination Programme Practice Survey 

 
  



358 

 

Routine Vaccination Programme Practices after Allogeneic Haematopoietic 
Stem Cell Transplantation: A Survey of NHS-Based Adult and Paediatric 
Allogeneic Transplant Programmes  
 
In this survey, we will be asking questions about routine vaccination practices after 
allogeneic haematopoietic stem cell transplant (HSCT) in your transplant 
programme.  
 
For the purposes of this survey we are defining a Routine Vaccination Programme 
(RVP) as a series of scheduled vaccinations administered after allogeneic HSCT in 
the absence of any contraindications and as a part of standard post-transplant care.  
 
We are collecting separate survey responses for adult and paediatric Routine 
Vaccination Programmes (RVP). If your hospital has both adult and paediatric 
allogeneic HSCT programmes, please could this survey be competed twice, once for 
adult and once for paediatric programmes. You will be asked to specify to which age 
group your response relates.  
 
We would be grateful if this survey could be completed by the healthcare 
professional/s taking primary responsibility for the adult and/or paediatric Routine 
Vaccination Programmes (RVP).  
It may help you to have your local guidelines or standard operating procedure 
(SOP) available for reference.  
 
There are 25 questions in the survey and should take 10-15 minutes to complete.  
 
All data collected will be reported anonymously. 
 
 
Transplant Programme Details  
 
The following questions ask for details about your transplant programme and your 
role 
  
1. Please give the name of your transplant programme * 
 
  
2. Please indicate whether you are completing this survey in relation to an 
adult or paediatric allogeneic HSCT programme? * 
 
   -Adult allogeneic HSCT 
   -Paediatric allogeneic HSCT 
 
If paediatric please indicate the age range of patients treated in your programme   
 
  
3. Which statement best describes your transplant programme? Please select 
one answer 
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   -Fully JACIE accredited for allogeneic HSCT; completed one cycle 
   -Fully JACIE accredited for allogeneic HSCT; completed two cycles 
   -Fully JACIE accredited for allogeneic HSCT; completed three cycles 
   -Not yet accredited but have undergone first time inspection 
   -Working towards JACIE accreditation 
  
4. Which of the following best describes your role? Please select one answer  
 
   -HSCT programme director 
   -HSCT physician (consultant / associate specialist) 
   -HSCT physician (HSCT Fellow) 
   -HSCT (Haematology trainee) 
   -HSCT clinical nurse specialist 
   -Other (please specify):  
 
 
Organisational Questions  
The following questions ask how RVP is organised in your transplant programme 
  
5. Does your transplant programme recommend a Routine Vaccination 
Programme (RVP) after Allogeneic HSCT? Please note that if you select 'no' 
this will take you directly to the end of the survey * 
 
   -Yes 
  - No 
  
6. Does your transplant programme maintain a document controlled standard 
operating procedure (SOP) detailing your RVP? * 
 
 -  Yes 
  - No 
 
If yes please give year of implementation or latest revision   
 
  
7. What is the main guideline or policy document that is referenced in your 
SOP, and/or to which healthcare practitioners will refer to guide RVP 
decisions in your transplant programme? Please select the most appropriate 
description and give the title of the guideline or policy below. * 
 
   -International vaccination guideline / policy specific to HSCT recipients (e.g. 

ASBMT 2009, IDSA 2013) 
   -International vaccination guideline / policy specific to HSCT recipients modified 

for local use (e.g. modified ASBMT 2009, IDSA 2013) 
   -National vaccination guideline / policy specific to HSCT recipients (e.g. RCPCH 

2002, CCLG 2014) 
   -National vaccination guideline / policy not specific to HSCT recipients (e.g. DOH 
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Green Book) 
   -Locally developed vaccination guideline / policy specific to HSCT recipients 
   -Locally developed vaccination guideline / policy not specific to HSCT recipients 
   Other (please specify):  
 
Please give guideline or policy title   
  
8. In what healthcare clinic or setting do HSCT recipients from your 
transplant programme receive vaccinations as part of RVP? Please select all 
that apply  
 
   -Transplant centre in the setting of a doctor-led post-transplant or late-effects 

clinic (vaccine administered by either nurse or doctor) 
   -Transplant centre in the setting of a nurse-led post-transplant or late-effects clinic 
   -Infectious diseases unit or clinic 
   -Secondary care (HSCT recipient's referring or local Hospital) 
   -Primary care (HSCT recipient's general practice surgery) 
   -Other (please specify):  
  
9. Does your transplant programme have a vaccination guideline or policy 
that addresses the vaccination needs of HSCT recipients planning to travel 
outside of the UK post-HSCT?  
 
   -Yes 
   -No 
  
10. Where is the administration of vaccines given as part of RVP usually 
recorded? Please select all that apply  
 
   -Within the transplant centre In the HSCT recipient's electronic medical records 
   -Within the transplant centre In the HSCT recipient's paper records 
   -Outside the transplant centre In the records of the healthcare provider that 

administers the vaccine 
   -Outside the transplant centre in a vaccine administration booklet or card that the 

-HSCT recipient looks after 
   -Other (please specify):  
  
11. When did your transplant programme last audit RVP practice against 
either an SOP or guideline? * 
    

   -12-24 months ago 
   ->24 months ago 
   -Not audited 
 
Routine Vaccination Programme (RVP) Specific Questions  
 
The following questions ask for specific details about RVP in your transplant 
programme  
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It may help you to have your guidelines or SOP available for reference 
  
12. At what time point post HSCT is RVP usually commenced in your 
transplant programme assuming no contraindications?  
 

 < 3 
months 

3 
months 

6 
months 

9 
months 

12 
months 

18 
months 

>18 
months 

-Sibling donor 
allogeneic or 
syngeneic HSCT 

                    

Unrelated donor 
allogeneic HSCT 

                     

  
 
13. Does your transplant programme routinely use a laboratory marker of 
immune-reconstitution to guide initiation of RVP? Please select all that apply  
 
   -Absolute lymphocyte count 
   -Lymphocyte subsets 
   -Immunoglobulin levels 
   -None 
   -Other (please specify):  
  
14. Which of the following situations would prompt a delay in administration 
of live attenuated and inactive vaccines given as part of RVP in your 
transplant programme? Live attenuated vaccines include - MMR, intranasal 
influenza, varicella (Varivax) Inactive vaccines include - pneumococcal 
conjugate, tetanus-diphtheria-pertussis, Haemophilus influenza conjugate, 
meningococcal conjugate, inactivated polio, recombinant hepatitis B, 
inactivated influenza Please select all that apply to each of live attenuated and 
inactive vaccines  
 

 Live 
attenuated 

Inactive 

-Acute illness       
-CD4 cell count < 200="" cells="">       
-Monoclonal CD20 Antibody (Rituximab) in last 6 months       
-Intravenous Immunoglobulin infusion in last 6 months       
-None of the above       
-Other (Please enter details below)       
 
  
15. What is the lowest overall grade of chronic graft-versus-host disease 
(cGvHD) that would prompt a delay in administration of live attenuated and 
inactive vaccines given as part of RVP in your transplant programme?  
 
Live attenuated vaccines include - MMR, intranasal influenza, varicella 
(Varivax) Inactive vaccines include - Pneumococcal conjugate, tetanus-



362 

 

diphtheria-pertussis, Haemophilus influenza conjugate, meningococcal 
conjugate, inactivated polio, recombinant hepatitis B, inactivated influenza 
Please select one option for each of live attenuated and inactive vaccines * 
 

 History of 
cGvHD 

Grade 1 
(mild) 

Grade 2 
(moderate) 

Grade 3 
(severe) 

Would not 
delay for any 
grade 

Live 
attenuated 

               

Inactive                
  
16. What is the lowest dose or combination of immunosuppressive agents that 
would prompt a delay in administration of live attenuated and inactive 
vaccines given as part of RVP in your transplant programme? 
 
 Live attenuated vaccines include - MMR, intranasal influenza, varicella 
(Varivax) Inactive vaccines include - pneumococcal conjugate, tetanus-
diphtheria-pertussis, Haemophilus influenza conjugate, meningococcal 
conjugate, inactivated polio, recombinant hepatitis B, inactivated influenza 
Please select one option for each of live attenuated and inactive vaccines * 
 

 

Any single 
immunosup
pressive 
agent 
including 
corticosteroi
d at  

Prednisolone >0.5
mg/Kg body 
weight single 
agent 

Prednisolone >0.5
mg/Kg body 
weight plus 
second 
immunosuppressi
ve agent 

Any three-
agent 
combination 
immunosuppr
essive therapy 

Would 
not 
delay for 
any dose 
or 
combina
tion 

Live 
attenuate
d 

               

Inactivate                
  
17. Which of the following vaccines would ordinarily be included in RVP in 
your transplant programme assuming no contraindications? Please select all 
that apply  
 
   -Pneumococcal Vaccine 
   -Tetanus-Diphtheria-Pertussis Vaccine  
   -Haemophilus Influenza B Conjugate Vaccine  
   -Meningococcal Vaccine  
   -Inactivated Poliovirus Vaccine  
   -Hepatitis B Vaccine  
   -Inactivated Influenza Vaccine  
   -Measles-Mumps-Rubella (Live) in HSCT recipient seronegative for measles at time 

of vaccination 
   -Human Papillomavirus Bivalent (HPV2) or Quadrivalent (HPV4) in female HSCT 

recipients age 11-26 
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   -Human Papillomavirus Quadrivalent (HPV4) in male HSCT recipients age 11-26 
   -Varicella (Varivax) in HSCT recipients seronegative at time of vaccination 
   Other (please specify):  
  
18. For which of the following vaccine-preventable infections does your 
transplant programme routinely monitor or recommend monitoring of 
antibody levels to assess response to vaccination? Please select all that apply  
 
   -Pneumococcus 
   -Haemophilus Influenza B 
   -Measles 
   -Tetanus 
   -Diphtheria 
   -Polio 
   -Hepatitis B 
   -No specific recommendation / at discretion of hospital or GP practice 

administering vaccine 
   -Other (please specify):  
  
19. Are there any specific clinical situations in which your transplant 
programme would monitor or recommend monitoring of antibody levels to 
assess response to vaccination? Please select all that apply * 
 
   -Active GVHD 
   -Ongoing immunosuppressive therapy 
   -Illness caused by a vaccine preventable infection (e.g. pneumococcal infection) 
   -None 
   -Other (please specify): 

  
 
Vaccine Specific Questions  
The following questions ask about the specific vaccines used in RVP in your 
transplant programme It may help you to have your guidelines or SOP available for 
reference 
  
 
 
 
 
20. Which pneumococcal vaccine does your transplant programme use or 
recommend first-line as part of RVP? Please select one answer * 
 
   -Pneumococcal Polysaccharide 23-valent (PPSV23 - Pneumovax) 
   -Pneumococcal Conjugate 7-Valent (PCV7 - Prevnar) 
   -Pneumococcal Conjugate 13-valent (PCV13 - Prevnar13) 
   -PCV7 or PCV13 (Prevnar) followed by PPSV23 (Pneumovax) 
   -No specific recommendation / at discretion of hospital or GP practice 

administering 
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   -Not applicable (pneumococcal vaccine not recommended as part of RVP) 
   Other (please specify):  
  
21. Which diphtheria-tetanus-pertussis vaccine does your transplant 
programme use or recommend first-line as part of RVP? Please select one 
answer * 
 
   -Full dose diphtheria-tetanus-pertussis (DTaP) 
   -Reduced dose diphtheria - reduced dose pertussis - full dose Tetanus (Tdap) 
   -Full dose (DTaP) or reduced dose (Tdap) depending on patient age 
   -No specific recommendation / at discretion of hospital or GP practice 

administering 
   -Not applicable (diphtheria-tetanus-pertussis vaccine not recommended as part of 

RVP) 
   -Other (please specify):  
  
22. Which Meningococcal vaccine does your transplant programme use or 
recommend first-line as part of RVP? Please select one answer * 
 
   -Meningococcal C conjugate (NeisVac-C, Menjugate Kit, Meningitec) 
   -Combined Haemophilus influenzae B / meningococcal C Conjugate (Menitorix) 
   -Meningococcal ACWY Conjugate (Menveo, Nimenrix) 
   -Meningococcal B conjugate (Bexsero) 
   -No specific recommendation / at discretion of hospital or GP practice 

administering 
   -Not applicable (meningococcal vaccine not recommended as part of RVP) 
   Other (please specify):  
  
 
 
 
 
 
 
23. At what time point post HSCT does your transplant programme 
recommend commencing routine vaccination with seasonal influenza vaccine 
assuming no contraindications? * 
 

  3 
months 

6 
months 

9 
months 

12 
months 

18 
months 

>18 
months 

Sibling donor 
allogeneic or 
syngeneic HSCT 

                     

Unrelated donor 
allogeneic HSCT 

                     

  
24. Which seasonal influenza vaccine does your transplant programme 
recommend to family members and close contacts of HSCT recipients? Please 
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select all that apply to each of child and adult family members and close 
contacts of HSCT recipients  
 

 Child family members and 
close contacts 

Adult family members and 
close contacts 

Live attenuated 
influenza vaccine 
(Intranasal) 

      

Inactive influenza 
vaccine 
(Intramuscular) 

      

No specific influenza 
vaccine 
recommendation / at 
discretion of hospital 
or GP practice 
administering 

      

Not applicable 
(influenza vaccination 
of family members 
and close contacts not 
recommended) 

      

  
25. Does your transplant programme recommend that family members and 
close contacts of HSCT recipients consider vaccination with varicella vaccine 
(Varivax)? * 
 
   Yes 
   No 
 

Appendix 3 – Notice of Ethical Approval, Patient Information 

Sheet, and Consent Form for Chapter 3
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NRES Committee Yorkshire & The Humber - South Yorkshire  

Unit 001  
Jarrow Business Centre  

Rolling Mill Road  
Jarrow  

Tyne and Wear  
NE32 3DT  

  
Telephone: 0191 

428 3561 12 August 2015  
  

Dr Paul Miller  

Anthony Nolan Research Institute  

Royal Free Hospital  

Pond Street  

NW3 2QG  

  

  

Dear Dr Miller  

  

Study title:  A pilot study comparing the 

microneutralization assay and 

haemagglutination inhibition assay as 

measures of the immunogenicity of seasonal 

inactive influenza vaccine in recipients of 

reduced intensity conditioning allogeneic 

haematopoietic stem cell transplants during 

the first-year post-transplant  
REC reference:  15/YH/0394  
IRAS project ID:  
  

183540  

The Proportionate Review Sub-committee of the NRES Committee Yorkshire & The 

Humber - South Yorkshire reviewed the above application on 12 August 2015.  

 We plan to publish your research summary wording for the above study on the HRA 

website, together with your contact details. Publication will be no earlier than three 

months from the date of this favourable opinion letter.  The expectation is that this 
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information will be published for all studies that receive an ethical opinion but should 

you wish to provide a substitute contact point, wish to make a request to defer, or 

require further information, please contact the REC Assistant Miss Kerry Dunbar, 

nrescommittee.yorkandhumber-southyorks@nhs.net  Under very limited circumstances 

(e.g. for student research which has received an unfavourable opinion), it may be 

possible to grant an exemption to the publication of the study.   

  

 Ethical opinion  

  

On behalf of the Committee, the sub-committee gave a favourable ethical opinion 

of the above research on the basis described in the application form, protocol and 

supporting documentation, subject to the conditions specified below.  

  

Conditions of the favourable opinion  

The favourable opinion is subject to the following conditions being met prior to the 

start of the study.  

 Management permission or approval must be obtained from each host organisation 

prior to the start of the study at the site concerned.  

  

Management  permission  (“R&D  approval”)  should  be  sought  from  all  
NHS  organisations  involved  in the study in accordance with NHS research 
governance arrangements.  
  

Guidance on applying for NHS permission for research is available in the 

Integrated Research Application System or at http://www.rdforum.nhs.uk.   

  

Where  a  NHS  organisation’s  role  in  the  study  is  limited  to  identifying  
and  referring  potential  participants  to  research  sites  (“participant  
identification  centre”), guidance should be sought from the R&D office on 
the information it requires to give permission for this activity.  
  

For non-NHS sites, site management permission should be obtained in 

accordance with the procedures of the relevant host organisation.  

  

Sponsors are not required to notify the Committee of approvals from host 

organisations.  
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Registration of Clinical Trials  

  

All clinical trials (defined as the first four categories on the IRAS filter page) must 
be registered on a publicly accessible database. This should be before the first 
participant is recruited but no later than 6 weeks after recruitment of the first 
participant.  
   

There is no requirement to separately notify the REC but you should do so at the 

earliest opportunity e.g. when submitting an amendment.  We will audit the 

registration details as part of the annual progress reporting process.  

   

To ensure transparency in research, we strongly recommend that all research is 

registered but for non-clinical trials this is not currently mandatory.  

   

If a sponsor wishes to request a deferral for study registration within the required 

timeframe, they should contact hra.studyregistration@nhs.net. The expectation is 

that all clinical trials will be registered, however, in exceptional circumstances non-

registration may be permissible with prior agreement from NRES. Guidance on 

where to register is provided on the HRA website.   

  

It is the responsibility of the sponsor to ensure that all the conditions are 

complied with before the start of the study or its initiation at a particular 

site (as applicable).  
  

 Ethical review of research sites   

The favourable opinion applies to all NHS sites taking part in the study, subject to 

management permission being obtained from the NHS/HSC R&D office prior to the 

start of the study (see  

“Conditions  of  the  favourable  opinion”).  

  

Summary of discussion at the meeting  
  

Social or scientific value; scientific design and conduct of the study  

  

Members requested that the title of the application be written in lay language.   
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You replied that it was assumed that this referred to the short title. This 

had been changed on the IRAS form and added this to the participant 

Information Sheet and Consent Form which were both attached.  The title 

was within the 70-character limit on the IRAS form.   

 The Sub Committee was satisfied with the response given to the issue raised.  

  

Favourable risk benefit ratio; anticipated benefit/risks for research participants (present 

and future)   

 Members requested clarification on payment of transport costs if a second visit needed 

to be for research alone.  If this was not to be paid, or was to be paid then it needed to 

be clearly stated in the participant information sheet.  

  

You replied that the detail had been added to the participant information 

sheet  

  

The Sub Committee was satisfied with the responses given to the issues raised.  

  

Informed consent process and the adequacy and completeness of participant 

information   

Members requested that the participant information sheet needed to state clearly 

that potential participant  can  say  “No,  if  you  do  not  wish  to.”  under  the  

heading  “Do  I  have  to  take  part”.  

  

You replied that the detail had been added to the participant information 

sheet  

  

Members stated the participants may be expert patients but a lay title would be of 

great benefit and it should be used on all participant documents in addition to the 

full title, therefore members requested that all titles were amended as 

appropriate.  

  

You agreed with this.  
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Members requested  clarification  on  the  paragraph  “What  will  happen  to  

the  results  of  this  study”,  the last sentence is confusing needs to be amended 

accordingly.   

  

You agreed this was not clear and did not fit well under this heading, 

therefore the sentence had been removed.  

  

The Sub Committee was satisfied with the responses given to the issues raised.  

  

Suitability of research summary  

  

Members  requested  that  the  “Summary  of  the  Study”  be  rewritten  in  

lay  language.  

  

You replied that this had been re-written under section A6-1 of the IRAS 

form.  

  

The Sub Committee was satisfied with the response given to the issue raised.  

Approved documents  

  

The documents reviewed and approved were:  

  

Document    Version    Date    

Evidence of Sponsor insurance or indemnity (non NHS Sponsors only)      28 July 2015   

GP/consultant information sheets or letters   1.3   28 July 2015   

Instructions for use of medical device   V5403/07-14  07 April 2015   

IRAS Checklist XML [Checklist_03082015]      03 August 2015   

Letter from funder      22 July 2015   

Other [Dr Karl Pegg's CV]      03 August 2015   

Other [PHE HI Assay Protocol ]   V5403/07-14  07 April 2015   

Other [PHE MN Assay Protocol]   V5463/07-13  08 November 2013  

Other [Full Dataset Trial Form]      09 August 2015   

Participant consent form   Version 1.2   09 August 2015   
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Participant information sheet (PIS)   Version 1.9   09 August 2015   

REC Application Form [REC_Form_03082015]      03 August 2015   

Referee's report or other scientific critique report      28 July 2015   

Research protocol or project proposal   2.0   28 July 2015   

Summary CV for Chief Investigator (CI) [CV - Professor Alejandro Madrigal]      03 August 2015   

Summary CV for student [Dr Paul Miller CV]      30 July 2015   

Summary CV for supervisor (student research) [Professor John Snowden 

CV]   
   03 August 2015   

  

Membership of the Proportionate Review Sub-Committee  
  

The members of the Sub-Committee who took part in the review are listed on the 

attached sheet.  

  

Statement of compliance   

  

The Committee is constituted in accordance with the Governance Arrangements 

for Research Ethics Committees and complies fully with the Standard Operating 

Procedures for Research Ethics Committees in the UK.  

  

After ethical review  

  

Reporting requirements  

  

The  attached  document  “After  ethical  review  – guidance  for  

researchers”  gives  detailed guidance on reporting requirements for studies 

with a favourable opinion, including:  

  

x Notifying substantial amendments 

x Adding new sites and investigators 

x Notification of serious breaches of 

the protocol  

 x Progress and safety reports  
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 x Notifying the end of the study  

  

The HRA website also provides guidance on these topics, which is updated in the 

light of changes in reporting requirements or procedures.  

  

User Feedback  
  

The Health Research Authority is continually striving to provide a high-quality 

service to all applicants and sponsors. You are invited to give your view of the 

service you have received and the application procedure. If you wish to make your 

views known please use the feedback form available on the HRA website:  

http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/     

  

HRA Training  

  

We are pleased to welcome researchers and R&D staff at our training days – see 

details at http://www.hra.nhs.uk/hra-training/    

  

With  the  Committee’s  best  wishes  for  the  success  of  this  project.  

  

15/YH/0394  Please quote this number on all correspondence  

  

Yours sincerely  

  

pp  

  

Dr Ian Woollands Chair  

  

Email: nrescommittee.yorkandhumber-southyorks@nhs.net   
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Enclosures:  

  

List of names and professions of members who took part in 

the review   
  

“After  ethical  review  – guidance  for  researchers”    

Copy to:  Mr Dave Wilson, University College London (UCL)  
Ms Julie Curtis, Research and Development Department    
Professor Alejandro Madrigal, Anthony Nolan Research 

Institute  

NRES Committee Yorkshire & The Humber - South Yorkshire  

  

Attendance at PRS Sub-Committee of the REC meeting on 12 August 
2015 via correspondence.  

  

   

Committee Members:   
  

Name    Profession    Present     Notes    

Dr Ahmed H Abdelhafiz   Consultant Physician, 

Elderly Medicine   
Yes       

Dr Rhona Bratt   Retired Multimedia Project 

Manager   
Yes       

Dr Ian Woollands (Chair)  Retired Clinical Director, 

Occupational Health   
Yes       

   

Also in attendance:   
  

Name    Position (or reason for attending)    

Miss Kerry Dunbar   REC Assistant   
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PARTICIPANT INFORMATION SHEET 
 
 
Short Title 
Immune response to the seasonal flu vaccine after stem cell transplant 
 
Full Title  
A pilot study comparing the microneutralization assay and 
haemagglutination inhibition assay as measures of the immunogenicity of 
seasonal inactive influenza vaccine in recipients of reduced intensity 
conditioning allogeneic haematopoietic stem cell transplants  
 
 
Invitation to participate in the study 
 
Before you decide whether to take part, it is important for you to understand why 
the research is being done and what it will involve. 
 
Please take time to read the following information carefully. Discuss it with friends 
and relatives if you wish. 
 
You are free to decide whether or not to take part in this study.  If you choose not to 
take part, this will not affect the care you get from your doctors. 
 
Ask us if there is anything that is not clear or if you would like more information 
 
 
Study Summary 
 
This research study will be conducted between September 2015 and March 2016.  
We hope to recruit approximately 50 patients to the study. 
 
The aim of the seasonal flu vaccine is to protect people who are at risk of flu and its 
complications. 
 
International guidelines recommend that patients who have had a stem cell 
transplant receive the seasonal flu vaccine each winter, usually if they are more 
than 6 months after transplantation.  This is based on evidence that the seasonal flu 
vaccine is not effective for patients who have been treated with full-intensity 
(myeloablative) stem cell transplants until at least 6 months after their transplant. 
We do not know how soon after transplant the seasonal flu vaccine is effective for 
patients who have had reduced-intensity (non-myeloablative) stem cell transplants 
and earlier vaccination may be beneficial. 



375 

 

 
At The Royal Marsden Hospital we recommend that as long as it is safe for them, 
patients who have had a reduced-intensity stem cell transplant receive the seasonal 
flu vaccine each winter, regardless of how long ago they had their transplant.  We 
consider this the best approach based on our current understanding, 
 
We want to compare two laboratory techniques to see if one is better at detecting a 
response to the seasonal flu vaccine in patients who have received a stem cell 
transplant. 
 
We want to use this study and build on it with future studies to find the best time to 
give the seasonal flu vaccine to patients who have had a reduced-intensity stem cell 
transplant. 
 
 
Do I have to take part in the study? 
 
No, you do not have to take part if you do not wish to 
 
 
Why have I been asked to participate?  
 
You have received a reduced intensity stem cell transplant. 
 
Your transplant doctor has recommended that you receive the seasonal flu vaccine 
this winter.  
 
Your transplant doctor thinks that it is safe for you to receive the seasonal flu 
vaccine this winter. 
 
 
What would taking part in the study involve? 
 
We will give you the seasonal flu vaccine here at The Royal Marsden Hospital. 
 
We will give you the same flu vaccine that is being given to all eligible patients in 
the United Kingdom this winter. 
 
We will take two extra blood samples so we can test how you respond to the 
seasonal flu vaccine.  We will take one blood sample just before we give you the 
seasonal flu vaccine.  We will take the second blood sample about 4 weeks after we 
give you the seasonal flu vaccine.  Each blood sample will be approximately 5ml 
(equivalent to 1 teaspoon) in volume. 
 
We will try to make sure that we take the second blood sample at a time you would 
be visiting the hospital anyway. If this isn’t possible we may need to ask you to 
make a journey to the hospital specifically for this blood test.  Unfortunately, we are 
not able offer any payment to cover travel costs. 
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We will give you a letter confirming you have received the seasonal influenza 
vaccine, and with your consent we will send a copy of the letter to your GP so they 
also know you have received the seasonal influenza vaccine. 
 
 
What will happen if I don’t take part? 
 
You will continue to receive all your normal care at The Royal Marsden Hospital. 
 
We will recommend that you make an appointment at your GP Surgery to receive 
the seasonal flu vaccine and you will not be asked to have any additional blood 
tests. 
 
 
What are the possible benefits of taking part? 
 
You may find it more convenient to be given the seasonal flu vaccine at your 
transplant center than at your GP surgery. 
 
 
What are the possible disadvantages of taking part? 
 
We will ask you for two additional blood samples.  If possible we will take these 
samples at the same time as other blood samples we would be taking anyway. 
 
We may need to ask you to make an extra visit to the hospital to have the second 
blood sample taken.   
 
The flu vaccination doesn’t usually cause side effects.  However, some people may 
experience a sore arm at the site of injection, mild fever and slight muscle aches for 
a day or so, or in very rare cases an allergic reaction the flu vaccination.   These are 
the same side effects you may experience to the seasonal flu vaccine whether or not 
you take part in the study. 
 
 
What will happen if I don’t want to carry on with the study? 
 
You can withdraw from the research study at any time, and this decision will not 
affect your ongoing medical care.  All data collected as part of the study will be 
destroyed, and blood samples collected as part of the study will be disposed of.  
 
 
What information will be collected and will it be kept confidential? 
 
In addition to taking blood samples we will use your medical records to find out 
other important information about you.  This will include details such as your age, 
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the date of your stem cell transplant, the medication you are currently receiving 
and whether or not you have experienced graft versus host disease. 
 
All information that is collected about you during the course of the research will be 
kept strictly confidential and will comply with data protection legislation.  All 
information will be stored securely at The Royal Marsden Hospital and the Anthony 
Nolan Research Institute.  
 
Any information about you will have your name and address removed so that you 
cannot be recognised.   Your data will be stored under a code and not under your 
name. Only the study team will have access to the code key.    
 
To monitor the implementation of the study it may be necessary to give access to 
regulatory authorities and the trust’s sponsor representatives. Your research data 
will be stored for 20 years.  
 
 
What will happen to the samples I give? 
 
The blood samples will be stored under a code and not under your name.  Only the 
study team will have access to the code key. 
 
The samples provided will be processed in the laboratory at The Royal Marsden 
Hospital.  Frozen samples will be transferred to the Public Health England 
laboratories where laboratory analysis be performed.  The blood samples will be 
tested for response to the seasonal influenza vaccine. This will involve testing for 
antibody levels. 
 
Your anonymised blood samples will be stored until the end of the period of 
laboratory analysis and then destroyed.  All blood samples will be destroyed by 
December 2016. 
 
 
Involvement of other health care professionals 
 
Your transplant doctor will be informed and if you give us permission, we will also 
write to your GP about the study and let them know that you have received the 
seasonal flu vaccine as part of the study. 
 
 
Who has reviewed the study? 
 
All research in the NHS is looked at by an independent Research Ethics Committee 
to protect your interests. This study has been reviewed and given a favourable 
opinion by the National Research Ethics Service Committee. 
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What will happen to the results of the study? 
 
The results of this study may be published or presented at scientific meetings and 
may be used for further research, but your data will be presented in an anonymous 
format.  If you would like a summary of the results from the study please let the 
doctor in clinic know.  
 
We will not be able to provide individual patients with results of their blood tests. 
 
 
Who is organizing and funding the study? 
 
The Chief Investigator for the study is Professor Alejandro Madrigal, Consultant 
Haematologist and Scientific Director of the Anthony Nolan Research Institute. 
 
The study is organized by Dr Paul Miller who is undertaking a clinical research 
degree (MD Res) at the Anthony Nolan Research Institute and the University 
College London Cancer Research Institute. The Study is being funded by the 
Anthony Nolan Research Institute, and the study is sponsored by University College 
London. 
 
 
What if something goes wrong? 
 
If you wish to complain or have any concerns about any aspect of the way you have 
been approached or treated by members of staff you may have experienced due to 
your participation in the research, National Health Service or UCL complaints 
mechanisms are available to you. Please ask your research doctor if you would like 
more information on this. 
 
In the unlikely event that you are harmed by taking part in this study, compensation 
may be available. 
 
If you suspect that the harm is the result of the Sponsor’s (University College 
London) or the hospital's negligence then you may be able to claim 
compensation.  After discussing with your research doctor, please make the claim in 
writing to Professor Alejandro Madrigal who is the Chief Investigator for the 
research and is based at the Anthony Nolan Research Institute, Royal Free Hospital, 
Pond Street, NW3 2QG.  The Chief Investigator will then pass the claim to the 
Sponsor’s Insurers, via the Sponsor’s office. You may have to bear the costs of the 
legal action initially, and you should consult a lawyer about this. 
 
 
 
Further Information and Contact Details 
For further information please contact the Chief Investigator, Lead Researcher or 
Principle Investigator at your study site 
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Chief Investigator 
Professor Alejandro Madrigal 
Anthony Nolan Research Institute 
Pond Street 
London 
NW3 2QG 
 
alejandro.madrigal@anthonynolan.org 
0303 303 0303 
 
Student Researcher 
Dr Paul Miller 
Anthony Nolan Research Institute 
The Royal Free Hospital 
Pond Street 
London  
NW3 2QG 
 
0303 303 0303 
Paul.miller@anthonynolan.org 
 
Principal Investigator, Royal Marsden Hospital. 
Dr Chloe Anthias 
Royal Marsden Hospital 
Downs Road 
Sutton 
SM2 5TP 
 
020 8642 6011 
chloe.anthias@rmh.nhs.uk 
 
 
Principal Investigator, Royal Hallamshire Hospital 
Dr Thushan de Silva 
Royal Hallamshire Hospital. 
Glossop Road 
Sheffield 
South Yorkshire 
S10 2JF 
 
0114 271 1900 
thushan.desilva@sth.nhs.uk 
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Centre Number:  

Study Number:  

Patient Identification Number for this study: 

CONSENT FORM 

The impact of seasonal influenza infection and vaccination health beliefs on 
vaccination intent among adult recipients of autologous and allogeneic 
haematopoietic stem cell transplant 
 

Chief Investigator: Professor Alejandro Madrigal 

Please initial all 

boxes  

1. I confirm that I have read and understand the information sheet dated 24 March 
2016 version number 1.3 for the above study.  I have had the opportunity to 
consider the information, ask questions and have had these answered satisfactorily.
  

 

2. I understand that my participation is voluntary, and that I am free to withdraw at any 
time without giving any reason, without my medical care or legal rights being affected. 

 
3. I understand that relevant sections of my medical notes and data collected during the 

study, may be looked at by individuals from the sponsor of the trial (University College 
London) and responsible persons authorized by the sponsor, from regulatory 
authorities or from the NHS Trust, where it is I relevant to my taking part in this 
research. I give permission for these individuals to have access to my records.  

 
4.  I agree to take part in the above study.    

 

            

Name of Participant   Date    Signature 

                                

            

Name of Person   Date    Signature  
taking consent.  
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Appendix 4 – Public Health England Reporting Strategy for 

HAI and VMN Assays 
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Reporting of repeat strategy for HAI and MN  

 

 

 * ≤ 2-fold difference 
** > 2-fold difference  

*** if more than one rule applies,  find the MOST representative titre, with the ordered preference as 

follows:   majority  titre (more than 50% of titres) > middle pair  

 

Titre determination in duplicate  

Titre pair matches*  
[ e.g. 20, 40]  

  Report titre pair 

Titre pair not matched**  
[ 80] e.g. 20,     

Repeat analysis in duplicate or  
single (if not enough volume  

available)   

At least one matching* titre pair  
e.g. a) 20, 80, 80, 80;  [ 

 b) 20, 80, <10, 10 // 20, 80, 80, 40] 
No matching titre pair**  

e.g. <10, 20, 80]  [ 

Report a) majority titre *** or   
b) middle pair 
[ e.g. a) 80, 80 ;   

b)10, 20 // 80, 40] 

Repeat analysis in duplicate or  
single (if not enough volume  

available)   

Minimum: one matching* titre pair  
[ e.g. a) <10, 20, 80, 40 b) <10, 20, 80,  

160 ]    

No matching titre pair**  
e.g. <10, 20, 80, 320]  [ 

  Report majority  titre or 
a) & b) middle pair*** 

  e.g. a) 20, 40 ; b) 80, 160] [   

Report “Sample unsuitable for   
analysis”   

One or both titres  at endpoint  
[ e.g. 1280,  640]    

Titrate serum in duplicate  



383 

 

Strategy for titrations  

To be performed if required by sender of the samples or specific question relating to 
true titre (titrate pre- and post-sera if one of the two has titres around endpoint**)   

 

* ≥ 1280 
** equal to 640 or 1280  

*** if more than one rule applies,  find the MOST representative titre, with the ordered preference as 

follows:   majority  titre (more than 50% of titres are equal)  >  50/50 rule  >  middle pair 

Titration in duplicate  

New Titre beyond endpoint*  
e.g. 1280, 1280,  [ 2560 ,  1280 ]   

Report titration pair   
  e.g. 2560, 1280) ( 

New and old Titre are around  
the endpoint**  

Report middle titre pair***   
[   e.g.640, 640]   

Find representative pair  
[ e.g. a) 1280, 640,  1280 1280 ,  //  

b) 1280, 1280,  640 ,  640 ]   

  Report by 50/50 rule when 
  titres equally  distributed*** 

  e.g. a) 1280, 640) ( 
  Report majority  titre*** 

  e.g. b) 1280, 1280) ( 

New and old cover more than two- 
fold difference  

e.g. a) 640, 1280,  [ , 320  640 or b)  
, 1280,  1280 320 ,  160   ] 

Find representative pair  
e.g.  a) 640, 640  or b) 320, 160]  [ 

Representative pair is below  
endpoint  

[ e.g. b) 320,  160 ]   

Representative pair is around  
the endpoint**  

Repeat Titration  
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Appendix 5 – Immunogenicity Cumulative Frequency Tables 

for HAI and VMN  
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A(H1N1)pdm09 HAI VMN VMN ELISA 
Titre Pre Post Pre Post Pre Post 

<10 (negative) 18(64.3) 17(60.7) 15(53.6) 14(50.0) 11(39.3) 11(39.3) 
 ≤40 22(78.6) 23(82.1) 22(78.6) 23(82.1) 17(60.7) 16(57.1) 
≤80 26(92.9) 27(96.4) 23(82.1) 24(85.7) 18(64.3) 17(60.7) 
≤160 27(96.4) 27(96.4) 25(89.3) 27(96.4) 22(78.6) 22(78.6) 
≤320 27(96.4) 27(96.4) 26(92.9) 27(96.4) 25(85.7) 26(92.9) 
≤640 28(100.0) 28(100.0) 27(96.4) 27(96.4) 26(92.9) 27(96.4) 
≤1280 28(100.0) 28(100.0) 27(96.4) 27(96.4) 27(96.4) 27(96.4) 
≤2560 28(100.0) 28(100.0) 28(100.0) 27(96.4) 27(96.4) 27(96.4) 
≤5280 28(100.0) 28(100.0) 28(100.0) 28(100.0) 28(100.0) 28(100.0) 

 

 

A(H3N2) HAI VMN 
Titre Pre Post Pre Post 

<10 
(negative) 15(53.6) 13(46.4) 3(10.7) 3(10.7) 
 ≤40 25(89.3) 26(92.9) 8(28.6) 6(21.4) 
≤80 27(96.4) 27(96.4) 11(39.3) 14(50.0) 
≤160 27(96.4) 27(96.4) 17(60.7) 15(53.6) 
≤320 27(96.4) 27(96.4) 20(71.4) 23(82.1) 
≤640 28(100.0) 28(100.0) 25(89.3) 25(89.3) 
≤1280 28(100.0) 28(100.0) 27(96.4) 27(96.4) 
≤2560 28(100.0) 28(100.0) 28(100.0) 28(100.0) 

 

 

B(Phuket) HAI VMN 
Titre Pre Post Pre Post 

<10 
(negative) 14(50.0) 19(67.9) 23(82.1) 24(82.8) 
 ≤40 24(85.7) 24(85.7) 27(96.4) 28(96.6) 
≤80 25(89.3) 25(89.3) 27(96.4) 29(100.0) 
≤160 26(92.9) 27(96.4) 28(100.0) 29(100.0) 
≤320 27(96.4) 27(96.4) 28(100.0) 29(100.0) 
≤640 28(100.0) 28(100.0) 28(100.0) 29(100.0) 
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Appendix 6 – Notice of Ethical Approval, Patient Information 

Sheet, and Consent Form for Chapter 4 
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West Midlands - South Birmingham Research Ethics Committee  

Royal Standard Place  
Nottingham  

NG1 6FS  

  

  

15 March 2016  

  

Dr Paul Miller  

Anthony Nolan Research Institute  

Royal Free Hospital  

Pond Street  

NW3 2QG  

  

  

Dear Dr Miller  

  

Study title:  The impact of seasonal influenza infection and 

vaccination health beliefs on vaccination intent amongst 

adult recipients of autologous and allogeneic 

haematopoietic stem cell transplant  
REC reference:  16/WM/0144  
Protocol number:  15/0875  
IRAS project ID:  
  

193912  

The Proportionate Review Sub-committee of the West Midlands - South 

Birmingham Research Ethics Committee reviewed the above application on 15 

March 2016.  

  

We plan to publish your research summary wording for the above study on the 

HRA website, together with your contact details. Publication will be no earlier 

than three months from the date of this favourable opinion letter.  The 

expectation is that this information will be published for all studies that receive 

an ethical opinion but should you wish to provide a substitute contact point, 



388 

 

wish to make a request to defer, or require further information, please contact 

the REC Assistant, Tadeusz Jones, nrescommittee.westmidlands-

southbirmingham@nhs.net. Under very limited circumstances (e.g. for student 

research which has received an unfavourable opinion), it may be possible to 

grant an exemption to the publication of the study.   

  

Ethical opinion  

  

On behalf of the Committee, the sub-committee gave a favourable ethical 

opinion of the above research on the basis described in the application form, 

protocol and supporting documentation, subject to the conditions specified 

below.  

  

Conditions of the favourable opinion  

  

The REC favourable opinion is subject to the following conditions being met 

prior to the start of the study.  

  

  

1. Amend the participant information sheet to add a sentence stating that 

PALS can be contacted if participants needed to speak with an 

independent person about participating.  

  

You should notify the REC once all conditions have been met 

(except for site approvals from host organisations) and provide 

copies of any revised documentation with updated version numbers. 

Revised documents should be submitted to the REC electronically 

from IRAS. The REC will acknowledge receipt and provide a final list 

of the approved documentation for the study, which you can make 

available to host organisations to facilitate their permission for the 

study. Failure to provide the final versions to the REC may cause 

delay in obtaining permissions.  

  

Management permission must be obtained from each host organisation prior to the 

start of the study at the site concerned.  
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Management permission should be sought from all NHS organisations 
involved in the study in accordance with NHS research governance 
arrangements. Each NHS organisation must confirm through the signing 
of agreements and/or other documents that it has given permission for the 
research to proceed (except where explicitly specified otherwise).  
  

Guidance on applying for HRA Approval (England)/ NHS permission for 
research is available in the Integrated Research Application System, 
www.hra.nhs.uk or at http://www.rdforum.nhs.uk.   

  

Where a NHS organisation’s role in the study is limited to identifying and 
referring potential participants to research sites (“participant identification 
centre”), guidance should be sought from the R&D office on the 
information it requires to give permission for this activity.  
  

For non-NHS sites, site management permission should be obtained in 
accordance with the procedures of the relevant host organisation.  
  

Sponsors are not required to notify the Committee of management 
permissions from host organisations.  
  

Registration of Clinical Trials  

  

All clinical trials (defined as the first four categories on the IRAS filter page) must 

be registered on a publically accessible database. This should be before the first 

participant is recruited but no later than 6 weeks after recruitment of the first 

participant.  

   

There is no requirement to separately notify the REC but you should do so at the 

earliest opportunity e.g. when submitting an amendment.  We will audit the 

registration details as part of the annual progress reporting process.  

   

To ensure transparency in research, we strongly recommend that all research is 

registered but for non-clinical trials this is not currently mandatory.  

   

If a sponsor wishes to request a deferral for study registration within the 

required timeframe, they should contact hra.studyregistration@nhs.net. The 

expectation is that all clinical trials will be registered, however, in exceptional 

circumstances non-registration may be permissible with prior agreement from 

the HRA. Guidance on where to register is provided on the HRA website.   
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It is the responsibility of the sponsor to ensure that all the conditions 

are complied with before the start of the study or its initiation at a 

particular site (as applicable).  

  

  

Ethical review of research sites  

  

The favourable opinion applies to all NHS sites taking part in the study, subject 

to management permission being obtained from the NHS/HSC R&D office prior 

to the start of the study (see “Conditions of the favourable opinion”).  

  

Summary of discussion at the meeting   

  

• Social or scientific value; scientific design and conduct of the 

study  
  

The Sub-committee discussed whether a consent form was needed as 

returning the questionnaire could imply consent.  

  

• Informed consent process and the adequacy and 

completeness of participant information   
  

The Sub-committee agreed the participant information sheet needed a 
sentence adding stating that PALS can be contacted if participants 
needed to speak with an independent person about participating.  

  

Approved documents  

  

The documents reviewed and approved were:  

  

Document    Version    Date    

Evidence of Sponsor insurance or indemnity (non-NHS Sponsors only) 

[Insurance Confirmation]   
   12 January 2016   

IRAS Checklist XML [Checklist_03032016]      03 March 2016   

Letter from funder [Funding Confirmation]      14 January 2016   
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Non-validated questionnaire [HB Questionnaire]   6.2   08 January 2016   

Other [Supervisor CV - KP]      01 August 2015   

Other [Insurance Certificate]      12 January 2016   

Other [Data Protection Registration]      12 January 2016   

Participant consent form [Consent Form]   1.2   24 January 2016   

Participant information sheet (PIS) [PIS]   1.2   24 January 2016   

REC Application Form [REC_Form_03032016]      03 March 2016   

Referee's report or other scientific critique report [Peer Review]      08 January 2016   

Research protocol or project proposal [Research Protocol]   2.2   24 January 2016   

Summary CV for Chief Investigator (CI) [CI CV - AM]      31 July 2015   

Summary CV for student [PM CV]      30 July 2015   

Summary CV for supervisor (student research) [JS CV]      03 August 2015   

  

Membership of the Proportionate Review Sub-Committee  

  

The members of the Sub-Committee who took part in the review are listed on 

the attached sheet.  

  

Statement of compliance   

  

The Committee is constituted in accordance with the Governance Arrangements 

for Research Ethics Committees and complies fully with the Standard Operating 

Procedures for Research Ethics Committees in the UK.  

  

After ethical review  

 

Reporting 

requirem

ents  

  

The attached document “After ethical review – guidance for researchers” gives 

detailed guidance on reporting requirements for studies with a favourable 

opinion, including:  
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• Notifying substantial amendments  

• Adding new sites and investigators  

• Notification of serious breaches of the protocol  

• Progress and safety reports  

• Notifying the end of the study  

  

The HRA website also provides guidance on these topics, which is updated in the 

light of changes in reporting requirements or procedures.  

  

User Feedback  

  

The Health Research Authority is continually striving to provide a high-quality 

service to all applicants and sponsors. You are invited to give your view of the 

service you have received and the application procedure. If you wish to make 

your views known please use the feedback form available on the HRA website:  

http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/     

  

HRA Training  

  

We are pleased to welcome researchers and R&D staff at our training days – see 

details at http://www.hra.nhs.uk/hra-training/    

  

With the Committee’s best wishes for the success of this project.  

  

16/WM/0144  Please quote this number on all correspondence  
  

Yours sincerely  

Professor Simon Bowman  

Chair  
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Email: nrescommittee.westmidlands-southbirmingham@nhs.net  

  

  

Enclosures:  

  

List of names and professions of members who took part in the 

review   

  

“After ethical review – guidance for researchers” [SL-AR2]  
Copy to:  Ms Smaragda Agathou  

Ms Julie Curtis, Research and Development Department  

Professor  

Alejandro Madrigal  
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West Midlands - South Birmingham Research Ethics Committee  

  

Attendance at PRS Sub-Committee of the REC meeting on 15 March 

2016  

  

Committee Members:   

  

Name    Profession    Present     Notes    

Professor Simon Bowman   Consultant Rheumatologist   Yes     Chair  

Rev'd Dr Barry Clark   Retired Hospital Chaplain   Yes       

Dr John David Cochrane   Retired GP   Yes       

   

Also in attendance:   

  

Name    Position (or reason for attending)    

Mr Tad Jones   REC Assistant   

  

  

 



395 

 

Partner Organisations: 

 Health Research Authority, England NIHR Clinical Research Network, England 

NHS Research Scotland NISCHR Permissions Co-ordinating Unit, Wales 

HSC Research & Development, Public Health Agency, Northern Ireland 

Notification of Non-Substantial/Minor Amendments(s) for NHS Studies 

This template must only be used to notify NHS/HSC R&D office(s) of 

amendments, which are NOT categorised as Substantial Amendments. If you 

need to notify a Substantial Amendment to your study then you MUST use the 

appropriate Substantial Amendment form in IRAS. 

Instructions for using this template 

' For guidance on amendments refer to htto://www.hra.nhs.uk/research-
community/during-your-researchproiect/amendments/ 

 This template should be completed by the Cl and optionally authorised by 

Sponsor, if required by sponsor guidelines. 

 This form should be submitted according to the instructions provided for 

NHS/HSC R&D at http://www.hra.nhs.uk/research-community/durinq-your-

research-proiect/amendments/which-reviewbodies-need-to-approve-or-be-

notified-of-which-types-of-amendments/ . If you do not submit your notification in 

accordance with these instructions then processing of your submission may be 

significantly delayed. 

1. Study Information 

Full title of study: The impact of seasonal influenza infection and 
vaccination health beliefs on vaccination intent 
amongst adult recipients of autologous and 
allogeneic haematopoietic stem cell transplant 

IRAS Project ID: 193912 

Sponsor Amendment Notification 
number: 

 

Sponsor Amendment Notification 
date: 

 

Details of Chief Investigator:  

Name [first name and surname] Professor Alejandro Madrigal 
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Address Anthony Nolan Research Institute 

Royal Free Hospital 
Pond Street 

Postcode NW3 2QG 

Contact telephone number: 0303 303 0303 

Email address alejandro.madrigal@anthonynolan.org 

Details of Lead Sponsor: 
 

 

Notification of non-substantial / minor amendments; version 1.0; November 2014  

Partner Organisations: 

Health Research Authority, England NIHR Clinical Research Network, England 

NHS Research Scotland NISCHR Permissions Co-ordinating Unit, Wales 

HSC Research & Development, Public Health A enc Northern Ireland 

 

Name: Tabitha Kavoi 
University College London 

Contact email address: randd@uclh.nhs.uk 

Details of Lead Nation:  

Name of lead nation 
delete as appropriate 

England / Northern Ireland / Scotland / 
Wales 

If England led is the study going 
through CSP? 
delete as appropriate 

Yes / No 

 

 
Name of lead R&D office: RandD Department 

Royal Marsden Hospital 

SM2 5PT 
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Partner Organisations: 

Health Research Authority, England NIHR Clinical Research Network, England 

NHS Research Scotland NISCHR Permissions Co-ordinating Unit, Wales 

HSC Research & Development, Public Health Agency, Northern Ireland 

3. Declaration(s) 

Declaration by Chief Investigator 

I confirm that the information in this form is accurate to the best of my knowledge and I take full 
responsibility for it. 

I consider that it would be reasonable for the proposed 
amendment(s) to be implemented. 

Signature of Chief 
Investigator: 

Print name: 

Date: 

Optional Declaration by the Sponsor's Representative (as per Sponsor Guidelines) 

The sponsor of an approved study is responsible for all amendments made during its conduct. 

The person authorising the declaration should be authorised to do so. There is no requirement for a 
particular level of seniority; the sponsors rules on delegated authority should be adhered to. 

I confirm the sponsor's support for the amendment(s) in this notification. 

Signature of sponsors representative  

Print name:  

Post:  

Organisation:  

Date:  
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PARTICIPANT INFORMATION SHEET 
 
The impact of seasonal influenza infection and vaccination health beliefs on 
vaccination intent among adult recipients of autologous and allogeneic 
haematopoietic stem cell transplant 
 
Invitation to participate in the Study 
 
Before you decide whether to take part, it is important for you to understand why 
the study is being done and what it will involve. 
 
Please take time to read the following information carefully. Discuss it with friends 
and relatives if you wish. 
 
If you would like to speak with an independent person the PALS (Patient Advice 
and Liaison Service) Team at your hospital can be contacted to discuss participation 
in the study with you.  
 
You are free to decide whether or not to take part in this study.  If you choose not to 
take part, this will not affect the care you get from your doctors and transplant 
team. 
 
Ask us if there is anything that is not clear or if you would like more information 
 
Study Summary 
 
This research study will be conducted between March and September 2016.  We 
hope to recruit 114 patients to the study. 
 
The aim of the seasonal flu vaccine is to protect people who are at risk of flu and its 
complications.  
 
International guidelines recommend that patients who have had a stem cell 
transplant receive the seasonal flu vaccine each winter.  However, recent studies 
indicate that only around 60 to 70% of stem cell transplant recipients will actually 
receive the vaccine.  There are a number of possible reasons for this.  Studies of 
other patient groups have shown that their thoughts and feelings (known as “health 
beliefs”) about seasonal flu and the flu vaccine impact on their intention to receive 
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the vaccine.  The aim of this study is to find out how stem cell transplant patients’ 
health beliefs impact on their intention to receive the flu vaccine.   
Do I have to take part in the study? 
 
No, you do not have to take part in the study if you do not wish to 
 
 
Why have I been asked to participate? 
 
You have received a stem cell transplant and will be eligible to receive the seasonal 
flu vaccine next winter. 
 
You may have received the seasonal flu vaccine in the past, but you have not 
received the seasonal flu vaccine since your stem cell transplant.  
 
 
What would taking part in the study involve? 
 
You will be asked to complete a questionnaire that asks about your transplant, your 
beliefs about seasonal flu and the seasonal flu vaccine, and finally a few questions 
about yourself.   
 
There are 41 questions in total.  The questionnaire should take about 15minutes to 
complete. 
 
All questions have tick boxes for you to respond.  At the end you can write down 
anything else you think is important that has not been covered by the 
questionnaire. 
 
When you have completed the questionnaire, you will be asked to seal it in the 
envelope provided. 
 
You can complete the questionnaire today or take it home to complete and return it 
at your next appointment. 
 
 
What will happen if I don’t take part? 
 
You will continue to receive all your normal care at Newcastle Freeman Hospital.   
 
 
What are the possible advantages of taking part? 
 
Taking part may help you to think about the seasonal flu and seasonal flu vaccine 
before you are offered the vaccine in Winter 2016.  Taking part may help you to 
think of questions you have for your transplant team. 
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What are the possible disadvantages of taking part? 
 
The questionnaire will take up some of your time – approximately 15 minutes.   
 
It is possible that completing the questionnaire will raise concerns for you about 
your transplant, the seasonal flu or the seasonal flu vaccine.  If you have any 
questions or concerns after you have completed the questionnaire, your transplant 
team will be available to discuss these with you. 
 
 
What will happen if I don’t want to answer all the questions? 
 
If there are any questions you don’t want to answer you can leave these blank.  You 
can stop completing the questionnaire at any point.    
 
 
What will happen if I start or complete the questionnaire and then decide I 
don’t want to take part? 
 
You can decide you don’t want to take part in the study at any time, and this 
decision will not affect your ongoing medical care.  The questionnaire you have 
completed will be destroyed and your responses will not be included in the study 
data analysis. 
 
 
What information will be collected and will it be kept confidential? 
 
All the information needed will be in the questionnaire.  We will not gather any 
further information about you from your transplant team or medical records. 
 
The questionnaire is anonymous.  Your transplant team will not see your responses 
to the questionnaire.  Only the study investigators will see your answers.  Your 
answers will be collated with those of other participants and reported 
anonymously.  
 
The questionnaire will be transferred securely from your transplant hospital to the 
Anthony Nolan Research Institute for analysis.  Although anonymous, the 
completed questionnaires will be held strictly confidential at all times and will be 
stored in accordance with data protection legislation.  
 
 
Involvement of other health care professionals 
 
We will not be contacting any other health care professionals, including your GP, to 
notify them of your participation. 
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Who has reviewed the study? 
 
All research in the NHS is looked at by an independent Research Ethics Committee 
to protect your interests.  This study has been reviewed and given a favourable 
opinion by the National Research Ethics Service Committee. 
 
 
What will happen to the results of the study? 
 
The results of the study may be published or presented at scientific meetings and 
may be used for further research, but your data will be presented in an anonymous 
format.  If you would like a summary of the results from the study please let the 
clinic doctor know. 
 
 
Who is organizing and funding the study? 
 
The Chief Investigator for the study is Professor Alejandro Madrigal, Consultant 
Haematologist and Scientific Director of the Anthony Nolan Research Institute. 
 
The study is organized by Dr Paul Miller who is undertaking a clinical research 
degree (MD Res) at the Anthony Nolan Research Institute and the University 
College London Cancer Research Institute. The Study is being funded by the 
Anthony Nolan Research Institute, and the study is sponsored by University College 
London. 
 
 
What if something goes wrong? 
 
If you wish to complain or have any concerns about any aspect of the way you have 
been approached or treated by members of staff you may have experienced due to 
your participation in the research, National Health Service or UCL complaints 
mechanisms are available to you. Please ask your research doctor if you would like 
more information on this. 
 
In the unlikely event that you are harmed by taking part in this study, compensation 
may be available. 
 
If you suspect that the harm is the result of the Sponsor’s (University College 
London) or the hospital's negligence then you may be able to claim 
compensation.  After discussing with your research doctor, please make the claim in 
writing to Professor Alejandro Madrigal who is the Chief Investigator for the 
research and is based at the Anthony Nolan Research Institute, Royal Free Hospital, 
Pond Street, NW3 2QG.  The Chief Investigator will then pass the claim to the 
Sponsor’s Insurers, via the Sponsor’s office. You may have to bear the costs of the 
legal action initially, and you should consult a lawyer about this. 
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Thank you for taking the time to read this patient information sheet. 
Further Information and Contact Details 
For further information please contact the Chief Investigator, Student Researcher or 
Principal Investigator at your study site 
 
Chief Investigator 
Professor Alejandro Madrigal 
Anthony Nolan Research Institute 
Pond Street 
London 
NW3 2QG 
 
alejandro.madrigal@anthonynolan.org 
0303 303 0303 
 
Student Researcher 
Dr Paul Miller 
Anthony Nolan Research Institute 
The Royal Free Hospital 
Pond Street 
London  
NW3 2QG 
 
0303 303 0303 
Paul.miller@anthonynolan.org 
 
Principal Investigator, Royal Marsden Hospital. 
Dr Chloe Anthias 
Royal Marsden Hospital 
Downs Road 
Sutton 
SM2 5TP 
 
020 8642 6011 
chloe.anthias@rmh.nhs.uk 
 
 
Principal Investigator, Royal Hallamshire Hospital 
Dr Thushan de Silva 
Royal Hallamshire Hospital. 
Glossop Road 
Sheffield 
South Yorkshire 
S10 2JF 
 
0114 271 1900 
thushan.desilva@sth.nhs.uk 
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Principal Investigator, St George’s Hospital 
Dr Matthias Klammer 
St George’s University Hospital 
Blackshaw Road 
Tooting  
London 
SW17 0QT 
 
020 8672 1255 
Matthias.klammer@stgeorges.nhs.uk 
 
 
Principal Investigator, Freeman Hospital 
Dr Erin Hurst 
Freeman Hospital 
Freeman Road 
Newcastle Upon Tyne 
NE7 7DN 
 
0191 233 6161 
erin.hurst@nuth.nhs.uk 
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Study Number:  

Patient Identification Number for this study: 

CONSENT FORM 

The impact of seasonal influenza infection and vaccination health beliefs on 
vaccination intent among adult recipients of autologous and allogeneic 
haematopoietic stem cell transplant 
 

Chief Investigator: Professor Alejandro Madrigal 

Please initial all 

boxes  

5. I confirm that I have read and understand the information sheet dated 24 March 
2016 version number 1.3 for the above study.  I have had the opportunity to 
consider the information, ask questions and have had these answered satisfactorily.
  

 

6. I understand that my participation is voluntary, and that I am free to withdraw at any 
time without giving any reason, without my medical care or legal rights being affected. 

 
7. I understand that relevant sections of my medical notes and data collected during the 

study, may be looked at by individuals from the sponsor of the trial (University College 
London) and responsible persons authorised by the sponsor, from regulatory 
authorities or from the NHS Trust, where it is I relevant to my taking part in this 
research. I give permission for these individuals to have access to my records.  

 
8.  I agree to take part in the above study.    

 

            

Name of Participant   Date    Signature 

                                

            

Name of Person   Date    Signature  
taking consent.  
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Appendix 7 – Seasonal Inactivated Influenza Health Belief 

Study Questionnaire 
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Seasonal flu and seasonal flu vaccine health beliefs in recipients of 
allogeneic and autologous stem cell transplant 
 
Most people who have received a stem cell transplant are advised to receive the 
seasonal flu vaccine each winter.   
 
The aim of this questionnaire is to understand how your beliefs may affect your 
intention to receive the seasonal flu vaccine next winter.  
 
Below are a series of statements about your intentions and beliefs regarding the 
seasonal flu and the seasonal flu vaccine.  Please read each statement and put a tick or 
cross in the box that is closest to your belief. 
 
 
Your responses will be collated with those of other study participants and reported 
anonymously.  Your transplant team will not find out your individual responses to 
these statements.  Your responses will not affect the healthcare you receive.   
 

 

First, please could you tell us a few details about your transplant, and whether you had 
the seasonal flu vaccine before your transplant? 

1. What type of transplant have you received? 
 

Autologous 
(Your own stem cells given back to you) 

 

 
Allogeneic 

(Another person’s stem cell given to you) 
 

 
 

2. What condition was your stem cell transplant treating? 
 
 AML (Acute Myeloid Leukaemia) 
 ALL (Acute Lymphoid Leukaemia) 
 CML (Chronic Myeloid leukaemia) 
 CLL (Chronic Lymphocytic Leukaemia) 
 MDS (Myelodysplastic Syndrome) 
 Aplastic Anaemia 
 
 

 
 Multiple Myeloma 
 Non-Hodgkin Lymphoma 
 Hodgkin Lymphoma 
 Autoimmune disease 
 Other (please specify) 
________________________________ 
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3. How long ago was your stem cell transplant? 
 

0-3 months 
 
 

 
4-6 months 

 
 

 
7-9 months 

 
 

 
10-12 months 

 
 

 
More than 12 

months 
 

 
 

4. Did you receive the seasonal flu vaccine at any point in time before your stem 
cell transplant? 

 
Yes 
 

 
No 
 

 
Not Sure 

 
 
 

5. Have you received any vaccines since your stem cell transplant? 
 

Yes 
 

 
No 
 

 
Not Sure 

 
 
 

6. Have your transplant team given you any information about the seasonal flu 
vaccine before today? 

 
Yes 
 

 
No 
 

 
Not Sure 

 
 
 
Please now read each of the following statements. Please put a tick or cross in the box 
next to the best single option to indicate whether you STRONGLY DISAGREE, DISAGREE, 
NEITHER AGREE NOR DISAGREE, AGREE or STRONGLY AGREE with each statement. 
 
 

7. I intend to receive the seasonal flu vaccine next winter  
 

Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

8. Now I have had a stem cell transplant I can catch the seasonal flu more easily than 
other people my age  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
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9. Now I have had a stem cell transplant I can catch the seasonal flu more easily than 

before my transplant  
 

Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

10. I will choose not to receive the seasonal flu vaccine next winter  
 

Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

11. My chances of catching seasonal flu next winter will be high if I do not receive 
the seasonal flu vaccine  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

12. I am more likely than other people my age to catch seasonal flu next winter if I do 
not receive the seasonal flu vaccine  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

13. Now I have had a stem cell transplant it is more likely that I will catch seasonal flu 
next winter if I do not receive the seasonal flu vaccine  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
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14. If I do not receive the seasonal flu vaccine and caught the seasonal flu next 
winter this would be a serious illness for me  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 
 

15. If I do not receive the seasonal flu vaccine and caught the seasonal flu next 
winter this would have a negative impact on my recovery from my stem cell 
transplant  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

16. If I do not receive the seasonal flu vaccine and caught the seasonal flu next 
winter I would become more unwell than other people my age  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

17.  I am worried about side effects of the seasonal flu vaccine  
 

Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

18. If I receive the seasonal flu vaccine next winter it may make me feel unwell with 
the flu or a flu-like illness  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
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19. If I receive the seasonal flu vaccine next winter I am more likely to experience 
side effects than other people my age  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

20. If I receive the seasonal flu vaccine next winter it may have a negative impact on 
my recovery from my stem cell transplant  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

21. Now I have had a stem cell transplant the seasonal flu vaccine may not work as 
well for me as it does for other people my age  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 

22. I would prefer to have the seasonal influenza vaccine next winter at my transplant 
centre instead of my GP surgery  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 

23. If I receive the seasonal flu vaccine next winter it may help to prevent me from 
catching the seasonal flu  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
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24. If I receive the seasonal flu vaccine next winter it may help to prevent me from 
passing the seasonal flu to other people around me  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

25. If I receive the seasonal flu vaccine next winter, but still catch the flu, it may help 
to prevent me from becoming seriously unwell  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

26. If I receive the seasonal flu vaccine next winter I will worry less about catching 
the seasonal flu  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

27. The thought of catching seasonal flu next winter worries me  
 

Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

28. If my transplant team advised me to receive the seasonal flu vaccine next winter I 
would definitely have it  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
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29. If my GP advised me to receive the seasonal flu vaccine next winter I would 
definitely have it 

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

30. My GP understands my condition enough to know if the seasonal flu vaccine is 
right for me   

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 

31. My transplant team understand my condition enough to know if the seasonal flu 
vaccine is right for me  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

32. I have enough information and am able to decide whether the seasonal flu vaccine 
is right for me?  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

33. I would find it easy to attend my GP surgery next winter to receive the seasonal 
flu vaccine 

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
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34. I would regret it if I decided not to receive the seasonal flu vaccine next winter 
and became unwell with seasonal flu   

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 
 

35. I would regret it if I decided to receive the seasonal flu vaccine next winter and 
became unwell with side effects  

 
Strongly 
disagree 

 
 

 
Disagree 

 
 

 
Neither agree 
Nor disagree 

 

 
Agree 

 
 

 
Strongly Agree 
 

 

 

36. If you have any other thoughts or comments about the seasonal flu or receiving 
the flu vaccine after your transplant please let us know about them below 

 
 
 

 
 

Finally, please could you tell us a few details about yourself? 

37. What is your age group? 
 

16-24 
 

 
25-34 
 

 
35-44 
 

 
45-54 
 

 
55-64 
 

 
65+ 
 

 

38. What is your gender? 
 

Male 
 

 
Female 
 

 
 

39. What is your marital status? 
Single 

 
 

Married 
 
 

Cohabiting/living 
with partner 

 

Divorced/ 
Separated 

 

Widowed 
 
 

Prefer not 
to answer 
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40. Please tick which best describes your living arrangements 
 

Rent from local 
authority/ 

housing 
association 

 
 

 
Rent from 

private 
landlord/agency 

 

 
Home owner 

 
 
 

 
Other 

 
 
 

 
Prefer not to 

answer 
 

 

 

41. What is the highest level of education or professional qualification you have 
obtained? 

 
 GCSE / O-level / GCE 
 
 ONC / BTEC 
 
 A-levels or equivalent 

 
 Degree or equivalent 
 
 Post graduate 
qualification 
 
 No formal qualification 

 
Other 
 
 Prefer not to answer 

 

42. What is your ethnic background? 
White Mixed / 

multiple 
ethnic groups 

Asian / Asian 
British 

Black / 
African / 
Caribbean / 
Black British 

Other ethnic 
group 

 English / 
Welsh / 
Scottish/Nother
n Irish / British 

 Irish 

 Other white 
background 

Any other 
white 
background. 
Please specify: 

……………………… 

 White and 
black 
Caribbean 

white and 
black African 

white and 
Asian 

Any other 
mixed/multiple 
ethnic 
background 
please specify: 

……………………
… 

 Indian 

Pakistani 

Bangladeshi 

Chinese 

Other Asian 
background 
please specify 

……………………
… 

 African 

Caribbean 

Any other 
black/African/ 
Caribbean 
background 
please specify 

……………………
… 

Arab 

Any other 
ethnic 
background 
please specify: 

……………………
… 
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Thank you very much for taking the time to complete this questionnaire.  Please place 
the questionnaire in the envelope provided, seal the envelope and return it to your 
transplant nurse. 

If completing this questionnaire has prompted any questions or concerns about 
seasonal flu or the seasonal flu vaccine please speak with your transplant nurse who 
will be happy to discuss this with you. 
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Appendix 8 – Minimum Essential Data C form: Autoimmune 

cytopenias (AIC) following allogeneic HSCT for acquired 

aplastic anaemia 

 

Restricted MED-C Auto-immune Cytopenias  

after SCT in SAA 

 

TEAM 

EBMT Centre Identification Code (CIC) ………… 

Hospital ……………………………………………………. Unit ………………………………………. 

Contact person……………………………………….……………………………………………………………. 

Telephone…………………………………………………. Tax .………………………………………. 

e-mail………………………………………………………. 

Date of this report  ....... ........ ........ ........  -  ........ ........  -   ........ ........ 

          yyyy                   mm            dd 

PATIENT 

Unique Identification Code (UIC)  ……………………. 

Hospital Unique Patient Number or Code …………… 

Initials …… ……… 
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Date of birth  ....... ........ ........ ........  -  ........ ........  -   ........ ........ 

                      yyyy                 mm           dd 

Sex:              Male              Female 

DATE AA DIAGNOSIS, HSCT AND AIC DIAGNOSIS 

 

Date of diagnosis aplastic anaemia ..... ...... ...... ...... - ...... ...... -  ...... ......  

  yyyy                    mm              dd  

Date of HSCT: ....... ........ ........ ........  -  ........ ........  -   ........ ........  HSCT number:………………  (first HSCT 

only) 

 yyyy                 mm             dd 

 Date diagnosis auto-immune cytopenia ........ ........  ........ ........ -  ........ ........ -........ ........   

                                                                    yyyy                mm         dd 

To be included patients need to be diagnosed with AA, have a first transplant between 2002 and 2012 and 

a diagnosis of AIC post first allograft.  

AUTO-IMMUNE CYTOPENIA POST HSCT 

 

 

 DIAGNOSTIC CRITERIA (please tick the diagnosed type(s) of AIC and complete the 

corresponding questions) 

  Immune thrombocytopenia (ITP) 

New or worsening thrombocytopenia with Plt <100   Yes   No     Unknown 

Bone marrow aspiration  - select one option 
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 Not performed 

 Performed showing normo- or hyper regenerative megakaryopoiesis 

 Performed other morphological/histological findings  

Exclusion of other causes of thrombocytopenia - tick yes if excluded! 

Disease relapse      Yes      No     Unknown 

New haematological malignancy    Yes      No     Unknown 

Drug induced      Yes      No     Unknown 

Active infection     Yes      No     Unknown 

Thrombocytopenic microangiopathy   Yes      No     Unknown 

Allo-immune thrombocytopenia   Yes      No     Unknown 

 

  Autoimmune haemolytic anaemia (AIHA) 

Direct agglutinin test (DAT) - select one option      

   Negative   IgG Positive     Not done   

   C3d Positive   IgG and C3d positive   

New or worsening anaemia (Hb drop >/=20g/L)     Yes      No     Unknown 

Features of haemolysis  

Rise in lactate dehydrogenase (LDH) level  Yes      No     Unknown 

Unconjugated hyper bilirubinaemia   Yes      No     Unknown 
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Reduced Haptoglobin    Yes      No     Unknown 

Reticulocytosis    Yes      No     Unknown 

Blood film showing spherocytes   Yes      No     Unknown 

Exclusion of other causes of haemolytic anaemia - tick yes if excluded! 

Disease relapse    Yes      No     Unknown 

New haematological malignancy   Yes      No     Unknown 

Drug induced    Yes      No     Unknown 

Active infection    Yes      No     Unknown 

Microangiopathic haemolytic anaemia    Yes      No     Unknown 

Allo-immune haemolytic anaemia   Yes      No     Unknown 

 

  Evans Syndrome (Autoimmune haemolytic anaemia and immune  thrombocytopenia) – please  

                 complete diagnostic criteria under ITP and AIHA    

 

  Autoimmune neutropenia (AIN) 

New or worsening neutropenia     Yes      No     Unknown 

Positive serum anti-neutrophil antibodies by either 

direct / indirect method     Yes      No     Unknown 

Exclusion of other causes of neutropenia - tick yes if excluded! 

Disease relapse    Yes      No     Unknown 
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New haematological malignancy   Yes      No     Unknown 

Active viral / bacterial infection   Yes      No     Unknown 

Drug induced    Yes      No     Unknown 

TREATMENT AUTO-IMMUNE CYTOPENIA  

 

 Multiple treatments for AIC   No   

    Yes:  Number of treatments: ………… 

          

FOR MULTIPLE TREATMENTS, COPY THIS AND THE NEXT PAGE  

AS MANY TIMES AS NECESSARY 

   

Date treatment started  ........ .....……..  -  ........ ........  -  ........ ........ ......   

    yyyy           mm                dd 

SEQUENTIAL NUMBER OF THIS TREATMENT EPISODE: .............................   

Treatment in this episode:  

 Corticosteroid dose_______    mg/kg 

 Intravenous Immunoglobulin    dose ______g/kg 

 Anti CD20 Monoclonal Antibody (Rituximab) dose ______mg/m2 

 Cyclosporin 

 Mycophenolate Mofetil 

 Anti CD25 Monoclonal Antibody (Alemtuzumab) 
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 Cyclophosphamide dose  _____mg/kg 

 Plasma Exchange 

 Splenectomy 

 Other (please specify):  

______________________________________________________________________________ 

  

RESPONSE TO THIS AIC TREATMENT EPISODE  

please tick one response classification and complete the corresponding questions 

 Complete response 

Normalisation or return to baseline of:-  

 - Haemoglobin, platelet or neutrophil count        Yes      No     Unknown  

 - Biochemical markers of haemolysis (For AIHA and Evan’s Syndrome)    Yes      No     

Unknown 

Ongoing maintenance therapy required?    Yes      No     Unknown 

Other (Please give details)______________________________________ 

 

 Partial response 

Improvement but NOT normalisation or return to baseline of        

 - Haemoglobin, platelet or neutrophil count        Yes      No     Unknown  

 - Biochemical markers of haemolysis (For AIHA and Evan’s Syndrome)    Yes      No     

Unknown 
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Ongoing maintenance therapy required?    Yes      No     Unknown 

Other (Please give details)______________________________________ 

 

 No response  

No improvement or further decline of  

 - Haemoglobin, platelet or neutrophil count        Yes      No     Unknown  

 - Biochemical markers of haemolysis (For AIHA and Evan’s Syndrome)    Yes      No     

Unknown 

Other (Please give details)______________________________________ 

 

Date response achieved ........ ........  ........ ........ -  ........ ........ -........ ........  

                                                       yyyy                mm         dd 

 Ongoing Response      Yes 

   No.    Date of loss of CR/PR     .... ........  ........ ........ -  ........ ........ -........ ........  

                                                                                                     yyyy                mm         dd 

 

 

ADDITIONAL NOTES IF APPLICABLE 

COMMENTS  

…........................................................................................................................................................................................ 
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Appendix 9 - Rights and Permissions 
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