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Abstract 

Vaccinations are vital for reducing the risk of disease, where they play an important role in 

combating influenza. However, some populations, such as older adults (≥65 years), respond 

poorly to influenza vaccination due to their compromised immune systems, with efficacy at 

17-53% compared to 70-90% in young adults. This is a phenomenon referred to as 

immunosenescence, whereby older adults have sub-optimal immune systems and are 

therefore more susceptible to infectious disease. The burden of influenza is becoming an 

increasingly important challenge to tackle with the rapidly ageing population in the UK. Every 

year the UK experiences 4,000 to 14,000 deaths due to influenza, where a staggering 90% of 

these are older adults.  

Pharmaceutical avenues have been explored to improve vaccination, such as the addition of 

vaccine adjuvants, in the hope that individuals will present greater immune responses and, 

in turn, improve vaccine effectiveness. Pharmaceutical methods have been proven to 

improve vaccine efficacy. However, they have not improved the immune responses of older 

adults to the same degree as young adults, therefore highlighting the need for alternative 

methods to improve vaccine effectiveness for this vulnerable population. Psychological 

effects, such as mood, loneliness and depression have been identified as immune 

modulators, where they have been observed to alter immune responses in a variety of ways. 

Previous research has also demonstrated that psychological interventions are capable of 

altering these psychological factors to influence immune responses, such as antibody 

responses to vaccination. This has highlighted the potential for psychological interventions 

to be used within a clinical setting to improve the vaccination outcomes of older adults. A 

previous pilot study (n= 138) demonstrated the use of a brief positive mood intervention 

(standardised, fixed-content intervention) to be effective at enhancing the positive mood of 

older adults immediately prior to influenza vaccination. In addition, previous research has 

shown interventions that permit a degree of choice for the participant can result in increased 

engagement and interest and therefore suggests they could be more effective than non-

choice interventions for altering psychological factors, such as positive mood.  

This thesis presents a large, a three armed, parallel, randomisation control trial (n= 654), 

which aimed to build upon the body of research investigating positive mood and influenza 

vaccination responses in older adults. The primary aim of the Flu and Mood in Older Adults 

(For-ME) trial presented in this thesis was to determine whether a standardised (fixed-

content) intervention and/or choice intervention were capable of improving the positive of 

older adults immediately prior to influenza vaccination, compared with usual care. A 



 
 

ii 

 

comparison between both intervention types was also carried out to determine whether the 

standardised or choice intervention was superior for improving positive mood. The 

secondary aim was to investigate antibody responses to vaccination to determine whether 

group allocation was a significant predictor of antibody responses to vaccination. Antibody 

responses to vaccination were measured via Enzyme-Linked Immunosorbent (ELISA) assay 

and Hemagglutinin Inhibition (HAI) assay and the findings from these two methods were 

explored and compared.  

The research outlined in this thesis revealed that both brief psychological interventions were 

capable of improving the mood of older adults in a clinical setting, compared with usual care. 

Both positive mood interventions were equally effective at improving the mood of older 

adults prior to influenza vaccination. Thus, the provision of choice did not notably enhance 

the intervention’s impact on mood. Antibody responses 4-weeks post-vaccination were 

found to be robust with seroprotection rates of >80% for all three influenza vaccine strains 

and across all three arms of the trial. However, antibody responses to vaccination were found 

to not differ significantly differ between groups. It is concluded that, in the context of highly 

immunogenic adjuvanted vaccines, any impact of short interventions on subsequent peak 

antibody responses to influenza vaccination were potentially too small to be detected in the 

current trial.  

Future directions for research can aim to build upon these findings to investigate whether 

positive mood is capable of acting on the immune system beyond antibody responses to 

vaccination by considering T cell responses. More importantly, an immune mechanism study 

is required to drive this area of research forward to gain insight into the types of immune 

responses altered in the context of positive mood.  
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1 Chapter 1: Global Impact of Infectious Disease and the Importance 

of Vaccination  

1.1 Chapter Introduction 

This chapter aims to introduce the reader to vaccination, which is the main focus of this 

thesis. Vaccinations are considered one of the greatest breakthroughs of modern medicine 

and are critical for controlling and, in some cases, eradicating infectious diseases. This 

chapter outlines the global impact of infectious disease, with a particular focus on influenza. 

Influenza has had a substantial social and economic burden in the western world, whereby 

older adults are disproportionally affected due to their naturally declining immune systems. 

Pharmaceutical avenues for improving the effectiveness of the influenza vaccine have been 

explored, such as vaccination adjuvants, but have had limited success for the older adult 

population (McKee et al., 2007). As a result, there is a growing interest in behavioural and 

psychological influences on immune modulation, whereby psychological interventions have 

shown promise as an avenue for improving vaccine effectiveness and is described in more 

detail in Chapter 2 of this thesis.  

1.2 The Burden of Infectious Disease  

Infectious diseases are a major worldwide problem, where they have had an immense impact 

on public health and the economy (K. Smith et al., 2019). The occurrence of infectious 

diseases is due to the transmission of pathogenic microorganisms, such as bacteria, viruses, 

parasites or fungi, that spread from person to person (van Doorn, 2014). Infectious diseases 

are important causes of morbidity and mortality worldwide, with current rates at 3 million 

and 5 hundred thousand, respectively (Paget et al., 2019). They account for nearly a quarter 

of worldwide mortalities, disproportionally impacting vulnerable populations. These 

populations include older adults with sub-optimally functioning immune systems and 

poverty-rife populations who lack the resource to deal with disease's frequent occurrence 

(Bhutta et al., 2014; Lozano et al., 2012). For example, research has indicated that older 

adults have an influenza vaccination response range of 18-50% (Govaert, 1994; P. A. Gross 

et al., 1995) compared to 70% observed in younger adults (Bernstein et al., 1999). 

Conventionally, individuals classified as responders to influenza vaccination (also referred to 

as seroprotected in the literature and throughout this thesis) display antibody levels above 

a predefined threshold (e.g., titre of >40 measured by hemagglutinin inhibition assay). The 

most prevalent infectious diseases based on total annual deaths include Tuberculosis, 
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HIV/AIDS, Malaria, Influenza, E.coli, Typhoid Fever, Measles, Shigellosis, Whooping Cough, 

Tetanus, Cholera and Rabies (Lozano et al., 2012). 

Unfortunately, this global issue does not seem to be improving. In the last two decades, 16 

new infectious diseases have emerged, and 5 previously non-pathogenic organisms have re-

emerged in pathogenic form affecting all corners of the globe (L. Feng et al., 2012; Fonkwo, 

2008). The recent COVID-19 pandemic also highlights the ongoing danger posed by infectious 

diseases. When considering the geographical locations of these emerging and re-emerging 

diseases, it is no surprise to discover that countries in the developing world are the most 

affected, with immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), 

tuberculosis (TB) and malaria having the most significant burden (Fonkwo, 2008). The spread 

of diseases in under-developed locations are rife due to poor hygiene, poor nutrition, lack of 

sanitation and clean water and close habitation with animals, providing the perfect breeding 

ground for infections to spread. As a result, 90% of worldwide infectious disease mortalities 

are found in the developing world (Gavazzi et al., 2004).  

However, wealthier countries also face infectious disease health challenges. For example, in 

the United States (US), influenza and pneumonia are ranked among the top 10 causes of 

death (Heron, 2007), accounting for 36,000 deaths annually (Maciosek et al., 2006). Also, 

despite improvements in influenza and pneumonia rates in the United Kingdom (UK) over 

the last 2 decades, they still rank in the top 10 causes of death, taking the lives of over 30,000 

people annually (Office for National Statistics, 2020). 

1.2.1 Impact of Influenza 

Influenza is one of the most common infectious diseases, where it is the most prevalent 

within the ageing population worldwide (Oshitani et al., 2008). Influenza transmission from 

person to person occurs rapidly in highly congested areas, such as schools and nursing 

homes, via coughing or sneezing virus-containing droplets. There are four types of seasonal 

influenza virus, A, B, C and D, where A and B are responsible for seasonal epidemics (Bailey 

et al., 2018). Influenza A virus subtypes can be classified according to either hemagglutinin 

or neuraminidase (see Figure 1 for influenza virus structure), which are the proteins present 

on their surface, where A(H1N1) and A(H3N2) are the current subtypes circulating in humans. 

Influenza B viruses do not have subtypes but are instead classified into lineages (e.g., 

B/Yamagata, B/Victoria, B/Maryland or B/Colorado) currently circulating in humans. The 

remaining influenza virus types, C and D, are not present in humans or cause mild infections 
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in humans, so they are not considered when developing vaccines to protect against disease 

(World Health Organisation, 2018).   

 

 

 

 

Figure 1.1: Influenza virus structure highlighting hemagglutinin and neuraminidase proteins, lipid 
bilayer, matrix protein and single-stranded RNA. Hemagglutinin and neuraminidase proteins on the 
surface of the influenza virus are similar in structure, whereby both have a globular head and stalk 
domain.  

Within the UK, there is an enormous economic burden on the NHS due to infectious disease. 

The occurrence of influenza alone results in hundreds of thousands of GP visits and tens of 

thousands of hospital stays annually (National Institute for Health and Care Excellence, 

2018). Each GP visit is estimated to cost the NHS £30 (National Institute for Health and Care 

Excellence, 2018), and influenza-related hospital admissions cost the NHS £80 million 

annually (Oxford Vaccine Group, 2018). During influenza season epidemics, general 

practitioner clinics and hospitals are often overwhelmed with the high influx of influenza and 
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its associated illnesses. High influenza-related mortality rates are recorded annually, with 

average annual rates soaring over 8000, most of which are over 65-year-olds (Public Health 

England, 2014). For every 1000 cases of influenza, 5.5 general practitioner consultations are 

reported, costing an estimated £32 per patient visit (National Institute for Health and Care 

Excellence, 2018). This evidence highlights the need for research in the area of infectious 

disease to better protect vulnerable members of the population, such as older adults, against 

influenza. It also highlights the importance of public health and the economic interest to 

investigate and develop strategies to control and fight the impact of influenza.  

1.3 Combating Infectious Disease: Vaccinations 

Vaccines are considered to be one of the most incredible breakthroughs in modern medicine. 

The use of vaccinations has been demonstrated to be vital in combating disease, with one 

infectious diseases, smallpox, being eradicated due to vaccine advancements (Breman et al., 

2011). The World Health Organisation estimates that vaccinations prevented at least 10 

million deaths worldwide between 2010 and 2015, therefore protecting millions of people 

from infectious diseases as well as their associated pathological infections, such as 

pneumonia and diarrhoea (Greenwood, 2014). They also estimated that the administration 

of vaccinations to older adults reduced the number of hospitalisations by 25-39%, where 

overall influenza season mortality was reduced by 39-75% (World Health Organisation, 

2019). Gross et al. (1995) also reported that the influenza vaccine has been estimated to 

prevent respiratory illness by 50%, prevent pneumonia by 53%, prevent hospitalisations by 

50% and prevent death by 58%. A study in the US assessed the value of the influenza 

vaccination regarding disease prevention and cost-effectiveness and determined it to be a 

high-impact, cost-effective method for older adults, further highlighting the value of 

vaccinations (Maciosek et al., 2006).  

The immune system's functionality determines how well an individual responds to 

vaccination, where there are multiple components involved in mounting an immune 

response (Clem, 2011). The immune system can be broken down into two broad but 

interconnecting categories: innate immunity and adaptive immunity. The innate immune 

response is the immediate reaction to a pathogen entering the body and involves critical 

immune cells, such as macrophages, neutrophils, mast cells and natural killer cells, that 

produce a rapid, inflammatory response to destroy a foreign pathogen in the body (Lacy & 

Stow, 2011). The adaptive immune response can be separated into specialised lymphocytes 

called B cells and T cells, which display a highly diverse repertoire of antigen-specific 

recognition receptors. They can specifically identify pathogens via these antigen- specific 
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receptors, and develop an immunological memory response to pathogens they recognise 

and eliminate from the body (Schoenborn & Wilson, 2007). B cells are a major component 

of the adaptive immune response because they produce antibodies specific to a pathogen 

and are considered to be a crucial element determining whether or not a vaccine is effective 

(Burton, 2002).  

Vaccines work by exploiting immunological memory, which encompasses an essential 

adaptive immune response component by producing vaccine-specific antibodies. Vaccines 

can be categorised into two main types: live attenuated and inactivated (Baxter, 2007). 

Vaccines are often attenuated, which means they are the live but weakened version of a 

bacteria or virus (e.g., measles, mumps and rubella vaccine). The administered vaccines are 

an altered version of the virus that is considered to be harmless. Attenuated are the most 

common and considered to be the most effective. Inactivated vaccines are either whole 

bacteria or viruses that have been killed or are subunit (e.g., hepatitis A), recombinant 

protein components of bacteria or viruses, or polysaccharides, which cannot cause disease 

(e.g., hepatitis B). These fragments can be referred to as antigens. Inactivated vaccines are 

not as potent as attenuated vaccines and require repeat vaccinations known as boosters 

(Monto et al., 2009).   

Both vaccination types are similar because they are weakened, less harmful versions of 

bacteria or viruses. Due to the reduced virulence of the virus/bacteria/antigen administered 

to a patient, the immune system can recognise, destroy and eliminate the virus strain(s) from 

the body and allows the individual to develop a memory response. This means the required 

antibody repertoire of the antigen administered in the vaccine is already present in the body 

and enables an individual to mount a more rapid immune response when they reencounter 

the particular virus, increasing their chance of protection against infectious disease.  

1.3.1 Influenza Vaccinations 

One of the biggest challenges faced with controlling infectious diseases is the rapid rate at 

which pathogens frequently alter their genetic makeup. This is at the heart of why it has 

proved to be increasingly difficult to control the spread of disease, which has been 

highlighted in the most recent coronavirus (COVID-19) pandemic (Callaway & Callaway, 

2020). The development of vaccinations for influenza has proven to be a challenge each year 

due to the rapidly evolving strains (Kim et al., 2018). For this reason, the development of 

influenza vaccines is delayed as much as possible each year to ensure the antigenic and 

molecular structure is as close as possible to the rapidly evolving virus strains. It is the 
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structure of the influenza virus genome and the function of its viral proteins that enable 

antigenic drift and antigenic shift, which facilitates its ability to adapt and evade the immune 

system (Bouvier & Palese, 2008). The antigenic drift of influenza viruses is a mechanism of 

variation observed at antibody-binding sites that occurs regularly due to the accumulation 

of mutations within virus genes. These genetic modifications produce closely related viruses 

that share similar antigenic properties, allowing the immune system to recognise and 

respond to these viruses. However, as these subtle mutations increase, these viruses change 

to evade the immune system (Treanor, 2004). Antigenic drift is commonly observed in 

influenza type A and B viruses (World Health Organisation, 2019). Antigenic shift is more 

abrupt and problematic because it forms a new virus subtype (Carrat & Flahault, 2007). This 

has been particularly challenging for influenza A viruses that result in new hemagglutinin 

and/or new hemagglutinin and neuraminidase proteins, making the viruses unrecognisable 

to the immune system (World Health Organisation, 2019).  

Ensuring the virus strains within the vaccine are as close as possible to the live virus strains 

circulating in the population increases the chance of vaccination effectiveness by ensuring 

the influenza vaccine-specific antibodies produced can recognise and destroy the virus 

strains when they reencounter them naturally. Virus strain A(H3N2) evolves most rapidly and 

is considered the most critical in influencing high mortality and morbidity rates of the 

influenza and is considered to be at the core of significant hospitalisation rates and death 

(Monto & Petrie, 2019). Despite attempts to reform the vaccine each year, sometimes twice 

a year, the vaccine effectiveness rate is still alarmingly low for older adults regardless of the 

similarity of vaccine virus to live circulating virus (World Health Organisation, 2015). The 

impact on older adults is greatest due to a phenomenon known as immunosenescence, 

which is the ageing of the immune system resulting in immune dysregulation.  

1.4 Immunosenescence 

Older adults are considered more vulnerable than younger adults to infectious disease due 

to their sub-optimal, gradually deteriorating immune systems, a phenomenon referred to as 

immunosenescence (Solana & Pawelec, 2004). The decline in immunity, also referred to as 

biological ageing, results in the increased risk of cancer, autoimmune and chronic diseases, 

inadequate vaccination responses and increased susceptibility to infectious diseases, such as 

influenza (Haq & McElhaney, 2014). Immunosenescence has an influence on both innate and 

adaptive immunity, whereby in the case of innate immunity, the suppression of natural killer 

(NK) cells, dendritic cell (DC) and neutrophil activity is highlighted throughout the literature 

(Solana et al., 2012). The downstream effect of this is a decreased production of cytokines 



 
 

7 

 

and lower cellular cytotoxicity. Key elements that influence adaptive immunity include 

decreased naïve T cell clonal diversity, defective T cell memory and altered T cell signalling 

(Haq & McElhaney, 2014). This age group experiences thymus involution (i.e., shrinking), 

which is the atrophy of the thymus resulting in altered structure and function (DeWitt & 

Luebke, 2015). The thymus is responsible for producing and replacing naïve T cells in the 

periphery, which is essential for these naïve T cells to trigger immune responses against 

foreign antigens (Globerson & Effros, 2000). Decreased thymic function, and consequently 

senescence of naïve T cell production, results in a reduced T cell repertoire, also known as 

clonal diversity of naïve T cells, and reduced chance of older adults mounting an immune 

response to a novel foreign antigen (Dewan et al., 2012). Important T cell subsets, CD3+, 

CD4+, and CD8+, have been observed to decrease with age, further highlighting the decline 

of T cell function within this population and increasing their susceptibility to infectious 

disease (Ginaldi et al., 2001). Collectively, this innate and adaptive immunity suppression 

within the ageing population results in reduced vaccine effectiveness and the inability to deal 

with persistent infections (Pawelec, 2018). This highlights the necessity to expand on this 

research area to improve the quality of life of those affected by the disease and reduce the 

burden of influenza. 

1.5 Enhancing Vaccination in Older Adults 

Improving the responses of the elderly to vaccination is more important than ever due to 

influenza directly or indirectly contributing to the four leading causes of mortality, with the 

highest rates observed in older adults. In addition, advances in average life expectancy have 

predicted that the worldwide elderly population is expected to increase from 600 million to 

nearly 2 billion by 2050 (Haq & McElhaney, 2014).  

Pharmaceutical avenues have been explored to improve vaccination, such as the addition of 

chemical vaccine adjuvants, in the hope that individuals will present greater immune 

responses and therefore improve vaccine effectiveness (McKee et al., 2007). The addition of 

chemical adjuvants aims to stimulate inflammatory immune cells to better aid the activation 

and presentation of antigen presenting cells (APC) and antibody production. Conventionally, 

aluminium salt adjuvants have been implemented but have not been effective, which has led 

to the utilisation of new adjuvants, including emulsions and virosomes that are more 

effective (Principi & Esposito, 2012). An example of this is the MF59 adjuvanted influenza 

vaccine, an oil-in-water emulsion, 25% more effective against seasonal influenza in the 

elderly than its non-adjuvanted comparator (Van Buynder et al., 2013). Various studies have 

demonstrated the benefits of the addition of MF59 as an influenza vaccine adjuvant, from 
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enhanced antibody production to improved antibody binding affinity and a more diverse 

antibody repertoire (J. Yang et al., 2020). The over 65-year-old adjuvanted (MF59) influenza 

vaccine, in comparison with non-adjuvanted vaccines, was demonstrated to be more 

effective at reducing influenza-related outcomes, including pneumonia-associated 

hospitalisations (Domnich et al., 2017). However, despite these improvements in immune 

responses to vaccination as a result of vaccine adjuvants, overall vaccination responses for 

this vulnerable population are still poor. An alternative method to vaccine adjuvants that has 

been explored to improve influenza vaccine immunogenicity in older adults is the 

administration of the influenza vaccine via different routes. Research has been conducted to 

administer vaccinations intranasally and intradermally instead of the conventional technique 

of subcutaneous injection or intramuscularly. However, no significant differences were 

found between intradermal and intramuscular administration, where intradermal influenza 

vaccines are no longer recommended (Chi et al., 2010).  

Whilst pharmaceutical methods have been shown to improve vaccine efficacy, they have not 

improved the immune responses of older adults to the same degree as young adults, 

indicating the need for alternative methods to improve vaccine effectiveness for this 

vulnerable population (Pereira et al., 2020). One such alternative approach concerns the role 

of psychological and behavioural factors in modulating vaccine responses. To date, there is 

a plethora of research to suggest that behavioural and psychological effects, such as stress, 

physical activity, nutrition, sleep and mood, can act as immune modulators, where they have 

been observed to alter immunity (Marsland et al., 2006; Pascoe et al., 2014). Of particular 

interest and relevance for this thesis is the relationship of mood, referred to as negative and 

positive affect, and the immune system and, consequently, vaccination responses. 

Specifically, researchers have explored the potential of psychological interventions to alter 

psychological factors, such as mood and subsequently alter immune parameters and 

responses to vaccination. The research surrounding this has shown promise and is analysed 

in-depth in Chapter 2 of this thesis.  

1.6 Chapter Summary 

In this chapter, the reader was introduced to the global impact of infectious disease, with a 

particular focus on influenza and its high morbidity and mortality rates, as well as economic 

implications. The importance of vaccination for combating infectious disease was outlined, 

as well as the need for alternative avenues for improving vaccination responses in the ageing 

population. In Chapter 2 of this thesis, psychological factors capable of modulating immune 

responses to influenza vaccination are introduced with an in-depth review of this literature.  
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2 Chapter 2: Psychological Influences on Immunity 

2.1 Chapter Introduction 

In Chapter 1, the importance of vaccination for the control and eradication of infectious 

diseases was introduced. Influenza is responsible for significant hospitalisation and mortality 

rates among older adults due to the natural decline of immune functionality with ageing, 

known as immunosenescence (Solana & Pawelec, 2004). To date, pharmaceutical avenues 

have had a limited impact on improving the effectiveness of vaccination for older adult 

populations (Domnich et al., 2017; McKee et al., 2007). In contrast, behavioural and 

psychological factors have been demonstrated to act as immune modulators capable of 

influencing vaccine efficacy. In this chapter, some historical context to this thesis is provided, 

first by outlining the biopsychosocial model and its role in influencing the emergence of 

psychoneuroimmunology. The current evidence for the relationships between psychological 

factors (stress, negative mood and positive mood), immunity and vaccination are then 

critically reviewed, highlighting current limitations of the literature and knowledge gaps. 

Finally, an overview of the prior research into psychological interventions as an avenue for 

altering immunity, with a particular focus on vaccination, is presented and critically analysed.  

2.2 The Biopsychosocial Model 

Historically, the field of medicine has been dominated by the biomedical model, which was 

the approach used to treat illness exclusively by focusing on the biological basis of pathology. 

In this biomedical context, the immune system was thought to function as an autonomous 

system, independent of an individual's behaviour, thoughts, and feelings (Farre & Rapley, 

2017). The biomedical model focused on the critical information gained from understanding 

disease at molecular, cellular and tissue levels and assumed that deviations of these 

biological variables could fully account for disease. In a now seminal work, George Engel 

argued that the biomedical model was incomplete and reductionist due to its disregard for 

important social, psychological and behavioural aspects of health and disease (Engel, 1960, 

1977). According to Engel, an alternative approach needed to consider the clinical variability 

of illnesses, such as diabetes and schizophrenia, by accounting for biological variability and 

psychological, social, and cultural factors. Additionally, Engel argued that while biological 

deviations may determine disease characteristics, they do not provide insight into when an 

individual falls ill, further highlighting the importance of gaining further insight into 

psychological and social variables.  
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Engel proposed an alternative model, which is described as the biopsychosocial model, 

drawing on General Systems Theory (Bertalanfy, 1950), which proposes understanding 

complex systems as comprising of several inter-related events collectively organised into 

different levels. The biopsychosocial model suggested that an individual's health-related 

outcomes were not solely dependent on biological factors but could also be influenced by 

psychological and social-environmental factors. A large body of empirical evidence 

supported the fundamental ideas of this model. For example, smoking is a significant risk 

factor in premature mortality from various causes, including cardiovascular disorders, 

cancer, and chronic pulmonary disease, particularly for lower socioeconomic groups (Jacobs 

et al., 1999; Lewer et al., 2017). Psychological stress is one of the most widely discussed 

psychological factors to influence health and has been identified as an important predictive 

factor in the progression of cardiovascular disease, cancer and HIV (Chida & Vedhara, 2009; 

Cohen et al., 2007; Dai et al., 2020; Jacobs et al., 1999; Lewer et al., 2017; Moreno-Smith et 

al., 2010; Steptoe & Kivimäki, 2013). Loneliness and social isolation have also been linked to 

premature mortality and increased risk of depression (Holt-Lunstad et al., 2015; Tabue Teguo 

et al., 2016; Tilvis et al., 2011). 

The biopsychosocial model played an important role in the progression of clinical care and 

practical clinical guidelines, whereby more empathy and compassion were brought into 

medical practices to improve patient diagnosis, health outcomes and patient care (Borell-

Carrió et al., 2004). This model highlighted the importance of understanding previously 

considered “stand-alone” physiological systems, such as the immune system, as being part 

of a more complex system that is capable of being influenced by behavioural, psychological 

and social aspects of an individual’s environment. 

2.3 Psychoneuroimmunology 

Around the time Engel proposed the biopsychosocial model, a parallel line of research 

started to describe the biological pathways that could explain some of the observed 

relationships between social, psychological, behavioural factors and health. This field of 

research, now referred to as psychoneuroimmunology (PNI), identified bidirectional 

relationships between the central nervous and immune systems (Ader & Cohen, 1975). 

Preliminarily research conducted by Robert Ader and Nicholas Cohen (1975) demonstrated 

that the behavioural conditioning of rats was capable of eliciting immune modifications. 

Their early work identified that immunosuppression could be behaviourally conditioned in a 

study investigating induced taste aversion in rats. In this study, rats were administered an 

artificial sweetener drink (saccharin) in conjunction with a toxic immunosuppressive agent 
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(cyclophosphamide), that causes temporary gastrointestinal upset. As a result, rats 

associated the taste of the saccharin solution with illness, and therefore acquired an aversion 

to saccharin solution, whereby saccharin consumption was reduced by 61-68%. Researchers 

found that rats experienced the immunosuppressive effects of cyclophosphamide, even in 

the absence of cyclophosphamide, when consuming saccharin. This indicated that despite 

saccharin being safe to consume, it was suppressing the rat immune system due to the 

previous repeated cyclophosphamide and saccharin exposure. This research was some of the 

first evidence to suggest the nervous and immune systems may interact and was ground-

breaking in influencing research in this field. 

The biopsychosocial model, and research such as that of Engel’s and his contemporaries 

inspired a proliferation of research into how psychological experiences and processes could 

result in biological effects relevant to health. Key to this was the elucidation of pathways by 

which brain functions, triggered by psychological experiences, was driving change with other 

physiological systems, such as the immune system. The next section will outline evidence 

demonstrating the bidirectional relationship between the nervous and immune systems. 

Following this, research outlining the influence of psychological factors (stress and mood) on 

immune responses will be outlined, with a particular focus on vaccination.  

2.3.1 Neuroendocrine and Immune System Integration 

This section will outline some of the evidence that has been accumulated demonstrating 

biological pathways between the central nervous system (brain & spinal cord) with 

immunity. The nervous system consists of nerves that transmit impulses of sensation to 

communicate electrical information via two pathways: central and peripheral nervous 

systems. The central nervous system consists of the brain and spinal cord and plays an 

essential role in communicating sensory and motor information to and from different parts 

of the body. The peripheral nervous system refers to the parts of the nervous system outside 

of the brain and spinal cord, including the cranial nerves, spinal nerves and their roots and 

branches, peripheral nerves, and neuromuscular junctions. The peripheral nervous system 

can be conceptually divided into the autonomic nervous system (ANS) and somatic nervous 

system. The somatic nervous system works with the central nervous system to communicate 

sensory and motor signals. The ANS controls the function of organs and glands, where it 

works in conjunction with the endocrine system to produce hormones (Ader et al., 1995; 

Novack et al., 2007).  
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2.3.1.1 Autonomic Nervous System 

Of particular interest in this section is the neuroendocrine and immune system integration 

observed in the ANS branch of the nervous system, which is further divided into the 

sympathetic nervous system (SNS) and parasympathetic nervous system (PNS). These 

systems and integrations with the immune system are described in detail below. The ANS is 

a component of the peripheral nervous system that regulates involuntary physiologic 

processes, including heart rate, blood pressure, respiration, digestion, and sexual arousal 

(Waxenbaum et al., 2022).  

Several studies have established that the autonomic nervous system (ANS) plays a critical 

role in mediating nervous and immune system integration (Elenkov et al., 2000; Ganta et al., 

2004; Helwig et al., 2008; Morrison, 2011; Tracey, 2009). Lymphocytes, a key component of 

the immune system, carry receptors for various hormones (e.g., cortisol), indicating that the 

cellular interactions that mediate the neuroendocrine environment can modulate humoral 

and cellular immunity. This is a bidirectional process, whereby the release of molecules by 

an activated immune response, due to the production of neuropeptides and hormones by 

lymphocytes, can influence neural and endocrine function (Novack et al., 2007). The 

bidirectional communication between the branches of the ANS, sympathetic and 

parasympathetic nervous systems, and the immune system, as well as the relationship 

between the hypothalamic pituitary adrenal (HPA) axis and stress is described in more detail 

below. 

2.3.1.1.1 Sympathetic Nervous System 

A primary function of the SNS is to prepare the body in threatening, psychologically stressful 

situations by increasing heart rate and blood pressure and inducing pupil dilation and 

sweating, known as the "fight or flight" response. Sympathetic nerves found in primary and 

secondary lymphoid organs release various neuropeptides, which can influence immune 

responses. For example, when subject to acute stress (e.g., getting into an argument with a 

friend or getting into a car accident), an individual will secrete the neuropeptides 

epinephrine and norepinephrine from sympathetic nerve endings. These neuropeptides can 

also be defined as catecholamines because the adrenal glands synthesise them. As a result 

of acute stress, epinephrine and norepinephrine released into the bloodstream cause 

increases in blood pressure, heart rate and blood sugar levels. Epinephrine and 

norepinephrine adrenergic receptors present on immune cells are also capable of altering 

immune responses (Bucsek et al., 2018). For example, a study found that the activation of 

adrenergic receptor signalling downregulated CD8+ T cell mediated anti-viral responses to 
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influenza (Grebe et al., 2009). This study also found that SNS activation hindered APC 

activation of CD8+ T cells, which was in alignment with previous research that demonstrated 

dendritic cell downregulation as a result of norepinephrine adrenergic receptor binding 

(Maestroni, 2002).  

In addition to catecholamine signalling, cytokines also play an essential role in the 

communication between the SNS and immune system. Cytokines are signalling proteins 

synthesised and secreted by a range of immune cells, including monocytes , lymphocytes, 

neurons and endothelial cells (cells that form the barrier between blood vessels and tissues) 

(Galic et al., 2012). SNS activation has been demonstrated to have a direct impact on pro-

inflammatory immune activity due to the release of a range of pro-inflammatory cytokines 

(IL‐1β, IL‐6, IL‐10, IFNγ and TNF‐α), as a result of adrenergic receptor binding on the surface 

of lymphocytes (B cell and T cells) and monocytes (macrophages and dendritic cells) 

(Pongratz & Straub, 2014). For example, catecholamine binding to adrenergic receptors on 

dendritic cells was shown to modulate cytokine (decreases IL-12, increases IL-10) production 

and inhibit migration and T helper cell priming (Maestroni, 2002; Maestroni & Mazzola, 2003; 

Seiffert et al., 2002). Similarly, adrenergic receptor binding of catecholamines on dendritic 

cells were also demonstrated to induce a pro-inflammatory IL-17 immune response due to 

altered T helper cell priming (Manni et al., 2011). TNF‐α regulation has also been shown to 

be influenced by norepinephrine binding to macrophages, further highlighting the 

communication between the SNS and inflammatory immune response (Spengler et al., 

1990). 

As mentioned previously, the communication between the SNS and immune system is 

bidirectional. Therefore, in response to a pathogen entering the body, immune system 

activation will, in turn, produce pro-inflammatory mediators, such as cytokines. If the 

threshold of pro-inflammatory cytokines is high enough, SNS activation occurs. For example, 

IL‐1β, released by activated immune cells (predominantly stimulated monocytes), was 

identified as being a critical mediator of SNS activation via hepatic vagus nerve binding to 

result in paraganglia (collection of cells near the adrenal glands that release epinephrine and 

norepinephrine) activation (Goehler et al., 1997).  

2.3.1.1.2 Parasympathetic Nervous System 

Another pathway by which the immune system is impacted by the nervous system is the PNS. 

The PNS comprises the vagus nerve and its branches distributed throughout the body in 

multiple organ systems, and it is critical for communicating sensory information (DuBois & 
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Foley, 1936). The PNS has multiple roles, including restoring the body’s equilibrium after 

encountering acute stress via hormone secretion, known as homeostasis. The hypothalamus, 

attached to the pituitary gland, controls the release of hormones (glucocorticoids) from the 

pituitary gland to control this balance (M. R. Irwin & Slavich, 2016; E. M. Sternberg, 2006). 

For example, after an individual has experienced acute stress, the PNS is activated due to the 

presence of hormones (epinephrine and norepinephrine) in the bloodstream, which in turn 

activate the hypothalamus to release glucocorticoids from the pituitary gland.  

The PNS plays a key role in regulating cytokine production to ensure inflammatory immune 

responses, such as the upregulation of TNF‐α, via vagus nerve activity are balanced. This is 

important because chronic immune inflammation has been associated with a variety of 

diseases, including cardiovascular disease, rheumatoid arthritis, atopic dermatitis and 

psoriasis (Chovatiya & Silverberg, 2019; Lopez-Candales et al., 2017).  Immune modulation is 

observed via vagus nerve ending neurotransmitter acetylcholine interactions with 

macrophages, resulting in the inhibition of macrophage activity and consequently inhibited 

pro-inflammatory cytokine release (Tracey, 2007). Vagus nerve activation has also been 

demonstrated to inhibit the release of pro-inflammatory cytokines, such as IL-1 and IL-6, 

associated with coronary heart disease (Janszky et al., 2004). Therefore, the PNS is key for 

regulating cytokine production to ensure immune inflammation is controlled and further 

highlights the integration of the nervous and immune systems. 

2.3.1.2 Hypothalamic Pituitary Adrenal Axis 

The hypothalamic pituitary adrenal (HPA) axis is another key pathway mediating 

physiological systems in the body and has been studied extensively. It is also a major 

component of the homeostatic response that mediates the effects of stressors by regulating 

physiological processes, such as metabolism, immune responses and the ANS. It is a complex 

system involving the hypothalamus, anterior pituitary gland and adrenal gland. When 

encountering stressful situations, whether that be acute stress (brief and time limited stress, 

often no more than a few weeks in duration, e.g., witnessing a crime) or chronic stress 

(persistent stress over time with an unknown endpoint, e.g., bereavement, stressful work 

environment) the HPA axis is activated via the release of corticotropin releasing factor (CRF) 

from the hypothalamus, which stimulates the release of adrenocorticotrophin (ACTH) from 

the pituitary gland (S. M. Smith & Vale, 2006). This subsequently leads to ACTH mediated 

stimulation of the adrenal glands that produce and secrete glucocorticoids, most notably 

cortisol. This steroid hormone, cortisol, has been demonstrated to have detrimental 
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immunological effects and long-term effects on health when present in abundance (Dedovic 

et al., 2009; Esther M. Sternberg et al., 1992).  

PNI researchers have also investigated psychological stress and its brain physiology 

modifications via experimental functional magnetic resonance imaging (fMRI), which lead to 

altered immune function (Dedovic et al., 2009). For example, a study showed that 

participants engaging in a timed mental arithmetic task designed to induce moderate acute 

stress demonstrated increased activation of specific regions of the brain measured by fMRI 

and increased salivary cortisol production (Dedovic et al., 2005). Stress PNI studies in humans 

have pinpointed the activation of the HPA axis as one of the key physiological markers of 

stress, which is often used as a reference for measuring stress-induced physiological 

modifications (Dedovic et al., 2005).  

The duration of stressor exposure, and subsequently cortisol levels as a result of HPA 

activation, has been shown to influence the immune system differently. For example, acute 

stress responses in young, healthy adults typically do not impose a health burden, and 

therefore do not result in long-term damage to health (Schneiderman et al., 2005). Acute 

bursts of stress are even observed to enhance immune cell function because of the activation 

of the sympathetic nervous system, which leads to an increase in immune cell circulation 

from lymphatic organs (F. Dhabhar, 2008; Elenkov et al., 2000). Research by Dhabhar (2000) 

illustrated that the administration of acute stress hormones, such as corticosterone (i.e., 

cortisol equivalent found in rodents), to rats or mice immediately before antigen exposure 

significantly enhanced skin delayed-type hypersensitivity (DTH) reactions. This was found to 

be a result of acute stress significantly increasing the mobilisation of leucocytes from the 

blood to the skin, therefore highlighting the immune enhancing effects of acute stress on 

cellular immunity (F. S. Dhabhar, 2000). Further research by Dhabhar et al. (2000) found that 

IFNγ receptor knockout mice failed to show acute stress‐induced enhancement of skin DTH, 

which suggested that the inflammatory response induced via IFNγ is an important mediator 

of immune enhancement in the context of acute stress (F. S. Dhabhar et al., 2000). This 

evidence highlights the beneficial effects of acute stress activation of the HPA axis to result 

in the release of hormones, such as cortisol, to increase inflammation via IFNγ and leucocyte 

mobilisation.  

In contrast, in the case of chronic stress, individuals are subject to stress-induced changes 

for a prolonged period of time, which makes it too challenging for their physiology to 

maintain homeostasis. This process is encapsulated by the term Allostatic Load and is 
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considered to be a key mechanism by which individuals are more susceptible to infectious 

disease when chronically stressed (McEwen, 1998). Types of allostatic load include frequent 

and prolonged activation of physiological systems, such as the HPA axis, and failure to shut 

them off after stress. Individuals who experience chronic stress, that is stress over an 

extended period of weeks or months and often with no defined endpoint, have been shown 

to experience downregulated immune responses, whereby chronic stress is capable of 

eliciting long-term effects on health (Cohen et al., 2007; Nes & Segerstrom, 2017; Segerstrom 

et al., 2012). Chronic stress, which manifests in the physiological response of excess HPA axis 

activation and cortisol release, has been shown to result in greater susceptibility to infectious 

disease, delayed wound healing and decreased antibody production to vaccination (Glaser 

& Kiecolt-Glaser, 2005; Sacadura-Leite et al., 2014; S. M. Smith & Vale, 2006; Vedhara et al., 

1999). Chronic HPA axis activation, and therefore chronic glucocorticoid secretion, has been 

shown to affect hippocampal function (part of the brain that plays a major role in learning 

and memory) (Raber, 1998). In the brain, the hippocampus has been noted to have the 

highest concentration of glucocorticoid receptors, whereby chronic stress has been shown 

to result in the atrophy of hippocampus neurons. Consequently, this research has found that 

chronic HPA axis activation has been implicated in the development of cognitive defects 

(Karin et al., 2020). From an immunological perspective, chronic levels of glucocorticoids, 

capable of binding to the receptors of immune cells (Eskandari & Sternberg, 2002; Marques-

Deak et al., 2005), were found to promote Treg differentiation (key suppressors of the 

immune system) and reduce the levels of circulating T cells (Tischner & Reichardt, 2007). 

Most notably are Th1 and Th17 cells that are important for infection protection via their 

secretion of pro‐inflammatory cytokines (e.g., IFNγ, IL‐6) (Sheng et al., 2021; Wrona, 2006). 

Therefore, the repression of these T helper subtypes increases the risk of infection for 

chronically stressed individuals (Franchimont, 2004). Evidence of the influence of acute and 

chronic stress on immunity and vaccination is described in detail in Section 2.5.1 (Influence 

of Negative Emotional Experience on Influenza Vaccination). 

2.4 Evidence for Psychological Influences on Infectious Diseases 

The increasing recognition of a bidirectional relationship between the nervous system and 

immune system, outlined above, and the development of the biopsychosocial model led to 

the expansion of PNI research. The foundation of the research in this area is based on the 

premise that psychology, behaviour and physiology interact to influence health outcomes 

including, but not limited to, cancer (Ramirez et al., 1989; Seifter et al., 1973), wound healing 

(Emery et al., 2005) and asthma (Castés et al., 1999). Of particular relevance for this thesis is 
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the body of PNI research that has focused on infectious diseases. The expansion of the field 

of PNI research has highlighted a plethora of behavioural (e.g., sleep, exercise, nutrition) and 

psychological (e.g., stress, positive and negative mood) factors that have been shown to elicit 

physiological changes in the body to result in altered immune function and altered responses 

to infection and vaccination (Cohen et al., 2001; Grant et al., 2008; Kiecolt-Glaser et al., 1996; 

Prather et al., 2012). Of these factors, stress, positive affect and negative affect, and their 

influence on vaccination, are the main focus of this thesis. The literature on these factors and 

their influence on immune responses and vaccination will be outlined in detail in the 

remainder of this chapter. Research investigating the relationship between psychological 

influences on the immune system and vulnerability to infectious disease have primarily 

utilised three approaches: observational studies, viral challenge studies and vaccine studies. 

Here, evidence from each of these approaches will be examined in turn. 

2.4.1 Observational Studies 

Early PNI research provided observational evidence that increased stress and depression 

were associated with a greater incidence of self-reported respiratory infections (Glaser et al., 

1987; McClelland et al., 1980; Parens et al., 1966; Sarason et al., 1985). In some cases, this 

research has focused on experiences of life stressors and linked these with self-reporting of 

infection symptoms. For example, Sarason et al. (1985) prospectively followed 163 

submarine school students for a year and found that negative life events, measured via a Life 

Experiences Survey that asked participants to self-report events they have experienced 

during the last year, were correlated with increased self-report of illness symptoms over the 

year (ranging from respiratory infection to ankle pain to skin disorders).  

Other research has opportunistically sought to examine infection susceptibility during 

stressful periods. For example, Glaser et al. (1987), in a study of 40 medical students in their 

first year of training, reported a greater incidence of self-report symptoms of infectious 

illness during examination periods compared to non-examination periods. Further, 

researchers obtained blood samples at first, third and fifth examination periods and one 

month before each to measure the effect of academic stress on the control of latent Epstein 

Barr virus (EBV) by antibody titres, as well as IFNy production by stimulated lymphocytes. 

The data showed that EBV antibody titres were elevated during examination periods, 

suggesting reactivation of latent EBV, and IFNy levels were significantly decreased, indicating 

poorer cellular control of latent EBV. This study went a step further than antibody and 

cytokine measures to also investigate stress-related changes of specific memory T 

lymphocytes to recognise and lyse EBV antigens on the surfaces of cells. Consistent with the 
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notion of stress induced down-regulation of immune regulation, there was a significant 

decrease in cell killing during examination periods. However, due to limited blood sample 

collection this was only conducted on a small proportion (n= 4) of the student population. 

This study supports the linkage between stress and immunosuppression, as well as the 

relationship between stress and increased self-report of illness symptoms. Another study 

conducted by Parens et al. (1966) investigated first-year nursing students and their 

adjustment to being separated from home after 6 weeks. This study found that students who 

adjusted poorly at the 6-week mark, with high depressive effects (measured using four 

questionnaires: Depression Inventory Scale Adjustment Scale, Past Object Loss Scale and The 

Beck Inventory), reported illness more frequently during the remainder of the school year 

(Parens et al., 1966).  

Together, while the above cited studies provide evidence of an association between 

psychological factors and susceptibility to infection, most are limited by their reliance on self-

report of infection symptoms. These self-reports are subject to biases, most notably that 

psychological distress is also associated with increased symptom perception(Cohen et al., 

1995; Salovey & Birnbaum, 1989). For example, Salovey and Birnbaum (1989) conducted 

experiments to assess the effects of mood on symptom appraisal and found that individuals 

who experienced sadness reported more aches and pains and greater discomfort than happy 

individuals. Beyond the issue of increased symptom perception, the above observational 

studies do not account for the fact that some individuals exposed to infection may not display 

symptoms or may only have mild symptoms, despite serological testing, such as antibodies, 

indicating infection. For example, this has been evident throughout the COVID-19 pandemic, 

whereby recent research has found that 40.5% of the population with confirmed COVID-19 

were asymptomatic (Ma et al., 2021). The absence of serological testing to verify infection is 

an important limitation of many observational studies investigating the relationship between 

psychological factors and infectious diseases. 

However, some studies have examined the association between psychological and 

behavioural factors and infection susceptibility with serologically verified outcomes (e.g., 

upper-respiratory infections) (Boyce et al., 1977; Graham et al., 1986; Meyer & Haggerty, 

1962).  For example, Graham et al. (1986) prospectively studied 235 adults to investigate the 

relationship between stress and upper respiratory tract infection and found that highly 

stressed individuals had a greater number of verified illness episodes and self-report 

symptom days. Further research has also examined latent viruses (e.g., herpes simplex virus 

(HSV)) , which is a type of virus that lies dormant within in a cell and can be reactivated to 
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cause persistent infection. (Longo & Koehn, 1993; VanderPlate et al., 1988). VanderPlate et 

al. (1988) found there was a positive association between stress and HRV recurrences for 

duration of disease that lasted less than 4 years.  

The evidence above highlights the importance of psychological factors on infection incidence 

for both symptomatic and serologically verified studies. However, these studies were 

observational and therefore could not suggest causal relationships between the two. In 

many of these studies it is challenging to ascertain whether stress led to the illness 

susceptibility or if those more susceptible to illness ended up with higher stress, or poorer 

mood. Additionally, these studies do not control for varying exposure levels meaning there 

is the possibility that those with higher levels of stress, such as healthcare workers, are more 

likely to receive greater infection exposure and are therefore also likely to experience a 

higher incidence of infection.  

2.4.2 Live Virus Challenge Studies 

Studies providing better evidence for the causal relationships between psychological factors 

and serologically verified infection comes from live virus challenge studies. In the case of live 

virus challenge studies, participants are deliberately exposed to a known dose of a pathogen 

(e.g., corona and rhinoviruses) and rigorously monitored, to measure infection susceptibility 

and severity via antibody production and symptom observations. The advantage of viral 

challenge studies is that the initial exposure to the infectious agent is carefully controlled, 

which is something that is not possible in more naturalistic observational studies of infection. 

Another strength of these studies is that they measure both antibody measures and 

symptoms to consider participants who present antibodies to the dose of the pathogen but 

do not display symptoms and provides some insight into asymptomatic illness. This is also 

important because individuals can produce antibodies prior to them displaying symptoms 

(Patrozou & Mermel, 2009). Live viral challenge studies allow for participants to be 

quarantined and allows for regular serological testing for infection. They also provide 

researchers with helpful exposure responses in controlled quarantined conditions to 

eliminate and standardise confounding factors, such as environment and behavioural 

influences (e.g., diet, sleep, exercise). This gives researchers the confidence to be sure the 

relationships between psychological factors and infection are causal rather than 

correlational.  

A number of large viral challenge studies have examined the relationship between 

psychological factors and infection susceptibility (Broadbent et al., 1984; Cohen et al., 1991, 
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1993, 1998; Totman et al., 1980). Types of psychological influences can vary, whereby some 

studies investigated life event stressors and others have focused on chronic stress, but have 

consistently supported a causal relationship between psychological influences and viral 

infection. For example, one viral challenge study sought to investigate the influence of recent 

life stressors on susceptibility to infection and found that social losses (e.g., death of a family 

member) and social deprivation (e.g., poverty) were significant life stressors associated with 

a higher risk for more severe illness (Totman et al., 1980). An individual’s perception of 

psychological stress has also been considered in viral challenge studies. Cohen et al. (1991) 

conducted one of the first studies to investigate whether psychological stress could suppress 

host resistance to infection. Healthy subjects were quarantined and exposed to rhinovirus 

(type 2, 9, 14 or respiratory syncytial) or coronavirus (type 229E) and monitored for evidence 

of infection via virus-specific antibody measures and symptoms. Researchers found that both 

respiratory infection and clinical colds increased in a dose-response manner with increases 

in psychological stress. These findings were not altered when personality variables (e.g., self-

esteem) and other lifestyle effects (e.g., smoking, alcohol consumption, sleep) were 

controlled for, suggesting a causal relationship between psychological stress and suppression 

of infection resistance. In a later study, Cohen et al. (1993) explored a combination of these 

psychological influences by investigating stressful life events, perceived stress and negative 

affect and their influence on susceptibility to a common cold virus. Psychological stress was 

shown to increase susceptibility to infection, which is consistent with the previous study. 

Researchers also found that high scores for all three stress scales were associated with a 

greater risk of developing a cold.  

Social support, which is strongly entwined with psychological wellbeing, has also been the 

subject of viral challenge study research. In one such study, participants were asked to 

provide self-report details on their social network, social support and complete measures of 

positive and negative moods (Cohen et al., 2003a). Participants were then quarantined and 

exposed to one of two types of rhinoviruses. Pre-exposure antibodies, 4-week post-infection 

antibodies and saliva cortisol levels were measured, alongside self-reported cold symptoms. 

Researchers found that positive mood was associated with decreased susceptibility to 

infection, and sociability (i.e., social support) was also associated with increased positive 

mood and decreased infection risk. They also found increased self-report of illness symptoms 

and high levels of virus-specific antibodies in low sociability groups experiencing depressive 

affects. Interestingly, this study also indicated volunteers self-reported illness to be more 

severe than the study's objective measures of illness, which suggested that self-reported 
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illness was not necessarily related to antibody measures and highlighted the importance of 

measuring both. In particular, the importance of collecting objective measures, such as 

antibodies, for infection studies instead of relying solely on self-report data. This study was 

also conducted over a broad age range (18- to 54-year-olds) and found that being a younger 

adult was associated with fewer colds than being older, which aligns with the evidence in 

Chapter 1 of this thesis outlining immune system downregulation with ageing 

(immunosenescence).  

Collectively, these live viral challenge studies have demonstrated that psychological factors 

(e.g., stress and depression) can increase susceptibility to infection at a clinically meaningful 

level. However, the high level of control of live viral challenge studies can also be a limitation 

because these studies do not accurately represent real-life environments. There are also 

ethical concerns when conducting challenge studies with older adults, who have a 

considerably higher risk of morbidity due to their compromised immune systems and 

increased vulnerability to adverse reactions to pathogen exposure. As such, there is a paucity 

of research in older adults. There are also ethical concerns when conducting challenge 

studies with particularly dangerous infectious diseases, such as human immunodeficiency 

virus (HIV). When untreated, HIV can lead to acquired immunodeficiency syndrome (AIDS), 

which currently has no effective cure. As a result of these limitations, these studies tend to 

focus on healthy young adult populations and are restricted to investigating viruses that are 

not considered to be life threatening (e.g., common cold viruses). This also means that few 

studies are done on vulnerable populations, such as older adults.  

2.4.3 Vaccination Studies 

Given these limitations, researchers investigating the association of psychological factors and 

infection in older adult populations have also turned to vaccination studies as an alternative 

approach to examine the relationships in at risk populations such as older adults (Kiecolt-

Glaser et al., 1996; Vedhara et al., 1999). In both vaccination and live virus studies, the 

immune system is activated in the same manner by recognising a foreign antigen in the body 

and producing antigen-specific antibodies. Vaccination administration studies are developed 

to induce an immune response to produce vaccine-specific immune cells to protect an 

individual from infection. These studies are not conducted in quarantine, which means it 

more accurately reflects real-life and confounding factor exposure. Yet, dose exposure 

remains controlled. A further benefit of vaccination studies, specifically those focusing on 

influenza and COVID-19, is that researchers can take advantage of routine vaccination care 

programs and, therefore, increase study recruitment and recruit more representative 
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samples. Additionally, as outlined in Chapter 1, older adults often display poor vaccination 

responses due to immunosenescence, which makes studying how psychological factors are 

capable of influencing vaccination responses clinically relevant.  

Given the utility of the vaccination paradigm to examine psychological influences on 

immunity, a large corpus of vaccination studies now exists, covering a range of vaccines (e.g., 

hepatitis, tetanus, pneumococcal) and populations. Here, given the focus of this thesis, the 

discussion below will primarily restrict its focus to influenza vaccination studies conducted in 

older adult populations, which provide insight into the immune influence of psychological 

factors (specifically measures such as stress, negative and positive emotional experience). 

However, evidence from other populations and other designs will be considered where there 

is a shortage of evidence on older adults and influenza vaccines.  

2.5 Psychological Influences on Vaccination Responses 

It is important to address what it meant when referring to affect in this thesis. Affect, in the 

psychological literature, is often used as an umbrella term to refer to any experience of 

feeling, emotion or mood. Positive affect reflects the extent to which a person feels 

enthusiastic, active and alert, whereby a high positive affect is a state of high energy, full 

concentration and pleasurable engagement and low positive affect is characterised by 

lethargy (Watson, Clark, & Tellegen, 1988). Negative affect refers to unpleasurable 

engagement that encapsulates a variety of mood states including anger, fear, distress, 

depression and hostility. Researchers do not typically consider stress to fall under the 

umbrella term of negative affect, as demonstrated by the fact that the two are measured 

differently. However, overall negative emotional experiences encompass both stress and 

affect. For this reason, stress and affect will be discussed separately within this thesis, 

however important studies showing evidence for their interaction with each other will be 

mentioned where relevant. 

Affect measured over a period of weeks or months is often referred to as trait or dispositional 

affect, and affect measured in the present moment or over the last day or week is referred 

to as state affect (Riepl et al., 2016). Both state and trait affect are most frequently measured 

using validated self-report questionnaires. The Positive and Negative Affect Schedule 

(PANAS) is one of the most widely used methods of measuring affect, where it has been 

extensively used for over 20 years for a range of research from anxiety and depression 

(Watson, Clark, & Carey, 1988) to cigarette consumption (Becoña et al., 1998). There are, 

however, a range of alternative self-report questionnaires including the Scale of Positive and 
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Negative Experience (SPANE) (Diener et al., 2009), the Dynamic Visual Analogue Mood Scales 

(DVAMS) (Barrows & Thomas, 2016) and the Affective Slider scales (Betella & Verschure, 

2016). These affect measures are described in more detail later in this thesis (see Chapter 3). 

The relationship between positive and negative affect is somewhat debated, whereby some 

researchers argue that positive and negative trait affect are independent constructs 

(Schmukle et al., 2002; Watson, Clark, & Carey, 1988; Watson & Clark, 1997). Others argue 

they are opposite ends of a continuum, given significant negative correlations are often 

observed when measuring both positive affect and negative affect (Schmukle et al., 2002). 

While there is no explicit consensus, researchers interested in affect often characterise 

positive and negative affect as being quasi-independent, given the evidence that people can 

concurrently experience high levels of positive and negative affect (Larsen & McGraw, 2011). 

As such in this thesis, positive and negative affect are conceptualised as different, if related, 

measures of emotional experience, as opposed to being opposite ends of a single continuum 

(Remington et al., 2000). Like stress, as was discussed briefly in the earlier sections of this 

chapter, chronic and acute experiences of affect have been evidenced as differentially 

influencing the immune system. Research demonstrated it was possible to induce positive 

and negative affect for study purposes to investigate their relationship with the immune 

system. Similar to the research into stress and immunological changes, studies investigating 

induced positive and negative affect have observed causal relationships between affect 

alterations and immunological parameters, including salivary IgA productions, natural killer 

cell activity, and pro‐inflammatory cytokines (IL‐2, IL‐3, IL‐6 and TNF‐α) (Pressman & Cohen, 

2005). This section aims to introduce the reader to some of the evidence and how, in turn, 

negative and positive emotional experiences may influence immune responses to influenza 

vaccination.  

2.5.1 Influence of Negative Emotional Experience on the Immune System  

In this section, the literature that investigates the influence of negative emotional experience 

on vaccination responses in older adults will be reviewed, with some consideration given to 

general immune responses and younger populations. As briefly mentioned above, negative 

emotional experiences encapsulates both stress and negative affect, whereby negative 

affect can consist of depression and anxiety. Whilst negative affect is closely linked to the 

concept of depression, in that low positive affect and high negative affect (both state and 

trait) are major distinguishing features of depression and anxiety diagnoses, respectively 

(Teilegen, 2019), this does not suggest that these terms are interchangeable.  
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2.5.1.1 Negative Affect and Immunity 

Before examining the literature on vaccination specifically, there is a much broader body of 

evidence concerning the relationship between negative affect and the immune system, as 

well as with health outcomes more generally that is worth highlighting. Greater negative 

affect has been shown to be associated with altered immune responses and overall health 

including an increased risk of physical disorder and mortality, whereby mortality is more 

evident in depressed older adult populations (Murphy et al., 1988). High levels of trait 

negative affect have been linked to the development and/or progression of heart disease 

(Donker, 2000), cancer (Reiche et al., 2005), arthritis (Kiecolt-Glaser et al., 2002), diabetes 

(Carnethon et al., 2003), and the common cold (Cohen et al., 1998; Consedine & Moskowitz, 

2007). Immunological differences have been demonstrated between individuals with major 

depression disorder (which, in part, is characterised by high levels of negative affect and low 

positive affect) and those without. For example, major depression has been linked to 

increased pro-inflammatory immune cell production, such as cytokines IL-1 and IL-6, which 

play a role in suppressing natural killer (NK) cell activity (Herbert & Cohen, 1993). A meta-

analysis conducted by Zorilla et al. (2001) showed that there were nearly forty immunological 

parameter differences between individuals with a diagnosis of major depressive disorder and 

those without. Some notable immunological differences observed in individuals with major 

depression included a reduction in NK cell and T cell counts and functionality, increased 

CD4+/CD8+ ratios and overall leucocytosis, which was characterised by increased levels of 

leukocytes in the blood and could be associated with diseases of the bone marrow. In this 

review, elevated circulating IL-6 levels were observed in individuals with major depression, 

which has been identified as an immunological biomarker for chronically stressed individuals 

(Doyle et al., 2006; Mastorakos & Ilias, 2006; Robles et al., 2005; Segerstrom et al., 2012; 

Tanaka et al., 2014). IL-6 is a pro-inflammatory cytokine that has been shown to increase in 

response to stress to result in detrimental immunological effects. The pleiotropic nature of 

IL-6 means it has been implicated in the onset of various diseases, particularly autoimmune 

diseases (e.g., rheumatoid arthritis) (Tanaka et al., 2014). The role of IL-6 on the immune 

system and overall health is reviewed in more detail in the next section (see Section 2.5.1.3).  

Other research has shown the clinical significance of these immunological variations on 

health, where, for example, reduced NK cell cytotoxicity was associated with increased 

morbidity for many diseases, including cancer and infectious disease (Whiteside et al., 1990). 

It is well-established that NK cells are responsible for connecting the innate and adaptive 

immune systems, where they have a cytotoxic role via the secretion of inflammatory 
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cytokines (similar to Th1, Th2 and Th17 subsets) but can also be regulatory by suppressing 

antigen-specific T cell responses via the secretion of IL-10 (Deniz et al., 2008). Similar to IL-6, 

NK cell cytotoxicity and NK cell derived cytokines have been highlighted to contribute 

towards the pathogenesis of autoimmune diseases, such as ankylosing spondylitis and 

psoriasis (Kucuksezer et al., 2021). Research by Maes et al. (1994) found that blunted NK cell 

activity was a hallmark for major depression. In this study, the severity of depression was 

measured using The Hamilton Depression Rating Scale (HDRS) and blood samples were 

obtained to assess NK cells, leucocytes, monocytes and neutrophils. Participants with a 

history of psychiatric illness (e.g., schizophrenia) or major medical illness (e.g., diabetes) 

were excluded from taking part. This research found a significant negative correlation 

between severity of depression and NK cell activity (Maes et al., 1994). Additionally, there 

was a significant and negative correlation between NK cell activity and the number of 

leucocytes, monocytes and neutrophils. This highlights that the immunosuppressive effects 

of major depression can go beyond cytokines and NK cells by also influencing lymphocyte 

proliferation. The consequences of this have been outlined by Murasko et al. (1987) who 

found that decreased lymphocyte proliferation was associated with increased numbers of 

hospitalisations and mortality in older adults. Together, this evidence highlights the role of 

the dysregulated immune system in individuals with major depression and the possible 

associated health consequences.  

Negative affect has also been implicated in the downregulation of T-cell responses. For 

example, a longitudinal study conducted to investigate the association between depressive 

symptoms and cellular immune response in older adults  and found that older adults with 

seven or more symptoms of depression displayed decreased CD4+ T cells compared with 

older adults who had fewer than seven symptoms (Fortes et al., 2003). This was consistent 

with other research in young adults, which has shown that depressed individuals showed 

lower percentages of activated T cells than those who were not depressed (Schleifer et al., 

1996). Antibody responses to vaccination provides a measure of competence of the immune 

system to respond to a foreign antigen, which is why it is so commonly referred to in the 

literature. However, the impact of T cell production and activation is vital for aiding antibody 

production, especially in the context of vaccination. An important function of T cells is to 

activate B cells to produce antibodies specific to a foreign antigen, in this case via vaccination, 

which means that B cell production of antibodies is dependent on the activation of specific 

T cell populations (Ahmed & Gray, 1996). The means that the influence of chronic negative 
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affect, such as major depression, downregulating T cell responses plays an important role in 

influencing antibody responses to vaccination.  

2.5.1.2 Negative Affect and Vaccination 

Multiple studies have demonstrated relationships between negative affect and/or 

depression with antibody responses to different vaccinations. One of the most studied has 

been Hepatitis B vaccinations, typically in the context of medical students. Research has 

examined the relationship between depressive symptoms and vaccination and found that 

depression is closely related with antibody response following hepatitis B (HBV) vaccination, 

whereby antibody responses were negatively associated with self-reported depression 

scores (Afsar et al., 2009). Individuals identified as having seroconverted (defined as ELISA 

antibody titres ≥10 IU/L after the full course of vaccination) scored highly in most of the 

medical outcomes short form (SF-36) and low in the Beck Depression Inventory, further 

demonstrating the relationship of depression on antibody responses and health. 

Interestingly, physical activity and physical well-being were positively associated with 

seroconversion, whereby both of these factors were shown to improve the psychological 

status of highly depressed individuals. Physical activity was also  shown to improve mood 

and in turn immune response activation by increasing T cell counts and upregulating 

antibody production (Drela et al., 2004). This evidence suggested that increased physical 

activity may help to improve immunity and vaccination responses of depressed patients. 

Marsland et al. (2001) investigated a cohort of healthy graduate students over a standard 

course of 3 hepatitis B vaccinations. To ensure participants were not exposed to prior 

hepatitis B, via infection or prior vaccination, pre-vaccination antibody levels were assessed, 

with no graduate students indicated prior exposure. This study found that trait negative 

affect was capable of influencing antibody responses to hepatitis B vaccination in healthy 

young adults. Researchers reported participants with higher levels of trait affect to have 

lower secondary antibody responses to hepatitis B vaccination, which was consistent with 

prior research by Glaser et al. (1992) that observed individuals who characteristically show 

high negative affect in response to examination stress mounted delayed primary antibody 

responses to hepatitis B vaccination. This study was very similar to the one conducted by 

Marsland et al. (2001) and examined healthy medical students. The study by Marsland et al. 

(2001) also showed a reduction in stimulated T cell proliferation and alterations in circulating 

lymphocyte populations, including increased T suppressor and NK cell numbers and reduced 

B cell populations. Unsurprisingly, a reduction in T cell proliferation was greatest in 

participants who mounted lower antibody responses to vaccination compared with 



 
 

27 

 

individuals who displayed higher antibody responses. This is most likely due to a decrease in 

the number of T helper cells that are critical for activation of B cell production of antibodies. 

In contrast, high T helper cell counts were observed in participants with high antibody 

responses.  

Both Glaser et al. (1992) and Marsland et al. (2001) demonstrated that the magnitude of 

immune response to hepatitis B vaccination was closely related to trait negative affect, which 

is strong evidence to support the relationship between the two. However, there have been 

studies that have showed no association between negative affect and vaccine responses 

(Ayling et al., 2019; Moynihan et al., 2004). For example, Ayling et al. (2019) conducted an 

observational study to assess a range of psychological factors and their influence on influenza 

vaccination responses in older adults. In this study, negative affect was not found to be a 

predictor of vaccination responses. This cohort of older adults is notably different to the 

student and recent graduate cohorts seen in the Marsland et al. (2001) and Glaser et al. 

(1992) studies and could be an explanation for the observed differences. It is likely the 

student and graduate cohorts, particularly around examination times, would have reported 

higher negative affect compared with the older adult population and therefore meant it was 

challenging for Ayling et al. (2019) to adequately explore whether negative affect had 

detrimental effects to vaccination responses. This was evidenced by the non-normal 

distribution of negative affect scores that were skewed towards having low levels of negative 

affect. There is also a chance that the nature of the older adult age group and vaccination 

type (i.e., the influenza vaccination is administered annually compared with hepatitis B that 

is only administered as one complete schedule of 3 vaccinations) means it is also very likely 

that the participants in the Ayling et al. (2019) would have had prior vaccination exposure, 

which was an aspect controlled for in the Marsland et al. (2001) study. This makes it more 

challenging to assess vaccination responses, and is another possible explanation for the 

observed differences between these studies.  

The evidence presented above described the relationship between trait negative affect, 

immunity and vaccination responses. Research has also suggested that negative state affect, 

defined as negative affect experienced in the present moment, is also capable of altering 

immunity and vaccination responses (Stone et al., 1987, 1994). Daily diary focused studies 

have shown that daily fluctuations of mood and daily stressful events are capable of altering 

secretory immunoglobulin A (IgA) antibodies. In one study, subjects were identified as low 

IgA antibody responders on high negative mood days and high IgA antibody responders on 

days with high positive mood (Stone et al., 1987). Undesirable work events and undesirable 
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leisure and household events were also strongly related to IgA levels, whereby day-to-day 

positive and negative affect were positively and negatively associated with IgA production, 

respectively. Daily fluctuations in mood that alter antibody production have also been 

suggested to influence the onset of symptoms of respiratory illness (Stone et al., 1993). Stone 

et al. (1993) found that a significant elevation in the number of undesirable events found in 

the 3-to-5-day period prior to the start of illness symptoms, whereby this timeframe is due 

to a lag between exposure to displaying symptoms. One possible explanation for the 

influence of stress on immunity could be due to the release of immune suppressing 

hormones, such as cortisol (described in more detail in the next section). Whilst this research 

is not definitive, it does demonstrate that daily events and stress can mediate antibody 

production and increases the likelihood of encountered viruses entering the body to cause 

infection. This research suggested that the influence of state negative affect on the immune 

system was consistent with the findings observed for trait negative affect, whereby both 

have immunosuppressive effects. An interesting outcome presented amongst this research 

was the importance of desirable events for predicting IgA antibody production, which was in 

contrast to the majority of stress literature that typically focused on the importance of 

negative life events, and may even serve as a stronger predictor of secretory antibody 

compared with undesirable events (Stone et al., 1994). The impact of positive mood on the 

immune system and vaccination responses will be reviewed later in this chapter (see Section 

2.5.2). 

There is also evidence showing inducing negative affect alters immunity and vaccination 

responses. For example, Rosenkranz et al. (2003) induced negative affect using an 

autobiographical writing task to measure alterations in the brain and immune system. 

Electroencephalography (EEG) (recording of brain activity) and affect-modulated eye-blink 

startle was used to measure trait and state negative affect, and antibody response to 

influenza vaccination was assessed to investigate immune responses. Overall, physiological 

indicators of negative affect (greater relative right-prefrontal EEG activation at baseline, 

greater relative right-prefrontal EEG activation and larger relative eye-blind startle 

magnitude in response to negative affect induction) predicted weaker antibody responses to 

influenza vaccination. This study provided evidence for the relationship between negative 

affect and the nervous and immune systems. Although this study was unable to determine 

the specific pathways responsible for these interactions, there is evidence of hypothalamic 

pituitary adrenal (HPA) axis, hippocampus, and amygdala modulation in response to negative 

affect induction (Roszman et al., 1985), making the HPA axis a plausible mechanism.  
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This literature in this section has provided evidence for an association between trait and 

state negative affect, cellular immunity and antibody responses to vaccination. It has 

highlighted that individuals with high negative emotional experience may mount less 

protective immune responses, which could indicate the potential clinical significance of 

negative emotional experiences for predicting antibody responses to vaccination and 

susceptibility to disease. Stress is the most widely researched area of negative emotional 

experiences on immune responses to vaccination. In the following sections, the influence of 

stress on vaccination will be reviewed in detail and critically analysed, with a specific focus 

on older adult populations and their responses to influenza vaccination.  

2.5.1.3 Stress and Vaccination 

As outlined previously in this chapter, a plethora of research has linked acute (minutes) and 

chronic (days to years) stress to the neuroendocrine and immune systems. There is currently 

no universally agreed-upon definition of stress; however, many researchers accept the 

working definition that stress is the psychological or physiological response to stimuli 

(stressors) an individual perceives as being threatening to their well-being. Stressors can be 

defined as events in the environment that have the capacity to result in such experiences of 

stress, such as caregiving and bereavement (Folkman, 2013). Researchers can measure stress 

in a variety of ways, but most commonly via self-report, to capture the extent to which an 

individual feels stressed in a given moment or period of time (perceived stress) and/or 

experience of stressor events over a given period. Both perceived stress and stressor 

measures have been widely used by researchers interested in the relationships between 

stress and immunity, however perceived stress is particularly valuable because it accounts 

for the fact that different people may find the same event (stressor) to be more or less 

stressful. For example, bereavement is an undoubtably stressful life event but one that can 

affect the stress levels of individuals differently (Phillips et al., 2006). Both definitions of 

stress can be measured on an acute scale (e.g., over the last week) or chronically (e.g., over 

the last year). 

A large seminal, meta-analytic review of over 300 studies examining the relationships 

between stress and immunity concluded that acute and chronic stress influence the immune 

systems in different ways (Segerstrom & Miller, 2004). For example, one study found that 

acute stressors (i.e., acute exercise or mental stress) have been demonstrated to have an 

immune enhancing capacity by improving antibody responses to influenza vaccination 

(Edwards et al., 2006). Interestingly, Edwards et al. (2006) also measured IL-6 levels and 

found that post-acute stressor IL-6 levels was a significant predictor of A/Panama antibody 
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responses in women. In contrast, multiple reviews have consistently concluded that high 

levels of chronic psychological stress were associated with poorer antibody responses 

following vaccination (Burns et al., 2003; Cohen et al., 2001; Goodwin et al., 2006; Pedersen 

et al., 2009). This relationship between stress and the down-regulation of immune responses 

was consistently observed in older adult populations due to their compromised immune 

systems (Glaser et al., 1998; Kiecolt-Glaser et al., 1996; Moynihan et al., 2004; Phillips et al., 

2006; Segerstrom et al., 2008; Vedhara et al., 1999). There are a small number of studies, 

highlighted in Table 2.1 and described in more detail below, that have specifically 

investigated the influence of stress on influenza vaccination responses in older adult 

populations. The majority of these studies have focused on chronic stress, where only one 

study assessed acute stress (Moynihan et al., 2004). Stress characteristics for these studies 

can be categorised into either chronic stress of caregiving (n= 5), life events, such as 

bereavement, (n= 2) or acute stress measured on the day of vaccination via perceived stress 

(n= 1). Many of these studies focused on elderly informal caregivers, who are a group 

frequently subject to chronic stress, and compared them to non-caregiver controls.  
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Table 2.1: Characteristics of studies investigating the influence of stress on influenza vaccination responses in older adult populations. 

Study N Average 

Age  

Stress Type Virus Strains Immune Measures Summary of Findings 

(Kiecolt-

Glaser et al., 

1996) 

32 caregivers 

32 controls 

73.1 Chronic, 

caregiving 

A/H1N1: Beijing 

A/H3N2: Texas 

B: Panama 

Antibodies (ELISA, HAI) a Baseline, 4-

weeks post-vaccination (and 6-weeks 

for non-responders at 4-weeks) 

Cytokines (IL.1 IL‐2 β, IL‐6) 

T lymphocytes and monocytes  

Caregivers (ELISA 38%, HAI 50% b) showed a poorer 

antibody response to influenza vaccination compared 

with controls (ELISA 66%, HAI 75% b). No differences in 

T lymphocyte (CD3+, CD4+ and CD8+) or monocyte 

percentages. Caregivers had significantly lower levels 

of IL‐2 and IL‐1β. 

(Glaser et 

al., 1998) 

(1)  

32 caregivers 

68 controls 

 

 

(2) 

32 caregivers 

22 bereaved 

68 controls 

72.9 Chronic, 

caregiving 

 

 

 

Life events, 

bereavement 

and chronic 

A/H1N1 

A/H3N2 

B 

 

 

Antibodies (ELISA, HAI) a Baseline and 

4-weeks post-vaccination 

Virus specific T-cell responses 

 

(1) Caregivers showed a poorer antibody response, 

virus-specific T cell response and lower levels of IL-2 

compared with controls. 

(2) Bereavement (32% b) and caregiver (38% b) groups 

displayed significantly lower antibody responses to at 

least one of the three vaccine viral stains compared 

with controls (59% b). Bereaved former caregivers had 

equivalent or lower levels of T cell and IL-2 levels 

compared with caregivers and controls. 

(Vedhara et 

al., 1999) 

50 caregivers 

67 controls 

73 Chronic, 

caregiving 

A/H1N1: 

Johannesburg 

A/H3N2: Nanchang 

B: Harbing 

Antibodies (ELISA) a Baseline, 1-week, 

2-weeks and 4-weeks post-

vaccination 

Cortisol 

Caregivers (16%) had a significantly lower antibody 

response compared with controls (36%). Stress 

associated with significantly increased saliva cortisol.  
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(Moynihan 

et al., 2004) 

37 older 

adults in 

nursing homes 

84 Acute, 

perceived 

stress  

A/H1N1: New 

Caledonia 

A/H3N2: Panama 

B: Hong Kong 

Antibodies (HAI) Baseline and 3-

weeks post-vaccination 

No significant correlations of post-vaccination 

antibody concentrations and acute stress were 

observed.  

(Phillips et 

al., 2006) 

184 older 

adults 

74.6 Chronic, life 

events, 

bereavement 

A/H1N1: New 

Caledonia 

A/H3N2: Panama 

B: Shandong 

Antibodies (HAI) a Baseline, 4-weeks 

and 12 months post-vaccination 

Bereavement predicted poorer antibody responses for 

A/Panama and B/Shandong compared with controls. 

Marital satisfaction was associated with increased 

A/Panama responses. 

(Segerstrom 

et al., 2008) 

14 caregivers 

30 controls 

74.5 Chronic, 

caregivers, 

repetitive 

thought 

A/H1N1 

A/H3N2 

B 

Antibodies (HAI) Baseline and 4-

weeks post-vaccination 

Cytokines (IL-6) 

No association between caregiver status and antibody 

titres to vaccination. Negative repetitive thought 

predicted higher levels of depression and lower levels 

of vaccine-specific antibodies compared with neutral 

repetitive thought in caregivers.  

(Wong et al., 

2013) 

55 caregivers 

61 controls 

72 Chronic, 

caregiving 

A/H1N1: New 

Caledonia 

A/H3N2: Wisconsin 

B: Malaysia 

Antibodies (HAI) a Baseline, 6-weeks 

and 12-weeks post-vaccination 

Lymphocyte subsets 

Cytokines 

No differences in antibody levels observed between 

caregivers and controls. Caregivers displayed elevated 

IL-6, with higher stress levels predicting higher IL-6 

levels. Caregivers shown to have significantly lower T 

helper/suppressor.  

a 4-fold increase in antibody titres to define participants as “responders” and “non-responders”. 

b Percentage of 4-fold increases in antibody responses, whereby participants were defined responders. 

Antibody responses measures: HAI = haemagglutinin inhibition assay and ELISA = enzyme-linked immunoassay. 
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The majority of these studies controlled or otherwise accounted for health-related 

behaviours, such as alcohol consumption, sleep, exercise and body mass index, meaning 

there was a greater confidence that any immunological affects were attributable to stress 

levels. Kiecolt-Glaser et al. (1996) conducted the first ever study investigating the 

relationship between psychological stress and influenza vaccination responses in older 

adults. This study found that older adults subjected to chronic stress, in this case, caregiving 

for a spouse with progressive dementia, showed a poorer antibody response to influenza 

vaccination relative to age-matched control subjects. This was based on measuring a 4-fold 

increase from pre- to post-vaccination antibody responses, whereby this measure was used 

to determine whether an individual had a significant increase in viral-specific antibodies and 

classified participants as “responders” or “non-responders”. This is a traditional method in 

the literature of measuring the change of antibody levels in vaccination studies to determine 

whether or not participants respond to vaccination (Glaser et al., 1998; Kiecolt-Glaser et al., 

1996; Vedhara et al., 1999). In this study, researchers exclusively included participants who 

had received the previous year’s influenza vaccination to control for recent vaccination 

history. This was mainly due to the fact that viral strains are often repeated in influenza 

vaccinations and enabled a degree of comparability of baseline antibody levels of the 

caregiver and non-caregiver groups. This study reported that only 38% of caregivers had a 4-

fold increase in antibody titre measured by Enzyme-Linked Immunosorbent Assay (ELISA), 

compared with 66% of non-caregivers. This difference was magnified in older adults (>70 

years old) with only 26% of caregivers responding compared to 60% in the non-caregiver 

group. Hemagglutinin Inhibition (HAI) assay analyses indicated similar group differences with 

4-fold antibody response rates at 50% and 75% for caregivers and non-caregivers 

respectively (statistically significant group differences reported). The results illustrated, using 

two independent methods for measuring antibody responses, that caregivers showed a 

poorer response compared with non-caregivers and highlighted the important influence of 

stress on the protection of older adults against influenza. Vedhara et al. (1999) expanded on 

this research, by conducting a similar study in the older adult caregiving and non-caregiving 

populations investigating the potential mediating role of the HPA axis, as indexed by levels 

of cortisol in saliva, along with antibody responses to vaccination. As mentioned previously 

in this chapter, the HPA axis was identified as a key pathway capable of mediating the 

relationship between chronic stress and immune responses. In this study, increased distress 

was associated with significantly raised saliva cortisol concentrations, where the data 

suggested an inverse relationship between HPA axis activity and antibody response to 
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vaccination, implying the HPA axis could be a possible mediating mechanism. As with the 

study by Kiecolt-Glaser at al. (1998) this study found that elderly caregivers of spouses with 

dementia had significantly lower antibody responses to influenza vaccination, with only 16% 

of caregivers displaying a 4-fold increase in antibody titre from baseline for at least one of 

the vaccine viral strains compared to 36% in non-caregiver controls. Examining strain-specific 

responses in more detail, Vedhara et al. (1999) found that caregivers had significantly poorer 

antibody responses to the Nanchang strain (A/H3N2) compared to non-caregivers, however 

no group differences were observed for the Harbin (B) and Johannesburg (A/H1N1) strains. 

A possible explanation for this outcome could be due to previous exposure to these two 

stains, either via natural or vaccine exposure, where they have been noted to be present in 

the influenza vaccine administered in the year prior to this study. Previous exposure to 

Harbin (B) and Johannesburg (A/H1N1) strains may have resulted in a more robust antibody 

response to vaccination, therefore mitigating any group differences. These were two of the 

earlier studies that identified the chronic stress of caregiving to play a critical role in the 

immune suppression of antibody responses to vaccination in older adult populations. 

Research following this also looked into the chronic stress of caregiving, but went a step 

further by also exploring life event stress, such as bereavement. Unconventionally, Glaser et 

al. (1998) conducted two studies over the course of two vaccination seasons. In the first 

study, Glaser et al. (1998) compared antibody levels in caregiver and non-caregiver groups 

pre- and post- influenza vaccination and found that caregivers had a lower proportion of pre-

vaccination antibodies compared with non-caregivers, despite all included study participants 

receiving the influenza vaccine in the 3 years prior. Accounting for vaccination history is quite 

common in the literature, whereby only those who have previously received an influenza 

vaccine are eligible for study participation or to ensure vaccination history is recorded to 

measure group differences at baseline. The second study conducted by Glaser et al. only 

included participants who had received the previous year’s influenza vaccination to ensure 

the groups had comparable vaccination histories. Following vaccination, the outcome of 

Glaser et al. (1998)’s first study found that caregivers post-vaccination showed a poorer 

antibody response and virus-specific T cell response compared to non-caregivers. A more 

rapid decline of virus-specific T cells responses over time was also observed in the caregiver 

group. Glaser et al. (1998)’s second study investigated former caregivers who had recently 

experienced bereavement in addition to current caregivers and non-caregivers as the control 

group. Despite comparable baseline antibody levels between the groups, the bereavement 

and caregiver groups displayed significantly lower antibody responses to at least one of the 
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three vaccine viral stains, with only 32% and 38% showing a 4-fold titre increase respectively, 

compared to 59% in the non-caregiver control group. Participants who demonstrated a 4-

fold increase also had virus-specific T cell and IL-2 measures assessed, with bereaved former 

caregivers displaying equivalent or lower levels compared to both current caregivers and 

controls. In both of these studies, researchers were able to highlight the detrimental impact 

of both chronic stress and life event stress as psychological influences capable of altering 

cellular and humoral immune responses to influenza vaccination in older adults.  

While the above caregiver studies demonstrate poorer responses among chronically stressed 

carers compared to age-matched controls, they do not provide much insight into the 

individual differences observed between caregivers. Segerstrom et al. (2008), sought to 

address this gap by investigating two different types of repetitive thought (defined as 

frequent prolonged thoughts about oneself and environment, such as worry and reflection) 

and how they may alter the perception of stress for caregivers and subsequently mediate 

immune responses to influenza vaccination. This study did not find any association between 

caregiver status and antibody titres to any of the influenza vaccine components. However, 

both negative and neutral repetitive thought were shown to interact with caregiving status 

to predict antibody titres, where negative repetitive thought (e.g., worry) predicted higher 

levels of depression and lower levels of vaccine-specific antibodies compared with neutral 

repetitive thought (e.g., reflection) in caregivers. The authors suggested this could be due to 

these negative repetitive thought caregivers amplifying stress levels, compared to neutral 

repetitive thought caregivers who better adjusted and processed their stress levels and, as a 

result, displayed increased antibody levels. Caregivers experiencing neutral repetitive 

thought displayed increased antibody titres, whereas little effect was seen on antibody titres 

for controls. In sum, caregiver antibody titres increased with increasing neutral repetitive 

thought, whereas control antibody titres decreased with increasing negative repetitive 

thought. The results of this study suggested that the influence of repetitive thought on 

antibody responses to vaccination were dependent on the type of thought, as well as 

caregiving status. Repetitive thought was capable of modifying the perception and effects of 

stress with negative repetitive thought being associated with poorer immune outcomes and 

neutral repetitive thought being associated with better immune outcomes.  

In addition to the psychological stress of caregiving, stressful life events such as 

bereavement, an event commonly experienced by older adults, and marital status have been 

found to influence antibody responses to influenza vaccination (Phillips et al., 2006). 

Specifically, research has found that older adults who experienced bereavement in the year 



 
 

36 

 

prior to vaccination presented significantly poorer 4-week post-vaccination antibody levels 

for A/Panama (A/H3N2) and B/Shandong (B) compared to age-matched controls. An 

interesting observation is that across stress studies on influenza vaccination H3N2 strains 

seem to be more strongly influenced by chronic stress. Like Vedhara et al. (1999), this 

research by Phillips et al. (2006) has indicated H3N2 influenza strains to be subject to the 

most variation between chronically stressed and control groups. A possible reason for this 

could be because the H3N2 influenza strain evolves most rapidly and is considered to be 

critical in influencing high mortality and morbidity due to immune responses to this strain 

being less robust (Petrova & Russell, 2018). Antigens that elicit a less robust immune 

response are more likely to be subject to individual variation, and therefore allows for small 

to medium effect sizes to emerge (Cohen et al., 2001; Phillips et al., 2005). Studies have also 

found there was a trend towards lower antibody responses to H3N2 strains for participants 

without pre-vaccination immunity (Wong et al., 2013). Some of the literature (Glaser et al., 

1998; Kiecolt-Glaser et al., 1996) reported participants as responders if they demonstrated 

a 4-fold increase from pre- to post-vaccination antibody titres for either one of the three 

individual vaccine components or for all three components. However, this means that some 

researchers would report overall differences, but would not report differences for specific 

strains making it impossible to gain insight into whether similar strains were shown to be 

more sensitive to the influence of chronic stress.  

Gender throughout the literature in this section focusing on older adults did not stand out 

as being a confounding factor when investigating antibody responses to vaccination, 

however there has been some evidence to suggest healthy young adult women have a 

poorer response to A/Panama (A/H3N2) strains than men (Phillips et al., 2005). Phillips et al. 

(2005) also found that being married and having high marital/ cohabiting satisfaction were 

associated with higher 4-week antibody responses to one of the influenza strains (A/Panama 

(A/H3N2)) (p=0.03). This suggested that responses to this specific influenza strain was not 

only sensitive to the influence of the negative effects of stress, but could also be positively 

influenced by factors such as being married, high marital/cohabiting satisfaction and being a 

male. This study showed the protective effects of being married compared with 

single/separated/divorced/widowed individuals, as well as the detrimental immunological 

effects due to the stress of bereavement.  

Several studies reviewed in this section have investigated a variety of cytokine measures, in 

addition to antibody measures, to assess immunological differences between caregiver and 

non-caregiver groups. For example, Kiecolt-Glaser et al. (1996) took into account cytokine 
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measures (IL‐1β, IL‐2 and IL‐6) as they are capable of serving as T‐ and B‐lymphocyte 

amplifiers. Percentages of T lymphocytes and monocytes were also considered to ensure any 

difference in cytokine responses were due to cellular responses to stimulation (vaccination) 

instead of group differences. No differences in T lymphocyte (CD3+, CD4+ and CD8+) or 

monocyte percentages were found, however caregivers demonstrated significantly lower 

levels of virus‐specific‐induced cytokines (IL‐2 and IL‐1β), further highlighting the 

downregulated immune response to vaccination when subject to chronic stress. Consistent 

with these findings, Glaser et al. (1998) also found caregivers displayed lower levels of virus-

induced IL-2. As mentioned previously, IL-6 has been identified as a hallmark for depression, 

and research by Segerstrom et al. (2008) has found this to be the case in the context of stress. 

In alignment with other research in this area (Ershler & Keller, 2000; Mastorakos & Ilias, 

2006; Papanicolaou et al., 1998), Segerstrom et al. (2008) found caregivers at baseline 

illustrated higher levels of IL-6, as well as increased IL-6 levels post-vaccination, compared 

with controls. Controls on the other hand demonstrated an IL-6 decrease from pre-

vaccination to 4-weeks post-vaccination. Increasing levels of negative repetitive thought was 

associated with increased IL-6 for caregivers and decreased IL-6 for controls. This evidence 

identified chronic stress experienced by elderly caregivers to be associated with increased 

vulnerability to infectious diseases via elevated IL-6.  

Throughout this chapter, and in the literature outlined above, there has been strong 

evidence to outline the impact of depression, negative affect and chronic stress on influenza 

vaccination responses. In addition to this, IL-6 has frequently been assessed and has been 

found to be associated with these psychological factors. This mechanism of IL-6 contributing 

towards the downregulation of immune responses is unsurprising given the evidence of its 

mechanism as a pro-inflammatory mediator capable of modulating immune responses. 

Earlier in this chapter, the relationship between stress, the HPA axis and immune system was 

outlined. Specifically, the activation of the HPA axis, due to stress, leading to the secretion of 

glucocorticoids that have the ability to bind to the surface of immune cells, such as T cells, to 

upregulate the production of pro-inflammatory cytokines (IL-6). IL-6 is a well characterised 

pro-inflammatory cytokine that is capable of binding to cytokine receptors on the surface of 

immune cells to initiate the Janus kinase-signal transducer and activator of transcription 

(JAK-STAT) signalling pathway. The chronic activation of this pathway, via pro-inflammatory 

cytokine (IL-6) receptor binding, has been identified to contribute towards the pathogenesis 

of chronic inflammatory (e.g., cancer) and autoimmunity diseases (e.g., atopic dermatitis, 

rheumatoid arthritis) (Tanaka et al., 2014; Tsukamoto et al., 2018). The downstream effects 
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of JAK-STAT pathway activation can lead to the transcription of pro-inflammatory mediator 

genes (IL-4, IL-13, IL-22) that are key contributors towards the progression of disease. This 

IL-6 JAK-STAT signalling pathway is so influential on disease and health related outcomes that 

it has been a target for many therapies, either via pro-inflammatory cytokine receptor 

inhibition or via intracellular associated JAK inhibition (Aittomäki & Pesu, 2014). This 

highlights one of the important cellular immune mechanisms influenced by stress that can 

contribute towards the increased immune vulnerability of chronically stressed individuals, 

particularly stressed elderly caregivers. This indicated that the highlighted immune response 

differences, particularly IL-6, observed between caregivers and non-caregivers are important 

to take into consideration when investigating the influence of stress on the immune activity 

of older adults.  

The literature outlined above provides evidence of the impact of chronic stress, whether that 

be caregiving or bereavement, on influenza vaccination responses in older adults. However, 

only one study to date has examined the impact of acute stress on influenza responses in 

older adults. This study, in contrast to those outlined above, focused on the measurement 

of perceived stress (degree to which current life events are stressful) and depressive 

symptoms over the last week in older adults in a nursing home, rather than specific stressors, 

such as bereavement and caregiving (Moynihan et al., 2004). All participants received the 

previous year’s influenza vaccination and therefore had comparable baseline levels of each 

vaccine virus strain present. A 4-fold increase in antibody concentration was observed for 

45.6% of the New Caledonia (A/H1N1) strain, 59.6% of the Hong Kong (B) strain, 62.2% of 

the Panama (A/H3N2) strain and 55% for all three strains. These values were notably higher 

than the percentages observed by the other studies and was also slightly higher than the 

typical vaccination response range for older adults (18-50%) (Govaert, 1994; P. A. Gross et 

al., 1995). A significant limitation of this study was that it did not have a control group. 

Instead, they compared perceived stress scores and responses to each vaccine virus strain to 

identify correlations between the two. Perceived stress was negatively correlated with pre-

vaccination antibody concentrations of the New Caledonia and Hong Kong strains, but not 

the Panama strain, suggesting perceived stress could be correlated with the rate of decline 

of pre-existing antibodies. However, this study showed no effect of stress on post-

vaccination antibody levels. This is not too surprising given the evidence of acute stress acting 

in an immunoenhancing manner by increasing dendric cell, neutrophil, macrophage and 

lymphocyte trafficking, maturation and function and has been shown to augment innate and 

adaptive immune responses (Edwards et al., 2006). Evidence has indicated that acute stress 
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experienced prior to antigen exposure (keyhole limpet hemocyanin) in animals can increase 

memory T cell production to result in a significant and long-lasting increase in immunity (F. 

S. Dhabhar & Viswanathan, 2005).  

In sum, Moynihan et al. (2004) was unable to demonstrate that acute stress in older adults 

was capable of influencing influenza vaccination responses, however several methodological 

issues suggest these findings should be treated with caution. This study assessed antibody 

responses at 3-weeks post-vaccination, contrasting with other literature that has measured 

short-term antibody responses at 4-weeks post-vaccination (Glaser et al., 1998; Kiecolt-

Glaser et al., 1996; Phillips et al., 2006; Segerstrom et al., 2008; Vedhara et al., 1999). Prior 

research indicated that peak antibody levels are reached at around 28-days, meaning 4-

weeks post-vaccination is arguably a more justifiable endpoint (P. A. Gross et al., 1997). 

Additionally, this study did not have a control group making it difficult to draw accurate 

conclusions about whether antibody responses to influenza vaccination were at all 

modulated by acute stress.  

Unfortunately, limited literature makes it hard to draw conclusions on the relationship 

between acute stress and immune responses to influenza vaccination in older adults. One of 

the reasons for this is, perhaps, due to the practical and ethical issues presented when 

conducting research with older adult populations, such as acute stress-inducing activities. 

There are, however, studies conducted on other populations that suggest a relationship 

between acute stress and vaccination responses. For example, acute stress exposure prior 

to influenza vaccination enhanced antibody responses in healthy young adults (Edwards et 

al., 2006). Stress-inducing tasks included an exercise task involving cycle ergometer activities 

lasting 16-minutes in total and a mental arithmetic task lasting 45-minutes that subjected 

participants to loud bursts of noise in response to incorrect answers. This study provided 

some of the first evidence of acute stress-induced immunoenhancement in humans, 

whereby women in particular, in both the exercise and mental stress conditions, were shown 

to produce higher levels of A-Panama (A/H3N2) antibodies while men responded similarly in 

all conditions. The mental arithmetic tasks were associated with elevated IL-6 and cortisol 

levels, which were also shown to be associated with exercise stress duration and intensity.  

Despite the elevation of cortisol during acute stress-inducing tasks, there was no significant 

association with post-vaccination antibody responses. This suggested the importance of 

cortisol and vaccination responses is critical for chronic stress, may not be as important for 

acute stress-induced immune modulation.  
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As noted previously, evidence has shown that acute stress is related to increased levels of 

glucocorticoids and the pro-inflammatory cytokine IL-6 thus resulting in the enhancement of 

antibody responses to vaccination. Lee et al. (1999) for example identified co-administration 

of IL-6 gene with DNA-based viral influenza vaccination completely protected mice from 

future virus challenge exposure, therefore suggesting IL-6 was capable of inducing long-term 

protective immunity. Additionally, another study found that healthy adults vaccinated with 

a live virus strain and classified as responders had higher levels of IL-6 pre-vaccination 

compared with non-responders (Edwards et al., 2006). Edwards et al. (2006) also identified 

a significant association between IL-6 and A/Panama (A/H3N2) levels 4-weeks post influenza 

vaccination in young women, further highlighting the protective capacity of acute stress and 

IL-6 levels prior to vaccination. The vaccination adjuvant properties of IL-6 could be explained 

by its role in the inhibition and polarisation of T helper cells (Th1) and differentiation and 

stimulation of type 2 T helper cells (Th2) (Diehl & Rincón, 2002). Th2 cell stimulation is an 

important part of the innate immune response due to activation-induced secretion of IL-4, 

IL-5, IL-10 and IL-13, which mediate B cell activation and antibody production (O’Garra, 

1998). Whilst Edwards et al. (2006) did not identify IL-6 as a key mediator of antibody 

responses and suggested this cytokine more likely served as an indicator of the extent of the 

inflammatory response to acute stress tasks, it did suggest that IL-6 could play a role in 

humoral immune responses. However, it is important to highlight the drastically different 

effects of IL-6 on the immune system in an acute stress and chronic stress context. Whilst in 

the context of acute stress IL-6 can have immunoenhancing effects capable of upregulating 

antibody production, its chronic production via chronic stress (as described earlier in this 

chapter) can be extremely detrimental and has been identified to contribute towards disease 

pathogenesis (Tanaka et al., 2014). While cytokines have been studied in the context of acute 

stress and immune modulation, there is currently a lack of research examining whether they 

can act as vaccine adjuvants.  

In sum, acute stress was shown to have a very different effect on the immune system in the 

context of vaccination responses compared to chronic stress, whereby acute stress could 

enhance immune responses to vaccination and chronic stress played a key role in immune 

suppression. However, comparatively, there is much less literature investigating acute stress 

compared with chronic stress in the context of vaccination so there is less confidence from 

the literature about its ability to affect the immune system. The literature reviewed in this 

section highlighted the importance of investigating stress and influenza vaccination 
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responses in older adults, however the research did present some limitations that are 

important to consider and are outlined below.  

2.5.1.3.1 Limitations of Literature on Stress and Vaccination 

A limitation of some of the literature around stress and vaccination responses is that some 

studies did not fully account for prior antigen exposure, whether via infection or vaccination, 

which meant that baseline measures could be skewed. The nature of influenza infection 

means that even the minority of individuals who were not vaccinated (typically over 70% 

influenza vaccination uptake is reported each year but this is recently been shown to increase 

to 91.2% as a result of the COVID-19 pandemic (Bachtiger et al., 2021)) were likely to have 

encountered natural exposure and would display influenza-specific antibodies prior to 

vaccination. For example, participants with previous exposure will display high baseline 

antibody levels but may not, as a result, achieve a 4-fold antibody increase post-vaccination. 

As a result, these participants would be classified non-responders despite having high 

antibody levels, which would confer protection. Failure to account for previous exposure can 

mask the magnitude of the impact of stress on immune and vaccination responses due to 

the inability to accurately record differences between pre- to post-antibody responses to 

vaccination. This is particularly important for research into older adults who are very likely 

to have had previous exposure and are therefore mounting a secondary immune response 

to vaccination. Although most influenza and stress studies do not provide enough evidence 

to determine whether they assessed primary or secondary responses, fortunately, the nature 

of the older adult age group mean researchers can assume that secondary immune 

responses are being assessed as a result of previous influenza exposure either via natural 

viral exposure or via previously administered vaccinations. The consequence, however, is 

that very little is known about primary responses in the influenza vaccination literature.  

The majority of studies focused on measuring 4-week post-vaccination antibody responses 

determine responders and non-responders, due to this timepoint being recognised to assess 

peak antibody levels, one study went on to measure 6-week post-vaccination antibody 

responses and found there were a higher proportion of responders compared to 4-weeks 

(Glaser et al., 1998). This is important to take into consideration because it took longer for 

these participants to respond to vaccination than the conventional 4-week timeframe 

routinely cited in the literature. It demonstrated the value of extending the antibody 

measurement timeframe to maximise the data captured by ensuring participants were not 

incorrectly classified as responders and non-responders. This is a general limitation of the 
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majority of the literature outlined in this section, whereby the majority of antibody outcomes 

were assessed at 4-weeks post-vaccination.   

Another limitation was that many of the studies described above did not assess both cellular 

and humoral-mediated immune responses to influenza vaccination. Whilst humoral-

mediated immunity, specifically antibody responses, are conventionally measured for 

assessing responses to vaccination, the cellular immunity of T cell and cytokine environments 

are also important to assess. Cellular immunity in the context of vaccination is important to 

consider when researching older adult populations due to the impact of ageing on cell-

mediated immunity, which is significantly more adverse than humoral mediated immunity 

(McElhaney et al., 2006; Thorpe et al., 2006). Evidence suggests that the protective capacity 

of vaccination is dependent on their ability to induce both cellular and humoral immunity in 

older adults (Govaert, 1994). For example, caregivers with higher stress levels showed higher 

levels of inflammatory cytokines (IL-6, IL-10 and IL-8), which is an indicator of depression and 

poor health in older adults (Kiecolt-Glaser et al., 2007). Usually IL-6 levels are tightly 

regulated and expressed at low levels until influenced by infection and/or stress. High levels 

of IL-6 are particularly relevant for the health of older adults, with elevated IL-6 levels being 

shown to increase morbidity for several diseases associated with ageing (e.g., cardiovascular 

disease, osteoporosis, Alzheimer’s disease) and has also been shown to contribute towards 

old age frailty by decreasing lean body mass and low-grade anaemia (Ershler & Keller, 2000; 

Mastorakos & Ilias, 2006; Papanicolaou et al., 1998). Post-vaccination, elderly caregivers 

were observed to have elevated IL-6 levels from pre-vaccination and may contribute towards 

more humoral-mediated immune responses (Segerstrom et al., 2008).  

It has also been argued that antibody responses may not be the best correlate of protection 

for influenza in older adults and that T cell mediated responses could be better (McElhaney 

et al., 2006). For example, McElhaney et al. (2006) made some valuable arguments about the 

importance of taking into consideration T cell responses to vaccination. This prospective 

study assessed antibody titres and T cell responses in vaccinated adults followed throughout 

the influenza season to detect influenza illness. In addition to T cell responses, Th1 and Th2 

cytokine ratios of IFNγ:IL‐10 were evaluated to gain insight into the anti‐ and pro‐

inflammatory cytokine profiles of adults with laboratory diagnosed influenza. These findings 

indicated that laboratory diagnosed influenza patients had a lower ratio due to the under 

production of IFNγ and overproduction of IL‐10, therefore reflecting a shift towards a Th2 

response and was identified as a potential marker for determining risk for influenza illness. 

This evidence highlighted the importance for future influenza vaccination research in older 
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adult populations to consider cellular immunity, such as T cell responses and cytokines 

measures, in addition to antibody responses to gain a better overall understanding of 

vaccination responses.  

One study, however, did conduct a study to assess both humoral-mediated and cellular-

mediated immune responses to influenza vaccination. Wong et al. (2013) found that elderly 

caregivers, who were reported to have higher stress levels than matched controls, had 

decreased lymphocyte (cell-mediated) and cytokine immune responses to influenza 

vaccination. Crucially however, they observed no differences in humoral-mediated 

(antibody) immune responses to vaccination between caregivers and controls. This was an 

important comparison of immune findings because it suggested that research in this field 

should look beyond humoral-immunity to also consider cellular immunity when investigating 

immune functioning. In addition, Wong et al. (2013) also measured vaccine-specific antibody 

titres, lymphocyte subsets (absolute counts of total T lymphocytes, T helper, T suppressor, 

cytotoxic T, natural killer cells, and B lymphocytes), as well as cytokines (IL‐1β, IL‐6, IL‐8 and 

TNFα) measured via lymphocyte stimulation to test for immunocompetence. This was 

particularly important to assess given the evidence of increased vulnerability to influenza 

infection being associated with cytokine responses in older adults (Ershler & Keller, 2000; 

Mastorakos & Ilias, 2006; Papanicolaou et al., 1998). Wong et al. (2013) found that caregiver 

baseline levels of pro‐inflammatory cytokines IL‐10, IL‐6, IL‐1β and IL‐8 were significantly 

higher when compared with controls, and IL-6 in particular was higher for caregivers with 

higher stress levels. Caregivers were also shown to have significantly lower T 

helper/suppressor ratio from baseline to 12-weeks post vaccination compared with controls, 

which suggested a lower cell-mediated immune responses upon activation. In contrast to the 

previous studies, researchers were unable to demonstrate proportion differences between 

responders and non-responders for caregivers and noncaregivers. This study was informative 

because it suggested that high levels of chronic stress were associated with high IL-6 levels, 

which subsequently had a negative effect on antibody responses to influenza vaccination, 

making older adults more vulnerable to infection. However, this same cytokine expressed 

immediately prior to influenza vaccination, as a result of acute stress, has been indicated to 

improve antibody responses and induce protection against future virus exposure (Krakauer, 

1995; S. W. Lee et al., 1999). This suggests that IL-6 may work in a similar capacity to cortisol, 

whereby high levels for a prolonged period of time are detrimental to the immune system, 

but acute bursts could be extremely beneficial and contribute to immunoenhancement. 



 
 

44 

 

Prolonged, repetitive exposure to stress and subsequently IL-6 levels could also be a 

biological mechanism to explain allostatic load (Carpenter et al., 2010).  

Other factors that would be worth taking into consideration for studies investigating 

influenza vaccination responses include time of day of vaccine administration. Some 

literature has suggested that vaccination responses could be modified depending on the time 

of day of antigen administration. This could be due to differences in peak pro-inflammatory 

cytokine release and/or fluctuations in cortisol levels that are reported to be at their lowest 

during the night and in the early hours of the morning (Long et al., 2016; Petrovsky & 

Harrison, 1998). Long et al. (2016) demonstrated that the simple manipulation in the timing 

of vaccination administration to favour morning, as opposed to afternoon, proved to be 

beneficial for influenza vaccination antibody responses in older adults. There has also been 

research that showed immune system stimulated at different times of the day resulted in 

peak dendritic cell migration in the morning (Holtkamp et al., 2021). Dendritic cell migration 

from the skin and other organs through the lymphatic vessels to the lymph nodes is 

important for antigen presentation as this is the first step in mounting a specific immune 

response. This suggested that the co-administration of immune-regulatory hormones, such 

as catecholamines (e.g., epinephrine and norepinephrine), as well as time of day or vaccine 

administration could be feasible therapeutic methods of improving immune responses to 

vaccination.  

The evidence surrounding the influence of chronic stress, such as caregiving and 

bereavement, on influenza vaccination responses in older adult populations has consistently 

found chronic stress to result in immunological impairment. This suggested that chronic 

stress is not only associated with influenza vaccination responses, but also significantly 

influenced the protective capacity of vaccination, making older adults more vulnerable to 

infection. However, it is crucial for future research into chronic stress and immune responses 

to vaccination to consider the importance of cellular-mediated immune response in addition 

to humoral-immunity. Acute stress, however, has been indicated to have an 

immunoenhancing influence highlighting the differences of immune system enhancement or 

suppression being dependent on stress duration. In the following section of this chapter, 

positive emotional experience and its impact on immune responses will be discussed.  

2.5.2 Influence of Positive Emotional Experience on the Immune System 

In contrast to negative emotional experience, such as stress, the evidence around positive 

emotional experience, such as positive affect, and influenza vaccination responses is less 
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abundant. It is only in recent years that the attention of research has examined positive 

affect and physical health outcomes. In the previous sections, the literature outlined has 

primarily focused on older adult populations and the influenza vaccination because they 

form the foundation topics of this thesis. However, in this section, due to limited research 

investigating positive emotional experience in the context of older adults and influenza, a 

broader set of literature focusing on other populations, vaccination types and immune 

parameters will be reviewed in the context of positive affect. The majority of this literature 

outlines immune parameters and observational evidence in the context of positive affect 

meaning much of this evidence is correlational as opposed to causal. Positive affect is defined 

as emotional experiences of enthusiasm, alertness and pleasure. Other positive 

psychological constructs used in immunity and health studies that have similarities to 

positive affect include self-esteem, optimism, as well as more complex measures like quality 

of life and well-being that can be categorised as being positive emotional experiences (Ryff 

& Singer, 2003; Salovey et al., 2000; Yu & Clark, 2015). Multiple reviews have examined the 

psychobiological relationship between positive affect and the immune system (Barak, 2006; 

Dockray & Steptoe, 2010; Marsland et al., 2007; Steptoe et al., 2009). Characteristically high 

positive affect levels have been linked to lower hospital readmission, reduced risk of stroke 

and has been shown to predict lower mortality in older adults (Middleton & Byrd, 1996; Ostir 

et al., 2001). A review of the literature outlining the immune and health benefits of positive 

affect will be discussed in this section.  

The beneficial effects of positive affect have been shown to be related to improved health 

related outcomes, such as cardiovascular and immune functioning, whereby duration of 

positive affect is important to consider. In the same way that stress can be acute and chronic, 

positive affect durations can also vary with trait affect and state affect indicating long-term 

and short-term emotional experiences, respectively. In addition to trait positive affect, state 

positive affect has also been linked to skin responses to allergens. For example, Laidlaw et 

al. (1996) found that feelings of pleasantness and relaxation induced by hypnosis resulted in 

a significantly reduced allergic response to histamine. Feelings of irritability, tension and high 

blood pressure readings were also associated with a smaller reduction in allergy responses, 

further highlighting the role of positive affect in the regulation of skin responses to allergies. 

There has also been research to induce positive affect, whereby laugher after watching a 

comedy film was linked to decreased pollen-specific IgE and IgG antibody levels, as well as 

reduced TNFα (Kimata, 2004). This suggested that inducing positive affect may have some 

implications for the treatment of allergic disease.  
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Whilst positive and negative affect are considered by some to be independent constructs, 

some evidence has suggested an association of affect with stress (Herbert & Cohen, 1993). 

Herbert and Cohen (1993) suggested that individuals with high trait negative affect scores 

were more prone to psychological distress, both of which have been associated with 

compromised immune function. Research indicated that in the same way trait negative 

affect and stress are related, trait positive affect may be related to stress by acting as a buffer 

for the effects of acute stress (Robles et al., 2009). Robles et al. (2009) investigated the role 

of self-report trait positive affect on skin barrier recovery after skin disruption (a “tape-

stripping” procedure that disrupts normal skin barrier function). Trait positive affect was 

assessed for participants prior to them undergoing an acute psychological stressor (a 5-min 

speech and 5-min mental arithmetic task), whereby individuals with greater trait positive 

affect showed faster skin barrier recovery. However, positive affect was not significantly 

related to skin barrier recovery for participants who did not undergo a psychological stressor, 

therefore supporting the notion of trait positive affect acting as an acute stress buffer. This 

study also took into account trait negative affect measures to ensure the effects of trait 

positive affect on wound healing were not driven by the effects of negative affect. The effects 

of trait positive affect on skin barrier recovery were found to be independent of the effects 

of trait negative affect, which was important to note due to the evidence supporting the 

relationship between negative affect and poor health outcomes (Kiecolt-Glaser et al., 2002). 

The findings of this study suggested that trait positive affect was capable of buffering the 

effects of acute stress on wound healing. A possible explanation could be alterations of 

neuropeptide and neurotransmitter released in the skin that have previously been linked to 

the neuroimmunology response of stress (Arck et al., 2006). Ultimately, the biological 

mechanism of trait positive affect acting as a buffer to aid skin barrier recovery is unknown 

and requires more exploration. The investigation of these possible biological mechanisms 

could be extremely interesting and may offer some insight into potential avenues for buffer 

the effects of stress on wound healing and other types of immune dysregulation.  

2.5.2.1 Well-being and Immunity 

Interest in examining the correlation between positive affect and immunity stems from the 

plethora of positive well-being and health research, whereby increasing amounts of research 

have shown that psychological well-being is related to better physical health (Howell et al., 

2007). The construct of well-being is very complex and can incorporate a variety of factors 

including purpose in life, personal growth and purposeful engagement in life (Ryff et al., 

2004). A prospective epidemiology cohort study demonstrated that, over a 15-year 



 
 

47 

 

timeframe, participants with higher scores of positive well-being traits were at a notably 

reduced risk for coronary heart disease (Kubzansky & Thurston, 2007). Additionally, a review 

of the evidence suggested that positive psychological well-being had a favourable effect on 

mortality rates of both healthy and diseased populations (Chida & Steptoe, 2008). In addition 

to the influence of well-being on physical health, converging evidence suggested that 

positive affect was capable of neuroendocrine, autonomic and immune system activation 

and, in contrast to stress, was consistently shown to be associated with lower levels of 

cortisol (Pressman & Cohen, 2005; Ryff et al., 2004). Ryff et al. (2004) investigated whether 

the construct of well-being was capable of protective effects on the neuroendocrine, 

immune and overall health of older adults. Neuroendocrine function was assessed via daily 

saliva cortisol samples, overnight urinary epinephrine and norepinephrine and 

dehydroepiandrosterone-sulphate (DHEA-S) (an important compound for making 

testosterone in males and oestrogen in females) from blood samples. These markers were 

shown to be much lower in older women who reported higher levels of purpose in life and 

personal growth compared with those who displayed lower levels of general well-being. 

Interestingly, those who rated higher on the well-being spectrum started the day with lower 

cortisol levels that remained lower throughout the day. Researchers have found that DHEA-

S and cortisol have opposing effects on the immune system, where they are immune 

enhancing and suppressive, respectively (Butcher et al., 2005; Murialdo et al., 2001). 

Unfortunately, levels of DHEA-S decrease with ageing, another example of 

immunosenescence, and is another mechanism for infection susceptibility for older adults. 

For example, Butcher et al. (2005) examined adrenocortical hormone levels in older adults 

with hip fractures and age-match controls. Injury infection was monitored with findings 

showing there were increased cortisol: DHEA-S ratios in older adults who succumbed to 

infection compared with those who did not. The immune enhancing effects of DHEA-S have 

also been outlined by Solerte et al. (1999) who found that DHEA-S can positively modulate 

the immune function of NK cells, with NK cell cytotoxicity being greater in healthy young 

subjects compared with healthy old subjects. Although the age-dependent decline of DHEA-

S could leave older adults more susceptible to infection, DHEA-S exposure, perhaps via 

positive affect induction, might contribute towards maintaining immune cytotoxicity via NK 

cell activity to facilitate with infection protection (Solerte et al., 1999). This evidence for the 

protective effects of well-being on the neuroendocrine and immunological outcomes in older 

adults is modest and calls for the need for further investigation. 

.  
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2.5.2.2 Positive Affect and Immunity 

Positive affect has been associated with an array of immune measures indicating immune 

competence. An example of this includes the increase of secretory IgA responses to antigen 

challenge (Stone et al., 1994). Secretory immunity is one of the most widely reported 

immunological measures in the context of positive affect research (Evans et al., 1993; Stone 

et al., 1987, 1994). One study examined the link between daily stressful events and secretory 

IgA antibodies in healthy adults who completed daily questionnaires and daily saliva samples 

for up to 12-weeks. Stone et al. (1994) demonstrated that both desirable (e.g., personal 

leisure events) and undesirable (e.g., work events) daily events were linked to secretory IgA 

antibody responses, where evidence suggested that desirable events had the potential to be 

stronger predictors. This was consistent with the literature that highlighted that increased 

positive affect after mood induction demonstrated raised secretory IgA levels (Hucklebridge 

et al., 2000; Njus et al., 1996; Stone et al., 1996). For example, Hucklebridge et al. (2000) 

subjected 19 students to mood manipulation via recall and music and assessed saliva IgA 

concentration and secretion rate. Both methods of mood induction were associated with 

increases in salivary IgA. Njus et al. (1996) also assessed the impact of positive mood 

induction in a cohort of 50 students and found that watching humorous videos resulted in 

higher secretory IgA concentrations. However, these outcomes should be interpreted with 

appropriate caution because the majority of these studies had a small number of participants 

and in some instances did not test for a significant effect of mood induction manipulation 

due to the absence of a control group. These findings were in contrast to Evan et al. (1993) 

who found no association between positive affect and secretory IgA and even suggested that 

negative affect is associated with higher secretion rates of secretory IgA. Two studies that 

found an association with positive affect and secretory IgA, and included a control condition 

within their study design, have also reported increased secretory IgA to be associated with 

negative affect (Hucklebridge et al., 2000; Njus et al., 1996). All of the above studies were 

suggestive of an association of positive affect and secretory antibodies, but requires further 

investigation.  

Positive affect has also been found to impact on immune function in ways that are highly 

clinically relevant. For example, greater levels of positive emotional style (a measure of 

dispositional/trait positive affect) was shown to predict a reduced risk of illness for 

individuals experimentally infected with rhinovirus (Doyle et al., 2006). In this study, healthy 

adults were exposed to one of two strains of rhinovirus, followed by 5-days in quarantine to 

assess IL-1, IL-6 and IL-8 levels, whereby higher IL-6 was identified to be associated with 
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greater illness symptoms. Cytokines in particular are important to measure in the context of 

respiratory illness due to their pro-inflammatory and anti-inflammatory effects that have 

been identified to can act as biomarkers for infection and illness. For example, nasal IL-6, IL-

8, TNFα, and INFα levels were increased in individuals displaying symptoms of illness after 

influenza vaccination (Hayden et al., 1998), and increased IL‐1β and IL‐6 were noted in 

symptomatic patients experimentally infected with rhinovirus-39 (Gentile et al., 2003). As 

discussed in the previous section (see Section 2.5.1.3), IL-6 is a key modulatory cytokine 

upregulated in the context of chronic stress and has been shown to downregulate innate and 

adaptive immune responses and increase an individual’s susceptibility to illness (Cohen et 

al., 2003a). In a study by Doyle et al. (2006), higher positive emotional style was associated 

with lower IL-6 levels and fewer illness symptoms. Overall, positive emotional style was 

strongly associated with nasal and throat symptoms, with higher positive emotional style 

resulting in decreased symptoms of disease. This study identified the effects of positive 

emotional style to have the opposite effect on the immune system, in terms of IL-6 

regulation, compared to chronic stress.  

Another study quarantined healthy, adult volunteers to monitor the development of 

biologically verified upper respiratory infections after inoculation with a rhinovirus (Cohen 

et al., 2006). Positive emotional style was assessed in the 3-weeks prior via daily measures 

and found that participants with high positive emotional style were up to three times less 

likely to develop symptoms of infection. Interestingly, and important to note, the 

associations outlined above between positive affect and developing respiratory illness were 

shown to be independent of virus type, age, sex, education, race, body mass, season and 

negative affect (or negative emotional style). They were also independent of optimism, 

extraversion, mastery, self-esteem, purpose, and self-reported health meaning that these 

studies have indicated that positive emotional style played a very important role in infection 

susceptibility and health.  

Cytokines have been identified as an important component of the immune system by playing 

a critical role in the activation of cellular immune responses. IL-6 was shown repeatedly to 

play a mediating role in the relationship between negative affect and vaccine responses. 

Evidence suggests it was important in the relationship with positive mood too. The inverse 

relationship between positive affect and IL-6, independent of covariates such as age, 

ethnicity, BMI, smoking and negative affect, has been outlined in a variety of studies 

(Friedman et al., 2007; Posner et al., 2005; Steptoe et al., 2008). For example, Friedman et 

al. (2007) tested the hypothesis that psychological well-being could predict lower levels of 
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pro-inflammatory factors and found that higher scores of positive relationships and purpose 

in life indicated lower IL-6 levels. What was most interesting about this research was the 

observed differences between males and females, whereby the association between positive 

affect and IL-6 was more evident in women. In addition to females being more sensitive to a 

decrease in IL-6 levels in response to positive affect, they were also observed to have larger 

IL-6 responses to stress challenge (Steptoe et al., 2002). These observed gender differences 

are hypothesised to be due to differences in emotional processing between men and women 

or to differences in bioactivation associated with emotions (Stroud et al., 2002; S. E. Taylor 

et al., 2000). Irrespective of gender, positive affect is seen to have the opposed effects to 

stress in terms of IL-6 immune responses, which raises the question about whether the 

induction of positive affect could be a potential option for reducing elevated IL-6 levels in 

chronically stressed individuals as a method of combating its immunosuppressive effects.  

2.5.2.3 Positive Affect and Vaccination 

Very little research has focused on the positive affect of older adults in the context of 

immune responses, but there is some evidence to suggest that the connection between 

positive affect and improved immune health can also be extended to this population. One 

study in particular has provided some insight into the relationships between mood, optimism 

and cytokine responses to influenza vaccination in healthy older adults (Costanzo et al., 

2004). This study showed that greater mood disturbance was associated with lower cytokine 

responses to vaccination, whereas optimism and vigour were associated with greater 

cytokine responses. Specifically, T helper 1 cytokine responses (IFN‐γ and IL‐2) to vaccination 

were more robust in individuals with greater optimism, whereas T helper 2 cytokine 

responses were not associated with mood or optimism. An improvement in T helper 1 

cytokine responses was particularly important due to the role of T helper 1 type responses 

in clearing viruses and preventing infection (Beňová et al., 2020). Interestingly, Costanzo et 

al. (2004) suggested that positive mood and optimism had the potential to act as a buffer for 

T lymphocyte functionality decreases that occur as a result of immunosenescence by 

modulating HPA axis activation. This was consistent with the research conducted on younger 

adults that observed an association between optimism and increased numbers of helper T 

lymphocytes (Segerstrom et al., 1998). In sum, this evidence suggested that optimism may 

serve as a buffer by protecting older adults against the effects of immune-ageing.  

To date there has only been one study conducted to investigate the influence of positive 

affect on influenza vaccination responses of older adults (Ayling et al., 2018). In this 

prospective observational study, Ayling et al. (2018) investigated a range of behavioural 
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(physical activity, nutrition, sleep) and psychological (stress, positive affect, negative affect) 

influences and found that greater positive affect, whether measured repeatedly over a 6-

week period around vaccination, or on the day of vaccination, significantly predicted greater 

A/H1N1 antibody responses to influenza vaccination but not for A/H3N2 and B strains. No 

other behavioural or psychological factors measured significantly predicted vaccination 

outcomes. Interestingly, it was the effects of positive affect on the day of vaccination that 

had a greater influence on immune responses to vaccination. However, positive affect over 

a longer period of time also influenced positive affect on the day of vaccination and 

suggested the two were not completely independent. This study was of particular 

importance because it not only provided evidence for the effects of positive affect as an 

immune modulator, but also suggested that positive affect had the potential to improve 

antibody responses to vaccination. It would be interesting to find out whether psychological 

interventions have the potential to improve immune responses to vaccination in older 

adults. Within the next section, an array of psychological interventions will be explored in 

terms of their impact on immune and vaccination responses. 

2.6 Role of Psychological Interventions as Immune Modulators   

There is an array of evidence outlined within this thesis that has suggested that stress and 

affect are capable of modulating immune responses, whereby the potential of harnessing 

these could have beneficial effects on the upregulation of immune responses for vulnerable 

populations, such as older adults. Older adult populations are subject to the consequences 

of immune-ageing, which means they conventionally respond poorly to vaccination and are 

therefore more susceptible to infection. Whilst pharmaceutical avenues have been explored 

to improve vaccine efficacy for this age group, improving efficacy has been limited and has 

been more frequently observed in younger adults (McKee et al., 2007). Increasing evidence 

of positive affect induction via the use of psychological interventions to improve immune 

responses has shown some promise. The types of psychological interventions that can be 

implemented to influence affect include a wide range of approaches including films (J. Gross 

& Levenson, 1995), music (Juslin & Västfjäll, 2008; Kreutz et al., 2008), images (Bradley & 

Lang, 2017), as well as reading and writing interventions (Hernandez et al., 2003).  

2.6.1 Stress- Induction Interventions 

Psychological interventions can be utilised to either induce-emotion or aid with the 

alleviation of an emotional experience, such as stress (J. Gross & Levenson, 1995; Kreutz et 

al., 2008; Labott et al., 1990). They have proven to be effective for treating stress and can 

positively influence the course of chronic disease (Petrie et al., 1995). For example, an 
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intervention was developed to reduce chronic stress immediately prior to hepatitis B 

vaccination and found this intervention group displayed a greater increase in vaccine-specific 

antibody concentration (Petrie et al., 1995). This intervention aimed to decrease the stress 

levels of medical students who were tasked with writing about personally traumatic events 

during four consecutive daily sessions. The writing intervention involved participants 

expressing their emotions by writing about stressful topics, functioning as an emotional 

disclosure intervention. Psychosocial interventions have also been developed to aid with the 

management of stress and negative affect, such as depression. Most notable is cognitive-

behavioural stress management, which was shown to improve the quality of life of 

individuals with chronic disease by reducing sympathetic nervous system activation and 

decreasing cortisol release from the adrenal cortex (Schneiderman et al., 2005). Stress 

management interventions have been demonstrated to be clinically relevant by positively 

impacting disease morbidity or mortality (Schneiderman et al., 2001). Mood-induction 

interventions present some ethical implications that were important to consider when 

investigating negative emotions, such as stress and fear. In older adult populations in 

particular, developing an intervention to induce stress could potentially be problematic to 

the already frail health of this age group. 

2.6.2 Affect Interventions  

The nature of positive affect-inducing interventions does not present the same ethical 

concerns observed for stress-induction interventions. The approach of utilising interventions 

to induce positive mood or reduce negative mood have the potential to be incorporated into 

clinical settings and could serve as a cost-effective method of improving immune responses 

to vaccination. The aim of this section is to review the different types of psychological 

interventions capable of altering immune parameters, with a focus on vaccination where 

possible. 

The duration and frequency of psychological interventions can vary drastically, whereby 

some are short, single-session interventions and others are repetitive and can last for several 

hours, days or weeks. Affect interventions can be broadly categorised as brief or non-brief. 

What constitutes as a brief intervention in terms of duration is a little arbitrary, which is why 

specifying single-session interventions as brief bypasses the issue of trying to define an exact 

duration end-point. By that logic, non-brief interventions are any that require more than a 

single-session. Within the context of busy GP surgeries, there is no doubt that brief 

interventions appeal as the more suitable choice from a feasibility of implementation 

perspective. This is because busy GP surgeries in the winter, and particularly around 
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influenza vaccine administration timeframes, have limited staff and facilities that can make 

it extremely challenging for health care professionals to manage. However, an outline of the 

important literature investigating the influence of non-brief interventions on immune 

responses, with a specific focus on vaccination responses, will be outlined below. This will be 

followed by the brief intervention literature to compare and contrast. The aim of this section 

is to access and provide insight into the possible intervention types that could be most 

suitable for implementation into standard vaccination clinics and to determine which are 

capable of acting meaningfully on immune responses to vaccination. 

2.6.2.1 Non-Brief Interventions and Immunity 

A systematic review has discussed in detail the potential of psychological interventions acting 

as vaccine adjuvants on a range of age populations (n= 2 infants, n= 5 adults, n= 2 older 

adults) (Vedhara et al., 2019). In this review, a range of psychological interventions were 

assessed to examine their ability to act on vaccinations responses (influenza, hepatitis B, 

diphtheria, tetanus and pertussis), measured via antibody measures, to protect against 

disease. Although a modest number of studies were identified in this review, they displayed 

considerable heterogeneity in terms of intervention type, intervention duration, vaccination 

type and approach to assessing antibody responses to vaccination. Types of intervention 

included writing interventions (Petrie et al., 1995; Stetler et al., 2006), massages (Hsu et al., 

1995; Huang & Huang, 1999; Loft et al., 2012), cognitive-behavioural stress management 

(Vedhara et al., 2003) and mindfulness meditation (Davidson et al., 2003; Hayney et al., 2014; 

Y. Yang et al., 2008).  

One of the studies presented in this review investigated a body massage intervention lasting 

45-minutes once a week for a total of 4-weeks (Loft et al., 2012). The intent of this 

intervention was to relax and de-stress a group of students before an examination period 

and to determine whether this had an influence on hepatitis B vaccination responses. In this 

study, Loft et al. (2012) examined whether a 4-week massage intervention could enhance 

antibody responses to hepatitis B vaccination and found it attenuated emotional stress and 

resulted in significantly lower antibody titres at 2-weeks and 6-weeks post-vaccination. In 

addition to full body messages, relaxation can also be achieved via mindfulness meditation 

practice as evidenced by Davidson et al. (2003) who assessed the effect of an 8-week clinical 

training program in mindfulness meditation to be applied in a work environment with 

healthy employees prior to influenza vaccination. Brain electrical activity was assessed and 

identified significant increases in left-side anterior activation associated with positive affect 

observed in the mindfulness meditation group compared with controls. The meditation 



 
 

54 

 

group also had significantly higher antibody titres to influenza vaccination, whereby the rise 

in antibody titre was predicted by the magnitude of left-side anterior activation increase. 

This study demonstrated the ability of a mindfulness meditation interventions to modulate 

both brain and immunological changes to act positively on vaccination responses. This 

research is supported by Yang et al. (2008) who assessed whether 5-months of moderate Tai 

Chi, which incorporates exercise, relaxation and meditation into a single intervention, could 

improve immune responses to influenza vaccination in older adults. The intervention group 

had significantly higher antibody titres in both magnitude and duration at 3-weeks and 20-

weeks, but not at 6-weeks compared with controls. However, no significant differences 

between groups in seroprotection rates (4-fold increase in antibody titres) were observed. 

Research consistent with these findings was conducted by Hayney et al. (2014) who were 

unable to enhance immune responses to influenza vaccination in adults using a mindfulness-

based stress reduction intervention. Despite no significant improvement in antibody 

responses to vaccination, the overall seroprotection rates (defined as >160 hemagglutination 

units) to any of the vaccination components was 96%. This was considered to be an 

extremely robust immune response shown by most participants and may be the reason 

statistical differences in immune responses could not be shown between intervention and 

control groups. Interestingly, these participants considered to be seroprotected reported 

higher levels of optimism, less anxiety and lower levels of perceived stress compared with 

non-responders. Another explanation for the lack of group differences could be the study 

protocol not including a measure of mindfulness meditation adherence beyond class 

attendance. Additionally, the inclusion criteria of this study meant that only participants 

without prior interest in meditative practice could be recruited. This is a limitation due to the 

known value of intervention belief and engagement for enhancing its effectiveness (Sekhon 

et al., 2017). 

In contrast to the above findings, Vedhara et al. (2003) examined whether an 8-week stress 

management intervention could enhance responses to influenza vaccination in elderly 

caregivers and found that significantly more caregivers in the intervention group were 

classed as seroprotected compared with caregivers in the control group. However, 

seroprotection rates did not differ significantly between intervention caregivers and non-

caregiver controls, and significantly more non-caregiver controls were classed as 

seroprotected compared with caregiver controls. This evidence suggests that mindfulness 

meditation and stress management interventions have the potential to alter antibody 
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responses to vaccination in older adults but the mechanisms and the extent to which they 

can impact meaningful on clinical outcomes is unclear.  

The above-mentioned studies have only taken into account antibody responses to 

vaccination, but have neglected the important cellular-immunity component of the immune 

system. Particularly in older adults, it is important to assess immune responses as a whole 

by also taking into consideration lymphocyte, monocyte and cytokine responses to 

vaccination to better understand the clinical implications of psychological interventions 

(McElhaney et al., 2006). Evidence has indicated that antibody responses to vaccination, 

whilst conventional, were not the most accurate measure to determine disease protection, 

with CD4+ T cell responses sometimes serving as better correlates of protection (Plotkin, 

2010). Studies that reported laboratory confirmed disease were more accurate for 

correlating disease but were not commonly used in the context of psychological 

interventions due the requirement for longer follow-ups and increased costs (Parikh et al., 

2016). It was also not reasonable to suggest that increases in absolute antibody levels 

translated into improved rates of seroprotection, especially in the case of studies that report 

improvement in only one immune outcome instead of all immune outcomes. For example, 

Stetler et al. (2006) showed evidence of improved antibody responses for a writing 

intervention group compared with controls, but only did so for one of the three vaccination 

components. The data for the remaining two vaccine components were not presented in the 

manuscript so cannot be considered. However, there is a study  by Irwin et al. (2007) who 

examined whether Tai Chi (gentle physical exercise and stretching as a form of meditation) 

could alter vaccination responses by assessing T cells. This study found that older adults 

trained in Tai Chi have significantly improved responses to varicella zoster vaccination as 

measured by T cell responses. This suggested that perhaps an explanation of the lack of 

statistical differences observed in the study by Hayney et al. (2014), as well as other 

intervention studies that only measure antibody immunity, was due to the lack of cellular 

immunity measures rather than there being no immune modulation differences occurring 

between intervention and control groups. This suggested that there may still be value in the 

utilisation of mindfulness mediation to improve antibody responses to vaccination, however 

more research needs to be done to investigate cellular immune responses and to determine 

whether these types of psychological interventions are able to impact meaningfully on 

clinical outcomes.  

On balance, the majority of the evidence presented above did offer some support for the 

utilisation of psychological interventions as vaccine adjuvants. It also appeared that 
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intervention effects were generalisable across a range of vaccinations, which was evidenced 

by the fact that intervention effects are unrelated to vaccination type or timing of the 

intervention relative to vaccination administration. The exception would be in the context of 

vaccinations that are particularly immunogenic, like observed in the study by Hayney et al. 

(2014), that show very high vaccine efficacy. However, the evidence also presented some 

important issues and limitations that needed to be considered. Whilst interventions may 

show promise in improving immune responses to vaccination, it is unclear whether one of 

these types of intervention is the most influential due to the lack of literature and broad 

range of intervention types reviewed. It is also of critical importance for studies investigating 

the influence of psychological interventions on vaccination responses to examine more 

immunological outcomes, such as T cells and cytokines, rather than only antibody outcomes 

to better understand the biological mechanisms altered. The evidence also presented 

practicality issues due to the high cost and duration of these interventions, where in some 

instances professional equipment or expertise are required. As mentioned earlier in this 

section, duration of psychological interventions within the context of clinical environments 

is an important consideration for determining whether intervention implementation is 

feasible. Brief interventions (defined as single-session) have been trialled and reviewed to 

induce positive mood and could be more a more feasible option to explore in the context of 

clinical settings (Ayling et al., 2020). The reason for this is because pragmatically brief 

interventions are the best option to implement alongside routine vaccination care due to the 

practical and economic challenges of implementing long and complex interventions in clinical 

settings.   

2.6.2.2 Brief Interventions and Immunity 

Similar to non-brief intervention studies, brief-interventions have also explored massage as 

a method of reducing anxiety and improving immune responses (Donoyama et al., 2010; 

Donoyama & Shibasaki, 2010; Groer et al., 1994; Noto et al., 2010). In all of these massage 

intervention studies, salivary secretory immunoglobulin A (IgA) was the immunological 

outcome measure, whereby secretory IgA concentrations were shown to increase 

significantly for all groups (intervention and controls). Groer et al. (1994) was the only study 

that demonstrated a significant difference in secretory IgA concentrations between 

intervention and non- intervention groups and was the only one to measure secretory IgA 

secretion rate, which was also increased for both groups but did not significantly differ 

between groups. No significant differences in secretory IgA concentrations were observed 

between groups for the remaining massage intervention studies. However, most studies 
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were able to demonstrate a significant decrease in anxiety scores for participants allocated 

to the massage intervention group (Noto et al., 2010).  

In contrast, two other studies focused specifically on massage therapy at the vaccination 

injection site as opposed to a full body massages outlined in the non-brief intervention 

section (Hsu et al., 1995; Huang & Huang, 1999). In both of these massage studies, the focus 

was to examine the effect of local massage on adverse reactions and immunogenicity of the 

diphtheria-tetanus-pertussis vaccine. Hsu et al. (1995) found that a post-vaccination brief 

intervention of 1-minute light circular massaging over the vaccination injection site resulted 

in significantly higher diphtheria and pertussis antibody titres at 2-months compared with 

the no intervention control group. This local massage intervention was associated with 

better immunogenicity and more adverse reactions, including low grade fever and mild local 

pain. Huang and Huang (1999) increased the intensity of this local massage intervention by 

increasing the duration to 2-minutes (doubling the time) and also incorporating the 

application of a warm towel at the injection site for 30-minutes in the evening of vaccination 

day. Researchers found that despite an increase in massage intensity, there were no 

significant intervention and control group differences in antibody titres for diphtheria, 

tetanus or pertussis. A possible explanation could be due to the increased intensity of the 

local massage being too vigorous resulting in increased adverse reactions at the site of 

vaccination with no beneficial effect on antibody response. One of these studies was able to 

demonstrate the immunological benefits of a massage intervention on vaccination responses 

but raises the question about whether or not this intervention type can be classified as or 

considered to be a psychological intervention. In both of these studies, the aim was to deliver 

a local massage at the site of injection, whereby the rationale behind the development was 

not psychological but was instead as a method of promoting immune activity via the 

disruption of tissue activity to aid absorption of the vaccine.  

The above evidence suggested that the brief massage intervention did not appear to have 

significant immunological benefits, thus contrasting the evidence outlined for non-brief 

massage intervention studies. Whilst both brief and non-brief massage interventions were 

capable of beneficial psychological effects by reducing anxiety, it appeared that this 

particular intervention type needed to be increased in duration and in frequency to be able 

to influence immune responses. However, this would be practically challenging due to 

resource, time and costing restraints that would make a longer lasting massage intervention 

impossible to implement within clinical settings, including standard vaccination clinics.  
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A particularly interesting intervention type referenced in the literature was that of odour to 

either evoke autobiographical memory or expose individuals to pleasant odours (e.g., lemon, 

lavender) (Kiecolt-Glaser et al., 2008; Matsunaga et al., 2011). The phenomenon of certain 

smells evoking specific memories has been well researched and is known as the Proust 

phenomenon (Matsunaga et al., 2011). A variety of studies have indicated that odour-evoked 

autobiographic memory accompanied by positive emotions were capable of having 

psychological and physiological effects, including brain-immune interactions. Matsunaga et 

al. (2013) found that participants exposed to nostalgic odours experienced positive emotions 

and autobiographic memories, whereby levels of pro‐inflammatory cytokines (i.e., TNF‐α and 

IFN‐γ) were significantly reduced. Brain imaging (Positron Emission Tomography images) 

found that certain areas of the brain (orbitofrontal cortex and posterior cingulate cortex) 

were significantly activated during experiences of odour-evoked autobiographic memory, 

whereby the activity of these brain areas were negatively correlated with IFN‐γ 

concentrations. Matsunaga et al. (2011) found similar results when exposing participants to 

smells that were nostalgic to them, with increased positive mood states (e.g., comfort and 

happiness) and decreased negative mood states (e.g., anxiety). Researchers also noted that 

the odour group displayed a significant decrease in heart rate and peripheral IL-2 levels 

compared with controls. Other research has also focused on more generic smells, by 

exposing participants to pleasant odours that are classified by aromatherapy as being 

relaxing (lavender) and stimulating (lemon) (Kiecolt-Glaser et al., 2008). Lemon oil for 75-

minutes was shown to reliably enhance positive mood, compared with lavender and water 

(control group). None of the odours reliably altered IL-6 and IL-10 production, salivary 

cortisol or heart rate. This evidence suggested that this intervention type could be a 

promising avenue to explore in the context of vaccination, where it would be interesting to 

examine whether the brain-immune responses to odour translate into improvements in 

vaccine-specific antibody and/or T cell responses. A potential issue odour-interventions 

could present within clinical settings could be difficulty in personalising odours that are 

nostalgic for each individual. This could be overcome by selecting more generic, pleasant 

odours as seen by Kiecolt-Glaser et al. (2008), such as lemon. However, the lack of evidence 

of odour influencing physiological outcomes, such as heart rate and immune measures, and 

the 75-minute timeframe could make this a less desirable avenue to explore for future 

research aiming to administer interventions within clinical settings.  

Comedy, film, audiotape and music was the commonly referenced intervention type in the 

literature, perhaps because it offered the ability to easily alter intervention duration, content 
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and did not require expert training or equipment to develop or deliver (Ayling et al., 2019; 

Bennett et al., 2003; Kimata, 2004; Koyama et al., 2009; Labott et al., 1990; Matsunaga et al., 

2008; Mittwoch-Jaffe et al., 1995; Takahashi et al., 2001). This intervention type was shown 

to have beneficial psychological effects including significantly decreased stress levels 

(Bartlett et al., 1993; Bennett et al., 2003; Rider et al., 1990), increased laughter expression 

(Koyama et al., 2009; Labott et al., 1990) and increased positive mood (Ayling et al., 2019). 

Interestingly, Rider et al. (1990) noted the importance of musical preference when 

developing a music-based intervention to improve intervention effectiveness. This research 

was consistent with previous evidence that suggested that choice interventions, such as 

music preference selection, had the potential to increase intervention engagement and 

effectiveness. Giving participants an element of choice was shown to lead to increased 

interest and motivation, where having the choice gave participants feelings of personal 

control (Cordova & Lepper, 1996). It is no surprise that people were receptive to choice 

because it has been engrained in our society that restriction or elimination of choice makes 

people feel like they have lost an element of control that can lead to negative behaviours, 

such as aggression (Adelinis, 2005).  

Although there is evidence of a beneficial psychological impact of these interventions, they 

have varying influences on immune responses. Bartlett et al. (1993) for example found no 

significant differences in NK cell cytotoxicity change between participants who viewed a 

comedy film compared with those who did not. Similarly, Ayling et al. (2019) developed a 

brief 15-minute intervention containing high arousal stimuli in multiple forms (e.g., uplifting 

music, images, comedy) to appeal to different tastes specific to older adults. Despite 

significant increases in positive mood (assessed on a visual analogue scale of happiness 

(Kontou et al., 2012)) for the intervention group compared with control group, no significant 

differences in antigen-specific IgG responses to influenza vaccination were reported. 

However, point estimates of effect size did favour participants in the intervention group at 

both 4-weeks and 16-weeks post-vaccination suggesting some immunological potential. This 

study also focused solely on antibody responses to vaccination and disregarded other 

important components of the immune system that could be altered. Koyama et al. (2009) 

explored recreational music-making modulation of mood states and immunological 

responses in older adults and found a significant increase in the number of lymphocytes, T 

cells, CD4+ T cells, memory T cells and the production of IFNγ and IL‐6. As mentioned earlier 

in this chapter, some research has evaluated Th1 and Th2 cytokine ratios of IFNγ:IL‐10 and 

found that chronically stressed older adults underproduced IFNγ and overproduced IL‐10 
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reflecting a shift towards a Th2 response (an anti-inflammatory, immunosuppressive 

response) (McElhaney et al., 2006). Koyama et al. (2009), on the other hand, found a shift 

opposite to that of stress with an increase in IFNγ and unchanged IL‐10 reflecting a Th1 

response (pro-inflammatory response) in the group of older adults who had their mood 

improved. This was another example that highlighted the importance of exploring more than 

antibody immunity in older adult populations to create a broader picture of the potential 

immune changes that could be occurring. Other evidence has indicated significantly 

increased IL‐2 and IL‐3 levels and significantly decreased TNF‐α levels from before to 

immediately after comedy film intervention (Mittwoch-Jaffe et al., 1995), and significantly 

increased NK cell activity (Takahashi et al., 2001). Bartlett et al. (1993) also found that 

participants who listened to music significantly decreased cortisol levels and also produced 

a significant increase in IL-1 levels, with the control groups showing no significant change for 

either of these outcome measures. The majority of the evidence presented above was 

suggestive of a relationship between comedy and music interventions and improved 

psychological and immunological outcomes.  

It is also worth noting that there has been a considerable amount of research that 

investigated the influence of short bouts of physical activity interventions on the 

enhancement of positive mood (Müller et al., 2021) and immune outcomes (Nieman & 

Wentz, 2019; Walsh et al., 2011). For example, Muller et al. (2021) conducted two studies to 

determine whether mindfulness and physical activity played a role in the induction of 

positive mood and found that short bouts of either was beneficial in increasing mood scores 

compared with controls. Short bouts of physical activity (60-minutes or less) has also been 

shown to alter immune responses by upregulating NK cells and CD8+ T cells (cytotoxic 

immune response), as well as anti-inflammatory cytokines, neutrophils and immature B cells 

(Bigley et al., 2014; Nieman et al., 2005). The confounding effects of physical exertion (e.g., 

increased bodily movement and respiration) make it difficult to determine the relationship 

between positive mood changes and immunity. It may be that physical exercise is similar to 

that of local massages at the vaccination site (see Section 2.6.2.1), where it acts directly on 

the immune system and is not necessarily considered to be a psychological intervention. 

Regardless of this, there still may be merit in utilising physical exercise for mood and immune 

improvement but this may also only be applicable to younger adults as opposed to older 

adults. Tasking older adults with short bouts of moderate to high intensity exercise could be 

practically and ethically problematic due to the known frailty and common underlying health 

conditions of this age group. For this reason, it would be more beneficial for researchers 
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aiming to enhance the positive mood of older adults to adhere to less physically exerting 

interventions, such as music and comedy, that have shown some promise in inducing positive 

mood and immune responses but do not offer the issue of health concerns.  

The evidence presented in this section provides modest support for a range of brief positive 

mood enhancing interventions acting positively on immune outcomes. Similar to the non-

brief intervention evidence, the literature around brief interventions was considerably 

heterogeneous with no single type of intervention highlighted as being the most effective 

for altering mood and/or immune parameters. The large majority of interventions were 

shown to elicit a significant improvement from pre-intervention to post-intervention in at 

least one mood and one immunological outcome, whereby secretory IgA, NK cells and IL-6 

were some of the most commonly referenced immune outcome measures. Secretory IgA 

was frequently measured because it has been demonstrated to be an effective short-term 

measure of immunocompetence. However, most studies measured short-term 

immunological responses by only measuring post-intervention immune outcomes instead of 

looking at follow-up responses. Looking at primary immune responses in isolation, whereby 

these are measures of non-specific immunity, makes it challenging to determine whether the 

immunological changes that occur are able to impact meaningfully on clinical outcomes. 

Future research looking into follow-up immune responses could provide insight into the 

influence of brief interventions on secondary immune responses, which could be valuable in 

the context of investigating vaccination responses or evaluating clinical outcomes. 

Researchers should consider examining a broader range of immunological measures in their 

studies to incorporate both cellular and humoral immune outcomes, such as T cell and 

antibody responses, to be able to better understand the immunological effects of 

psychological interventions.  

2.6.3 Thesis Rationale 

This section has reviewed some key brief and non-brief psychological intervention types and 

their influence on an array of immune responses, from secretory IgA concentrations and 

antibody responses to cytokine regulation. Several studies have examined brief interventions 

lasting 60-minutes or longer, however, in the context of exploring interventional (non-

pharmaceutical) avenues for improving vaccination responses in older adults, it is important 

for intervention duration, resource and cost to be taken into account. Non-brief intervention 

types, such as a full body massage of 45-minutes once a week for a total of 4-weeks, as 

demonstrated by Loft et al. (2012), was shown to attenuate stress and significantly alter 
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antibody responses. Although massage interventions for relaxation and stress could be a 

promising avenue, it is not a practical or feasible option due to the high cost and resource 

required (i.e., specialist masseurs and masseuses). Many of the other non-brief interventions 

have also used expensive equipment or resources (e.g., music equipment, trained 

professionals). For interventions that are looking to be incorporated into clinical settings, 

such as the application into standard vaccination care, the practicalities of intervention 

implementation are important to consider. Generally speaking, clinical settings are 

inundated with patients and are severely short-staffed meaning that any interference with 

the standard of care should be as easy and/or brief as possible.  

In contrast, some brief intervention types (e.g., films and listening to music) would be much 

easier to implement within clinical settings than others (e.g., massage, music making), 

making these intervention types more desirable to be implementation within standard care, 

such as within vaccination clinics. From a resource perspective, they would also be less costly 

and would not require skilled or trained professionals. Some interventions lasting 15-minutes 

or less were shown to be promising in terms of immunological evidence and have greater 

potential for utilisation within clinical settings (e.g., comedy ad music). A key example of this 

is the study by Ayling et al. (2019) who explored whether a brief intervention, 15-minutes of 

comedy and music delivered to older adults (n= 103) on a tablet device, could enhance 

positive mood and improve antibody responses to influenza vaccination. Compared with a 

neutral intervention (time-matched), this comedy and music intervention was found to 

significantly enhance the positive mood of older adults, but no significant difference in post-

vaccination antibody responses were reported. Whilst these findings were unable to 

demonstrate any immunological impact, the study was only powered to be able to detect a 

between group change in positive mood and not in antibody responses. However, point 

estimates of effect size did favour participants in the intervention group at both 4-weeks and 

16-weeks post-vaccination suggesting some immunological potential. Feedback from this 

study found that the implementation of a tablet device-based intervention within a standard 

vaccination clinic was relatively straight forward, with only some technical issues due to the 

nature of the study cohort being older adults and were therefore less familiar with using the 

technology. Ultimately, this study played a crucial role in the direction of the research 

conducted as part of this thesis, whereby the findings were utilised to contribute towards 

the development of a larger scale study to investigate the role of uplifting music, images and 

comedy on improving the positive mood of older adults within the context of standard 

vaccination care. Herein lies the focus of this thesis: investigating the implementation of two 
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brief psychological interventions (standardised and choice, described in more detail in the 

following chapter) to improve the positive affect of older adults prior to influenza 

vaccination. More details about the design and methods of this research are outlined in 

Chapter 3. 

2.7 Chapter Summary 

In this chapter, the reader was introduced to the body of evidence that surrounds the 

influence of negative and positive emotional experience on immune responses with a 

particular focus on vaccination where possible. Chronic stress was highlighted to be an 

important immunosuppressive psychological factor, whereas positive mood was 

demonstrated to have immunoenhancing effects. The literature highlighted psychological 

interventions as a potential avenue for improving psychological and immunological 

outcomes, whereby positive mood on the day of vaccination was associated with enhanced 

antibody responses to some strains of the influenza vaccination in older adults. An important 

intervention example, that has played a key role is shaping the research direction of this 

thesis, has shown that a brief intervention consisting of comedy, film and music is capable of 

enhancing the positive mood of older adults prior to influenza vaccination. To build on this 

research, the aim of the research presented within this thesis was to conduct a larger scale 

study (referred to as the For-ME trial) to explore whether music and comedy-based 

interventions were capable of improving the positive mood of older adults and consequently 

improve antibody responses to vaccination. In Chapter 3, the Flu and Mood in Older Adults 

(For-ME) randomised control trial design and methodology is described in detail. 
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3 Chapter 3: The For-Me Trial Design and Methods 

3.1 Chapter Introduction 

As described in Chapter 1, pharmaceutical avenues for improving vaccination responses have 

been explored but have not yet been shown to improve the immune responses of older 

adults (≥65 years old) to the same degree observed in young adults. This has highlighted the 

need for an alternative method to improve vaccine effectiveness for this vulnerable 

population (McKee et al., 2007).  

Interventions targeting psychological factors to improve vaccine responses have shown 

some promise (see Chapter 2). Recent observational research sought to determine the 

respective contribution of different psychological (stress, positive affect, negative affect) and 

behavioural (physical activity, nutrition, sleep) influences on influenza vaccine responses in 

older adults (Ayling et al., 2018). This study identified positive affect, on the day of 

vaccination, to be the most significant factor for predicting 4-week and 16-week antibody 

responses to vaccination, where it was associated with enhanced responses to influenza 

vaccination strain A(H1N1).  

Following this research, a pilot trial was conducted to test a brief positive mood intervention 

administered on the day of influenza vaccination in older adults (Ayling et al., 2019). This 

pilot trial showed, compared with a neutral mood intervention, that the positive mood 

intervention significantly improved mood. However, no statistical differences of group 

allocation on antibody responses to vaccination were reported. It is important to note that 

this trial was not powered to detect a difference in antibody levels between groups. 

However, the point-estimates favoured the intervention group in terms of antigen-specific 

IgG responses to influenza vaccination.  

The Flu and Mood in Older Adults (For-ME) trial, which forms the bulk of research presented 

in this thesis, builds upon this foundation of research. The trial primary aim was to investigate 

whether a standardised and/or choice intervention, compared with usual care, were capable 

of improving positive mood on the day of influenza vaccination in older adults and to identify 

which intervention type was superior. The trial secondary aim was then to examine whether 

group allocation (standardised intervention, choice intervention or usual care) could predict 

4-week antibody responses to vaccination. This chapter describes the design, development 

and methodology of this 3-armed, double-blind, randomised control trial (RCT) conducted 

between August 2019 to May 2020. This trial’s research governance and ethical approval was 

given by the Health Research Authority and East Midlands-Nottingham Research Ethics 
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Committee 1 (19/EM/0081) prior to trial commencement. The trial was preregistered at 

clinicaltrials.gov (NCT03956329).  

3.2 Initial Considerations 

3.2.1 Trial Design 

Observational studies are where both exposures and outcomes are observed, and 

researchers do not influence participants. Conversely, experimental studies aim to 

investigate a particular intervention or treatment, whereby participants are assigned to 

different groups and outcomes are observed. Using an experimental study design, 

particularly a randomised control trial, allows for the direct comparison of a measurement 

of the outcome's effect against a stable control. This gives a researcher a degree of certainty 

about whether the intervention is responsible for any observed changes in outcome. Whilst 

being considered the gold standard for measuring the efficacy of a treatment (Barton, 2000), 

the rigorous methodology of a randomised control trial (RCT) also eliminates bias relating to 

confounding factors (by having a control group), selection bias (via randomisation) and 

interpretation bias (by single or double-blinding) (Ernest et al., 2015). For this reason, it was 

deemed a RCT design was most suitable for the For-ME trial in order to compare two 

different intervention types (i.e., standardised and choice) with a control condition. The next 

consideration was to decide on the type of control condition to be used.  

3.2.1.1 Choosing an Appropriate Comparator Group 

A consideration of the For-ME trial was to determine whether the two positive mood 

interventions should be compared to a neutral control video, or whether the trial control 

should more closely replicate usual vaccination care. In the previous pilot trial that examined 

a positive mood intervention compared with a neutral intervention, some participants found 

the neutral intervention enjoyable and reported an increase in positive mood (Ayling et al., 

2019). This highlighted that a neutral intervention was not a sufficient control condition, due 

to it unintentionally increasing participant positive mood, and highlighted the need for an 

alternative. A possible alternative control condition could be the implementation of a usual 

care condition, that closely replicates usual vaccination care, that would involve participants 

sitting in a waiting room for 15-minutes (the same duration of time that participants engage 

with an intervention) prior to vaccination. This also presented some difficulties due to the 

nature of general practice (GP) waiting rooms often playing background music and leaflet 

and television advertisements that have the potential to influence positive mood. This is a 

challenge because it would be difficult to control these factors between different general 

https://clinicaltrials.gov/
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practice (GP) surgery locations (a total of 13 GP surgeries were recruited and took part in the 

For-ME trial).  

On balance, limit the exposure of participants to external factors, such as background music, 

participants were instructed to sit in a study room instead of a waiting room. The benefit of 

having a usual care control arm means that both positive mood interventions are more 

closely compared to current vaccination care and procedure, and can therefore better 

indicate whether one or both of the positive affect interventions are superior to usual care.  

3.2.2 Vaccination Choice 

Whilst there is a plethora of research investigating the behavioural and psychological 

influences on vaccination, including Hepatitis B (Marsland et al., 2006; Prather et al., 2012), 

Keyhole Limpet Hemocyanin (Grant et al., 2008) and Pneumococcus (Glaser et al., 2000), 

most studies have opted to investigate influenza vaccination responses for older adult 

populations (Kiecolt-Glaser et al., 1996; Moynihan et al., 2004). One of the reasons for this 

is because older adult populations have a much lower influenza vaccine efficacy rate, at an 

estimated 20-50% compared to younger adults at around 70% (Lang et al., 2012). Annually, 

over 7 million influenza vaccinations are administered to older adults, making it the most 

received vaccination for that population (Public Health England, 2018). Also, conducting a 

trial that involves influenza vaccine administration allows for the ability to 'piggyback' onto 

existing vaccination schedules implemented by GP surgeries. This is a big strength when 

running a trial because it raises fewer ethical concerns due to the vaccination program 

forming part of the standard of care for participants taking part. However, influenza 

vaccination trials also come with a disadvantage due to the large annual vaccine uptake 

interfering with pre-vaccination antibody levels, especially in repeated strains that are 

commonly observed for influenza. In the case of vaccinations that are administered annually, 

especially those with repeated strains, individuals can present high levels of pre-vaccination 

antibodies, which can make it challenging to assess antibody responses to vaccination. This 

is because in some cases participants are also classified as responders (or seroprotected) pre-

vaccination and means that the assessment of change in antibody levels from pre- to post- 

vaccination would be inaccurate.  

Nonetheless, the advantage of being able to run the trial in conjunction with an established 

vaccine program outweighed this disadvantage and so the decision was made to focus on 

influenza vaccination, where the challenges of dealing with influenza vaccination are 

managed and described later in this chapter. Following this decision, the specific type of 
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vaccination for older adults needed to be selected. Contrary to most years, two different 

influenza vaccinations for older adults (≥ 65 years) were approved for the 2019/20 influenza 

vaccination season by NHS England. These two influenza vaccinations included the 

adjuvanted trivalent injected vaccine (aTIV) (commercially known as Fluad) (grown in eggs) 

and the quadrivalent injected vaccine (QIVc) (cell-grown), where both were considered to be 

equally suitable (National Health Service, 2019).  

On a purely scientific basis, selecting a non-adjuvanted vaccine was most appealing when 

considering the trial secondary aim of measuring antibody responses to vaccination. 

Adjuvants are added to vaccinations because they contain substances that boost an antigen's 

immunogenicity and, therefore accelerate vaccine responses. Depending on the type of 

adjuvant used, for which there is a broad spectrum to choose from, the quality of an immune 

response to vaccination can vary significantly. Different adjuvant types can change cytokine 

and chemokine profiles leading to the recruitment of different immune cells, and therefore 

have a downstream influence on antibody responses (McKee et al., 2007; Principi & Esposito, 

2012). Therefore, adjuvanted vaccinations add another dimension to consider when looking 

at immunological responses to vaccination (Tregoning et al., 2018). As a result, this made the 

use of the QIVc more desirable. However, this vaccine was also shown to be fractionally more 

expensive for clinical practices to purchase (£9.94 compared to £9.79 for the aTIV) (Powis, 

2019). As a result, we discovered that most of the clinical practices recruited for the trial had 

opted for the cheaper option (aTIV). Including both types of vaccination would add additional 

variability, which would also make addressing the trial secondary aim of assessing 

vaccination specific antibody responses challenging.  

Thus, primarily due to pragmatic reasons, it was decided that this trial would focus on using 

the aTIV vaccine suspension for injection 0.5ml pre-filled syringes (Seqirus Vaccines Ltd) 

(NICE, 2019). The decision to select the aTIV was primarily driven by the need to recruit a 

substantial sample of clinical practices (n= 13) and participants (n= 614). Choosing the QIVc 

would make recruitment of sufficient numbers too challenging, due to a smaller number of 

clinical practices administering this specific vaccine type, and would present a higher risk of 

not obtaining the desired number of clinics and participants for the trial.  

3.2.3 Trial Length 

3.2.3.1 Antibody Responses to Vaccination 

One key consideration that needed to be taken into account for determining trial length was 

post- vaccination antibody responses. When measuring antibody responses to vaccination, 
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most studies have looked into short-term antibody responses, which are typically measured 

4-weeks post-vaccination and is when prior research has indicated that peak IgG antibody 

levels are reached (Gross et al., 1997; Siegrist, 2013). For this reason, it was determined that 

two blood samples would be obtained: one immediately prior to vaccination, as a baseline 

(pre-vaccination) measure, and one 4-weeks post-vaccination. The final 4-weeks post-

vaccination blood sample was collected in December 2019.  

3.2.4 Capturing State Affect 

The trial primary aim was to investigate whether a standardised intervention and/or choice 

intervention were capable of enhancing positive mood immediately prior to influenza 

vaccination in older adults, compared with usual care. It was therefore important to 

considered how to measure positive mood before and after intervention engagement, or 

sitting in the waiting room in the case of usual care, to test the primary aim. When referring 

to positive mood before and after intervention engagement or usual care, we are interested 

in the state affect of participants. It is important to highlight that state affect refers to mood 

in the present moment (e.g., before and after intervention engagement), which differs from 

trait affect that refers to general mood over longer periods (e.g., months) (Hur et al., 2015). 

When measuring state affect and determining whether an intervention has influenced state 

affect, researchers often use self-report measures. Positive and Negative Affect Schedule 

(PANAS) (Watson et al., 1988) is considered one of the most established methods (Harmon-

Jones et al., 2016). The PANAS scale was implemented in the previous pilot trial investigating 

a positive mood intervention in older adults, however the researchers found the PANAS scale 

was insensitive to change compared with alternative self-report measures, such as the 

Affective Slider scale (Ayling et al., 2019). Despite the face validity of self-report measures, 

literature has highlighted the dismissal of emotion in some instances whereby no increase 

or decrease in positive or negative affect was found with the PANAS scale. However, 

increasing knowledge in the field has indicated this to be flawed logic and has suggested self-

report measures only measure a modest portion of affect cognition, therefore implying 

researchers prematurely discount emotion by only measuring conscious emotional 

processing by using the PANAS scale (Harmon-Jones et al., 2016; Mauss & Robinson, 2009). 

For these reasons, the decision was made to not use the PANAS scale as a measure of state 

affect, and therefore alternative measures needed to be explored.  

To measure as broad a spectrum of state affect as possible, this trial implemented the use of 

multiple state affect measures, including: Affective Slider (happiness and alertness 
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subscales), Dynamic Visual Analogue Scales (DVAMS) (happiness and alertness subscales) 

and Scale of Positive and Negative Experience (SPANE). These are described in more details 

below.   

The Affective Slider scale is a self-report measure that is a reliable, valid and sensitive method 

of measuring state affect (Betella & Verschure, 2016). The decision was made to incorporate 

the Affective Slider self-report measure into this trial because it provides researchers with 

data across a continuum of values. This allows for the ability to better distinguish between 

pre- and post-intervention affect measures due to the highly sensitive nature of this affect 

measure. In addition, this scale has also been shown to be a sensitive measure of affect by 

Ayling et al. (2019) who used the happiness (Happy-Sad) and alertness (Sleepy-Alert) 

Affective Slider subscales to measure state affect pre-and post-intervention. It is important 

to note that whilst there are 3 different measures of state affect being implemented to assess 

pre- and post-intervention mood, the Affective Slider happiness subscale was considered to 

be the primary outcome measure. The Affective Slider alertness subscale and the two 

measures described below (i.e., SPANE and DVAMS) were therefore secondary outcome 

measures. 

The second affect measure incorporated into this trial to measure pre- and post-intervention 

state affect was the Scale of Positive and Negative Experience (SPANE) (Corno et al., 2016; 

du Plessis & Guse, 2017; Li et al., 2013). The SPANE is a validated affect measure that has 

been shown to have benefits over earlier developed scales due to its ability to assess a broad 

range of positive and negative experiences and feelings instead of a specific type. It has good 

internal reliability when providing researchers with clinically useful information about the 

patient emotional experience and has therefore been deemed a good affect measure, due 

to it being sensitive to change, to be implemented into this trial (Barrows & Thomas, 2016).  

The final affect measure used in the trial were the Dynamic Visual Analogue Mood Scales 

(DVAMS) (Barrows & Thomas, 2017). These measure were initially developed to assess the 

mood of stroke patients with aphasia, a condition where patients experience impaired 

spoken or written communication. This non-verbal, validated, self-report affect measure has 

been highlighted to enable patients to quickly and accurately report a profile of their mood 

and was also deemed suitable to be used as part of this trial (Quirin et al., 2009). The two 

types of DVAMS incorporated into the trial were the happiness and alertness subscales. 

This trial was unable to account for unconscious emotional processing and therefore focused 

on conscious emotional processing in the form of self-report affect measures. There are very 
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few unconscious affect measures, where the Implicit Positive and Negative Affect Test 

(IPANAT) is most commonly cited (Tomlinson et al., 2019). On balance, it was decided that 

this trial would only focus on measuring affect using self-report measures (SPANE, AS and 

DVAMS). This was decided mainly due to Patient and Public Involvement (PPI) feedback, 

where older adults had indicated the use of the IPANAT to be extremely undesirable due to 

the lengthy and repetitive nature of the measure. Some participants had even expressed 

they would drop out of the study if they were required to continuously complete it due to 

the measure's repetitive nature (Ayling et al., 2018).  

3.2.5 Inclusion and Exclusion Criteria 

Research indicated that influenza vaccination history and previous exposure to influenza 

viruses influences how well older adults respond to influenza vaccination (Public Health 

England, 2019a). This is largely due to influenza vaccines being very similar each year, and 

therefore individuals with prior influenza exposure would already have an immune 

repertoire to be able to better combat infection and to respond better to vaccination (Sasaki 

et al., 2008). Due to the nature of the target population of this trial being older adults, it is 

very likely they would have had previous influenza exposure either naturally or via previous 

influenza vaccination. To make previous exposure as consistent as possible across the 

participant cohort, only those who had received the previous years (2018/19) influenza 

vaccination were eligible to take part in the trial. Although the option of including older 

adults without influenza vaccination history was considered, controlling for this in statistical 

models would prove challenging. This is because it would be difficult to determine whether 

these participants have had previous natural exposure to influenza viruses. In addition, over 

70% of older adults typically receive the influenza vaccination each year, therefore increasing 

the generalisability of findings by including older adults who have previous influenza 

vaccination history (Public Health England, 2019a). Although the option of only recruiting 

those who had been vaccinated the previous year (2018/19) only partially accounts for 

previous exposure, it ensures that all participants have had at least one prior exposure to the 

same influenza viral strains.  

Research studies investigating vaccination outcomes in older adults have been known to use 

the SENIEUR protocol, whereby these studies aim to exclude older adults that display any 

sign of disease, frailty or non-standard immune functioning (Ligthart et al., 1984; 

Trzonkowski et al., 2009). As a result, SENIEUR protocol studies only include a narrow portion 

of the older adult population due to the nature of this population experiencing a high 

frequency of disease and frailty (Edelman et al., 2020; Ligthart et al., 1984). Research 
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investigating influenza vaccine efficacy in older adult populations has suggested that 

SENIEUR-compatible patients mount immune responses to vaccination, whereas non-

SENIEUR patients do not respond as well to vaccination (Trzonkowski et al., 2009). Thus, 

highlighting the degree to which older adults with pre-existing medical conditions display 

suboptimal immune functioning. However, implementing the SENIEUR protocol would mean 

that only 15-20% of older adults meet the inclusion criteria of a trial, which is problematic 

because it limits the generalisability of findings and considerably narrows the participant 

recruitment pool (Penedo & Dahn, 2005).  

As a result, the decision was made to include participants with disease and those on 

medication that may alter immunological responses to ensure the trial findings are 

representative and generalisable to the older adult population. However, participants whom 

a healthcare provider deemed to be too physically frail to participate and those diagnosed 

with dementia or other cognitive condition, which would make participation difficult, were 

excluded from the trial. In addition to this, participants were excluded if they were 

sufficiently hearing or vision impaired that meant exposure to the intervention as intended 

would be compromised.  

3.2.6 Participant Burden 

Participant burden refers to any discomfort or inconveniences experienced by participants 

when taking part in a trial. In the case of this trial, participant burden included financial 

burden, due to each participant being required to attend their GP surgery for 2-visits 

throughout the duration of the trial. To ensure participants were not at a financial loss by 

taking part in this research, they received an inconvenience payment for each GP surgery 

visit they attended (£10 per visit).  

3.2.7 Patient and Public Involvement 

Patient and public involvement (PPI) group insight is considered to be an important aspect 

of healthcare research and has been shown to improve research quality (Bedwell & 

Lavender, 2020; Patient, 2014). PPI group sessions allow patients to have a voice, where they 

are encouraged to share their views and input to help support research trial development 

and success. Incorporating PPI groups has been instrumental in providing researchers with 

the information needed to address better the relevance and impact of research for a specific 

patient group (Lewnard & Cobey, 2018; Sasaki et al., 2008).  

Throughout the development process of this trial, 3 PPI group meetings were carried out 

with a group of older adults, recruited from a local community GP surgery, who spoke fluent 
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English and had no significant cognitive impairment. At the first meeting, the group was 

provided with an overview of what the trial would entail and were asked to provide feedback 

about the trial’s strengths and weaknesses and whether this was research they themselves 

would consider taking part in. During the following two PPI sessions, the group also 

participated in various tasks, which included interactions with tablet devices to assess the 

pre- and post-intervention state affect measure methods and the positive mood 

interventions themselves. They provided valuable input about ease of use of the tablet 

devices and the quality of content provided within the interventions. The groups also 

addressed specific questions about the suitability of using the tablet devices regarding ease 

of reading and navigation, their preferred intervention content, the best method of 

contacting participants for the trial, and appropriate levels of inconvenience payments.  

In sum, these PPI groups indicated this research purpose to be beneficial and useful for older 

adults and was something they would get involved in. PPI participants provided researchers 

with the following trial insights: the importance of maintaining regular contact with 

participants throughout the trial, and ensuring interactions with tablet devices and 

participant documentation (e.g., consent forms and baseline questionnaires) were simple 

and straightforward. Feedback indicated that tablet device alternatives needed to be 

provided for participants who were less comfortable or familiar with the use of tablet 

devices, and who may therefore find the experience of interacting with tablet devices 

challenging or stressful. As a result, the decision was made to implement paper copy 

completion of state affect measures (AS, DVAMS and SPANE) for participants who would 

prefer not to complete them using the tablet devices. It was also decided that a researcher 

would always be present whilst participants interacted with tablet devices to offer support 

and guidance when required. These considerations were of particular importance to ensure 

the trial primary aim, of examining whether a standardised intervention and/or choice 

intervention compared with usual care were capable of improving positive affect, was not 

negatively influenced by the potentially stressful experience of using a tablet device for this 

age group. They had also indicated that participant recruitment would be most suitable via 

a letter from their GP surgery. PPI participants had suggested excluding specific videos and 

music for the interventions, where the majority had enjoyed their tablet device experience. 

Additional minor amendments made following PPI involvement included: increasing tablet 

device text size and styluses to improve their tablet device interactivity and experience. 

Finally, the group helped identify the most appropriate inconvenience payment level to be 

£10 per GP surgery visit.  
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3.3 For-ME Trial Design  

Following the above-mentioned initial considerations and PPI input, the final iteration of this 

trial was produced. A 3-arm, parallel, randomised control trial was conducted alongside the 

2019/20 annual influenza vaccination schedule between August 2019 to May 2020. This 

trial’s research governance and ethical approval was given by the Health Research Authority 

and East Midlands-Nottingham Research Ethics Committee 1 (19/EM/0081) prior to trial 

commencement (Appendix A). The trial was preregistered at clinicaltrials.gov 

(NCT03956329). This trial was also portfolio adopted by the Clinical Research Network.  

3.4 Participants 

Participants were recruited from 13 primary care GP surgeries within the East Midlands area. 

A summary of the flow of participants throughout the trial is outlined in Chapter 5 “Results”. 

3.4.1 Inclusion and Exclusion Criteria 

To be eligible for inclusion in the trial, participants needed to be aged between 65 and 85 

years old and were required to have received the influenza vaccination from the previous 

year (2018/19 season). Participants included were those eligible to receive the 2019/20 

influenza vaccination as part of usual care. For informed consent to be taken, all participants 

with insufficient proficiency of the English language were excluded. Patients diagnosed with 

dementia or other cognitive conditions and who were deemed by a healthcare provider to 

be too physically frail to participate were excluded. It was also crucial for participants to 

interact with the interventions and questionnaires as intended, which excluded participants 

with sufficiently impaired hearing or vision. Participants who participated in the previous 

pilot trial conducted by Ayling et al. (2019) were also excluded from this trial. This is because 

there is a high chance that some participants from the previous pilot trial would have had 

prior standardised intervention exposure, whereby previous involvement would be a 

confounding factor that is difficult to control for and meant some participants would be 

unblinded. A summary of the trial inclusion and exclusion criteria is highlighted in Table 3.1. 

  

https://clinicaltrials.gov/
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Table 3.1: For-ME trial inclusion and exclusion criteria. 

Inclusion Criteria 

 Males and females aged 65-85 years (inclusive) 

 Received influenza vaccination for the 2018/19 season 

 Eligible to receive 2019/20 influenza vaccination as part of usual care 

 Ability to give informed consent 

Exclusion Criteria 

 Deemed by a healthcare provider to be too physically frail to participate 

 Diagnosed with dementia or other cognitive condition which would make participation 

difficult 

 Insufficient comment of English language 

 Sufficiently impaired of hearing or vision that exposure to the intervention or control 

video content as intended would be compromised 

 Those for whom the collection of blood samples is contraindicated 

 Those who have participated previously in the pilot trial (Ayling et al., 2019) 

 

3.4.2 Sample Size and Randomisation 

The sample size was informed by the previous pilot trial (Ayling et al., 2019) and systematic 

review (Ayling et al., 2020) that looked into the effects of brief mood-improving interventions 

on mood outcomes. Based on these, a conservative medium effect size (d=0.4) was used for 

the power calculations. Therefore, calculations performed in GPower, determined that to 

detect a medium-sized (d=0.4) difference in the primary outcome between experimental 

arms and control with 90% power in separate one-tailed t-tests, a sample of 253 participants 

in each experimental arm and 108 participants in the control arm was required. For a smaller 

effect size, this will also give 80% power to detect a smaller (d=0.25) difference between 

experimental arms in a two-tailed t-test. To allow for reasonable attrition levels, the 

recruitment aim for this trial was set at 650 participants in total.  

Participants were individually randomised on a 2:2:1 ratio to one of the two intervention 

arms (standardised or choice intervention) or to the usual care arm, respectively. The 

unequal randomisation ratio was implemented to have more power to be able to detect a 

difference between the two intervention arms. This is because, based on previous research, 

there was a high degree of confidence that a change between usual care and intervention(s) 

would be observed, however differences between intervention arms were predicted to be 
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much smaller. A third-party researcher carried out randomisation and participant allocation 

by generating a block randomisation sequence (block size= 10). This randomly generated 

sequence was paired to participant ID numbers in such a manner that touchscreen computer 

tablet devices were programmed to run the appropriate intervention/ usual care program 

without researchers being aware of participant intervention assignment. To avoid 

contamination, participants randomly allocated to the usual care arm were booked into 

separate sessions to those receiving one of the interventions. This meant that the 

researchers were unblinded to usual care allocation but remained blinded to which of the 

two intervention arms patients were allocated to. Researcher unblinding only occurred after 

patient-reported outcomes and blood samples were collected and analysed. 

3.5 Procedure  

Eligible participants received a trial information sheet (Appendix B), which included the trial 

requirements and a participation information letter from their GP surgery. This information 

pack contained an interest reply slip (Appendix C) and free post envelope for participants to 

return to researchers to express an interest in taking part. In some instances, participants 

expressed an interest directly via email or telephone using the provided researcher contact 

details within the information pack. Potential participants were contacted, whereby eligible 

participants were enrolled onto the trial and were randomised to a trial arm.  

After initial enrolment, participants were posted a baseline questionnaire (Appendix D) to 

capture demographic information (age, gender, ethnicity, education, household income, 

marital status, living status and smoking status), health status and trait psychological factors 

(perceived stress and trait affect) (see below for more information). This questionnaire was 

returned to researchers via the use of a freepost envelope prior to their first scheduled GP 

surgery visit. 

At the first scheduled GP surgery visit, participants completed written consent (Appendix E) 

to take part (n= 51 participants did not attend this session, or did not provide written 

consent, and were therefore removed from the trial). Typically, participants were booked 

into trial appointment groups of 5-7 people with each session lasting approximately 1-hour. 

Following consent (n= 654), participant height and weight was measured to determine body 

mass index and provided a venous blood sample (8mL) to determine pre-vaccination 

antibody status. Participants were then given a brief demonstration on how to use the 

computer tablet device (model: ASUS-T101HA, AsusTek Computer Inc.) and completed pre-

intervention state affect measures (Affective Slider, DVAMS and SPANE) on the device. 
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Participants then received an intervention or usual care exposure (see below for more 

details) lasting a total of 15-minutes. Immediately following this, participants completed 

post- intervention affect measures (Affective Slider, DVAMS and SPANE) and were 

administered the 2019/20 season northern-hemisphere Fluad® Adjuvanted Trivalent 

Influenza Vaccine (aTIV) (Surface Antigen, Inactivated). Vaccine administration would 

typically be done less than 5-minutes following the end of the intervention or usual care 

exposure.  

Exactly 4-week after the first visit, participants attended a second GP surgery appointment 

to provide post-vaccination blood samples (8mL) for determination of antibody responses to 

vaccination. At this visit, participants received an inconvenience payment of £20 (£10 for 

each GP surgery visit) for their time and to cover any travel expenses. An overview of the 

trial procedure is illustrated in Figure 3.1.   

 

Figure 3.1: Overview of For-ME trial procedure.  

PANAS= Positive and Negative Affect Schedule Short Form; PSS= Perceived Stress Scale; SF-12= 12-
Item Short Form Survey; SPANE= Scale of Positive and Negative Experience; AS= Affective Slider; 
DVAMS= Dynamic Visual Analogue Mood Scales; aTIV= Adjuvanted Trivalent Injected Vaccine. (*) = 
Instructions require responses 'to what extent you generally feel this way'; (†) = Instructions require 
responses 'at the present moment'.  

3.6 Trial Conditions 

This trial was a 3-arm randomised control trial that compared 3 conditions in parallel 

including: a standardised intervention, a choice intervention and usual care control 

condition. Each trial condition is described in detail below. 
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3.6.1.1 Standardised Intervention Condition 

The standardised (fixed-content) intervention used in this trial was previously developed and 

utilised by Ayling et al. (2019) in a pilot trial to assess whether it could effectively enhance 

the positive mood of older adults prior to influenza vaccination. Participants randomised to 

this intervention viewed a fixed-content video lasting 15-minutes, which was made up of 

high arousal stimuli in multiple forms including uplifting music (e.g., Elvis Presley), images 

(e.g., puppies, kittens, babies, flowers) and classic comedy (e.g., Michael McIntyre, Would I 

Lie to You). This intervention aimed to appeal to a range of different tastes for this age group, 

which resulted in a combination of these stimuli. The development of this intervention was 

with the collaboration of older adult public contributors (PPI groups) to advise on the most 

suitable content for this age group. This standardised intervention was viewed by 

participants on a computer tablet device with over-ear headphones.  

3.6.1.2 Choice Intervention Condition 

The second intervention arm was designed to examine whether individualising the content 

of the intervention would enhance its effects on positive mood. The individualisation of 

interventions can be referred to in various ways, such as tailored, personalised or choice, 

where these terms do not necessarily mean the same thing. Although considered to be 

individualisation, tailoring does not always mean an individual is given the option of choice. 

For example, a computer-tailored physical activity intervention requires participants to 

complete many questions and supply self-report data to receive feedback based on the 

information they have provided (Neville et al., 2009). Although this intervention is 

personalised to them and their responses to questions, there is no direct choice element for 

participants. Similarly, other tailored web-based interventions aiming to improve health 

outcomes across various medical conditions and patient populations follow the same suit 

(Lustria et al., 2013). Allowing participants to have an element of choice has been shown to 

lead to increased interest and motivation, where having an element of choice gives 

participants feelings of personal control (Cordova & Lepper, 1996). There are also 

psychological factors in play, whereby giving the option of choice can change behaviour, such 

as confidence or the belief that taking control of a situation will produce the desired outcome 

(McPherson & Britton, 2001). It is no surprise that people are receptive to having a choice 

because it has been ingrained in our society that restriction or elimination of choice makes 

people feel like they have lost an element of control that can lead to negative behaviours, 

such as aggression (Adelinis, 2005). Additionally, in the context of healthcare, there is 

evidence to suggest the importance of giving individuals choice when trying to achieve 
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behaviour change within healthcare. A study showed that when women are given a choice 

of two formats of a program to enhance heart disease management, the women in the 

choice intervention arm enhanced psychosocial and physical functioning up to one year 

compared with non- choice intervention comparators (Clark et al., 2008). 

For these reasons, it was important to consider the implementation of choice when 

considering how to enhance the effects of the standardised intervention. Given the evidence 

suggesting the strength of choice interventions over standard interventions, a choice 

intervention was developed and incorporated as a condition for this trial. The development 

of this intervention was done in collaborating with industrial partner Rehab Studio LTD. 

The key features of this choice intervention were designed to match that of the standardised 

intervention (e.g., length, comedy, music and imagery stimuli). Participants randomised to 

the choice intervention were able to select a total of 3 videos in succession (from a total of 

12 available), each lasting roughly 5-minutes meaning the choice intervention was time-

matched to the standardised intervention. The available categories to choose from included 

stand-up comedy (e.g., Tim Vines), situation-comedy (e.g., Would I Lie to You), music (e.g., 

Elvis Presley) and variety (e.g., Strictly Come Dancing, Britain’s Got Talent). Participants 

viewed the intervention videos on a computer tablet device wearing over-ear headphones. 

3.6.1.3 Usual Care Control Condition 

Participants were instructed to sit in a study room for 15-minutes to replicate usual care. A 

countdown 15-minute timer was displayed on a tablet device screen to indicate the 

remaining time. All usual care participants were grouped in sessions together to ensure they 

did not have any second-hand intervention interaction, which assisted with replicating usual 

care. Participants were not prevented from talking to each other if they wished during this 

time.  

3.7 Outcome Measures  

3.7.1 Baseline Measures 

Baseline measures refer to those included within the baseline questionnaire (Appendix E) 

completed by participants following trial enrolment and prior to their first GP surgery visit. 

These outcomes included positive and negative trait affect, perceived stress and health 

status.  
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3.7.1.1 Positive and Negative Trait Affect  

Positive and negative trait affect was measured at baseline using the Positive and Negative 

Affect Schedule Short Form (PANAS-SF) (Watson, Clark, & Tellegen, 1988). Participants were 

presented with 10 positive (e.g., excited) and 10 negative (e.g., ashamed) emotion 

adjectives, which they were asked to rate the extent to which they felt that way ‘‘in general” 

on a five-point scale (“very slightly or not at all” – “extremely)”. Positive and negative affect 

subscales were created by summing respective item scores, whereby higher scores denoted 

greater positive and negative trait affect. The PANAS-SF's internal reliability has previously 

been demonstrated to be very good, with consistent scores ranging from α = 0.86 to 0.90 for 

positive affect and α = 0.84 to 0.87 for negative affect (Cohen & Williamson, 1988) (where α 

= Cronbach's alpha). For this trial, the internal reliability for the PANAS-SF was excellent 

(positive affect scale was α = 0.89 and PANAS‐SF negative affect scale was α = 0.87). 

3.7.1.2 Perceived Stress  

One of the most widely used psychological tools for measuring the perception of stress is the 

Perceived Stress Scale (PSS-10) (Cohen et al., 1983)Click or tap here to enter text.. This scale 

asked participants to rate recent experiences of stress over the previous month (e.g., “In the 

last month, how often have you felt that you were unable to control the important things in 

your life?”). Participants responded by selecting an option on a five-point scale (0= Never, 1= 

Almost Never, 2= Sometimes, 3= Fairly Often and 4= Very Often). As some items are reverse-

coded, PSS scores were calculated by reversing relevant items before summing all 10-items 

on the scale together. A higher score denoted greater perceived stress. Previous literature 

has demonstrated good internal reliability (α > 0.74) for the PSS‐10 (Barry et al., 2007). For 

this trial, the internal reliability was α = 0.88.  

3.7.1.3 Health Status 

Participant health status was assessed using the 12-item Short Form Health Survey (SF-12) 

(Ware et al., 1996, 1998). The SF-12 required participants to complete a series of questions 

about their health via a series of yes/no questions and Likert response questions, which 

assessed physical and emotional functioning (categories assessed include (1) physical and 

emotional functioning: limited a lot, limited a little, or not limited at all, (2) pain: excellent, 

very good, good, fair and poor, (3) mental health, vitality and social functioning: all of the 

time, most of the time, a good bit of the time, some of the time, a little of the time, and none 

of the time). SF-12 scores mental health and physical health scores were calculated in line 

with published guidelines using a weighted formula. Higher scores indicated greater mental 

and physical health respectively. The scoring output of the SF-12 produced a score for mental 
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health (mental competency score, MCS) and a separate score for physical health (physical 

competency score, PCS). Good internal reliability has been previously demonstrated using 

the SF‐12, with α = 0.78 for PCS and α = 0.73 for PCS (Diener et al., 2009). For this trial, the 

internal reliability for MCS was α = 0.81 and PCS was α = 0.87.   

3.7.2 State Affect Measures Collected on the Day of Vaccination 

Prior to, and immediately following intervention or usual care exposure, all participants 

completed the two Affective Slider Scales (Betella & Verschure, 2016), two visual analogue 

scales from the Dynamic Visual Analogue Mood Scales (Barrows & Thomas, 2017) and the 

Scale of Positive and Negative Experience (Diener et al., 2009). Of these measures, the 

Affective Slider happiness subscale was the primary outcome measures. This is because this 

was the scale that was used in the previous pilot study (Ayling et al., 2019) and determined 

the power calculations for this trial.  

3.7.2.1 Affective Slider 

The Affective Slider consisted of two visual analogue scales anchored with cartoon faces on 

each end to denote Happy/Sad and Alert/Sleepy (herein referred to as the Happiness and 

Alertness Affective Slider subscales) (Appendix F) (Betella & Verschure, 2016). Participants 

were asked to indicate "how you feel right now, that is, at the present moment" on these 

horizontal slider scales. A 100mm line allows for a 0 to 100 scoring system, where the division 

of the line into hundredths is sufficiently sensitive (Kontou et al., 2012). Higher scores for 

these slider scales indicated greater happiness or alertness.  

3.7.2.2 Dynamic Visual Analogue Mood Scales 

Very similar to the Affective Slider, the Dynamic Visual Analogue Mood Scales (DVAMS) 

consisted of the Happy/Sad and the Alert/Sleepy (herein referred to as the Happiness and 

Alertness subscales) (Appendix F) (Barrows & Thomas, 2016). The scales comprised of images 

of human faces, which can be displayed as male or female, whose expressions change when 

the marker's position on the vertical slider is moved up or down. The use of a 0-100 scale has 

been validated, whereby a higher score indicated a greater level of alertness or happiness. 

Very high internal validity of the DVAMS was shown with a Cronbach's α of 0.95 (Barrette et 

al., 2006).  

3.7.2.3 Scale of Positive and Negative Experience 

The Scale of Positive and Negative Experience (SPANE) consisted of 12-items, 6-items to 

assess positive feelings (e.g., pleasant) and 6-items to assess negative feelings (e.g., angry) 

(Appendix F) (Diener et al., 2009). Participants were asked to respond on a 5-point scale 
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("very slightly or not at all" – "extremely") to report the extent to which they felt a particular 

item "right now, that is, at the present moment". SPANE negative and SPANE positive 

subscale scores were calculated by summing positive and negative emotion items separately. 

Higher score denoted higher positive or negative affect, respectively. Good internal reliability 

for all scores have been shown with α = 0.87 and α = 0.81 for SPANE positive and SPANE 

negative, respectively (Diener et al., 2009). For this trial, SPANE positive (α = 0.89) and SPANE 

negative (α = 0.83) internal reliability was good.  

3.7.3 Immune Measures 

Venous blood samples (8mL) were collected pre-vaccination and 4-weeks post-vaccination 

to measure influenza vaccine-specific antibody responses. On the day of collection, after 

being allowed to clot at room temperature, samples were centrifuged at 2000g for 10-

minutes, after which sera were separated and stored at -80°C until analysis via 

Hemagglutination Inhibition (HAI) Assay and Enzyme-Linked Immunosorbent Assay (ELISA).  

3.7.3.1 HAI Assay to Measure Influenza- Specific Antibodies 

HAI assay is considered to be the gold standard for measuring antibody responses to 

vaccination and can be used to infer clinical protection based on pre-defined HAI titre 

thresholds. Conventionally, a post‐vaccination titre of ≥40 (1:40) classifies individuals as 

seroprotected, or clinically protected, based on a 50% reduction in disease (Hobson et al., 

1972). However, one of the biggest issues with this threshold in the context of influenza is 

that the likelihood of prior exposure to virus strains is very high, whether that be via previous 

vaccination or natural exposure (Beyer et al., 2004). This means that it is common to see 

individuals meeting this ≥40 HAI titre prior to vaccination, which makes it challenging to 

account for high pre- vaccination antibody levels. More recently, higher titre thresholds have 

been suggested, with a HAI titre of ≥160, based on a 90% reduction in disease, being more 

widely used as a metric of seroprotection to account for high pre-vaccination antibody levels 

(Hayney et al., 2014). For this reason, both thresholds will be investigated as part of the For-

ME trial, where results are reported in Chapter 5.  

3.7.3.1.1 HAI Assay Protocol 

Prior to the COVID-19 pandemic, I had planned to complete a 3-months secondment at Public 

Health England (PHE) to conduct the relevant HAI assay analyses on the collected pre- and 

post- vaccination blood samples. However, due to COVID-19, this secondment could not go 

ahead and instead these blood samples were analysed by PHE staff on our behalf. PHE have 
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provided an assay protocol, which is outlined below, that has been performed in line with 

the World Health Organisation guidelines (World Health Organisation, 2011).  

In total, 1250 serum samples from 658 individuals (592 sample pairs and 66 unpaired 

samples) were stored in a -80°C freezer for analysis of three influenza strains, which were 

antigenically representative of those included in the 2019/20 trivalent inactivated influenza 

vaccine (aTIV): A/Brisbane/02/2018, A/Kansas/14/2017 and B/Colorado/06/2017.  

The antigens for the three individual Haemagglutination Inhibition (HAI) analyses were egg 

grown (in-house) influenza viruses. The influenza B antigen (only) was extracted with 

Tween/Diethyl-Ether prior to analysis in order to increase assay sensitivity, which is standard 

procedure in the PHE laboratories for this virus subtype. All assays were performed using 

appropriate, pre-validated control sera (human and ferret origin) and titres of these controls 

were used to monitor and validate assay performance according to PHE standard operating 

procedure. All sera samples were treated with Receptor Destroying Enzyme from Vibrio 

cholerae (RDE II, Denka Seiken) prior to analysis. For analysis, pre-treated sera were 

examined in duplicate by serial dilution (two-fold; starting 1:10 and ending 1:1280) followed 

by incubation with antigen at a concentration of four Haemagglutination Units (HAU) each. 

Red blood cells (RBC) were used to detect inhibition of agglutination using turkey RBC for 

H1N1pdm09 and influenza B and guinea pig RBC for H3N2. Duplicate titres must agree with 

each other, which means they cannot vary more than 2-fold. When a greater than 2-fold 

difference was observed, analyses were repeated. This means that geometric coefficient of 

variation (GCV) to assess internal reliability of the assay was good. Samples with 

undetectable HAI titres (“negatives”) were indicated as having tires of <10 were assigned a 

nominal value of 5. The highest possible titre within the dilution series of this assay was 1280, 

where by endpoint titrations (e.g., titres beyond a 1280-fold serum dilution were assigned a 

value of 1280) could not be conducted due to limitation of financial and staffing resources.  

3.7.3.2 ELISA to Measure IgG- Specific Antibodies  

ELISA analysis was carried out at The University of Nottingham. Antigens 

(A/Brisbane/02/2018 (H1N1); A/Kansas/14/2017 (H3N2) and B/Maryland/15/2016 (B) 

(referred to throughout this thesis as the B/Colorado/06/2017-like strain due to these strains 

being nearly antigenically identical) (National Institute of Biological Standards and Control)) 

were diluted to 0.5μgHA/mL with carbonate‐bicarbonate buffer (Sigma‐Aldrich), and 20μL 

was added into 384-well plates (NUNC MaxiSorp, Thermo Fisher Scientific). After overnight 

incubation at 4°C, plates were then blocked with 40μL of 3% Bovine Serum Albumin (BSA) 
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(Sigma-Aldrich) in phosphate buffered saline (PBS) with 0.05% sodium azide (Thermo 

Scientific) and incubated at 4°C for 3-5 days. Plates were aspirated and washed were in cycles 

of three, with 0.05% Tween-20 solution in PBS, between each step using a mechanical plate 

washer, with all incubations occurring at room temperature unless otherwise stated. Sera 

diluted at 1:2000 with 3% BSA in PBS and were then added to each antigen plate for 1-hour 

on a plate shaker and washed as described above. Following this, 20μL Horseradish 

peroxidase (HRP)- conjugated anti-human IgG (Sigma-Aldrich) diluted with PBS at 1:30,000 

was added and incubated for 1‐hour on a plate shaker and washed as described above. 20μL 

of Tetramethylbenzidine (TMB) (Thermo Scientific) was then added for 10-minutes before 

the reaction was stopped with 20μL of 2M sulphuric acid (at a 1:1 volume with the TMB 

substrate solution). Plates were then scanned at 450nm on a GloMax Explorer instrument 

(Promega). 

Samples were analysed in duplicate, along with 16 influenza IgG-positive common sera 

sample controls, and BSA (Sigma-Aldrich) as a negative control. All dilutions and pipetting 

into plates were performed using a computerised pipetting system (Precision XS, BioTek) for 

accuracy. The 16 common sera samples on each plate were used to normalise results across 

plates and results are presented in terms of optical density values (ODs) with higher values 

indicating greater IgG antibody levels. Acceptable OD values aim to be between >1 to 3, 

whereby greater than 3 is usually considered to be out of the detection range for measuring 

absorbance at 450nm. For a full review of the optimisation and validation of this ELISA 

protocol refer to Chapter 4.  

3.8 Data Management 

Participant initials, date of birth, completed baseline questionnaire data, randomisation 

allocation and measured height and weight were all entered into an online data capture 

system (REDCap). To ensure the quality of the entered data for the baseline questionnaire 

booklets, a quality control measure known as continuous sampling was implemented 

(Gibson et al., 1994). This method requires one-time data entry into the online database, 

followed by a visual verification carried-out by a third party. Initially, the visual checks were 

done for the first 10 booklets. If no errors were detected in the first 10 booklets, the following 

checks were carried out on every 1 in 10 booklets. Due to the large volume of baseline 

questionnaires returned (n= 676), this method was deemed the most acceptable, as opposed 

to double data entry, which has also been indicated as an acceptable method of data entry 

checking for clinical trials (King & Lashley, 2000). However, evidence has suggested the gain 

of quality of double data entry may not justify the cost, in this case time, of the process 
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(Gibson et al., 1994). In the case of continuous sampling for this trial’s data entry, when low 

error rates are observed, this method of data entry checking is much quicker than double 

data entry and does not compromise accuracy. By checking 1 in 10 booklets, an error rate of 

<7% is considered acceptable given the booklets’ large quality.  

3.9 Statistical Analysis 

3.9.1 Primary Aim 

To address the primary aim of this trial, a series of one-way ANCOVA analyses were 

conducted to determine whether there were statistically significant differences between 

standardised, choice intervention and usual care groups, as well as determining which 

intervention type was superior. It is important to note that whilst several state affect 

outcomes were measured, the Affective Slider happiness subscale was the primary state 

affect outcome measures of this trial.   

3.9.2 Secondary Aim 

One-way ANCOVAs (of ELISA data) and chi-squared analyses (of HAI data) were conducted 

to investigate whether group allocation predicted antibody responses to influenza 

vaccination, which was the secondary aim of this trial. Paired t test analyses were conducted 

to assess whether there were significant changes from pre- to post- vaccination antibody 

responses for each trial arm (standardised intervention, choice intervention and usual care 

groups).  

3.9.3 Exploratory Analyses 

Exploratory analyses were carried out to address the following questions:  

Question 1: To what extent did psychological factors at baseline influence pre- and post-

intervention positive mood on the day of vaccination?  

It was hypothesised that participants with high levels of perceived stress and negative trait 

affect measured at baseline would present with lower pre-intervention positive state affect 

scores. It was also hypothesised that higher levels of positive trait affect would be associated 

with higher levels of pre-intervention positive state affect. For participants with high levels 

of negative trait affect and perceived stress and/or low levels of positive trait affect 

measured at baseline, it was hypothesised that allocation to an intervention group would 

result in greater improvements in positive state affect due to there being larger room for 

improvement compared to participants with lower perceived stress and negative trait affect.  
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To address these questions, multiple regression analyses were conducted to investigate 

whether perceived stress (PSS scale) and trait mood (PANAS positive and PANAS negative) 

measured at baseline were significant independent predictors of pre-intervention state 

mood (SPANE positive, SPANE negative, affective slider happiness, affective slider alertness, 

DVAMS happiness and DVAMS alertness). Additionally, multiple regression analyses were 

conducted to assess whether psychological factors (PSS and trait affect) measured at 

baseline were predictors of post-intervention state affect to examine whether these factors 

were capable of influencing the effects of the intervention. Age and sex were taken into 

account as confounding factors.  

Question 2: Did psychological factors measured at baseline predict antibody responses to 

influenza vaccination?  

A plethora of psychological factors (perceived stress and trait affect) have been indicated to 

influence vaccination responses (refer to Chapter 2). It was therefore hypothesised that 

participants with high levels of stress and negative trait affect would present lower antibody 

responses to vaccination, and those with high positive trait affect would present higher 4-

week post-vaccination antibody levels.  

Multiple regression analyses were carried out to investigate whether 4-weeks post- 

vaccination ELISA OD levels could be predicted by perceived stress and trait affect. Binary 

logistic regression analyses were carried out to investigate whether perceived stress and trait 

affect could predict whether participants were classified as seroprotected for HAI thresholds 

≥40 and ≥160. These analyses took into account confounding factors, age and sex, that have 

been indicated to influenza immune responses to vaccination. 

In addition to these questions, a comparison between ELISA and HAI was conducted. Whilst 

these methods of measuring antibody responses to vaccination differ, it was hypothesised 

that they would be significantly correlated with each other. Analyses also investigated 

whether it was possible to determine ELISA OD values equivalent to HAI geometric mean 

values to determine whether the same proportion of participants were classified as 

seroprotected using these two different methods of measuring antibody responses to 

vaccination. These methods were compared by assessing their level of agreement to 

determine whether they could be interchangeable methods of measuring antibody 

responses to influenza vaccination.  
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Bivariate correlations (Pearson’s) were computed to assess the relationship between the HAI 

geometric mean and ELISA OD values for each influenza strain of the vaccine. Bland-Altman 

analyses were conducted to determine whether ELISA OD levels and HAI geometric mean 

values have good agreement with each other (Bland & Altman, 1999). 

All analyses presented reflect an intention-to-treat population. Analyses were performed 

using STATA software version 17.0 SE Standard Edition and SPSS software version 26. The 

results of these statistical analyses are reported in Chapter 5.  

3.10 Chapter Summary 

This chapter provides an overview of the For-ME trial design and methods. Trial procedures, 

conditions and outcome measures were described in detail, along with an outline of data 

management and statistical analyses. In the next chapter, the optimisation and validation of 

the ELISA protocol for assessing influenza- specific antibody levels from blood samples will 

be described (Chapter 4), followed by the For-ME trial analyses of results (Chapter 5).  
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4 Chapter 4: Enzyme-linked Immunosorbent Assay Optimisation and 

Validation to Measure Antibody Responses to Vaccination 

4.1 Chapter Introduction 

The gold standard for measuring antibody responses to influenza vaccination is the 

Hemagglutination Inhibition (HAI) assay, where conventionally a titre of ≥40 is used as the 

clinical protection (also referred to as seroprotection) threshold (Beyer et al., 2004; de Jong 

et al., 2003). However, the nature of the HAI assay means that there is no gradation between 

assay serial dilutions making it difficult to distinguish between samples (refer to Chapter 3 

for HAI protocol). Enzyme-Linked Immunosorbent Assay (ELISA) allows for the differentiation 

between samples due to this assay being a continuous outcome measure. For this reason, 

ELISA is considered to be a sensitive, flexible and low-cost laboratory technique readily used 

to measure antibody responses to vaccination (Coudeville et al., 2010; Lewnard & Cobey, 

2018). For the analyses of For-ME trial blood samples, both HAI assay and ELISA were carried 

out to measure influenza-specific antibody responses to vaccination. 

This chapter provides an overview of the optimisation and validation experiments conducted 

to optimise the measurement of influenza- specific antibody responses to vaccination by 

ELISA. Sections one and two of this chapter outline the initial ELISA protocol and validation 

experiments conducted, followed by section three and four that outlines the updated 

protocol and optimisation experiments that were subject to change due to COVID-19 impact 

(e.g., laboratory closure). The finalised ELISA protocol for the analyses of influenza- specific 

antibody responses to vaccination is described in detail here, and in Chapter 3.  

4.2 Original Indirect Sandwich ELISA Analysis Protocol 

This section outlines the “original” indirect sandwich ELISA analysis protocol utilised for 

validation and optimisation experiments conducted prior to the COVID-19 pandemic. 

Changes were made as a result of the COVID-19 pandemics impact on laboratory facility and 

resource access, which resulted in protocol changes (see Section 4.4 for the finalised ELISA 

protocol).  

Serum preparation from whole blood was achieved by centrifuging up to 8mL of whole blood 

in a serum specific vacutainer tube (Beckon Dickinson) at 2000g for 10-minutes. Serum 

supernatant was then aliquoted into 2mL cryovials (Sigma Aldrich) to be frozen for ELISA 

analysis later. 
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4.2.1.1 Standards, Controls and Equipment 

Standard curves were prepared using a Biotech Precision single-channel pipette liquid 

handling robot, in a 96 well plate (ThermoFisher Scientific). Each plate contained a calibrated 

human IgG (Sigma‐Aldrich, I4506) standard curve (4μgHA/mL to 0.001μgHA/mL) in duplicate, 

as well as a negative control of PBS (Thermo Scientific) in duplicate. All washes, sera dilutions 

and addition of reagents were done using a Biotech Precision multichannel pipette liquid 

handling robot.  

4.2.1.2 Plate Coating with Antigen 

384 well plates (Merek) were separately coated with 20μL of the following 3 antigens, which 

were diluted to their working concentrations (0.5μgHA/mL) with 1μgHA/mL carbonate‐

bicarbonate buffer (Sigma-Aldrich): Influenza Antigen A/Brisbane/02/2018 (IVR-190) (H1N1) 

(NISBC, 18/238), Influenza Antigen A/Kansas/14/2017 (NYMC X-327) (H3N2) (NISBC, 19/104) 

and Influenza Antigen B/Maryland/15/2016 (also referred to as B/Colorado/06/2017- like 

strain) (NISBC, 18/100). Coated plates were incubated overnight at 4°C.   

4.2.1.3 Plate Washing 

After overnight incubation, plates were manually aspirated and washed with 0.05% Tween-

20 in PBS (v/v) 3 times. This procedure was repeated after each reagent incubation, except 

for the final colorimetric substrate and stop solution stages of the assay. 

4.2.1.4 Blocking Non- Specific Antibody Binding 

The residual binding capacity of the plates were blocked by adding 40μL of 3% (v/v) BSA 

(Sigma-Aldrich) to each well. Plates were centrifuged at 2000g for 2-minutes and incubated 

on a shaker plate for 1-hour.  

4.2.1.5 Vaccine Specific Antibody Capture  

At this stage, all sera samples were thawed, mixed on a plate shaker, diluted to their working 

concentrations (1:2000) with PBS and were then added to each washed well. It is during this 

step that the influenza vaccine-specific antibodies bind to the antigens coated in each well. 

20μL of each sample was plated in duplicate. Plates were centrifuged as described above and 

were incubated for 2-hours on a plate shaker.  

4.2.1.6 Detection Antibody 

After washing, 20μL biotinylated anti‐human IgG (Vector Labs) diluted with PBS at 1:320,000 

was added to each well. Plates were then centrifuged and incubated for 1-hour on a plate 
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shaker. At this stage, the detection antibody was left to bind to the previously captured IgG 

antibodies. 

4.2.1.7 Streptavidin- Enzyme Conjugate  

After washing, 20μL of enzyme conjugate streptavidin‐HPR was added to each well, where 

the streptavidin of the enzyme complex bound to the biotinylated anti-human IgG. Plates 

were centrifuged and incubated in the dark on a plate shaker for 45-minutes.  

4.2.1.8 Colorimetric Substrate  

20μL of Tetramethylbenzidine (TMB) (Thermo Scientific) was added after washing, where the 

TMB substrate reacted with immobilised HRP conjugated to the biotinylated anti-human IgG 

to produce a blue solution. The colour change produced was proportional to the amount of 

biotin present, which meant a darker blue solution indicated a larger quantity of antigen-

specific antibody present. 

4.2.1.9 Stop Reaction and Analyse 

After 15‐minutes, without plate washing, this reaction was stopped using 20μL of 2M 

sulphuric acid (H2SO4) (at a 1:1 volume with the HRP/TMB substrate/enzyme solution), which 

had an immediate visual impact of turning the previously blue solution yellow. The 

absorbance was then measured on an ELISA reader (GloMax Explorer instrument (Promega) 

that output optical density (OD) values to determine antibody concentrations within each 

well. Plates were scanned at 450nM.  

4.3 ELISA Optimisation and Validation Experiments (Part 1) 

A series of experiments were conducted to optimise and validate the ELISA protocol 

(outlined in Section 4.2). The optimisation and validation experiments outlined in this section 

include: (Experiment 1) Checkerboard Assay, (Experiment 2) Reproducibility Testing 1 (Poor 

Standard Curve Fit), (Experiment 3) Reproducibility Testing 2 (Poor Sample Reliability) and 

(Experiment 4) Reproducibility Testing 3 (Poor H3N2 Reliability).  

4.3.1 Experiment 1: Checkerboard Assay  

Aim: This experiment was conducted to determine the optimal ELISA plate coating antigen 

concentrations and sera sample dilutions. These two factors are essential to ensure that the 

obtained absorbance signals fall within the linear region of the 4-parameter logistic (4PL) 

sigmoidal IgG standard curves for all antigens. Symmetrical, 4PL sigmoidal standard curves 

are what we anticipate for immunoassay experiments, such as ELISA, as it best represents 

the kinetics of the antigen-antibody complex formation. For this experimental design, 4 



 
 

90 

 

randomly selected sera samples from the participants in the For-ME trial, 2 pre- and 2 post-

vaccination samples, were tested against the following sera dilutions and antigen coating 

concentrations highlighted in Table 4.1.  

Table 4.1: Checkerboard assay conditions consisting of five sera dilutions and four antigen coating 
concentrations tested for all 3 antigens.  

Sera Dilutions Antigen Coating Concentrations 

1:1000 2μg/mL 

1:2000 1μg/mL 

1:4000 0.5μg/mL 

1:8000 0.25μg/mL 

1:16000 - 

 

Results: When selecting the optimum coating antigen and sera concentrations, the obtained 

absorbance readings of desirable sera dilutions and antigen concentration combinations 

need to be compared with each corresponding antigen standard curves. As highlighted in 

Figure 4.1, the standard curve linear regions for all antigens were determined to be between 

an absorbance reading of 0.34-1.82, therefore corresponding to a human IgG concentration 

range of 0.017‐0.5μg/mL. The observed differences between the curves were likely to be due 

to the timing differences between plate washing and reagent addition rather than 

differences relating to the antigen type. To assess the variation of standard curve duplicates 

on each plate, also known as intra-assay coefficients of variation (CV%) (ideal <5%), good 

intra-assay median CV%'s of <5% (IQR= <3%) were calculated for all standard curves. This 

therefore allowed for the determination of acceptable sera dilution and antigen 

concentrations illustrated in Table 4.2, Table 4.3 and Table 4.4 for H1N1, H3N2 and B 

antigens, respectively.   

In addition to excellent median CV%'s for all standard curves, sample intra-assay reliability 

was shown to be excellent with median sample CV% values of 2.27% (IQR= 1.80%), 1.82% 

(IQR= 1.65%) and 2.00% (IQR=1.64%) for H1N1, H3N2 and B antigens respectively, where 

each sample was plated in triplet.  
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Figure 4.1: Human IgG standard curves printed alongside H1N1, H3N2 and B antigen coated ELISA 
plates. Standard curves for each plate were analysed in quadruplet, with an intra-assay CV's of <5% 
for all antigens. The identified linear regions for all three antigens are between an absorbance of 0.34-
1.82, which corresponds to a human IgG concentration range of 0.017‐0.5μg/mL. 

 

Despite multiple combinations of sera dilution and antigen concentration being acceptable 

across all 3 antigens, selecting a combination that is nearer the middle of the standard curve 

linear region allows for flexibility if future analysed samples display much higher or much 

lower absorbance readings, and therefore human IgG concentrations. In the case of this 

checkerboard assay, serum dilutions of 1:2000 and 1:4000 were both deemed acceptable, 

however, 1:2000 was selected as the preferable dilution due to the absorbance ranges for 

all three antigens sitting more comfortably in the middle of the standard curve linear region 

of 0.34‐1.82 (IgG concentration range of 0.017‐0.5μg/mL). Although multiple antigen 

concentrations were also deemed acceptable, specifically 0.5μg/mL and 1μg/mL, the lowest 

acceptable concentration for all 3 antigens was selected for economic reasons due to the 

high cost of these antigens.  

Next step: The findings of this checkerboard assay indicated the optimum serum dilution to 

be 1:2000 and the optimum antigen coating concentration to be 0.5μg/mL. The combination 

of these conditions were found to be the most optimal and were used for future experiments 

conducted below to test for reproducibility.  
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Table 4.2: Absorbance reading ranges for all 4 samples at varying sera dilutions and H1N1 antigen 
concentrations.  

  Serum Dilution 

    1:1000 1:2000 1:4000 1:8000 1:16000 

A
g 

H
1

N
1

 C
o

n
c.

 

2μg/mL 1.12-2.08* 0.78-1.89 0.51-1.59* 0.29-1.19 0.24-0.81 

1μg/mL 0.99-2.00* 0.71-1.80* 0.47-1.48* 0.32-1.12 0.24-0.76 

0.5μg/mL 0.91-1.90 0.64-1.55* 0.44-1.32* 0.31-0.98 0.24-0.66 

0.25μg/mL 0.79-1.67 0.60-1.39 0.41-1.19* 0.29-0.88 0.23-0.57 

*Indicates sample absorbance ranges that fall within the linear region of the standard curve. 

 

Table 4.3: Absorbance reading ranges for all 4 samples at varying sera dilutions and H3N2 antigen 
concentrations.  

  Serum Dilution 

    1:1000 1:2000 1:4000 1:8000 1:16000 

A
g 

H
3

N
2

 C
o

n
c.

 

2μg/mL 1.36-1.83 1.01-1.63* 0.66-1.27* 0.45-0.92* 0.30-0.60 

1μg/mL 1.12-1.77 0.87-1.54* 0.59-1.20* 0.39-0.83* 0.26-0.57 

0.5μg/mL 1.01-1.65* 0.70-1.39* 0.48-1.06* 0.33-0.72 0.24-0.47 

0.25μg/mL 0.82-1.52* 0.61-1.23* 0.39-0.89* 0.28-0.61 0.21-0.40 

*Indicates sample absorbance ranges that fall within the linear region of the standard curve. 

 

Table 4.4: Absorbance reading ranges for all 4 samples at varying sera dilutions and B antigen 
concentrations.  

  Serum Dilution 

    1:1000 1:2000 1:4000 1:8000 1:16000 

A
g 

B
 C

o
n

c.
 

2μg/mL 0.97-1.65* 0.69-1.42* 0.45-1.09* 0.31-0.77 0.24-0.51 

1μg/mL 0.92-1.61* 0.64-1.37* 0.45-1.04* 0.31-0.75 0.24-0.49 

0.5μg/mL 0.89-1.50* 0.60-1.25* 0.41-0.97* 0.30-0.68 0.22-0.45 

0.25μg/mL 0.78-1.32* 0.55-1.08* 0.38-0.86* 0.28-0.58 0.22-0.40 

*Indicates sample absorbance ranges that fall within the linear region of the standard curve. 
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4.3.2 Experiment 2: Reproducibility Testing 1 (Poor Standard Curve Fit) 

Aim: To assess the reproducibility of the ELISA assay, 175 randomly selected human sera 

samples (including pre-and post-vaccination blood samples) were processed three times, 

each on separate days within the same week. Following the procedure outlined in Section 

4.2), sera samples were tested, and coefficients of variation (CV%) were calculated to assess 

both intra-assay reliability and inter-assay reliability for standard curves and samples.  

Results: Intra-assay reliability was good for all human IgG standard curves, with median 

CV%'s of <6% (IQR= <5%) across all 3 testing days. However, poor standard curve inter-assay 

reliability was observed with calculated median CV%'s of 36.27% (IQR= 59.52%) (H1N1), 

28.45% (IQR= 59.15%) (H3N2) and 24.00% (IQR= 51.58%) (B), where conventionally we would 

aim for CV% values of less than 20% (Reed et al., 2002). Large IQR values also indicated a 

large amount of variability between the standard curves on each day.  

In addition to this, we would conventionally aim for a symmetrical, S-shaped standard curve 

to sufficiently interpolate and analyse data. However, for the first round of reproducibility 

testing, each antigen standard curve, displayed in Figure 4.2, indicated poor goodness of fit 

for 2 of the 3 testing days. Day 1 presented with a standard curve that aligns with what we 

would have expected to see, which means the differences observed lie within potential 

differences in the protocol for days 2 and 3. The likely difference was speculated to have 

been due to the human IgG working concentration of 4μg/mL not being freshly prepared 

each day, and was instead only freshly prepared on day 1 and used over the 3 experimental 

days. It is possible that storing this antibody overnight in an undesirably low concentration 

before use had the potential to alter its binding ability due to the occurrence of antibody 

degradation and change in performance.  

To assess inter-assay reliability, sample antigen concentrations needed to be interpolated 

from the standard curve of each plate. This is because we are likely to see OD variation of 

the same standard curves day-to-day due to alterations of laboratory conditions, such as 

humidity and temperature. This highlights the value of using a standard curve to standardise 

across experiments conducted on different days. As mentioned previously, this experiment 

produced poor standard curves, which means sample interpolation was not possible and 

subsequently sample inter-assay reliability could not be determined. However, sample intra-

assay reliability could be determined using OD values, where excellent median CV%'s of <4% 

(IQR= <4%) were calculated for all sample antigens across the 3 experimental days.  
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Next step: Poor standard curves were produced in this round of reproducibility testing. The 

next section aimed to test whether human IgG storage played a role in the production of the 

poor standard curves produced within this section of reproducibility testing. 

 

 

Figure 4.2: Absorbance signals for standard curves (4μg/mL to 0.001μg/mL), on 3 consecutive days, 

for ELISA plates separately coated with antigens H1N1, H3N2, B. For all 3 antigens, days 2 and 3 

display poor goodness of fit standard curve, compared to day 1 that displays a good fit standard curve.  
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4.3.3 Experiment 3: Reproducibility Testing 2 (Poor Sample Reliability) 

Aim: For this set of reproducibility analyses, a new set of 175 pre- and post-vaccination 

samples were thawed and used for analyses, to eliminate the chance of biological 

degradation that may have occurred over a week, where the previously thawed samples 

were stored in the fridge. Following the previous experiment, this round of testing aimed to 

repeat the above experiment, however, this time using a fresh aliquot of 4μg/mL human IgG 

prepared at the start of each day to avoid the chance of biological degradation of the 

antibody, to achieve desirable standard curves on all testing days.  

Results: The preparation of new human IgG each day proved successful, as demonstrated in 

Figure 4.3, where all three days produced desirable, symmetrical sigmoidal standard curves. 

Standard curve intra-assay reliability was satisfactory, with median CV%'s of <9% (IQR= 

<10%) for all antigens across all 3 experimental days, which is slightly greater than the ideal 

CV% of <5%. Inter-assay standard curve reliability was good, with median CV%’s of 19.84% 

(IQR= 23.45%) (H1N1), 17.13% (IQR= 23.71%) (H3N3) and 17.32% (IQR= 19.56%) (B) (ideal 

CV% <20%). Sample consistency was highlighted with good intra-assay reliability indicated 

by CV% values of <4% (IQR= <5%) for all sample antigens across the 3 days.  

Despite an improvement in the shape of the standard curves compared to reproducibility 

testing 1 (Figure 4.2), as well as good sample intra-assay reliability, sample inter-assay 

reliability was extremely poor with median CV% values of 36.00% (IQR= 17.90%), 56.51% 

(IQR= 16.58%) and 22.00% (IQR= 12.62%) for H1N1, H3N2 and B antigens, respectively. 

Conjectures about these poor sample reliability figures suggested the possible issue was due 

to the plates completely drying between each addition of reagent. When using the liquid 

handling robot, each plate remained dry for at least 3-minutes, and often longer than this, 

which allowed for complete plate drying. Wells that are completely dry can lead to the 

inactivation of plate components, resulting in a negative impact on assay performance, such 

as poor reproducibility.  

Next step: Liquid handling robot adjustments were made to ensure each plate could be 

manually aspirated directly before the addition of reagent, therefore minimising the 

timeframe in which plates remain dry. This was explored in the third set of reproducibility 

testing outlined in the next section of this chapter. 
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Figure 4.3: Absorbance signals for standard curves (4μg/mL to 0.001μg/mL), on 3 consecutive days, 

for ELISA plates separately coated with antigens H1N1, H3N2, B. All standard curves display 

desirable, goodness of fit curves 
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4.3.4 Experiment 4: Reproducibility Testing 3 (Poor H3N2 Reliability) 

Aim: This stage of reproducibility testing sought to resolve the issue of poor sample 

reproducibility by reducing the time each ELISA plate was left to dry.  

Results: Consistent with the previous experiment, standard curve intra-assay median CV% 

values were calculated at <7% (IQR= <6%), which were considered to be satisfactory. Also, 

good intra-assay sample reliability was indicated with median CV% values of <4% (IQR= <4%).  

The reduced dry-time of the ELISA plates resulted in a drastic increase in both inter-assay 

sample reliability and inter-assay standard curve reliability. Compared to the previous 

reproducibility testing experiment, standard curve inter-assay reliability for plates coated 

with H1N1, H3N2 and B antigens drastically increased from median CV% values of 19.84% 

(IQR= 23.45%), 17.13% (IQR= 23.71%) and 17.32% (IQR= 19.56%) to 5.85% (IQR= 3.59%), 

7.96% (IQR= 2.79%) and 4.31% (IQR= 5.72%).  

In addition to this, there was a considerable improvement in inter-assay sample reliability, 

with median CV% values of 10.95% (IQR= 10.37%) (H1N1), 20.57% (IQR= 10.55%) (H3N2) and 

10.33% (IQR= 5.44%) (B) were also produced. The inter-assay CV% value for antigen H3N2 is 

slightly elevated, compared to the other two antigens, and is very much at the higher end of 

the ideal CV% value of 20% we would conventionally aim for. A possible explanation for this 

could be that the absolute concentration values are very low, as low as 0.085μg/mL for some 

samples for antigen H3N2, and is therefore likely to lead to greater variation of highly 

sensitive CV% calculations.  

Next step: The positive outcome of this experiment led to the stipulation of processing each 

antigen plate in succession, through each stage of the ELISA experimental procedure, to 

avoid the plates drying by only aspirating plates directly before addition of reagent. However, 

the inter-assay median CV% value for antigen H3N2 was still higher than desired and 

suggested a standard curve alternative needed to be considered. This may be because the 

standard curve is serially diluted IgG in PBS, which is not antigen-specific and therefore might 

be a poor true concentration reference to use. Despite the mostly positive outcome of this 

reproducibility experiment, additional experiment alterations needed to be made including: 

blocking incubation time, detection antibody type and a standard curve alternative (pooled 

sera sample controls and common sera sample controls). These are all described in more 

detail in the next section.  
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4.4 Final Direct Sandwich ELISA Analysis Protocol 

4.4.1 Impact of the COVID-19 Pandemic 

At this point in the reproducibility testing process, the COVID-19 pandemic emerged. 

Laboratory work was halted for several months due to the COVID-19 national lockdown 

resulting in laboratory closure. After several months, laboratory opening was granted on the 

basis of increased health and safety precautions. These included the wearing of surgical 

masks and visors at all times and a maximum laboratory space capacity of 6 people, which 

was monitored via the use of an online booking system. Reduced laboratory capacity, the 

online booking system, and increased personnel needing to use the liquid handling robots 

for personal and COVID-19 research purposes meant that some adaptations needed to be 

made to the previously outlined ELISA protocol.  

4.4.2 Updated ELISA Protocol  

The protocol changes were made to increase adaptability and flexibility of the experimental 

protocol and included the following: (1) plate blocking incubation time was changed to 3-5 

days from 1-hour, (2) a new detection antibody type was used to eliminate the addition of 

enzyme conjugate streptavidin-HPR, therefore changing the protocol from indirect to direct 

ELISA and (3) common control samples were used instead of a standard curve as part of the 

experimental controls. The final direct sandwich ELISA protocol used for reproducibility 

testing experiments 4 and 5, as well as For-ME pre- and post- vaccination blood sample 

analyses, is described below (essential changes made from the previous protocol are 

highlighted in BOLD).  

4.4.2.1 Controls and Equipment 

Sera dilutions and addition of reagents were done using a computerised multichannel 

pipette liquid handling robot (Precision XS, BioTek). Each plate contained a series of common 

samples in duplicate, as well as a negative control of BSA (Sigma-Aldrich) in duplicate.  

4.4.2.2 Plate Coating with Antigen 

384 well plates (NUNC MaxiSorp, Thermo Fisher Scientific) were separately coated with 20μL 

of the following 3 antigens, which have been diluted to their working concentrations 

(0.5μgHA/mL) with 1μgHA/mL carbonate bicarbonate buffer (Sigma‐Aldrich): Influenza 

Antigen A/Brisbane/02/2018 (IVR-190) (H1N1) (National Institute of Biological Standards and 

Control (NIBSC), 18/238), Influenza Antigen A/Kansas/14/2017 (NYMC X-327) (H3N2) (NIBSC, 

19/104) and Influenza Antigen B/Maryland/15/2016 (referred to as B/Colorado/06/2017-like 

strain) (NIBSC, 18/100). Coated plates were incubated overnight at 4°C.   
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4.4.2.3 Plate Washing 

Plates were aspirated and washed in cycles of three, with 0.05% Tween-20 solution in PBS, 

between each step using a mechanical plate washer. 

4.4.2.4 Blocking Non- Specific Antibody Binding 

The residual binding capacity of the plates was blocked by adding 40μL of 3% (v/v) BSA 

(Sigma-Aldrich) with 0.05% sodium azide (Thermo Scientific) to each well. Addition of 

sodium azide was used as a preservative to inhibit contaminants' growth, such as bacteria 

and fungi. Plates were centrifuged at 2000g for 2-minutes and incubated at 4°C for 3-5 days.  

4.4.2.5 Vaccine Specific Antibody Capture  

Serum preparation from whole blood was achieved by centrifuging up to 8mL of whole blood 

in a serum specific vacutainer tube (Beckon Dickinson) at 2000g for 10-minutes. After 

washing as described above, serum supernatant was then aliquoted into 2mL cryovials 

(Sigma-Aldrich) to be frozen for ELISA analyses later. At this stage, all sera samples were 

thawed, mixed on a plate shaker, diluted to their working concentrations with 3% (v/v) BSA 

(Sigma-Aldrich) and were then added to each washed well. It is during this step that vaccine-

specific antibodies bound to the antigens coated in each well. 20μL of each sample was 

plated in duplicate. Plates were centrifuged as described above and were incubated for 1-

hour on a plate shaker.  

4.4.2.6 Detection Antibody 

After washing as described above, 20μL HRP- conjugated anti-human IgG (Sigma-Aldrich) 

diluted with PBS at 1:30,000 was added to each well. Plates were then centrifuged and 

incubated for 1-hour on a plate shaker. At this stage, the detection antibody was left to bind 

to the previously captured IgG antibodies.  

4.4.2.7 Colorimetric Substrate  

20μL of Tetramethylbenzidine (TMB) (Thermo Scientific) was added after washing, where the 

TMB substrate reacted with immobilised peroxidase-conjugated to the biotinylated anti-

human IgG, to produce a blue solution. The colour change produced is proportional to the 

amount of biotin present, which means a darker blue solution indicates a larger quantity of 

antigen-specific antibody present. 

4.4.2.8 Stop Reaction and Analyse 

After 10-minutes, without plate washing, this reaction was stopped using 20μL of 2M 

sulphuric acid (H2SO4) (at a 1:1 volume with the HRP/TMB substrate/enzyme solution), which 
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had an immediate visual impact of turning the previously blue solution yellow. The 

absorbance was then measured on an ELISA reader (GloMax Explorer instrument (Promega), 

which output optical density (OD) values to determine antibody concentrations within each 

well. Plates were scanned at 450nM.  

4.5 ELISA Optimisation and Validation Experiments (Part 2) 

4.5.1 Experiment 5: Reproducibility Testing 4 (New Detection Antibody, Pooled Control 

Samples, Blocking Incubation Time) 

Aim: Following the need for protocol alterations after the completion of Experiment 4, this 

experiment aimed to investigate 3 essential changes. Firstly, this experiment tested the 

impact of blocking incubation time on reproducibility, by testing 3-, 4- and 5-day incubation 

periods. Secondly, both the feasibility and concentration of a new detection antibody was 

tested, whereby a working concentration of 1:30,000 was used. Finally, the poor standard 

curve reproducibility seen for all antigens indicated the need to explore the use of an 

alternative. In this experiment, 30 sera samples, which were positive for all antigens, were 

combined and diluted to high (1:500), medium (1:4000) and low (1:16,000) working 

concentrations. Consistent with the previous reliability experiments, all selected human sera 

samples (n= 194) were processed three times, each on separate days within the same week 

to test the alterations mentioned above.  

Results: Intra-assay reliability of the pooled sera samples, for all antigens, was good for day 

1, with a median CV% value of <4% (IQR= <5%), however extremely poor intra-assay 

reliability for days 2 and 3, with median CV% values of <8% (IQR= <22%) and <13% (IQR= 

<12%) respectively. Additionally, pooled sera sample inter-assay reliability was variable 

across the antigens with median CV% values of 12.80% (IQR= 7.0%) (H1N1), 8.37% (IQR= 

8.74% (H3N2) and 20.90% (IQR= 9.56%) (B), whereby Antigen B in particular was poor. The 

lowest pooled sera concentration of 1:16,000 had extremely low OD readings for all antigens 

(OD range of 0.227-0.391), which is only slightly above background (OD value of 0.200). As a 

result, these extremely low OD readings could be the reason behind inconsistent pooled sera 

sample reliability.  

Sample intra-assay reliability was good for all sample antigens across the 3 experimental 

days, with median CV% values of <5% (IQR= <10%). However, sample inter-assay reliability 

was variable with median CV% values of 15.06% (IQR= 13.69%), 13.36% (IQR= 6.91%) and 

25.28% (IQR= 9.46%) for H1N1, H3N2 and B antigens, respectively. Consistent with the 

pooled sample reliability observations, antigen B was very poor.  
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Next step: Due to the inconsistent pooled sera sample reliability observed in this experiment, 

the next step was to test the use of common sera samples as the experimental controls, as 

an alternative to pooled sera samples.  

4.5.2 Experiment 6: Reproducibility Testing 5 (Common Sample Controls) 

Aim: This experiment investigated the use of 16 common sera sample controls to determine 

whether regression analyses could be used to normalise results across plates to improve 

inter-assay reliability, particularly for antigen H3N2 which had been performing poorly. The 

use of common sera samples meant that the same sera samples were used as control 

samples on all antigen plates, across all 3 experimental days. The blocking incubation periods 

(3-, 4- and 5- days) and the new detection antibody concentration (1:30,000) were used in 

the same manner as described in Experiment 5.  

Results: Excellent sample intra-assay reliably was consistent with previous experiments, 

whereby median CV% values across all 3 testing days were <5% (IQR= <5%) for H1N1, <3% 

(IQR= <4%) for H3N1 and <5% (IQR= <6%) for B.  

Contrary to the previously outlined reproducibility experiments, this experiment did not rely 

on using a standard curve for interpolation to ensure day-to-day variations of OD values 

produced reliable results. However, the use of a standard curve has proved challenging, and 

so has the use of pooled sera sample controls. In this experiment, 16 common sera samples 

on each plate were used to normalise results across plates and results were presented in 

terms of OD values, with higher values indicating greater IgG antibody levels. Performed 

regression analyses estimated adjusted sera sample OD and CV% values. Regression analyses 

was conducted to produce regression models to both include and exclude a constant, 

whereby both models resulted in a drastic improvement in inter-assay sample reliability. The 

adjusted inter-assay sample median CV% values, which followed standard regression 

analyses protocol and therefore included a constant within the regression model, were 

excellent with values of 10.17% (IQR= 11.97%) (H1N1), 9.03% (IQR= 8.23%) (H3N2) and 7.72% 

(IQR= 6.33%) (B). Furthermore, these CV% values were further improved when a constant 

was excluded as part of the regression model equation, resulting in inter-assay median CV% 

values of 8.90% (IQR= 10.26%) (H1N1), 8.22% (IQR= 6.29%) (H3N2) and 6.72% (IQR= 4.96%) 

(B).  

Next Step: Excellent regression adjusted median CV% values, and therefore excellent 

experiment reliability and reproducibility, concluded the series of ELISA optimisation and 

validation experiments. Also, excellent sample reliability suggested the plate blocking 
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incubation periods (3-, 4- and 5-days) and the use of new detection antibody concentration 

(1:30,000) were both acceptable. As a result, no further modifications were made to the 

ELISA protocol. Blood samples collected as post of the For-ME trial were analysed following 

this protocol (n=656 pre-vaccination and n=592 post-vaccination blood samples). The 

statistical analyses and results are outlined and explained in detail in Chapter 5.  

4.6 Chapter Summary 

This chapter has described the experiments conducted to optimise and validate the ELISA 

assay utilised to measure influenza-specific antibody responses to vaccination as part of the 

For-ME trial. Firstly, the initial indirect ELISA protocol was outlined along with a series of 

reproducibility experiments. The impact of COVID-19 on facility and resource access resulted 

in ELISA protocol changes, whereby all changes to this protocol are clearly highlighted. Final 

reproducibility experiments were conducted to optimise and validate the altered ELISA 

protocol. This final protocol was deemed sufficient for For-ME trial blood sample analyses. 

Pre- and post- vaccination blood samples were analysed, with statistical analysis and results 

explained in detail in Chapter 5.  
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5 Chapter 5: For-ME Trial Results: Enhancing Positive Mood and 

Assessing Influenza Vaccination Responses  

5.1 Chapter Introduction 

This chapter presents the results from the For-ME trial (For-ME trial design and methods are 

outlined in Chapter 3). The start of this chapter will introduce information about the trial 

participants, whereby participant demographics will by outlined. Baseline health, stress and 

mood measure (PSS, PANAS-SF, SF-12) characteristics will also be reported for the whole 

cohort and for both intervention groups and the control group, along with the pre- and post-

intervention mood measures (Affective Slider, DVAMS, SPANE) and pre- and post-

vaccination antibody measures (HAI, ELISA). 

Once the For-ME data has been described, analyses relating to the following aims will be 

presented and discussed: 

 Primary aim: To explore whether a standardised and/or choice intervention can 

enhance positive mood (measured by the Affective Slider Happiness subscale) 

compared to usual care in older adults, and to identify which intervention type was 

superior.  

 Secondary aim: To explore whether positive mood, on the day of influenza 

vaccination, predicted antibody responses (measured by ELISA and HAI) to influenza 

vaccination in older adults.  

In addition to these aims, exploratory analyses will also be presented for the following: 

 To explore whether baseline psychological factors (perceived stress and trait mood) 

were associated with mood on the day (pre- and post-intervention mood) of 

influenza vaccination.  

 To explore whether baseline psychological factors (perceived stress and trait mood) 

were associated antibody responses to influenza vaccination.  

 To compare two different methods of measuring antibody responses to vaccination 

(ELISA versus HAI). 

The end of this chapter will then outline the key outcomes for the For-ME trial results. 
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5.2 Treatment of Data 

5.2.1 Testing Assumptions 

Normality of distribution of all variables was assessed via the calculation of skewness and 

the visual inspection of histograms prior to performing parametric analyses. When non-

normality was observed in histograms, skewness statistics outside of a range of -2 to +2 were 

considered to be sufficiently skewed to require transformation (George & Mallery, 2010). 

Pre- and post-intervention SPANE negative affect subscale scores were significantly 

positively skewed. Transformation attempts (log (natural, 2 and 10), square root and inverse) 

of these variables were all unsuccessful. Therefore, in subsequent analyses the original 

scores were used, with non-parametric tests conducted where possible. Findings related to 

this variable should therefore be treated with appropriate caution. ELISA optical density (OD) 

variables (pre- and post-vaccination for all three vaccination strains) were significantly 

positively skewed. Untransformed OD values are reported in the descriptive statistics, 

however transformed (log2) variables were utilised for any analyses. Univariate outliers were 

assessed either via the visual inspection of box plot graphs and removed, if necessary, prior 

to analyses.  

Homogeneity of variance was assessed for group comparisons (e.g., ANCOVA) using Levene’s 

test, with significant values (p<0.05) indicating unequal variances. Test statistics were 

reported where equal variances were not assumed, in this case for the following: post-

intervention happiness Affective Slider scale score, pre- and post-intervention alertness 

Affective Slider scale scores, pre- and post-intervention SPANE negative affect subscale 

scores, post-intervention happiness and alertness DVAMS scale scores, ELISA post-

vaccination B antigen optical density, ELISA pre-vaccination H1N1 antigen optical density. 

Despite these variances, the large data set size and nature of parametric testing suggest that 

ANCOVA is a robust method of analysis that can still be carried out for group comparisons.  

Chi-squared assumptions were met by ensuring all variables were categorical and 

independent of each other. Cells in the contingency table were mutually exclusive and 

expected values of calls were equal to or greater than 5 for 80% of cells. 

For regression models, multicollinearity was assessed by bivariate Pearson’s correlations and 

variation inflation statistics. Correlations greater than 0.8 and variance inflation factors 

above 10 were considered to be unacceptable levels of multicollinearity. Variables with 

significant correlations, and correlations of 0.8 or greater, were not used within the same 

regression models and instead separate regression model analyses were conducted.  
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5.2.2 Statistical Approach 

Primary aim: To address the primary aim of this trial, a series of one-way ANCOVA analyses 

were conducted to determine whether there were statistically significant differences 

between standardised and choice intervention and usual care groups, and to identify which 

intervention type was superior, in terms of post- intervention state affect (SPANE positive, 

SPANE negative, Affective Slider happiness, Affective Slider alertness, DVAMS happiness and 

DVAMS alertness). It is important to note that whilst several state affect outcomes were 

measured, the Affective Slider happiness scale was the primary state affect outcome 

measure of this trial, with pre-intervention scores used as the co-variates. Paired t test 

analyses were carried out to assess whether there were significant changes in state affect 

scores from pre- to post-intervention.  

Secondary aim: One-way ANCOVAs (of ELISA data) and chi-squared analyses (of HAI data) 

were done to investigate whether group allocation predicted antibody responses to 

influenza vaccination, which was the secondary aim of this trial. Paired t test analyses (of 

ELISA data) and McNamar analyses (of HAI data) were conducted to assess whether there 

were significant changes from pre- to post-vaccination antibody responses for each trial arm 

(standardised intervention, choice intervention and usual care groups).  

Exploratory analyses were carried out to answer the following questions:  

(1) To what extent did psychological factors at baseline influence pre-intervention positive 

mood on the day of vaccination? Multiple regression analyses were conducted to investigate 

whether perceived stress (PSS scale) and trait mood (PANAS-SF positive and PANAS-SF 

negative) measured at baseline were significant independent predictors of pre- and post- 

intervention state affect (SPANE positive, SPANE negative, Affective Slider happiness, 

Affective Slider alertness, DVAMS happiness and DVAMS alertness). Age and sex were taken 

into account as confounding factors.  

(2) Can psychological factors measured at baseline predict antibody responses to influenza 

vaccination? Multiple regression analyses were carried out to investigate whether 4-weeks 

post- vaccination ELISA OD levels can be predicted by perceived stress and trait affect 

measured at baseline. Binary logistic regression analyses were carried out to investigate 

whether perceived stress and trait affect measured at baseline can predict whether 

participants were classified as seroprotected for HAI thresholds ≥40 and ≥160. These 

analyses took into account confounding factors, age and sex, that have previously been 

indicated to influence immune responses to vaccination. 
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(3) Were the two different methods of measuring antibody responses to vaccination, HAI 

and ELISA, highly correlated and did they have good agreement? Pearson’s correlation 

analyses were carried out for each influenza strain to assess the strength of the association 

between these methods. Bland-Altman analyses (Bland & Altman, 1999) were conducted to 

determine whether these methods were in good agreement and to examine equivalence.  

Statistical analyses were presented to reflect an intention-to-treat population. Analyses were 

performed using STATA software version 17.0 SE Standard Edition and SPSS software version 

26.  

5.3 Descriptive Statistics 

5.3.1 Trial Participants 

A total of 13 primary care GP surgeries within the East Midlands area were recruited for this 

trial, from which a total of 7580 eligible patients were invited to take part. Positive responses 

of expressing an interest in taking part was received by 848 patients, which was an uptake 

of 11.2% (slightly greater than the 10% assumed based on previous studies). Of these initial 

expressions of interest, a total of 705 ultimately agreed to participate and were randomised 

to a trial arm, with 654 attending the first GP surgery visit and providing written consent to 

take part. A summary of the flow of participants throughout the trial, including reasons for 

loss to follow-up, are highlighted in Figure 5.1. Participant dropout between randomisation 

and consent (n= 51, 7.2%) occurred due to randomisation taking place at the time of 

participant recruitment, often days or weeks prior to the first GP surgery visit. It was 

important to randomise participants at this point to ensure intervention and usual care 

sessions were booked separately to avoid contamination concerns observed in the previous 

pilot trial (Ayling et al., 2019). Attrition was low, with 617 participants of the 654 who fully 

consented (94.3%) attending the 4-week follow-up GP surgery visit for post-vaccination 

blood sample collection.  
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Figure 5.1: Flow diagram of participants in For-ME trial. 
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5.3.2 Participant Demographics 

Figure 5.2 highlights (in red) the baseline measures assessed pre-vaccination as part of the 

For-ME trial. At T0, a baseline questionnaire assessed the following: demographic 

characteristics, trait affect (PANAS-SF) (Watson, Clark, & Carey, 1988), perceived stress (E. H. 

Lee, 2012) and health status (Ware et al., 1998). Within this section, cohort and trial arm 

descriptive statistics for these measures are presented.  

Baseline demographic information of the 654 older adult participants is presented in Table 

5.1. Females accounted for just over half of the trial participants (53.7%). This cohort was 

predominantly white (96.3%), married (64.5%) and lived independently (93.4%). School was 

the most commonly reported level of education (47.9%) and participants had an average 

body mass index (BMI) of 27.7, which is classified as moderately overweight. The average 

age of the cohort was just under 73 years (mean= 72.89, SD= 5.07). 

 

Figure 5.2: For-ME trial diagram highlighting pre-vaccination, baseline measures. 
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Table 5.1: For-ME participant demographic information collected at baseline. 

  Whole Cohort 

(n= 654) 

Usual Care 

(n= 126) 

Standardised 

Intervention  

(n= 264) 

Choice 

Intervention  

(n= 264) 

Age (Years)  

   Mean (SD) 

   Median [Min- Max] 

73.4 (5.10) 

72.6 [65- 85] 

74.0 (5.43) 

 74.1 [65- 85] 

73.2 (5.11) 

72.3 [65-85] 

73.3 (4.91) 

72.5 [65-85] 

Gender Frequency (%) 

   Male 

   Female 

303 (46.3) 

351 (53.7)  

59 (46.8) 

67 (53.2) 

127 (48.1) 

137 (51.9) 

117 (44.3) 

147 (55.7) 

Ethnicity 

   White 

   Black 

   Asian 

   Mixed 

   Other 

   Missing 

 

630 (96.3) 

2 (0.3) 

3 (0.5) 

1 (0.2) 

1 (0.2) 

17 (2.6) 

 

121 (96.0) 

0 (0) 

2 (1.6) 

0 (0) 

0 (0) 

3 (2.4) 

 

254 (96.2) 

2 (0.8) 

1 (0.4) 

1 (0.4) 

1 (0.4) 

5 (1.9) 

 

255 (96.6) 

0 (0) 

0 (0) 

0 (0) 

0 (0) 

9 (3.4) 

Marital Status 

   Married 

   Single, never married 

   Separated/ divorced 

   Widowed 

   Co-habiting 

   Missing 

 

422 (64.5) 

28 (4.3) 

74 (11.3) 

94 (14.4) 

21 (3.2) 

15 (2.3) 

 

79 (62.7) 

9 (7.1) 

10 (7.9) 

19 (15.1) 

6 (4.8) 

3 (2.4) 

 

173 (65.5) 

8 (3.0) 

35 (13.3) 

36 (13.6) 

8 (3.0) 

4 (1.5) 

 

170 (64.4) 

11 (4.2) 

29 (11.0) 

39 (14.8) 

7 (2.7) 

8 (3.0) 

Lives Independently 

   No 

   Yes 

   Missing 

 

29 (4.4) 

611 (93.4) 

14 (2.1) 

 

6 (4.8) 

117 (92.9) 

3 (2.4) 

 

13 (4.9) 

247 (93.6) 

4 (1.5) 

 

10 (3.8) 

247 (93.6) 

7 (2.7) 

Highest Level of Education 

   School 

   University (Undergraduate) 

   University (Postgraduate) 

   Other 

   Missing 

 

313 (47.9) 

69 (10.6) 

115 (17.6) 

141 (21.6) 

16 (2.4) 

 

67 (53.2) 

17 (13.5) 

20 (15.9) 

19 (15.1) 

3 (2.4) 

 

119 (45.1) 

27 (10.2) 

45 (17.0) 

68 (25.8) 

5 (1.9) 

 

127 (48.1) 

25 (9.5) 

50 (18.9) 

54 (20.5) 

8 (3.0) 

Current Smoker 

   No 

   Yes 

   Missing 

 

608 (93.0) 

32 (4.9) 

14 (2.1) 

 

117 (92.9) 

6 (4.8) 

3 (2.4) 

 

251 (95.1) 

9 (3.4) 

4 (1.5) 

 

240 (90.9) 

17 (6.4) 

7 (2.7) 

BMI   

   Mean (SD) 

   Median [Min- Max] 

   

   Missing 

27.7 (5.17) 

27.0 [15.7- 51.8] 

3 (0.5%) 

28.1 (5.76) 

27.3 [17.7- 

46.6] 

1 (0.8%) 

27.2 (4.95) 

26.6 [15.7- 46.1] 

1 (0.4%) 

27.9 (5.08) 

27.1 [17.5- 

51.8] 

1 (0.4%) 

SD = Standard Deviation, BMI = Body Mass Index.   
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5.3.3 Baseline Health, Stress and Mood Characteristics 

Table 5.2 presents an overview of participant mental health, physical health, perceived stress 

and trait mood characteristics measured at baseline. On average, the cohort demonstrated 

a low perceived stress score (mean = 12.5), whereby scores of 0-13 = low, 14-26 = moderate 

and 27-40 = high (Cohen et al., 1983). This is consistent with existing normative data 

presented for perceived stress of older adults (mean = 12.0) (Cohen & Williamson, 1988).  

PANAS-SF scores range from 10-50, whereby this participant cohort had a mean trait positive 

affect score of 34.6 (SD= 7.7) and a mean trait negative affect score of 15.0 (SD= 5.9). The 

cohort PANAS-SF positive affect is slightly lower than normative data presented for this scale 

(mean = 38.4, SD = 4.9) and PANAS-SF negative affect is much lower (mean = 25.9, SD = 5.2) 

(Thompson, 2007). However, these normative data looked at young adult populations (<25 

to >30 years), which could explain these observed differences. In contrast, another study 

conducted on an older adult population has indicated similar positive affect (mean= 33.5, 

SD= 8.6) and negative affect scores (mean= 15.2, SD= 6.7) to those observed in the For-ME 

trial (Ayling et al., 2019).  

Participant health status defined by mean physical component summary (PCS) and mental 

component summary (MCS) scores were 45.7 and 53.3 respectively, which indicate poor 

physical health (defined by a score of 50 or less) and poor mental health (where a score of 

42 or less may be indicative of ‘clinical depression’) (Ware et al., 2002). The PCS mean score 

is consistent with general population scores (mean = 45.3) (Herrman et al., 2002), as well as 

general population mean MCS scores (mean = 52.1) (A. W. Taylor et al., 2000).  

 

Table 5.2: Participant baseline perceived stress, trait affect and health measures. 

  Whole Cohort 

 

Usual Care 

 

Standardised 

Intervention  

Choice 

Intervention  

Mean (SD) 

Perceived Stress (PSS) 12.5 (7.2) 12.34 (7.0) 12.6 (7.2) 12.6 (7.3) 

PANAS-SF   

   Trait Positive Affect 

   Trait Negative Affect 

34.6 (7.7) 

15.0 (5.9) 

34.1 (7.9) 

15.2 (5.7) 

34.8 (7.6) 

15.0 (6.1) 

34.7 (7.7) 

15.0 (5.8) 

Health Status 

   Physical Health (PCS) 

   Mental Health (MCS) 

 

45.7 (11.1) 

53.3 (9.2)  

 

43.5 (11.1) 

53.0 (10.3) 

 

47.0 (10.7) 

53.3 (8.8) 

 

45.5 (11.4) 

53.4 (9.3)  

SD = Standard Deviation, PSS= Perceived Stress Score, PANAS-SF = Positive and Negative Affect Scale 
Short Form, PCS = Physical Component Summary, MSC = Mental Component Summary.  
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5.3.3.1 Baseline Correlations 

Table 5.3 presents the bivariate correlations between psychological factors and mental and 

physical health measured at baseline. PANAS-SF positive and negative affect scores showed 

a small but significant inverse correlation, which is in line with previous findings (Watson, 

Clark, & Tellegen, 1988). Perceived stress measures were strongly positively associated with 

PANAS-SF negative affect, strongly negatively associated with PANAS-SF positive affect and 

SF-12 mental health scores and showed a small but significant negative correlation with SF-

12 physical health scores. PANAS-SF positive affect scores were positively associated with SF-

12 mental and physical health scores. PANAS-SF negative scores were strongly positively 

associated with SF-12 mental health scores, and showed a small but significant negative 

correlation with SF-12 physical health scores. No significant associations were found 

between SF-12 physical and mental health scores. Significant associations observed between 

perceived stress, PANAS-SF positive and PANAS-SF negative are important to note to ensure 

later analyses take this into consideration.  

 

Table 5.3: Correlations (Pearson's) between psychological factors and physical and mental health 
measured at baseline. 

 1 2 3 4 5 

(1) Perceived 
Stress 

-     

(2) PANAS-SF 
Positive 

-0.478*** -    

(3) PANAS-SF 
Negative 

0.745*** -0.352*** -   

(4) Physical 
Health 

-0.284*** 0.301*** -0.170*** -  

(5) Mental 
Health 

-0.708*** 0.518*** 0.718*** 0.036 - 

*p<.05, **p<.01, ***p<.001 

 

 

 



 
 

112 

 

5.4 Research Aims 

5.4.1 Primary Aim: To assess whether a standardised and/or choice intervention could 

improve the positive mood of older adults, compared with usual care, and to identify 

which intervention type was superior.  

5.4.1.1 Research question 

5.4.1.1.1 Were there significant differences between the standardised, choice and usual 

care groups in terms of improving positive mood in older adults?  

This section addresses the primary aim of the For-ME trial, which was to determine whether 

a standardised and/or choice intervention were capable of improving positive mood of older 

adults immediately prior to influenza vaccination compared with usual care, with the 

Affective Slider happiness scale as the primary outcome measure. This section also aimed to 

assess whether a standardised or choice intervention was superior at enhancing positive 

mood.  

5.4.1.1.1.1 Hypothesis 

Based on previous research (Ayling et al., 2019), it was hypothesised that participants 

receiving the positive mood intervention(s) would show greater improvements in positive 

affect scores compared to usual care (primary outcome was the Affective Slider Happiness 

Subscale). Evidence has suggested that both autonomy and perceived control are linked to 

wellbeing and positive mood (Reis et al., 2000; Sheldon et al., 1996), as well as being an 

important component in behaviour change (Terry & O’Leary, 1995). Given that choice may 

increase both perceived control and autonomy, it is possible that giving individuals an 

element of choice could lead to changes in both behaviour and mood. It was therefore 

hypothesised that the choice intervention would be superior to the standardised 

intervention in terms of predicting higher post-intervention positive state affect scores. 

Analyses were also carried out to assess whether any changes in mood from pre- to post-

intervention were statistically significant.  

5.4.1.1.1.2 Analyses 

Figure 5.3 indicates (in red) when pre- and post-intervention state affect measures were 

obtained as part of the For-ME trial. Table 5.4 presents an overview of participant pre- and 

post-intervention mood characteristics. Whole cohort and trial arm averages were similar 

with state affect scores for all affect measures increasing from pre- to post-intervention. 

Whole cohort Affective Slider scores of happiness and alertness were high (happiness pre- 

mean = 78.6, happiness post- mean = 84.4, alertness pre- mean = 82.9, alertness post- mean 
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= 86.6), where scores can range from 0-100. Pre- (mean = 22.3) and post- (mean = 24.0) 

intervention SPANE positive affect scores were moderate and pre- (mean = 7.6) and post- 

(mean = 7.0) intervention SPANE negative affect scores were very low for the whole cohort, 

where 6-30 is the scoring range for these scales. Similar to the Affective Slider, DVAMS 

measures happiness and alertness on a scale of 0-100. DVAMS scores were high pre- 

(happiness mean = 77.9, alertness mean = 77.2) and post- (happiness mean = 84.0, and 

alertness mean = 82.0) intervention for the whole cohort.  

 

 

Figure 5.3: For-ME trial diagram highlighting pre- and post-intervention affect measures. 
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Table 5.4: Participant pre- and post-intervention affect measures. 

  Whole Cohort 

 

Usual Care 

 

Standardised 

Intervention  

Choice 

Intervention  

Mean (SD) 

Affective Slider 

   Happiness (Pre) 

   Happiness (Post) 

   Alertness (Pre) 

   Alertness (Post) 

 

78.6 (20.9) 

84.4 (18.8) 

82.9 (18.3) 

86.6 (16.4) 

 

76.8 (23.4) 

79.1 (22.4) 

81.8 (21.0) 

83.4 (20.3) 

 

78.2 (21.4) 

84.8 (18.7) 

83.4 (16.2) 

86.9 (15.4) 

 

79.9 (19.0) 

86.6 (16.5) 

82.9 (18.9) 

88.0 (15.2) 

SPANE  

   Positive Affect (Pre) 

   Positive Affect (Post) 

   Negative Affect (Pre) 

   Negative Affect (Post)  

22.3 (4.9) 

24.0 (4.9) 

7.6 (2.9) 

7.0 (2.4) 

22.0 (5.2) 

22.7 (5.1) 

8.1 (3.3) 

7.8 (3.0) 

22.1 (5.0) 

23.9 (5.0) 

7.5 (2.6) 

6.8 (2.0) 

22.5 (4.6) 

24.7 (4.5) 

7.5 (2.8) 

6.8 (2.3) 

DVAMS 

   Happiness (Pre) 

   Happiness (Post) 

   Alertness (Pre) 

   Alertness (Post) 

 

77.9 (17.3) 

84.0 (16.5) 

77.2 (16.9) 

82.0 (16.0) 

 

76.8 (19.2) 

78.3 (19.4) 

76.2 (19.8) 

78.4 (18.3) 

 

77.2 (17.4) 

84.4 (16.8) 

76.9 (16.1) 

82.0 (15.7) 

 

79.2 (16.2) 

86.3 (14.0) 

78.1 (16.2) 

83.9 (14.6) 

SD = Standard Deviation, Pre = pre-intervention, Post = post-intervention, SPANE = Scale of Positive 
and Negative Experience, DVAMS = Dynamic Visual Analogue Mood Scales. 

 

Figure 5.4 shows the change in pre- to post-intervention mood mean scores measured using 

the happiness Affective Slider (primary outcome measure), alertness Affective Slider, 

happiness DVAMS, alertness DVAMS, SPANE positive and SPANE negative for each trial arm 

of the population. These bar graphs illustrated a greater increase in mean scores for 

standardised and choice intervention groups compared with usual care groups for both 

Affective Slider scales (happiness subscale being the primary outcome measure). 

Additionally, a greater increase in both DVAMS and positive SPANE, and a greater decrease 

in negative SPANE from pre- to post-intervention was observed for both intervention groups 

compared with usual care. Paired t test analyses indicated that these changes from pre- to 

post-intervention for both intervention groups and the usual care group were statistically 

significant (except of the DVAMS happiness subscale).  
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Pre-Intervention  Post-Intervention 

Figure 5.4: Mood measures (Affective Slider happiness and alertness, DVAMS happiness and alertness, SPANE positive and SPANE negative) for all trial arms, 

highlighting the mean score change from pre- to post-intervention. Error bars indicating 95% confidence interval. *p<.05, **p<.01, ***p<.001, NS= p≥0.05. 

*** *** 
NS * * 

* 

*** *** *** *** 

*** *** 
*** *** *** *** 

** ** 
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To assess if there were statistically significant differences in post- intervention scores 

between groups, a series of one-way ANCOVA’s were performed with pre-intervention 

scores (for each measure) included as a covariate. These demonstrated that there was a 

significant effect of group allocation on mood scores for all of the six measured outcomes 

(see Table 5.5. Affective Slider happiness F (2,631) = 9.532, p<0.001, Affective Slider alertness 

F (2,631) = 5.462, p=0.004, DVAMS happiness F (2,619) = 20.964, p<0.001, DVAMS alertness 

F (2,619) = 8.689, p<0.001, SPANE positive F (2,629) = 11.016, p<0.001, SPANE negative F 

(2,627) = 5.386, p=0.005). Effect sizes (partial Eta squared) were small to medium for these 

comparisons. 

 

Table 5.5: One-way ANCOVA comparisons of mood outcomes for usual care, standardised 
intervention and choice intervention groups.  

 Degrees of 
Freedom 

F value P value Partial Eta 
Squared 

Affective Slider 
Happiness 

2 9.532 <0.001*** 0.029 

Affective Slider Alertness 2 5.462 0.004** 0.017 

DVAMS Happiness 2 20.964 <0.001*** 0.063 

DVAMS Alertness 2 8.689 <0.001*** 0.027 

SPANE Positive 2 11.016 <0.001*** 0.034 

SPANE Negative 2 5.386 0.005** 0.017 

*p<.05, **p<.01, ***p<.001 

 

Further analyses were conducted to assess pairwise comparisons and investigate differences 

between each of the three allocation groups to determine whether one of the intervention 

types was superior (see Table 5.6). There were significant differences between the 

standardised intervention and usual care groups for all state affect outcome measures with 

the exception of the alertness Affective Slider (p= 0.064). There were also significant 

differences between the choice intervention and usual care groups for all state affect 

outcome measures. However, there were no statistically significant differences between the 

standardised and choice groups. This indicated that while both intervention types were 

capable of significantly increasing positive affect and significantly decreasing negative affect 

compared with usual care, neither intervention type was significantly superior.  
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Table 5.6: Estimated marginal means and pairwise comparisons of post-intervention mood outcomes 
for each trial arm (standardised intervention, choice intervention and usual care).  

 Group 
Allocation 

EM Means 
(SE) 

95% CI 
(lower- 
upper) 

Pairwise 
Comparison 

Groups 

Mean 
Difference 

(SE) 

P value 

Affective 
Slider 
Happiness 

Usual Care 
Standardised 
Choice 

80.28 (1.16) 
85.12 (0.80) 
86.32 (0.80) 

78.0-82.5 
83.6-86.7 
84.8-87.9 

UC v ST 
UC v CH 
ST v CH 

4.84 (1.40) 
6.04 (1.40) 
1.20 (1.13) 

0.001*** 
<.001*** 

0.287 

Affective 
Slider 
Alertness 

Usual Care 
Standardised 
Choice 

84.54 (0.91) 
86.58 (0.63) 
88.14 (0.62) 

82.8-86.3 
87.8-89.4 
86.9-89.4 

UC v ST 
UC v CH 
ST v CH 

2.04 (1.10) 
3.59 (1.10) 
1.55 (0.88) 

0.064 
0.001*** 

0.079 

DVAMS 
Happiness 

Usual Care 
Standardised 
Choice 

78.46 (0.97) 
84.95 (0.66) 
85.78 (0.66) 

76.6-80.4 
83.6-86.4 
84.5-87.1 

UC v ST 
UC v CH 
ST v CH 

6.49 (1.17) 
7.32 (1.17) 
0.83 (0.94) 

<.001*** 
<.001*** 

0.377 

DVAMS 
Alertness 

Usual Care 
Standardised 
Choice 

79.20 (0.89) 
82.35 (0.61) 
83.68 (0.61) 

77.4-80.9 
81.2-83.5 
82.5-84.9 

UC v ST 
UC v CH 
ST v CH 

3.15 (1.08) 
4.48 (1.08) 
1.33 (0.86) 

0.003** 
<.001*** 

0.122 

SPANE 
Positive 

Usual Care 
Standardised 
Choice 

22.95 (0.27) 
23.96 (0.19) 
24.51 (0.19) 

22.4-23.5 
23.6-24.3 
24.1-24.9 

UC v ST 
UC v CH 
ST v CH 

1.01 (0.33) 
1.56 (0.33) 
0.55 (0.27) 

0.002** 
<.001*** 

0.040* 

SPANE 
Negative 

Usual Care 
Standardised 
Choice 

7.44 (0.15) 
6.89 (0.10) 
6.91 (0.10) 

7.2-7.7 
6.7-7.1 
6.7-7.1 

UC v ST 
UC v CH 
ST v CH 

0.56 (0.18) 
0.54 (0.18) 
0.02 (0.15) 

0.002** 
0.003** 

0.875 

SE = Standard Error, EM = Estimated Marginal, CI = Confidence Interval, UC = Usual Care, ST = 

Standardised, CH = Choice. *p<.05, **p<.01, ***p<.001 

 

5.4.1.1.1.3 Summary of Results  

Change in state affect, measured by Affective Slider scales, DVAMS and SPANE, from pre- to 

post-intervention were found to be statistically significant for both intervention groups, for 

all outcome measures (p<0.001). This indicated that both interventions successfully 

enhanced the positive mood, and decreased the negative mood, of older adults immediately 

prior to influenza vaccination. Some statistically significant changes were also observed in 

the usual care arm for both Affective Slider scales, both SPANE scales and the alertness 

DVAMS scale (p<.05 and p<.01), except for the DVAMS happiness subscale. However, 

ANCOVA analyses supported the hypothesis that both interventions would increase positive 

mood more than usual care. The analyses presented in this section indicated that group 

allocation to an intervention group, standardised or choice, was a significant predictor of 

post- intervention state affect compared with usual care. However, in contrast to the 

outlined hypothesis, the choice intervention was not shown to be significantly superior at 

predicting post- intervention state positive affect scores compared with the no choice, 

standardised (fixed-content) intervention.  
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5.4.2 Secondary Aim: To assess whether there were differences in 4-weeks post-

vaccination responses to influenza vaccination between the standardised, choice and 

usual care groups. 

5.4.2.1 Research Question 

5.4.2.1.1 Were there significant differences between the standardised, choice and usual 

care groups in terms of 4-weeks post-vaccination antibody response to each 

influenza vaccine strain? 

This section addresses the secondary aim of the For-ME trial to investigate whether trial arm 

allocation predicted significant differences between antibody responses to each influenza 

vaccination strain.  

5.4.2.1.1.1 Hypothesis  

Previous research (discussed in Chapter 2) has outlined that negative and positive emotional 

experiences are capable of regulating immunity, whereby positive mood has been identified 

as having immune enhancing effects. For this reason, it was hypothesised that participants 

randomised to an intervention arm, a positive mood enhancing intervention, were more 

likely to present greater post-vaccination antibody levels, in terms of ELISA OD levels and in 

terms of the proportion of participants classified as seroprotected, compared with 

participants randomised to usual care. It was also hypothesised that statistically significant 

changes in antibody levels and seroprotection would be observed from pre- to 4-weeks post-

vaccination, which would highlight the efficacy of the administered vaccine.  

5.4.2.1.1.2 Analyses 

Figure 5.5 outlines (in red) participant pre- and 4-weeks post-vaccination blood sample 

collection as part of the For-ME trial to measure antibody responses to vaccination. Two 

different laboratory techniques were utilised to measure antibody responses to vaccination: 

Enzyme-linked Immunosorbent Assay (ELISA) and Hemagglutination Inhibition (HAI) Assay. 

Table 5.7 presents an overview of the pre- and 4-weeks post-vaccination antibody levels, 

assessed via ELISA and HAI. This table highlights both the geometric mean (GeoM) titres 

measured by HAI and the proportion of participants classified as seroprotection (defined by 

meeting a GeoM threshold of ≥40 and ≥160).  
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Figure 5.5: For-ME trial design highlighting pre- and 4-weeks post-vaccination blood sample collection 
to measure influenza vaccination responses. 

 



 
 

120 

 

Table 5.7: Participant antibody levels pre- and post-vaccination measured by ELISA and HAI. 

  Whole Cohort 

 

Usual Care 

 

Standardised 

Intervention  

Choice 

Intervention  

Mean (SD) 

ELISA IgG (OD) 

   A/Brisbane/02/2018 (H1N1) (Pre) 

   A/Brisbane/02/2018 (H1N1) (Post) 

   A/Kansas/14/2017 (H3N2) (Pre) 

   A/Kansas/14/2017 (H3N2) (Post) 

   B/Colorado/06/2017-like (B) (Pre) 

   B/Colorado/06/2017-like (B) (Post) 

 

0.91 (0.34) 

1.17 (0.41) 

0.76 (0.34) 

1.20 (0.48) 

1.30 (0.52) 

1.62 (0.53) 

 

0.94 (0.37) 

1.19 (0.42) 

0.81 (0.38) 

1.20 (0.51) 

1.38 (0.53) 

1.66 (0.56) 

 

0.90 (0.29)  

1.19 (0.42) 

0.76 (0.31) 

1.23 (0.47) 

1.28 (0.50) 

1.63 (0.55) 

 

0.74 (0.34) 

1.16 (0.47) 

0.75 (0.44) 

1.16 (0.47) 

1.26 (0.53) 

1.58 (0.49) 

HAI Titres (GeoM)  

   A/Brisbane/02/2018 (H1N1) (Pre) 

   A/Brisbane/02/2018 (H1N1) (Post) 

   A/Kansas/14/2017 (H3N2) (Pre) 

   A/Kansas/14/2017 (H3N2) (Post) 

   B/Colorado/06/2017 (B) (Pre) 

   B/Colorado/06/2017 (B) (Post) 

126.5 (220.7) 

305.9 (363.1) 

49.7 (112.8) 

429.9 (449.4) 

220.2 (314.3) 

345.1 (368.0) 

130.6 (226.7) 

319.0 (371.5) 

54.2 (129.9) 

442.7 (460.6) 

268.4 (379.2) 

389.7 (416.5) 

114.0 (200.0) 

295.1 (354.5) 

61.6 (142.6) 

444.5 (462.2) 

209.9 (301.2) 

332.1 (352.0) 

137.0 (237.3) 

310.3 (368.5) 

35.7 (54.7) 

409.0 (431.5) 

207.9 (292.0) 

335.9 (357.6) 

 Frequency (%) 

Seroprotection (titre ≥40) 

   A/Brisbane/02/2018 (H1N1) (Pre) 

   A/Brisbane/02/2018 (H1N1) (Post) 

   A/Kansas/14/2017 (H3N2) (Pre) 

   A/Kansas/14/2017 (H3N2) (Post) 

   B/Colorado/06/2017 (B) (Pre) 

   B/Colorado/06/2017 (B) (Post) 

 

406 (63.7%) 

541 (89.7%) 

188 (29.5%) 

533 (88.4%) 

509 (79.9%) 

577 (95.7%) 

 

75 (62.0%) 

109 (90.8%) 

30 (24.8%) 

106 (88.3%) 

94 (77.7%) 

116 (96.7%) 

 

169 (65.8%) 

218 (90.5%) 

86 (33.5%) 

213 (88.4%) 

211 (82.1%) 

229 (95.0%) 

 

162 (62.5%) 

214 (88.4%) 

72 (27.8%) 

214 (88.4%) 

204 (78.8%) 

232 (95.9%) 

Seroprotection (titre ≥160) 

   A/Brisbane/02/2018 (H1N1) (Pre) 

   A/Brisbane/02/2018 (H1N1) (Post) 

   A/Kansas/14/2017 (H3N2) (Pre) 

   A/Kansas/14/2017 (H3N2) (Post) 

   B/Colorado/06/2017 (B) (Pre) 

   B/Colorado/06/2017 (B) (Post) 

 

190 (29.1%) 

416 (63.6%) 

76 (11.6%) 

436 (66.7%) 

286 (43.7%) 

439 (67.1%) 

 

37 (29.4%) 

79 (62.7%) 

17 (13.5%) 

82 (65.1%) 

60 (47.6%) 

82 (65.1%) 

 

73 (27.7%) 

167 (63.3%) 

35 (13.3%) 

180 (68.2%) 

109 (41.3%) 

178 (67.2%) 

 

80 (30.3%) 

170 (64.4%) 

24 (9.1%) 

174 (65.9%) 

117 (44.3%) 

179 (67.8%) 

SD = Standard Deviation, ELISA = Enzyme Linked Immunosorbent Assay, OD = Optical Density, HAI = 
Hemagglutinin Inhibition, GeoM = Geometric Mean, Pre = Pre-vaccination, Post = post-vaccination.  
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5.4.2.1.1.2.1 Enzyme- Linked Immunosorbent Assay 

Pre-vaccination, mean ELISA OD values were 0.91, 0.76 and 1.30 and post-vaccination were 

1.17, 1.20 and 1.62 for H1N1, H3N2 and B strains, respectively. Paired t-test analyses 

indicated that these changes in antibody levels from pre- to post-vaccination were 

statistically significant (see Figure 5.6). 

One-way ANCOVAs were conducted, with pre-vaccination values selected as the covariate 

and post-vaccination values as the dependent variable, to determine whether intervention 

group allocation influenced antibody responses to vaccination. These analyses indicated that 

group allocation did not have a statistically significant influence on post-vaccination IgG 

influenza-specific antibody levels as measured by ELISA (see Table 5.8, A/Brisbane/02/2018 

(H1N1) F (2,584) = 0.706, p=0.494, A/Kansas/14/2017 (H3N2) F (2,584) = 0.901, p= 0.407, 

B/Colorado/06/2017 (B) F (2,584) = 0.206, p= 0.814). Figure 5.7 illustrates the estimated 

marginal means for each influenza vaccine strain, highlighting the similar post-vaccination 

responses between the standardised, choice and usual care groups. 

Whilst there were no observed differences of group allocation on IgG antibody responses to 

influenza vaccination measured by ELISA, pre-planned analyses were conducted to take a 

closer look at pairwise comparisons of the trial groups for each vaccine component (see Table 

5.9). Consistent with the above, pairwise comparisons of estimated marginal means 

indicated no significant differences between standardised and usual care groups 

(A/Brisbane/02/2018 (H1N1) p= 0.988, A/Kansas/14/2017 (H3N2) p= 0.293, 

B/Colorado/06/2017-like (B) p= 0.529), choice and usual care groups (A/Brisbane/02/2018 

(H1N1) p= 0.377, A/Kansas/14/2017 (H3N2) p= 0.921, B/Colorado/06/2017-like (B) p= 0.734) 

or standardised and choice groups (A/Brisbane/02/2018 (H1N1) p= 0.281, A/Kansas/14/2017 

(H3N2) p= 0.235, B/Colorado/06/2017-like (B) p= 0.717) in terms of ELISA OD levels.  
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Figure 5.6: Pre- and post-vaccination antibody responses to influenza vaccination measured by ELISA 
for each trial arm (standardised intervention, choice intervention and usual care). Error bars indicate 
95% confidence interval. *p<.05, **p<.01, ***p<.001. 

 

*** *** *** 

*** *** 
*** 

*** *** *** 
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Figure 5.7: Estimated marginal means of post-vaccination influenza strains (H1N1, H3N2 and B) for 
usual care, standardised intervention and choice intervention groups. Error bars indicating 95% 
confidence intervals.  
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Table 5.8: One-way ANCOVA comparison of ELISA IgG levels between trial groups (standardised 
intervention, choice intervention and usual care). 

 Degrees of 

Freedom 

F value p value Partial Eta 

Squared 

A/Brisbane/02/2018 

(H1N1) 
2 0.706 0.494 0.002 

A/Kansas/14/2017 

(H3N2) 
2 0.901 0.407 0.003 

B/Colorado/06/2017-

like (B) 
2 0.206 0.814 0.001 

*p<.05, **p<.01, ***p<.001 (no statistical significance identified in this table). 

 

Table 5.9: Estimated marginal means and pairwise comparisons of post-vaccination IgG levels for each 
trial arm (standardised intervention, choice intervention and usual care). 

 Group 
Allocation 

EM Means 
(SE) 

95% CI 
(lower- 
upper) 

Pairwise 
Comparison 

Groups 

Mean 
Difference 

(SE) 

p 
value 

A/Brisbane/
02/2018 
(H1N1) 

Usual Care 
Standardised 
Choice 

0.16 (0.04) 
0.16 (0.02) 
0.12 (0.02) 

0.09-0.23 
0.11-0.21 
0.07-0.17 

UC v ST 
UC v CH 
ST v CH 

0.001 (0.04) 
0.037 (0.04) 
0.037 (0.04) 

0.988 
0.377 
0.281 

A/Kansas/1
4/2017 
(H3N2) 

Usual Care 
Standardised 
Choice 

0.12 (0.05) 
0.18 (0.03) 
0.12 (0.03) 

0.02-0.21 
0.11-0.24 
0.06-0.19 

UC v ST 
UC v CH 
ST v CH 

0.062 (0.06) 
0.006 (0.06) 
0.06 (0.05) 

0.293 
0.921 
0.235 

B/Colorado/
06/2017-like 
(B) 

Usual Care 
Standardised 
Choice 

0.60 (0.03) 
0.62 (0.02) 
0.61 (0.02) 

0.53-0.66 
0.58-0.66 
0.56-0.65 

UC v ST 
UC v CH 
ST v CH 

0.025 (0.04) 
0.014 (0.04) 
0.012 (0.03) 

0.529 
0.734 
0.717 

SE = Standard Error, EM = Estimated Marginal, CI = Confidence Interval, UC = Usual Care, ST = 

Standardised, CH = Choice. *p<.05, **p<.01, ***p<.001 (no statistical significance identified in this 

table). 

 

5.4.2.1.1.2.2 Hemagglutinin Inhibition Assay 

The proportion of participants classified as seroprotected (≥40) pre‐vaccination were 64%, 

30% and 80% for strains H1N1, H3N2 and B, respectively. Post-vaccination, these proportions 

increased to 90%, 88% and 96%. Considering the higher seroprotection threshold of ≥160, 

the proportion of participants meeting this criteria pre-vaccination was much lower with 

proportions of 30%, 12% and 44% for H1N1, H3N2 and B, respectively. Post- vaccination, 

these proportions increased to 64%, 67% and 67% for these vaccine components. McNamar 

analyses were conducted to assess pre- and post-vaccination seroprotection changes and 

were found to be statistically significant for all influenza strains for HAI thresholds ≥40 and 

≥160 (see Figure 5.8).  
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Figure 5.8 illustrates the proportion of participants who were classified as seroprotected 

(thresholds ≥40 and ≥160) post‐vaccination compared with those who were not for each trial 

group. Chi-squared tests were conducted to examine whether there were significant 

differences in post‐vaccination seroprotection rates (at thresholds ≥40 and ≥160) between 

study arms (see Table 5.10). These analyses indicated there is no significant differences in 

rates of seroprotection between arms for either threshold (A/Brisbane/02/2018 (H1N1) ≥40 

X2 (2, N = 654) = 1.78, p = 0.411, A/Kansas/14/2017 (H3N2) ≥40 X2 (2, N = 654) = 0.73, p = 

0.695, B/Colorado/06/2017 (B) ≥40 X2 (2, N = 654) = 2.38, p = 0.305, A/Brisbane/02/2018 

(H1N1) ≥160 X2 (2, N = 654) = 0.13, p = 0.937, A/Kansas/14/2017 (H3N2) ≥160 X2 (2, N = 654) 

= 0.48, p = 0.785, B/Colorado/06/2017 (B) ≥160 X2 (2, N = 654) = 0.31, p = 0.859. 
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                   Pre- Vaccination                       Post- Vaccination 

Figure 5.8: Proportion of participants classified as seroprotected (thresholds ≥40 and ≥160) and not 
seroprotected for each influenza vaccine component (H1N2, H3N2 and B), for each trial group 
(standardised intervention, choice intervention and usual care) post-vaccination. 

 

*** *** *** 

*** *** *** 

*** *** *** 

*** *** *** 

*** *** *** 

*** *** *** 
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Table 5.10: Chi-squared investigation of relationship between trial group allocation (standardised 

intervention, choice intervention and usual care) and post-vaccination HAI seroprotection threholds. 

 Degrees of 

Freedom 

X2 p value Phi and 

Cramer’s V 

A/Brisbane/02/2018 
(H1N1) ≥40 threshold 

2 1.777 0.411 0.052 

A/Kansas/14/2017 
(H3N2) ≥40 threshold 

2 0.728 0.695 0.033 

B/Colorado/06/2017 (B) 
≥40 threshold 

2 2.376 0.305 0.060 

A/Brisbane/02/2018 
(H1N1) ≥160 threshold 

2 0.129 0.937 0.014 

A/Kansas/14/2017 
(H3N2) ≥160 threshold 

2 0.484 0.785 0.027 

B/Colorado/06/2017 (B) 
≥160 threshold 

2 0.305 0.859 0.022 

X2 = Chi-squared statistic value. *p<.05, **p<.01, ***p<.001 (no statistical significance identified in this 

table). 

 

5.4.2.1.1.3 Summary of Results  

The above findings indicate that across all groups, for all strains, there were statistically 

significant changes in antibody levels, measured by ELISA and HAI, following vaccination (all 

p<.001). In contrast to the outlined hypothesis, these results have indicated that group 

allocation did not significantly predict 4-week post-vaccination antibody responses to 

influenza vaccination in terms of ELISA OD levels or in terms of the proportion of participants 

classified as seroprotected for either threshold.  
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5.5 Exploratory Analyses 

5.5.1 Exploratory Question 1: To assess whether perceived stress and trait mood were 

associated with positive mood on the day of vaccination. 

5.5.1.1 To what extent did psychological factors at baseline influence pre-intervention 

positive mood on the day of vaccination? 

5.5.1.1.1 Hypotheses 

It was hypothesised that participants with high levels of perceived stress and negative trait 

affect measured at baseline would present lower pre-intervention positive state affect 

scores. It was also hypothesised that higher levels of positive trait affect would be associated 

with higher levels of pre-intervention positive state affect.  

5.5.1.1.2 Analyses 

Multiple regression analyses were carried out to investigate whether perceived stress (PSS 

scale) and trait mood (PANAS-SF positive and PANAS-SF negative) measured at baseline were 

significant independent predictors of pre-intervention state mood (SPANE positive, SPANE 

negative, Affective Slider happiness, Affective Slider alertness, DVAMS happiness and 

DVAMS alertness) (see Table 5.11- 5.16). These analyses did not look at trial group allocation 

but instead investigated the whole cohort, which meant it was important to control for 

confounding factors. For each pre-intervention state affect measure, age and sex regression 

models were run to determine if they were significant predictive factors. Age and sex were 

controlled for, prior to the addition of other variables to the regression models (Regression 

1 highlighted in the tables) and were not found to be predictors of pre-intervention mood 

scores.  

Due to the significant associations between the baseline measures (perceived stress and 

PANAS-SF positive and negative), outlined in Section 5.3.3.1, separate two-step regression 

models were run for each baseline variable (i.e., Step 1: age and sex, Step 2: perceived stress/ 

PANAS-SF positive/ PANAS-SF negative). This means a 4-step regression analyses was run for 

the following: Regression 1= age and sex, Regression 2= perceived stress, Regression 3= 

positive trait affect, Regression 4= negative trait affect.  

For all pre-intervention mood measures, perceived stress and trait positive and negative 

affect (PANAS-SF positive and negative) were indicated as significant independent 

predictors. Greater perceived stress scores were associated with lower pre-intervention 

positive mood scores for the majority of measures (SPANE positive B= -0.330 (-0.379- -0.282), 

β= -0.487, p<0.001, Affective Slider happiness B= -1.359 (-1.564- -1.154), β= -0.476, p<0.001, 
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Affective Slider alertness B= -0.984 (-1.172- -0.796) β= -0.391, p<0.001, DVAMS happiness B= 

-1.146 (-1.318- -0.973), β= -0.479, p<0.001, DVAMS alertness (B= -0.891 (-1.067- -0.716) β= -

0.383, p<0.001). In contrast, perceived stress was shown to be associated with elevated pre-

intervention SPANE negative mood scores (B= 0.218 (0.190-0.246) β= 0.539, p<0.001).  

Greater trait positive affect (PANAS-SF positive) scores were associated with higher pre-

intervention mood score for the majority of measures (SPANE positive B= 0.323 (0.278-

0.367), β= 0.512, p<0.001, Affective Slider happiness B= 1.094 (0.898-1.291), β= 0.414, 

p<0.001, Affective Slider alertness B= 1.022 (0.850-1.193), β= 0.437, p<0.001, DVAMS 

happiness B= 1.018 (0.858-1.178), β= 0.462, p<0.001, DVAMS alertness B= 0.907 (0.746-

1.067), β= 0.419, p<0.001). Trait positive affect (PANAS-SF positive) was shown to be 

significantly negatively associated with participant pre-intervention SPANE negative scores 

(B= -0.105 (-0.132- -0.079), β= -0.308, p<0.001). 

Trait negative affect (PANAS-SF negative) was shown to be an independent predictor of all 

pre-intervention measures, whereby high trait negative affect scores predicted lower scores 

for the majority of positive mood measures (SPANE positive B= -0.345 (-0.406- -0.283), β= -

0.414, p<0.001, Affective Slider happiness B= -0.948 (-1.120- -0.850), β= -0.428, p<0.001, 

Affective Slider alertness B= -0.968 (-1.205- -0.730), β= -0.312, p<0.001, DVAMS happiness 

B= -1.395 (-1.607- -1.183), β= -0.474, p<0.001, DVAMS alertness B= -0.894 (-1.114- -0.673), 

β= -0.312, p<0.001). The exception was the SPANE negative (B= 0.292 (0.262-0.322), β= 

0.617, p<0.001) that resulted in higher scores in participants with high trait negative affect.  
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Table 5.11: Multiple regression analyses of perceived stress and trait affect predicting pre-
intervention SPANE positive scores. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.066 -0.059 -0.041 -0.084* 

Sex (female) 0.020 0.104** 0.032 0.054 

Perceived Stress - -0.487***   

PANAS-SF Positive - - 0.512***  

PANAS-SF Negative - -  -0.414*** 

R 0.069 0.484 0.516 0.417 

R2 0.005 0.234 0.266 0.174 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.12: Multiple regression analyses of perceived stress and trait affect predicting pre-
intervention SPANE negative scores. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.018 -0.020 -0.012 0.043 

Sex (female) 0.030 -0.074* 0.054 0.007 

Perceived Stress  0.539***   

PANAS-SF Positive   -0.308***  

PANAS-SF Negative    0.617*** 

R 0.035 0.532 0.312 0.616 

R2 0.001 0.283 0.097 0.380 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.13: Multiple regression analyses of perceived stress and trait affect predicting pre-
intervention Affective Slider happiness scores. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.006 -0.005 0.017 -0.022 

Sex (female) -0.037 0.049 -0.022 0.007 

Perceived Stress  -0.476***   

PANAS-SF Positive   0.414***  

PANAS-SF Negative    -0.428*** 

R 0.037 0.470 0.415 0.428 

R2 0.001 0.220 0.172 0.183 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  
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Table 5.14: Multiple regression analyses of perceived stress and trait affect predicting pre-
intervention Affective Slider alertness scores. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) 0.003 -0.001 0.026 -0.022 

Sex (female) -0.069 0.005 -0.041 -0.054 

Perceived Stress  -0.392***   

PANAS-SF Positive   0.437***  

PANAS-SF Negative    -0.312*** 

R 0.069 0.391 0.439 0.320 

R2 0.005 0.153 0.193 0.102 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.15: Multiple regression analyses of perceived stress and trait affect predicting pre-
intervention DVAMS happiness scores. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.035 -0.040 -0.024 -0.063 

Sex (female) 0.038 0.127*** 0.038 0.071 

Perceived Stress  -0.479***   

PANAS-SF Positive   0.462***  

PANAS-SF Negative    -0.474 

R 0.052 0.475 0.465 0.474 

R2 0.003 0.226 0.216 0.225 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.16: Multiple regression analyses of perceived stress and trait affect predicting pre-
intervention DVAMS alertness scores. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.046 -0.054 -0.038 -0.065 

Sex (female) -0.086 -0.021 -0.073 -0.077* 

Perceived Stress  -0.383***   

PANAS-SF Positive   0.419***  

PANAS-SF Negative    -0.312*** 

R 0.098 0.390 0.428 0.328 

R2 0.010 0.152 0.183 0.108 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  
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5.5.1.2 To what extent did psychological factors at baseline influence post-intervention 

positive mood on the day of vaccination? 

5.5.1.2.1 Hypothesis 

Unsurprisingly, the previous analyses suggested that baseline psychological factors 

(perceived stress and positive and negative trait affect) were predictors of pre-intervention 

state affect. However, more importantly, it was essential to determine whether these 

baseline psychological factors played a role in influencing how well the interventions worked 

at increasing positive mood. For participants with high levels of negative trait affect and 

perceived stress and/or low levels of positive trait affect, it was hypothesised that allocation 

to an intervention group would result in greater improvements in positive state affect due 

to there being larger room for improvement compared to participants with lower perceived 

stress and negative trait affect.  

5.5.1.2.2 Analyses 

Multiple regression analyses were carried out to investigate whether perceived stress (PSS 

scale) and trait mood (PANAS-SF positive and PANAS-SF negative) measured at baseline were 

significant independent predictors of post-intervention state mood (SPANE positive, SPANE 

negative, Affective Slider happiness, Affective Slider alertness, DVAMS happiness and 

DVAMS alertness). In contrast to the above analyses, these analyses were conducted 

separately for each arm of the For-ME trial as opposed to analyses of the whole cohort. This 

is because the results in Section 5.4.1 have shown that allocation to an intervention group 

resulted in greater levels of post-intervention positive state affect compared with usual care.  

Due to the significant associations between the baseline measures (perceived stress and 

PANAS-SF positive and negative), outlined in Section 5.3.3.1, separate two-step regression 

models were run for each baseline variable (i.e., Step 1: age, sex and pre-intervention score 

for each state affect outcome measure, Step 2: perceived stress/ PANAS-SF positive/ PANAS-

SF negative). A total of 4 regression analyses were run for each trial arm for the following: 

Regression 1= age, sex and pre-intervention score, Regression 2= perceived stress, 

Regression 3= positive trait affect, Regression 4= negative trait affect (see Table 5.17- 5.22). 
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Table 5.17: Multiple regression analyses of perceived stress and trait affect predicting post-
intervention Affective Slider happiness scores for the usual care group. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) 0.050 0.076 0.052 0.083 

Sex (female) 0.045 0.036 0.035 0.045 

Pre-Intervention Score 0.873*** 0.819*** 0.777*** 0.859*** 

Perceived Stress  -0.061   

PANAS-SF Positive   0.147  

PANAS-SF Negative    -0.009 

R 0.866 0.845 0.841 0.855 

R2 0.749 0.715 0.707 0.731 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.18: Multiple regression analyses of perceived stress and trait affect predicting post-
intervention Affective Slider happiness scores for the standardised intervention group. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.095 -0.099 -0.071 -0.018 

Sex (female) 0.038 0.039* 0.041 0.027 

Pre-Intervention Score 0.694*** 0.682*** 0.677*** 0.767*** 

Perceived Stress  -0.024   

PANAS-SF Positive   0.049  

PANAS-SF Negative    0.081 

R 0.701 0.689 0.707 0.737 

R2 0.491 0.474 0.500 0.543 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.19: Multiple regression analyses of perceived stress and trait affect predicting post-
intervention Affective Slider happiness scores for the choice intervention group. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.117 -0.118* -0.109* -0.125 

Sex (female) 0.115 0.131** 0.117* 0.110 

Pre-Intervention Score 0.641*** 0.605*** 0.584*** 0.607*** 

Perceived Stress  -0.078   

PANAS-SF Positive   0.133  

PANAS-SF Negative    -0.060 

R 0.657 0.660 0.660 0.649 

R2 0.432 0.436 0.436 0.421 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  
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Table 5.20: Multiple regression analyses of perceived stress and trait affect predicting post-
intervention Affective Slider alertness scores for the usual care group. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.003 -0.013 -0.023 -0.021 

Sex (female) -0.034 -0.049 -0.024 -0.039 

Pre-Intervention Score 0.888*** 0.876*** 0.879*** 0.916*** 

Perceived Stress  0.023   

PANAS-SF Positive   0.044  

PANAS-SF Negative    0.072 

R 0.892 0.872 0.900 0.895 

R2 0.795 0.761 0.809 0.800 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.21: Multiple regression analyses of perceived stress and trait affect predicting post-
intervention Affective Slider alertness scores for the standardised intervention group. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.020 -0.015 0.020 -0.003 

Sex (female) 0.094* 0.109** 0.100* 0.086* 

Pre-Intervention Score 0.769*** 0.811*** 0.775*** 0.773*** 

Perceived Stress  -0.013   

PANAS-SF Positive   0.038  

PANAS-SF Negative    -0.068 

R 0.767 0.816 0.796 0.792 

R2 0.588 0.666 0.634 0.627 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.22: Multiple regression analyses of perceived stress and trait affect predicting post-
intervention Affective Slider alertness scores for the choice intervention group. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.061 -0.082* -0.091* -0.073 

Sex (female) 0.065 0.064 0.054 0.058 

Pre-Intervention Score 0.747*** 0.740*** 0.733*** 0.734*** 

Perceived Stress  -0.039   

PANAS-SF Positive   0.036  

PANAS-SF Negative    -0.028 

R 0.752 0.762 0.756 0.749 

R2 0.565 0.581 0.572 0.561 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  
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5.5.1.2.3 Results  

Analyses indicated that participants with high levels of perceived stress and negative trait 

affect, measured at baseline, scored lower pre-intervention positive state affect and higher 

negative state affect (SPANE negative). Additionally, participants with high positive trait 

affect at baseline scored higher pre-intervention state affect scores for all measures except 

for the SPANE negative scale. However, contrary to what was stipulated in the hypothesis, 

perceived stress and trait affect measured at baseline were not found to be predictors of 

post-intervention state affect. Results for this are outlined in Tables 5.17- 5.22 for the 

Affective Slider happiness and alertness subscales. However, similar results were observed 

for all positive state affect outcome measures.  
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5.5.2 Exploratory Question 2: To assess whether psychological factors measured at 

baseline were associated with antibody responses to influenza vaccination. 

5.5.2.1 Do psychological factors measured at baseline predict antibody responses to 

influenza vaccination?  

5.5.2.1.1 Hypotheses 

Previous research (outlined in Chapter 2) has provided a plethora of evidence indicating the 

immunosuppressive effects of stress, specifically chronically stressed older adults who have 

been shown to present lower antibody responses to vaccination (Burns et al., 2003; Glaser 

et al., 1987, 1998, 2000; Pedersen et al., 2009; Phillips et al., 2005; Segerstrom et al., 2008, 

2012; Vedhara et al., 1999). It was therefore hypothesised that participants with higher levels 

of perceived stress measured at baseline would present lower 4-weeks post-vaccination 

antibody responses. Additionally, trait negative affect (e.g., depression) and trait positive 

affect (e.g., dispositional optimism, wellbeing) have been outlined (see Chapter 2) to 

modulate immune responses to vaccination (Herbert & Cohen, 1993; Marsland et al., 2006). 

Similar to stress, negative affect such as depression has been indicated to downregulate 

antibody responses to vaccination (Afsar et al., 2009). It was therefore hypothesised that 

participants with higher levels of baseline trait negative affect would present lower 4-weeks 

post-vaccination antibody responses. On the contrary, trait positive affect has been indicated 

to have immune enhancing effects (Marsland et al., 2006, 2007), where it was also 

hypothesised that participants with higher levels of trait positive affect measured at baseline 

would present higher 4-weeks post-vaccination antibody responses. Finally, there has also 

been evidence outlining the influence of age and sex on vaccination responses (Boraschi & 

Italiani, 2014; Giefing-Kröll et al., 2015), whereby it was also hypothesised that these factors 

could be possible predictors of antibody responses to vaccination, with increasing age being 

associated with lower 4-weeks post-vaccination responses and no directional hypothesis for 

gender due to mixed findings in previous research.  

5.5.2.1.2 Analyses 

Analyses were conducted to investigate whether participant baseline perceived stress and 

trait affect (PANAS-SF negative and positive) were predictors of 4-weeks post- vaccination 

antibody responses for all vaccine components (A/Brisbane/02/2018 (H1N1), 

A/Kansas/14/2017 (H3N2), B/Colorado/06/2017 (B)). Similar to the previous section 

assessing antibody responses to vaccination, this section presents both ELISA and HAI 

analyses.  
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5.5.2.1.2.1 Enzyme- Linked Immunosorbent Assay 

Multiple regression analyses were carried out to investigate whether 4-weeks post- 

vaccination ELISA OD levels were predicted by perceived stress and trait affect (see Table 

5.23, Table 5.24 and Table 5.25). Similar to the previous exploratory analyses, age and sex 

were controlled for prior to the addition of other variables to the regression models 

(Regression 1 highlighted in the tables). Neither of these confounding factors were found to 

be predictors of 4-week post-vaccination antibody responses for any of the vaccine strains 

in terms of ELISA OD levels. There was no statistical significance in these analyses that 

suggested perceived stress or trait affect measured at baseline were predictors of 4-weeks 

post-vaccination antibody responses.  

5.5.2.1.2.2 Hemagglutinin Inhibition Assay 

Binary logistic regression analyses were carried out to investigate whether perceived stress 

and trait affect predicted whether participants were classified as seroprotected for HAI 

thresholds ≥40 and ≥160 (see Tables 5.26- 5.31). Age and sex were selected as covariates as 

part of these regression models to determine if they were independent predictors of 

antibody responses to vaccination. Similar to the results presented above, neither age or sex 

were found to be predictors of seroprotection for either threshold for 2 out of 3 of the 

vaccine components. Age was found to be a statistically significant predictor of 

seroprotection (≥40 and ≥160) for influenza strain A/Brisbane/02/2018 (H1N1) before 

baseline variables of perceived stress and trait affect were considered (see Table 5.26 and 

Table 5.29. A/Brisbane/02/2018 (H1N1) for ≥40 B= ‐0.113, Odds Ratio= 0.875 (0.829‐0.924) 

and ≥160 B= ‐0.095, Odds Ratio= 0.909 (0.880‐0939)), suggesting that older participants were 

less likely to achieve seroprotection thresholds post-vaccination. This highlighted the 

importance of computing separate regression models for these confounding factors, and for 

each baseline variable of interest that have been shown to be significantly correlated (see 

Section 5.3.3.1). These data indicate that, prior to taking into account baseline variables and 

after accounting for sex, participants were 11.3% and 9.5% less likely to be classified as 

seroprotected for influenza strain A/Brisbane/02/2018 (H1N1) for thresholds ≥40 and ≥160, 

respectively. After taking into account age and sex, these analyses showed no statistically 

significant associations between perceived stress or trait affect, and seroprotection 

classification.   
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Table 5.23: Multiple regression analyses of perceived stress and trait affect predicting post-
vaccination A/Brisbane/02/2018 (H1N1) IgG levels. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.068 -0.061 -0.090* -0.060 

Sex (female) 0.031 0.037 0.048 0.045 

Perceived Stress  0.047   

PANAS-SF Positive   -0.098*  

PANAS-SF Negative    0.081 

R 0.074 0.091 0.141 0.117 

R2 0.006 0.008 0.020 0.014 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.24: Multiple regression analyses of perceived stress and trait affect predicting post-
vaccination A/Kansas/14/2017 (H3N2) IgG levels. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) -0.071 -0.060 -0.083 -0.060 

Sex (female) 0.040 0.045 0.045 0.060 

Perceived Stress  -0.014   

PANAS-SF Positive   -0.063  

PANAS-SF Negative    0.006 

R 0.082 0.075 0.113 0.086 

R2 0.007 0.006 0.013 0.007 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.25: Multiple regression analyses of perceived stress and trait affect predicting post-
vaccination B/Colorado/06/2017 (B) IgG levels. 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) 0.080 0.068 0.076 0.077 

Sex (female) -0.010 -0.006 0.007 0.010 

Perceived Stress  0.056   

PANAS-SF Positive   -0.091*  

PANAS-SF Negative    0.071 

R 0.080 0.087 0.120 -0.101 

R2 0.006 0.008 0.014 0.010 

β values are reported in the table. *p<.05, **p<.01, ***p<.001.  
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Table 5.26: Binary logistic regression analyses of perceived stress and trait affect predicting post-
vaccination A/Brisbane/02/2018 (H1N1) HAI seroprotection (threshold ≥40). 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) 0.870*** 0.875*** 0.872*** 0.875*** 

Sex (female) 0.745 0.657 0.614 0.795 

Perceived Stress  0.971   

PANAS-SF Positive   1.021  

PANAS-SF Negative    0.990 

R2 (Nagelkerke) 0.098 0.091 0.102 0.086 

Odds ratio (Expected B) values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.27: Binary logistic regression analyses of perceived stress and trait affect predicting post-
vaccination A/Kansas/14/2017 (H3N2) HAI seroprotection (threshold ≥40). 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) 1.021 1.034 1.024 1.039 

Sex (female) 0.720 0.710 0.683 0.729 

Perceived Stress  0.993   

PANAS-SF Positive   0.999  

PANAS-SF Negative    0.997 

R2 (Nagelkerke) 0.007 0.011 0.010 0.012 

Odds ratio (Expected B) values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.28: Binary logistic regression analyses of perceived stress and trait affect predicting post-
vaccination B/Colorado/06/2017 (B) HAI seroprotection (threshold ≥40). 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) 1.046 1.040 1.040 1.046 

Sex (female) 1.158 1.193 1.154 1.219 

Perceived Stress  1.035   

PANAS-SF Positive   0.980  

PANAS-SF Negative    1.041 

R2 (Nagelkerke) 0.007 0.013 0.009 0.013 

Odds ratio (Expected B) values are reported in the table. *p<.05, **p<.01, ***p<.001.  
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Table 5.29: Binary logistic regression analyses of perceived stress and trait affect predicting post-
vaccination A/Brisbane/02/2018 (H1N1) HAI seroprotection (threshold ≥160). 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) 0.909*** 0.913*** 0.903*** 0.908*** 

Sex (female) 0.789 0.772 0.684 0.807 

Perceived Stress  1.011   

PANAS-SF Positive   0.984  

PANAS-SF Negative    1.026 

R2 (Nagelkerke) 0.074 0.071 0.091 0.082 

Odds ratio (Expected B) values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.30: Binary logistic regression analyses of perceived stress and trait affect predicting post-
vaccination A/Kansas/14/2017 (H3N2) HAI seroprotection (threshold ≥160). 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) 0.973 0.983 0.977 0.978 

Sex (female) 0.780 0.697* 0.727 0.752 

Perceived Stress  0.975*   

PANAS-SF Positive   1.004  

PANAS-SF Negative    0.978 

R2 (Nagelkerke) 0.011 0.018 0.013 0.014 

Odds ratio (Expected B) values are reported in the table. *p<.05, **p<.01, ***p<.001.  

 

Table 5.31: Binary logistic regression analyses of perceived stress and trait affect predicting post-
vaccination B/Colorado/06/2017 (B) HAI seroprotection (threshold ≥160). 

 Regression 1 Regression 2 Regression 3 Regression 4 

Age (per year) 1.004 0.999 1.012 1.006 

Sex (female) 1.137 1.166 1.082 1.108 

Perceived Stress  1.015   

PANAS-SF Positive   0.980  

PANAS-SF Negative    1.014 

R2 (Nagelkerke) 0.001 0.005 0.009 0.003 

Odds ratio (Expected B) values are reported in the table. *p<.05, **p<.01, ***p<.001.  
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5.5.2.1.3 Summary of Results  

In contrast to the hypothesis, there was very limited evidence within this sample that 

indicated that age or sex meaningfully influenced influenza vaccination responses. This 

limited evidence suggested that with each yearly increase in age, participants were 11.3% 

and 9.5% less likely to be classified as seroprotected for influenza strain A/Brisbane/02/2018 

(H1N1) for thresholds ≥40 and ≥160, respectively. However, age was not shown to be a 

predictor for seroprotection of influenza strains A/Kansas/14/2017 (H3N2) or 

B/Colorado/06/2017 (B), as well as ELISA OD levels for any vaccine components. These 

analyses also indicated that perceived stress and trait affect measured at baseline were not 

significantly associated with 4-week post-vaccination antibody responses in terms of ELISA 

OD levels or in terms of the proportion of participants classified as seroprotected for either 

threshold.  
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5.5.3 Exploratory Question 3: To compare two different methods of measuring antibody 

responses to influenza vaccination.  

5.5.3.1 Were these two methods of measuring antibody responses to vaccination 

correlated? Were the proportion of participants who meet the ELISA OD equivalents 

of HAI seroprotection thresholds similar to those classified as seroprotected? Are 

ELISA and HAI interchangeable methods of measuring influenza vaccination 

responses?  

5.5.3.1.1 Hypothesis 

ELISA and HAI are two different methods of measuring antibody responses to vaccination. 

ELISA allows for greater differentiation between samples due to this assay being a 

continuous outcome measure, and has the ability to measure different class-specific 

antibodies (IgM, IgA and IgG) in serum samples in response to vaccination. It is particularly 

useful for large-scale analyses because it can be completed within a few hours and is 

amenable to complete automation. For this reason, ELISA is considered to be a sensitive, 

flexible and low-cost laboratory technique readily used to measure antibody responses to 

vaccination (Coudeville et al., 2010). However, HAI is considered to be the gold standard for 

assessing vaccination responses. The HAI assay relies on the ability of hemagglutinin-specific 

antibodies (predominantly IgG) to inhibit the binding between the hemagglutinin of the virus 

and the sialic acid receptors on the surface of red blood cells (from chicken or turkey mainly). 

The nature of this assay means that there is no gradation between assay serial dilutions 

making it difficult to distinguish between samples, therefore making it a less sensitive 

method compared with ELISA. The HAI assay has a well-established clinical protection 

threshold of ≥40 cited in the influenza vaccination literature (Kirchenbaum et al., 2021). 

However, this threshold is being challenged due to it not being applicable to all virus types, 

such as influenza, whereby older adult populations are subject to extensive previous 

exposure (naturally and/or via previous vaccination). More recently higher HAI titre 

thresholds are being considered, such as ≥160, to better identify protection for older adult 

populations (Zhao et al., 2017). 

Whilst these methods of measuring antibody responses to vaccination differ, it was 

hypothesised that they would be significantly correlated with each other. Analyses also 

investigated whether it was possible to determine ELISA OD values equivalent to HAI 

geometric mean values to examine whether the same proportion of participants were 

classified as seroprotected using these two different methods. These methods were also 
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compared by assessing their level of agreement to determine whether they could be 

interchangeable methods of measuring antibody responses to influenza vaccination.  

5.5.3.1.2 Analyses  

Bivariate correlations (Pearson’s) were computed to assess the relationship between the HAI 

geometric mean and ELISA OD values for each influenza strain of the vaccine (see Table 5.32). 

As expected, these analyses indicated that the outcome measures of these methods of 

measuring antibody responses to vaccination were significantly correlated with each other 

when measuring the same influenza strain (H1N1: r= 0.590, p<0.010, H3N2: r= 0.698, 

p<0.010 and B: r= 0.577, p<0.010).  

 

Table 5.32: Bivariate correlations (Pearson's) between ELISA OD levels and HAI geometric mean 
measures for H1N1, H3N2 and B influenza vaccine strains. 

 1 2 3 4 5 6 

(1) ELISA OD 
A/Brisbane/02/2018 (H1N1)  

- - - 0.590** - - 

(2) ELISA OD 
A/Kansas/14/2017 (H3N2)  

- - - - 0.698** - 

(3) ELISA OD 
B/Colorado/06/2017-like (B)  

- - - - - 0.577** 

(4) HAI Geometric Mean 
A/Brisbane/02/2018 (H1N1)  

0.590** - - - - - 

(5) HAI Geometric Mean 
A/Kansas/14/2017 (H3N2)  

- 0.698** - - - - 

(6) HAI Geometric Mean 
B/Colorado/06/2017 (B)  

- - 0.577** - - - 

*p<.05, **p<.01, ***p<.001 

 

Significant positive correlations between these two different methods of measuring antibody 

responses to vaccination are shown graphically in Figure 5.9. These graphs indicate a line of 

best fit for each influenza strain that has been used to determine the ELISA OD equivalents 

of both seroprotection thresholds. These analyses were done to investigate whether the 

same proportion of participants met these seroprotection thresholds for HAI and ELISA 

measures. Firstly, log2 geometric mean values for HAI thresholds ≥40 and ≥160 were 

determined and were found to be 5.322 and 7.322, respectively. These values were then 
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input into the line of best fit equations for each influenza strain to interpolate the equivalent 

ELISA OD values associated with these HAI thresholds. These analyses found that a ≥40 HAI 

titre threshold equated to ELISA OD values of 0.858, 0.811 and 1.078 for strains H1N1, H3N2 

and B, respectively. Additionally, a ≥160 HAI threshold equated to ELISA OD values of 1.056, 

1.041 and 1.383 for strains H1N1, H3N2 and B, respectively. These values fall on the lower 

end of the OD scale (>1 to 3) for this ELISA essay. Once these ELISA OD values were calculated, 

the proportion of participants who met this threshold were computed to compare with the 

HAI data. In Table 5.33, a summary of the percentage of participants who were classified as 

HAI seroprotected for thresholds titres ≥40 and ≥160 are outlined along with the ELISA OD 

equivalent values of these thresholds. The percentage of participants with ≥40 HAI titre 

thresholds were much higher for both pre- and post-vaccination across all influenza strains 

compared with ELISA OD equivalent percentages. However, the percentage of participants 

with ≥160 HAI titre thresholds were more similar to the percentages of participants with the 

ELISA OD equivalent percentages, with HAI percentages slightly higher than ELISA OD 

percentages for pre- and post-vaccination. This suggests that whilst there is large variability 

between the lower threshold data, the smaller variability of the higher threshold data may 

indicate there is a chance of there being some agreement between these two methods of 

measuring antibody responses but requires further analyses.  
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Table 5.33: Percentage of participants classified as being seroprotected (4-weeks post-vaccination) 
(for HAI thresholds ≥40 and ≥160) compared with ELISA OD equivalents of these HAI thresholds. 

 Frequency (%) 

Seroprotection (titre ≥40) 

   A/Brisbane/02/2018 (H1N1) (Pre) 

   A/Brisbane/02/2018 (H1N1) (Post) 

   A/Kansas/14/2017 (H3N2) (Pre) 

   A/Kansas/14/2017 (H3N2) (Post) 

   B/Colorado/06/2017 (B) (Pre) 

   B/Colorado/06/2017 (B) (Post) 

 

406 (63.7%) 

541 (89.7%) 

188 (29.5%) 

533 (88.4%) 

509 (79.9%) 

577 (95.7%) 

ELISA OD Equivalent of HAI ≥40 

   A/Brisbane/02/2018 (H1N1) (Pre) 

   A/Brisbane/02/2018 (H1N1) (Post) 

   A/Kansas/14/2017 (H3N2) (Pre) 

   A/Kansas/14/2017 (H3N2) (Post) 

   B/Colorado/06/2017-like (B) (Pre) 

   B/Colorado/06/2017-like (B) (Post) 

 

171 (26.3%) 

311 (52.9%) 

221 (34.0%) 

446 (75.9%) 

398 (61.0%) 

489 (83.2%) 

Seroprotection (titre ≥160) 

   A/Brisbane/02/2018 (H1N1) (Pre) 

   A/Brisbane/02/2018 (H1N1) (Post) 

   A/Kansas/14/2017 (H3N2) (Pre) 

   A/Kansas/14/2017 (H3N2) (Post) 

   B/Colorado/06/2017 (B) (Pre) 

   B/Colorado/06/2017 (B) (Post) 

 

190 (29.1%) 

416 (63.6%) 

76 (11.6%) 

436 (66.7%) 

286 (43.7%) 

439 (67.1%) 

ELISA OD Equivalent of HAI ≥160 

   A/Brisbane/02/2018 (H1N1) (Pre) 

   A/Brisbane/02/2018 (H1N1) (Post) 

   A/Kansas/14/2017 (H3N2) (Pre) 

   A/Kansas/14/2017 (H3N2) (Post) 

   B/Colorado/06/2017-like (B) (Pre) 

   B/Colorado/06/2017-like (B) (Post) 

 

182 (28.0%) 

327 (55.6%) 

110 (16.9%) 

325 (55.3%) 

255 (39.2%) 

370 (62.9%) 



 
 

146 

 

 

Figure 5.9: Relationships between ELISA OD measures and HAI geometric mean measures for H1N1, 
H3N2 and B influenza vaccine strains, including pre- and post-vaccination measures. 
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Whilst these two methods of measuring antibody responses to vaccination were significantly 

correlated, this did not mean there was a good agreement between both methods and did 

not assess the comparison between them. In order to compare and assess the level of 

agreement between these two quantitative measures (ELISA and HAI), Bland-Altman 

analyses were conducted to determine whether ELISA OD levels and HAI geometric mean 

values have good agreement with each other (Bland & Altman, 1999). This statistical method 

is used to assess whether one technique for measuring a variable can substitute another. In 

this case, whilst both ELISA and HAI were highly correlated, it is unclear whether they could 

be used interchangeably for the detection of antibody responses to vaccination. The Bland-

Altman method quantified agreement between two measurements by constructing limits of 

agreement that were calculated using the mean and the standard deviations of the 

differences between them. This was done for each separate vaccine component. These 

Bland-Altman plots are illustrated in Figure 5.10, whereby the difference of the two paired 

measurements is plotted against the mean of the two measurements. It is recommended 

that 95% of the data points should lie within ± 2 standard deviations of the mean difference. 

As illustrated in Figure 5.10, there were a large quantity of values outside (outlined in red) of 

the 95% confidence limits (indicated by the dotted lines) for all influenza strains. Regression 

analyses of these difference and mean values indicated that there is a considerable amount 

of proportional bias (H1N1: t= 49.843, p˂0.001, H3N2: t= 52.866, p˂0.001, B: t= 42.137, 

p˂0.001), suggesting these methods of measuring antibody responses to vaccination were 

statistically different and therefore were not in agreement. This suggested that these 

methods of antibody measurement should not be considered interchangeable.   
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Figure 5.10: Bland-Altman agreement plots of antibody titres determined via HAI and ELISA for 
influenza vaccine components H1N1, H3N2 and B. Dotted lines indicate 95% confidence intervals. 
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5.5.3.1.3 Results  

These analyses indicated that ELISA and HAI were significantly correlated methods of 

measuring antibody responses to vaccination. ELISA OD values equivalent to HAI thresholds 

of ≥40 and ≥160 were determined, whereby the proportion of participants classified as 

seroprotected based on ELISA values were considerably lower for the ≥40 threshold 

compared with HAI, and were slightly lower for the ≥160 threshold compared with HAI. 

Despite some indication of agreement for the higher threshold, Blind-Altman analyses 

established that these two different methods of measuring antibody responses to 

vaccination were statistically significantly different, did not show comparable titres and 

therefore could not be utilised interchangeably.  

5.6 Chapter Summary 

These findings have shown that it is possible for a brief, 15-minute standardised and choice 

intervention administered within a clinical setting to significantly enhance the positive mood 

of older adults compared with usual care. Despite research suggesting choice interventions 

may be superior to those without choice, this trial did not show any statistical difference 

between these intervention types in terms of mood outcomes. Vaccination was shown to be 

effective, with statistically significant changes from pre- to post-vaccination antibody levels 

noted for all vaccine components measured by both ELISA and HAI. Group allocation to an 

intervention or usual care trial arm was not, however, a predictor of vaccination responses. 

In contrast to previous literature, neither perceived stress or trait affect predicted 4-week 

post-vaccination antibody responses. The two methods of measuring antibody responses to 

vaccination, ELISA and HAI, were highly correlated with each other but were not found to be 

in agreement or equivalent to be able to be used interchangeably. In the next chapter, the 

discussion of these results will be outlined in the context of similar literature, along with a 

general For-ME trial review. 
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6 Chapter 6: General Discussion  

6.1 Introduction 

This thesis has examined the potential to enhance positive mood at the time of vaccination 

in older adults, with a view to considering the implications for influenza vaccination 

effectiveness in this population. The emphasis within this thesis on influenza vaccination and 

older adults was driven by the large burden of infectious disease and poor vaccine efficacy 

observed for this vulnerable population (L. Feng et al., 2012; Govaert et al., 1994; Haq & 

McElhaney, 2014; NICE, 2019). In Chapter 1, the impact of infectious disease, and influenza 

specifically, on this population was discussed at length. In Chapter 2, the large and growing 

body of evidence that psychological factors can impact immunity, and in turn responses to 

vaccination was reviewed. The research conducted as part of this thesis contributes to, and 

extends, the evidence in this area.  

Central to this thesis was the development, conduct, and analyses of a large multi-centre 

randomised controlled trial that examined the impact of two brief positive mood 

interventions administered prior to influenza vaccination (The For-ME trial). The rationale, 

trial design and methods for the For-ME trial were discussed in Chapter 3. To briefly reiterate 

this rationale, prior research had indicated that positive mood on the day of vaccination may 

be the most important psychological or behavioural predictor of antibody responses to 

influenza vaccination in older adults (Ayling et al., 2018). This longitudinal observational 

cohort study explored an array of behavioural (e.g., exercise, sleep and nutrition) and 

psychological (e.g., stress and mood) factors and their influence on influenza vaccination 

responses in older adults. Positive mood on the day of vaccination was found to be the most 

important predictor of vaccination responses, where it was associated with enhanced 

responses to influenza vaccination strain A(H1N1). Further pilot research then built on this 

finding, examining whether intervening to improve mood on the day of influenza vaccination 

in this population was feasible in primary care (Ayling et al., 2019). To do this, researchers 

developed a novel brief psychological intervention to improve positive mood and piloted it 

in primary care settings. This pilot trial found that participants who received this (fixed-

content) intervention statistically improved positive mood (the positive mood outcome 

measure was the Affective Slider happiness subscale) compared with the neutral 

intervention. Further, the pilot trial found early suggestive evidence that such an approach 

may beneficially impact on antibody responses to vaccination with point-estimates for all 
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vaccine strains favouring the intervention arm compared to a neutral control arm (albeit this 

study was not powered to detect significant differences on this outcome).  

The For-ME trial (described in Chapters 3-5 of this thesis) was a much larger study (n=654), 

which builds upon this earlier research, with the primary aim of investigating whether the 

previously piloted brief standardised positive mood intervention and/or a novel intervention 

that incorporated participant choice were capable of improving positive mood on the day of 

influenza vaccination in older adults, compared to usual care. The rationale behind including 

a choice-based intervention arm followed evidence that choice may increase both perceived 

control and autonomy, which in turn was associated with better intervention outcomes (in 

terms of satisfaction, retention and mood outcomes) (Bartley et al., 2016; Beer et al., 2017; 

Carlisle et al., 2021). The secondary aim of the trial was to examine whether antibody 

responses to the influenza vaccine differed by trial arm (standardised intervention, choice 

intervention or usual care). The optimisation and validation of the immunoassays used to 

assess these antibody outcomes were described in Chapter 4. 

The statistical analyses and findings from the For-ME Trial were outlined in Chapter 5 and 

are briefly restated below (see Section 6.2). In this final chapter, the implications of these 

findings will be discussed in relation to prior research. Research challenges and reflections 

encountered when conducting this research will be discussed, highlighting 

recommendations for alternative approaches if this work is to be replicated. Finally, the 

chapter will conclude with outlining future research propositions that can build on the 

research presented in this thesis. 

6.2 Summary of For-ME Findings 

The For-ME trial was a parallel, 3-armed randomised control trial conducted in 13 general 

practice surgeries within the East Midlands. A summary of the primary and secondary aims 

and their findings are outlined below, along with the results of any exploratory analyses.  

(1) Primary Aim: To explore whether a standardised and/or choice intervention was capable 

of improving the positive mood of older adults prior to influenza vaccination compared with 

usual care, and to identify which intervention type was superior.  

Both the standardised intervention and choice intervention statistically improved the 

positive mood of older adults, as well as usual care. Statistically significant changes in mood 

were indicated by the Affective Slider happiness subscale (the primary outcome measure), 

as well as the Affective Slider alertness subscale, DVAMs scales and SPANE scales. Group 
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allocation to an intervention group was found to be a significant predictor of post-

intervention state affect compared with usual care. However, both interventions were found 

to be equally effective at improving positive mood.  

(2) Secondary Aim: To explore whether group allocation predicted 4-weeks post-vaccination 

antibody responses.  

Antibody responses to vaccination were measured via Enzyme-Linked Immunosorbent Assay 

(ELISA) and Hemagglutinin Inhibition Assay (HAI). Statistically significant changes in antibody 

levels following vaccination were observed for all influenza strains, measured by both ELISA 

and HAI. These results indicated that group allocation, to an intervention or usual care group, 

did not significantly predict 4-week post-vaccination antibody responses in terms of ELISA 

OD levels or in terms of the proportion of participants classified as seroprotected for either 

HAI threshold (≥40 and ≥160).  

In addition to these primary and secondary aims, a series of exploratory analyses were 

carried out and are described below.  

(1) To assess whether perceived stress and trait mood measured at baseline were associated 

with positive mood on the day of vaccination by investigating both pre- and post-

intervention mood.  

Analyses indicated that participants with high levels of perceived stress and negative trait 

affect, measured at baseline, scored lower pre-intervention positive state affect (for all 

measures) and higher negative state affect (SPANE negative). Additionally, participants with 

high positive trait affect at baseline scored higher pre-intervention positive state affect 

scores for all measures. However, these findings suggested that individuals’ levels of 

perceived stress and negative trait affect measured at baseline did not influence how they 

responded to an intervention in terms of state affect. Higher scores of positive trait affect 

were found to increase post-intervention mood scores for the usual care and choice 

intervention groups, but not the standardised intervention group. These findings suggested 

that although baseline psychological factors are capable of predicting pre-intervention state 

affect, they do not play a role in predicting post-intervention state affect and therefore does 

not influence the effects of the interventions.  

(2) To assess whether perceived stress and trait affect measured at baseline were associated 

with antibody responses to influenza vaccination.  
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High levels of perceived stress, negative trait affect and positive trait affect measured at 

baseline were not found to be predictors of antibody responses to influenza vaccination.  

(3) To compare two different methods of measuring antibody responses to influenza 

vaccination. 

Analyses indicated that ELISA and HAI were significantly correlated methods of measuring 

antibody responses to vaccination. However, Blind-Altman analyses established that these 

two different methods of measuring antibody responses to vaccination were statistically 

significantly different and therefore could not be utilised interchangeably.  

6.3 Research Implications 

6.3.1 Positive Mood Enhancing Interventions 

The primary aim of the For-ME trial was to examine whether two brief positive mood 

interventions (standardised and choice) improved the mood of older adults prior to 

vaccination when compared with usual care. Additionally, if these interventions were found 

to enhance positive mood, examine which intervention type was superior. To date there has 

been a modest amount of research into positive mood enhancing interventions that vary 

considerably in terms of target population and intervention type (see Chapter 3) (Davidson 

et al., 2003; Kiecolt-Glaser et al., 2008; Maryam Fakhrhosseini & Jeon, 2017; Vedhara et al., 

2003, 2019). Prior to the research presented in this thesis, a pilot study conducted by Ayling 

et al. (2019) was the first brief positive mood enhancing standardised intervention that has 

been shown to improve the mood of older adults (n= 103) in a clinical setting prior to 

influenza vaccination. The research presented in this thesis is an alignment with these 

findings, whereby the change in state affect, measured by the primary outcome (Affective 

Slider happiness subscale) and the other five state affect measures (Affective Slider alertness 

subscale, DVAMS and SPANE), were found to be statistically significant for both intervention 

groups. Therefore, both interventions successfully enhanced the positive mood, and 

decreased the negative mood, of older adults immediately prior to influenza vaccination. 

These findings show that a 15-minute intervention, delivered in a clinical setting as part of 

standard vaccination care, is effective at improving mood. In comparison to the study by 

Ayling et al. (2019), the observed effect sizes were very similar (small to medium with partial 

ETA range of 0.017-0.063 in the For-ME trial and d= 0.6 in the Ayling pilot trial).  

Whilst this is promising evidence to support the implementation of psychological 

interventions within healthcare settings, a limitation of these findings is that it remains 

unclear how long the effects of the intervention last could last for. Within the context of the 
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trial, researchers ensured participants received their influenza vaccination immediately after 

intervention engagement. This does not mean this will also be the case in the context of 

standard vaccination care if there are clinic delays and long patient queues, which is often 

the case. The known duration of positive mood induction means that it is possible the effects 

of the intervention could wear off in over-run and delayed clinics.  

Another important consideration of these findings is that pre-intervention positive mood 

levels were found to be high across all three arms for all measures. There is a chance that 

the potential of these interventions to improve mood were limited by the ceiling effects of 

all state affect measures being high prior to intervention engagement. It may be that these 

interventions would be more effective for participants with low mood or in populations 

where low mood is particularly prevalent (discussed further in Section 6.4.1). 

Some statistically significant changes were also observed in the usual care arm for both 

Affective Slider scales, both SPANE scales and the alertness DVAMS scale. Whilst we would 

not predict a significant change in mood score for the usual care group, these findings are 

not surprising due to the nature of the study and the target age of the population of interest. 

For this older adult population, getting involved in research was very enjoyable and exciting 

for them, whereby participants frequently expressed these feelings with researchers. This is 

perhaps unsurprising given the research that has identified high levels of loneliness for older 

adult populations, with 50% of individuals aged over 60 reported to be at a high risk of social 

isolation and over 70% will experience some sort of loneliness in later life (Fakoya et al., 

2020). A possible explanation could be that research activities may have contributed to 

improved mood within the control arm and some participants in this arm even expressed 

enjoyment in the process informally to researchers. It is very likely that engagement with 

researchers and fellow participants could have been one of very few social interactions for 

them that week/month. Some research has been identified to investigate the engagement 

in research resulting in non-specific improvements in mood and has identified that 

participating in psychological research may temporarily amplify the experience of positive 

and negative emotions for participants (Dunsire, 1999).  For example, Daugherty and 

Lawrence (1996) assessed the short-term effect of research participation on positive and 

negative feelings for a cohort of college students. Positive emotions were found to be 

endorsed significantly more than negative feelings, whereby personality traits could play a 

role in predisposing participants to positive or negative emotional reactions.  

.  
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Analyses indicated that group allocation to an intervention group, standardised or choice, 

was a significant predictor of post- intervention state affect compared with usual care. 

However, in contrast to the outlined hypothesis, the choice intervention was not shown to 

be significantly superior at predicting post-intervention state positive affect scores compared 

with the no choice, standardised (fixed-content) intervention. Whilst previous research has 

indicated that choice interventions enhance participant retention and adherence compared 

with no choice interventions (Lindhiem et al., 2014), there are mixed results about their 

improved ability to elicit mood changes (Carlisle et al., 2021). In a recent review by Carlisle 

et al. (2021), a total of 11 studies were examined to compare the impact of choice and non-

choice interventions on mood. Whilst outcomes were mixed, with 7 of these studies 

favouring choice and 4 favouring no choice, they were mainly focused on negative affect 

measures, such as anxiety (Bartley et al., 2016), depression (Beer et al., 2017), distress (Yancy 

et al., 2015), worry (Brenes et al., 2020), nervousness (Chiviacowsky et al., 2012) and 

discomfort (Rose et al., 2014) with only 1 study investigating pleasure (Veitch & Newsham, 

2000). Whilst some evidence in the review by Carlisle et al. indicated that choice 

interventions may result in greater improvements in mood, with point estimates favouring 

choice over no choice, confidence intervals were wide and were not statistically significant. 

It is unclear whether this means the provision of choice has no meaningful influence on mood 

change, or whether this is a result of sparse and divergent data making significant findings 

unlikely. The For-ME trial presents further evidence that the provision of choice may not be 

superior to no choice to improve mood outcomes for positive mood interventions. Limited 

evidence outlining the influence of choice interventions on mood highlights the need for 

more research in this area. 

6.3.2 Trait Mood and Stress Influencing Intervention Effectiveness 

To take a closer look at participant trait mood, baseline perceived stress and PANAS positive 

and negative trait affect were measured to assess whether these factors influenced 

intervention effectiveness. The findings of exploratory analyses indicated baseline trait affect 

and perceived stress scores had little impact on the effectiveness of the interventions in 

terms of state affect responses. These findings suggested that although baseline 

psychological factors are capable of predicting pre-intervention state affect, they did not play 

a role in predicting post-intervention state affect and therefore did not influence the effects 

of the interventions. However, these participants did not experience noticeably high levels 

of perceived stress of negative trait affect, whereby scores for these baseline measures did 

not deviate from normative values that would be expected for this older adult population 
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(e.g., normative reported perceived stress scores were 12.0 compared with 12.5 in the For-

ME trial, see Section 5.3.3). These findings suggest that normative perceived stress and trait 

mood levels were not important predictors of post-intervention state affect and 

subsequently did not mitigate the effects of intervention efficacy. 

6.3.3 Psychological Factors and Influenza Vaccination Responses  

The secondary aim of the For-ME trial was to assess whether antibody responses to the 

influenza vaccination differed between those who received a positive mood intervention and 

usual care. In contrast to the proposed hypothesis, For-ME trial results indicated that group 

allocation did not significantly predict 4-week post-vaccination antibody responses to 

influenza vaccination in terms of ELISA OD levels or in terms of the proportion of participants 

classified as seroprotected for either threshold using the HAI assay (≥40 and ≥160).  

Whilst there is prior research to suggest that positive mood can upregulate immunity (see 

Chapter 2), there is limited research on positive mood having immune enhancing effects on 

antibody responses to vaccination, particularly in older adult populations. The majority of 

research that has indicated the role of positive mood of immune modulation have primarily 

investigated trait affect, secretory IgA and cytokine responses, which is in contrast to the For-

ME trial that investigated state affect and measured antibody responses to influenza 

vaccination (Barak, 2006; Marsland et al., 2007; Pressman & Cohen, 2005; Steptoe et al., 

2009). This makes it challenging to compare this research with the For-ME findings but could 

be a potential explanation for the observed differences. For example, previous research by 

Marsland et al. (2006) found that trait positive affect of graduate students (ages 21-33 years) 

was associated with heightened antibody responses to hepatitis B vaccination. Whilst this 

research by Marsland et al. (2006) was important for highlighting the direct immune 

enhancing effects of positive mood, it focused on trait affect as opposed to state affect, 

looked at a much younger population, as well as a different vaccination type to those 

examined in the For-ME trial. It is very difficult to compare vaccination responses of younger 

and older adult populations due to older adults experiencing immune ageing (see Chapter 

1). Older adults mounting considerably lower vaccination responses compared with young 

adults makes it an unfair comparison between these two populations, suggesting that these 

findings by Marsland et al. (2006) are not applicable to older adults. Very little research has 

focused on the positive affect of older adults in the context of immune responses, but there 

is some evidence that has provided some informative insight into these relationships 

(Costanzo et al., 2004). Similar to Marsland et al. (2006), this study by Costanzo et al. (2004) 

investigated trait affect, such as optimism and vigour, and found that high levels of these 
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measures were associated with greater cytokine responses. Specifically, T helper 1 cytokine 

responses (IFN‐γ and IL‐2) to vaccination were more robust in individuals with greater 

optimism, where the improvement in T helper 1 cytokine responses is particularly important 

due to the role of T helper 1 type responses in clearing viruses and preventing infection 

(Beňová et al., 2020).  

Although the results presented in this thesis found that a 15-minute intervention is not 

sufficient to have a statistically significant impact on antibody responses 4-weeks post-

vaccination with an adjuvanted vaccine, it is important to note that this trial was powered to 

assess between arm differences of mood outcomes primarily and not antibody outcomes. It 

is therefore unclear whether these results suggested that group allocation was not capable 

of predicting 4-weeks post-vaccination antibody responses or whether the role of mood was 

more important in the context of trait affect rather than state affect. Analyses were 

conducted to examine this (see Section 6.3.4). 

6.3.4 Trait Affect, Stress and Vaccination Responses  

It may be that positive affect duration (trait instead of state) and magnitude are important 

factors to consider when investigating immune modulation. To investigate this, exploratory 

analyses were conducted to examine whether baseline measures, perceived stress and trait 

affect, were predictors of 4-weeks post-vaccination antibody responses. These analyses 

indicated that perceived stress and trait affect measures at baseline were also not 

significantly associated with 4-week post-vaccination antibody responses in terms of ELISA 

OD levels or in terms of the proportion of participants classified as seroprotected for either 

threshold. These findings are not consistent with the meta-analysis examining the 

relationship between stress and antibody responses to influenza vaccination, which found 

significant negative relationships between stress and antibody responses in studies 

conducted in older adults (Pedersen et al., 2009). However, much of the research 

contributing to this review focused on populations experiencing very high levels of chronic 

stress, such as elderly caregivers. For example, Kiecolt-Glaser et al. (1996) demonstrated that 

the down-regulation of immune responses to influenza vaccination, via antibody and 

cytokine responses, was associated with chronic stress in elderly caregivers. More of this 

research is reported in Chapter 2, which showed that chronic stress in older adult 

populations could have implications for their vulnerability to infection due to immune 

suppression (Kiecolt-Glaser et al., 1996; Phillips et al., 2006; Segerstrom et al., 2008; Thorpe 

et al., 2006; Vedhara et al., 1999). These For-ME trial results do not challenge these findings 

but instead may suggest that stressful situations must be of a sufficiently large magnitude to 
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act meaningfully on antibody responses to vaccination. It is possible that this also applies to 

trait affect, whereby the findings of this For-ME trial also found that positive and negative 

trait affect, measured at baseline, did not predict 4-weeks post-vaccination antibody 

responses. This is also contrary to previous research that has provided evidence for trait 

negative affect, such as depression, hindering immune responses to vaccination (Herbert & 

Cohen, 1993) and trait positive affect being associated with greater antibody responses to 

vaccination (Marsland et al., 2006). Whilst positive trait affect, such as dispositional 

optimism, has been found to have immune enhancing effects (Marsland et al., 2006), 

researchers have found that individuals with high levels of positive trait affect endorse more 

exercise and better overall sleep quality compared with low positive trait affect counterparts 

(Cohen et al., 2003b). These are important factors to take into consideration due to both 

sleep quality (Prather et al., 2021; D. J. Taylor et al., 2017) and physical exercise (Kohut et al., 

2002) being shown to be associated with enhanced antibody responses to influenza 

vaccination.  

Studies investigating the immunological effects of trait positive affect do not always take 

these factors into consideration, which can make it difficult to independently examine the 

relationship between positive affect and immunity. In the study by Marsland et al. (2006), 

researchers did assess the influences of positive affect and physical activity on vaccination 

responses and found they were largely independent, but did not examine sleep. This 

highlights one of the biggest issues with examining the immune benefits of positive affect 

due to the challenge of determining whether relationships are independent, or whether they 

are a consequence of a number of factors closely tied to positive affect, such as physical 

exercise and sleep. In sum, it seems that the diversity of research examining different affect 

types (trait or state), vaccination types, the range of immune measures and population types 

makes it difficult to understand the clinical impact, if any, of positive affect on the immune 

system and its ability to act on vaccination responses. It would be important for a larger scale 

study looking to closely investigating positive affect in older adult populations to take 

confounding factors, such a sleep quality and physical exercise, into consideration and to 

investigate populations screened for low mood who may be more sensitive to the effects of 

a mood enhancing intervention.  

It is also perhaps worth noting that the measurement of these psychological factors 

(perceived stress and trait affect) at baseline required participants to report on single time-

point retrospective questionnaires. This means that these measures rely on the ability of 

these participants to accurately and unbiasedly recall their experience over a prolonged 
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period of time (often weeks or months) and is unable to capture the inherent variability of 

these psychological states (Bolger et al., 2003; Conner & Barrett, 2012). For these reasons, 

momentary measures of affect are considered to be more reliable because they do not face 

the issue of memory bias and have been found to correlate more strongly with immune 

function compared with retrospective accounts of affect (Conner & Barrett, 2012). This is 

one of the strengths of the acute affect, pre- and post-intervention, measures that assessed 

how participants were feeling “in the moment”. On the contrary, perceived stress and trait 

affect measures relied on these retrospective measures which are perhaps less reliable than 

other studies who use diary measures (multiple measures of the same psychological factor 

over a period of time). The observational study by Ayling et al. (2018) provides some 

evidence for the diary method of assessing perceived stress and trait affect. Researchers 

found a relationship between trait positive affect, but not trait negative affect or perceived 

stress, and H1N1 responses using a diary-based method. The methods of measuring trait 

affect and perceived stress could be one of the reasons the no effects of these psychological 

factors were found.   

6.3.5 Assessing Vaccination Responses 

Another important consideration is whether alternative immune measures, in addition to 

antibody responses, could have served as a better indicators of vaccination responses and 

could have been more sensitive to the effects of the intervention. Whilst there are an array 

of methods for quantifying immune responses to vaccination, such as innate (e.g., 

macrophages), humoral (e.g., B cells that produce antibodies), cellular (e.g., T cells) and 

cytokine responses, the most frequently used is the measurement of antibody 

concentrations (Zimmermann et al., 2021). However, it has also been argued that antibody 

responses are not the best correlate of protection for influenza in older adults and that T 

cell-mediated responses could be better (McElhaney et al., 2006). McElhaney et al. (2006) 

gave some valuable insight about the importance of taking into consideration T cell 

responses to vaccination, where this study evaluated Th1 and Th2 (two T helper cell 

subtypes) cytokine ratios of IFNγ:IL‐10. Findings indicated that laboratory diagnosed 

influenza patients had a lower ratio due to the under production of IFNγ and overproduction 

of IL-10, therefore reflecting a shift towards a Th2 response, which has been identified as a 

potential marker for determining risk for influenza illness. The impact of T cell production 

and activation is vital for aiding antibody production, especially in the context of vaccination. 

An important function of T helper cells is to activate B cells to produce antibodies specific to 

a foreign antigen, in this case via vaccination, which means that B cell production of 
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antibodies is dependent on the activation of specific T cell populations (Ahmed & Gray, 

1996). Important T cell responses also involve cytotoxic T cells, also referred to as killer T 

cells, due to the ability of this T cell population type being able to directly recognise, bind to 

and destroy viruses. Cytotoxic T cell populations are important is the context of influenza 

vaccination due to the rapid rate of virus mutation (antigenic drift and shift, see Chapter 1) 

(Carrat & Flahault, 2007). This is because drastic viral mutation can result in immune evasion, 

whereby antibodies are unable to bind to the virus to neutralise it due to the virus becoming 

unrecognisable. However, cytotoxic T cells can recognise parts of amino acids that made up 

a virus and may be able to recognise and bind to some viruses despite them undergoing 

mutations. One notable study assessed both humoral-mediated and cellular-mediated 

immune responses to influenza vaccination. Wong et al. (2013) found that elderly caregivers, 

who were reported to have higher stress levels than matched controls, had decreased 

lymphocyte (cell-mediated) and cytokine immune responses to influenza vaccination. 

Crucially however, they observed no differences in humoral-mediated (antibody) immune 

responses to vaccination between caregivers and controls. This is an important comparison 

of immune findings because it suggests that the research in this field should look beyond 

humoral-immunity to also consider cellular immunity when investigating immune 

functioning.  

This above evidence has highlighted the importance of taking other immune factors, such as 

T cell responses, into consideration when assessing vaccination responses and protection 

from infection for all population types. The assessment of T cell populations could prove to 

be particularly valuable when conducting studies on older adult populations due to them 

being subject to the effects of immune ageing. The effects of immunosenescence have been 

shown to result in thymic involution (shrinking), which can have a considerable impact on 

the immune dysregulation of T cell populations (see Chapter 1). Decreased thymic function, 

and consequently senescence of naïve T cell production, results in a reduced T cell repertoire, 

also known as clonal diversity of naïve T cells, and reduced chance of older adults mounting 

an immune response to a novel foreign antigen (Dewan et al., 2012). A range of important T 

cell subsets are impacted, including CD3+ (on T helper and cytotoxic T cells), CD4+ (on T 

helper cells) and CD8+ T cells (on cytotoxic T cells). These T cell responses are a vital 

component of the immune system when responding to vaccination and therefore highlights 

the importance of detecting both T helper and cytotoxic T cell responses, in addition to 

antibody responses, to get a more comprehensive overview of an individual’s ability to 

mount an immune response to vaccination.  



 
 

161 

 

Whilst the findings of the For-ME trial did not indicate group allocation to be a predictor of 

antibody responses to vaccination, it raises the question about whether T cell and/or 

cytokine responses may have been more sensitive to the effects of the intervention. 

Cytokines have also been identified as an important component of the immune system by 

playing a critical role in the activation of cellular immune responses (Wurster & Grusby, 

2004). Of particular importance in the context of positive affect is pro-inflammatory cytokine 

IL-6 that has been shown to be a key contributor to health outcomes, and has been 

frequently referenced throughout the stress and affect literature (Gentile et al., 2003; S. W. 

Lee et al., 1999; Lutgendorf et al., 2001; Mittwoch-Jaffe et al., 1995) (see Chapter 2). 

Individuals who experience high levels of chronic stress, such as caregiving, have been 

reported to upregulate IL-6, whereby this cytokine has been identified as a biomarker for 

infection and illness (Hayden et al., 1998). Conversely, trait positive affect has the opposite 

effect on the immune system, in terms of IL-6 regulation, compared to chronic stress. For 

example, Friedman et al. (2007) tested the hypothesis that psychological well-being could 

predict lower levels of pro-inflammatory factors and found that higher scores of positive 

relationships and purpose in life indicated lower IL-6 levels. The role of IL-6 as a key 

contributor to health outcomes, where it is readily cited within stress and more recently 

affect literature, makes it an important cytokine to monitor for future studies investigating 

positive affect and vaccination responses. It would also be interesting to investigate whether 

positive mood induction could be a potential option for reducing the high IL-6 levels of 

chronically stressed individuals as a method of combating its immunosuppressive effects, 

further highlighting the importance of measuring pro-inflammatory immune responses, such 

as IL-6.  

Another possible explanation for the null effects of the interventions on antibody responses 

could be related to the highly robust vaccination responses observed. The 2019/20 influenza 

vaccination (administered as part of the For-ME trial) approved for older adults contained 

the adjuvant MF59, which is an oil-in-water emulsion of squalene oil. Squalene, a naturally 

occurring substance found in humans, animals, and plants, is highly purified for the vaccine 

manufacturing process and has been shown to enhance responses to vaccination (Domnich 

et al., 2017). The addition of this MF59 adjuvant influenza vaccination was found to be more 

effective than its non-adjuvanted comparator, with For-ME data indicating very high levels 

of 4-weeks post-vaccination seroprotection levels of >80% (89% for A/Brisbane/02/2018 

(H1N1), 88% for A/Kansas/14/2017 (H3N2) and 95% for B/Colorado/06/2017 (B)) compared 

with a strain average of 33% in a previous study investigating the same population type (older 
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adults, >65 years) (Ayling et al., 2018). These very high vaccination response rates were much 

greater than predicted, and were also much higher than those predicted for older adult 

populations (vaccination response range of 18-50%) (Govaert et al., 1994; P. A. Gross et al., 

1995). A likely explanation for these high vaccination response rates is partly due to the 

addition of an adjuvant, but may also be due to the fact that the virus strains did not 

drastically mutate and may be repeated strains found in previous influenza vaccinations. For 

example, the reason B/Colorado/06/2017 (B) seroprotection rates pre-vaccination were very 

high (79%) is because this strain was present within the influenza vaccination administered 

within the 2018/2019 season (the year prior to the For-ME trial) (Public Health England, 

2018). A prerequisite for taking part in the For-ME trial was that participants were required 

to have received the previous year’s vaccination. This was implemented as a study 

requirement to account for prior vaccination exposure to ensure participants had at least 

one prior exposure to the same influenza viral strains. It is not uncommon for vaccination 

research to account for vaccination history in this way, especially in the case of influenza 

vaccination, where there is a strong likelihood of prior viral exposure either naturally or via 

previous vaccination. However, the limitation of this is that pre-vaccination antibody levels 

for some participants were very high, with a very high percentage of participants in the trial 

meeting the ≥40 HAI seroprotection threshold before being vaccinated (63% for 

A/Brisbane/02/2018 (H1N1), 29% for A/Kansas/14/2017 (H3N2) and 79% for 

B/Colorado/06/2017 (B). High pre-vaccination seroprotection rates can make it challenging 

to assess post-vaccination responses. This was one of the main reasons behind exploring the 

≥160 HAI threshold in addition to the conventional ≥40 HAI threshold. As predicted, the 

higher threshold resulted in lower pre- and post-vaccination seroprotection rates. Based on 

the conventional ≥40 HAI threshold, there was an increase in the proportion of participants 

classified as seroprotected from pre- to post-vaccination of 25% for H1N1, 59% for H3N2 and 

16% for B. These changes in seroprotection rates were similar for the ≥160 HAI threshold, 

with an increase with rates of 34%, 55% and 24% for H1N1, H3N2 and B, respectively. 

Unsurprisingly, the lowest change in seroprotection change from pre- to post-vaccination 

was observed for the B/Colorado/06/2017 (B) strain due to its presence within the previous 

year’s vaccination, and therefore meant participants had very high pre-vaccination 

seroprotection rates Although changes were not drastic, the addition of this more stringent 

≥160 HAI threshold did appear to slightly increase seroprotection rates from pre‐ to post‐

vaccination for all vaccine components. These results therefore provided some supporting 

evidence for the debunking of the well‐established HAI titre of ≥40 that has been identified 
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as being less reliable for older adult populations (Sicca et al., 2020; Trombetta et al., 2018). 

This previously conventional seroprotection threshold is no longer accepted as a threshold 

of protection by the European Medicines Agency for the influenza vaccination responses of 

older adult populations (European Medicines Agency, 2016). Regardless of the clinical 

thresholds used, these For-ME findings showed very robust responses to vaccination that 

could have outweighed the effects of a psychological adjuvant, such as a positive mood 

enhancing intervention.  

Limited evidence within the For-ME trial findings indicated that age nor sex meaningfully 

influenced influenza vaccination responses. This limited evidence found that with each yearly 

increase in age, participants were 11.3% and 9.5% less likely to be classified as seroprotected 

for influenza strain A/Brisbane/02/2018 (H1N1) for thresholds ≥40 and ≥160, respectively. 

However, age was not shown to be a predictor of seroprotection for influenza strains 

A/Kansas/14/2017 (H3N2) or B/Colorado/06/2017 (B), as well as ELISA OD levels for any 

vaccine components. Whilst there is evidence for age impacting immunity, this research has 

conventionally compared differences between younger (<65 years) and older (>65 years) 

adult populations, whereas this For-ME trial had a very narrow age range of 65-85 years 

(mean= 72.89), which could be an explanation for these findings. Mixed evidence around the 

influence of sex and vaccination responses meant that there was no directional hypothesis. 

However, recently research has come to light that has found that older adult females are 

more susceptible to the effects of immune ageing compared to men (McGill & Benayoun, 

2022). T cell dysfunction, as a result of thymic involution, is a commonly reported side effect 

of ageing (see Chapter 1). A recent study sought to investigate whether sex plays a role in T 

cell ageing and found that N-glycan branching increased with age in T cells from females to 

a greater degree than in those from age-matched males, whereby the largest difference in 

N-glycan branching with age between female and male individuals was found in CD4+ T cell 

populations (McGill & Benayoun, 2022). N-glycans play an important role in regulating ligand 

production, such as galectin, that has been shown to bind to T cell receptors to form a lattice. 

The strength of the formed galectin lattice is dependent on N-glycan branching levels, which 

in turn effects clustering, signalling and endocytosis of surface receptors in T cells (Morgan 

et al., 2004). As a result of ageing, T cell function can be negatively affected by increased N-

linked glycan branching, leading to inhibition of pro-inflammatory signals and promotion of 

anti-inflammatory signals (Lau et al., 2007). This research further highlights the importance 

of going beyond only assessing antibody responses when investigating vaccination responses 
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of older adults to examine T cell populations and to take a closer look at potential gender 

differences.  

6.3.6 ELISA versus HAI 

The main focus of this thesis has been to investigate whether a standardised and/or choice 

intervention were capable of enhancing the positive mood of older adults, compared with 

usual care, and to examine whether group allocation was a predictor of 4-weeks post-

vaccination antibody responses. The importance of vaccination research within the field of 

psychoneuroimmunology, particularly in light of the recent COVID-19 pandemic, means that 

is it of critical importance to determine how to best measure vaccination responses. As 

mentioned earlier in this chapter, the most commonly cited method of assessing vaccination 

responses is the quantification of vaccine-specific antibody concentrations (Zimmermann et 

al., 2021). This is largely due to that fact that antibodies play a critical role in protecting an 

individual from infectious disease, with IgG isotype antibodies serving as the primary focus 

of vaccination research. Approximately 70-75% of the serum antibody pool are IgG 

antibodies (subclasses include IgG1 (most abundant), IgG2, IgG3 and IgG4), which represents 

the primary mechanism for antibody-mediated protection from infectious diseases in 

humans (Krammer, 2019). IgA and IgM are occasionally used as correlates of vaccine-induced 

protection, with IgA being responsible for inducing mucosal responses and IgM being with 

first antibody isotype produced in response to virus exposure (Beyer et al., 1986).  

Within this thesis, two different methods were utilised to assess antibody responses to 

influenza vaccination: ELISA and HAI. Conventionally, antibody responses to vaccination are 

measured via the HAI assay to classify individuals as seroprotected. A HAI titre threshold of 

≥40 (1:40) classifies individuals as seroprotected, or clinically protected, based on a 50% 

reduction in disease (Hobson et al., 1972). Despite the HAI assay serving as the gold standard 

method of measuring antibody responses to vaccination, some of the vaccination literature 

has also reported the use of ELISA to assess antibody levels (Glaser et al., 1998; Kiecolt-Glaser 

et al., 1996; Vedhara et al., 1999).  Within this thesis, an interesting avenue for exploration 

was the comparison of these two different methods to examine correlation and agreement, 

to assess whether these methods could be considered interchangeable. Analyses indicated 

that ELISA and HAI are significantly correlated methods of measuring antibody responses to 

vaccination, which is in alignment with the outlined hypothesis and is also supported by 

previous literature (Shekarchi et al., 1981; Sicca et al., 2020; Trombetta et al., 2018). Blind-

Altman analyses established that these two different methods of measuring antibody 

responses to vaccination were statistically significantly different. These significant 
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differences meant that these two different methods could not be utilised interchangeably. 

These findings are consistent with the research conducted by Sicca et al. (2020) who found 

that whilst HAI and ELISA methods were highly correlated, they did not demonstrate any 

agreement or equivalency when measuring influenza vaccine-specific antibodies.  

Typically, when carrying out an ELISA assay, higher OD values are indicative of greater clinical 

protection, although there are currently no accepted ELISA antibody thresholds that classify 

individuals as protected. This has previously been considered one of the strengths of the HAI 

over the ELISA assay, with the ≥40 HAI titre serving as a clinical protection threshold. 

However, over recent years the value of such thresholds have been questions, with some 

researchers demonstrating that hemagglutination inhibition titres do not always accurately 

predict whether an individual is protected from disease particularly for older adult 

populations (due to antibody avidity explained in more detail below) (J. Feng et al., 2009; 

Kirkpatrick et al., 2018). As a result, the European Medicines Agency have removed this as a 

clinical protection reference (European Medicines Agency, 2016). The removal of this clinical 

protection threshold then raises the question about whether alternative methods, such as 

ELISA, that are much easier and cheaper to run would be a sufficient method for assessing 

vaccination responses. Another reason researchers may want to explore alternative methods 

is because the HAI assay has also been noted to lack reproducibility and consistency, as 

shown by several inter-laboratory studies, due to there being difficulty around the 

standardisation of reagents, such as red blood cells from different species that differ in their 

ability to agglutinate influenza viruses (Sicca et al., 2020). Another limitation of HAI is that 

the assay has reduced sensitivity due to its reliance on serial dilutions. This means there is 

no gradation between HAI serial dilutions, which makes it difficult to distinguish between 

samples. Gradation to distinguish between samples is one of the strengths when using ELISA. 

In terms of the data output of both assays, ELISA absorbance (reported as the optical density) 

is measured objectively by an optical scanner, whereas the results of the HAI assay are read 

visually by the researcher. Manual readings require a degree of interpretation, which allows 

for potential errors and biases to occur, especially if researchers are unblinded to the 

research questions. That being said, ELISA relies on colorimetric change, which has a 

comparatively small dynamic range compared to more modern fluorescence-based assays 

(e.g., flow cytometry). This means that serum samples often require considerable dilution 

for the majority to fall within relatively narrow ELISA dynamic ranges (i.e., the linear range).  

Although these two methods both measure antibody responses to vaccination, and are 

therefore correlated, it is perhaps not unsurprising to discover that they did not equate to 
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each other given they were not technically measuring exactly the same thing. The HAI assay 

relies on the characteristic property of red blood cells to form a lattice-like suspension 

structure in the presence of the influenza virus, a process known as hemagglutination. Lattice 

formation occurs as a result of hemagglutinin glycoproteins on the surface of the influenza 

viruses binding to the surface of red blood cells. Hemagglutinin is an influenza virus 

glycoprotein that consists of a globular head and stem (also known as the stalk). The assay 

detected antibodies (IgG and some residual IgM) that are able to bind the influenza viral 

haemagglutinin head domain and, in turn, inhibit virus‐red blood cells hemagglutination. In 

this way the HAI assay is measuring the functionality of the influenza-specific antibodies by 

measuring their ability to bind to the specific influenza viruses of interest. On the other hand, 

the ELISA assay detected IgG class‐specific antibodies that bind to the specified antigens of 

interest (A/Brisbane/02/2018 (H1N1), A/Kansas/14/2017 (H3N2) and B/Maryland/15/2016 

(also referred to as B/Colorado/06/2017- like strain due to their structural similarities)). This 

assay detects both the haemagglutinin head and stalk domains of the influenza virus, 

whereas the HAI assay is unable to detect this stalk domain (Jacobsen et al., 2017; Trombetta 

et al., 2018). This stalk domain is effectively the opposite end of the haemagglutinin structure 

and includes two portions, contrasting the one portion head domain. The main differences 

between these domains is that the head domain evolves extremely quickly, due to antigenic 

drift and shift, whereas the stalk domain evolves slowly and is, therefore,  more stable over 

time (Kirkpatrick et al., 2018). It is this rapid rate of mutation that makes the head domain 

more immunogenic compared with the stalk domain, and therefore makes it the major 

antigenic component on the surface of the virus. A large percentage of the antibodies 

generated after infection by influenza viruses are directed against specific antigenic sites 

located in the globular head domain of the hemagglutinin. This means that if the virus strains 

used in the vaccine are not antigenically well matched to the circulating viral strains, the 

antibodies produced will be unable to recognise them and will result in reduced vaccine 

effectiveness. Although most antibodies elicited by the hemagglutinin are strain specific and 

are directed against the globular head domain, some research has also indicated that 

neutralising antibodies are also able to bind to epitopes on the influenza virus hemagglutinin 

stalk domain (Kirkpatrick et al., 2018). Functionally, these domains are different, with the 

head domain mediating virus attachment to a host cell (via sialic acid binding pockets) and 

the stalk domain inducing pH-triggered membrane fusion between the viral envelope and 

the endosomal membrane of the cell (Kirkpatrick et al., 2018). These domains allow the virus 

to enter the host cell and release genetic material so that replication, transcription, and 
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translation of the viral genome can occur (e.g., viral infection). Research has found that the 

levels of virus-specific antibodies measured by ELISA are always greater than those measured 

by HAI (J. Feng et al., 2009). It has been suggested that this difference is due to antibody 

avidity, which is defined as the strength of antibody binding to an antigen. It has been 

proposed that low avidity antibodies are capable of binding well enough to be measured by 

ELISA but not enough to inhibit hemagglutination (de Bruijn et al., 1999). However, low 

avidity antibodies binding are not necessarily capable of having neutralising properties and 

therefore may not offer protection and cannot inhibit viral functions (Gulati et al., 2005; 

Laver et al., 1990). This suggests that the HAI more accurately assesses functional antibodies, 

and therefore is a better indication of an individual’s protection from infection. However, 

research has found that in some cases, the HAI assay was found to be less sensitive than the 

ELISA assay and did not detect all neutralising antibodies (Remarque et al., 1998). This 

evidence implies that ELISA assays are over-estimating and HAI are under-estimating the 

quantity of functional (i.e., neutralising) antibodies and therefore the predicted likelihood of 

infection protection. It is possible that investigating antibody avidity could be more 

important than quantity, whereby a study found that avidity increased without a significant 

increase in antibody concentration (Gulati et al., 2005). This could be why some vaccines 

with low HAI titres demonstrate adequate protection and is the likely explanation behind the 

original implementation of the HAI seroprotection threshold.  

It is important to note that influenza viruses have two types of glycoproteins on their surface: 

hemagglutinin (highly abundant) and neuraminidase (less abundant). Although less 

abundant, the neuraminidase glycoprotein has also been identified as an important target, 

with neuraminidase-specific antibodies being demonstrated to attenuate infection and 

prevent severe disease (Eichelberger & Wan, 2014). Similar to hemagglutinin, neuraminidase 

has a globular head and stalk domain, whereby specific mutations of the neuraminidase stalk 

domains have been shown to be associated with transmission rates. For example, length 

shortening of neuraminidase stalks (via the deletion of amino acids) has frequently been 

observed to be associated with increased lethality and transmission and therefore plays an 

important role in contributing towards pathogenicity (Li et al., 2014; McAuley et al., 2019; 

Stech et al., 2015). Most inactivated vaccinations contain both glycoprotein types, however 

the predominant contribution of hemagglutinin-specific antibodies to vaccine efficacy has 

made this specific glycoprotein the focus of immune assays, such as HAI, but does not 

consider the important neuraminidase component of an immune response. More recently, 

ELISA assays have been developed and tested to detect neuraminidase potency, whereby 
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ELISA outputs have been shown to correlate with immunogenicity (i.e., ability to provoke an 

immune response) (Wan et al., 2017). This highlights the importance of assessing influenza-

specific antibodies that are capable of both detecting hemagglutinin and neuraminidase to 

be able to more accurately assess an individual’s protection against infection. This is one of 

the strengths of ELISA, compared with HAI.  

The lack of ELISA threshold, and HAI threshold recently being disregarded, it is difficult to 

comment on whether one method is superior over another for the quantification of antibody 

concentrations to vaccination. Both methods allow for the ability to assess change in 

antibody levels from pre- to post-vaccination, but are unable to accurately predict the 

likelihood of protection against infection. It is possible that one method of quantification is 

isolation is not sufficient, and perhaps a combination of HAI to assess neutralising, functional 

antibodies alongside and ELISA assay to assess neuraminidase antibodies would be most 

informative for assessing protection from infection. More research is required to better 

assess the different methods in terms of their ability to suggest seroprotection.  

6.4 Reflections, Challenges and Recommendations 

This section aims to describe some of the reflections and challenges experienced when 

conducting the research outlined within this thesis. It also outlines recommendations if this 

work was to be replicated.  

6.4.1 Recruitment 

6.4.1.1 Participant Recruitment 

Power calculations to detect a medium sized difference between experimental arms and 

control, with 90% power in separate one-tailed t-tests, determined that a sample of 253 

participants in each experimental arm and 108 participants in the control arm was required. 

Therefore, the recruitment target for this trial was set at 650 participants in total, after 

allowing for reasonable attrition levels. This was quite a large number of participants to 

recruit within the relatively small timeframe in which influenza vaccinations are 

administered (typically from October to January). This meant it was important to start 

recruitment as early as possible. Although recruitment started in the summer months prior 

to the commencement of the influenza vaccination period, recruitment continued through 

to December due to the high volume of participants being recruited. This proved to be 

problematic on some occasions due to some participants being eager to get vaccinated as 

early as possible. As a result, some participants were already vaccinated when directly 

contacted to take part or were unhappy with being given vaccination dates in November or 
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December so would opt out of taking part to get vaccinated sooner. It is therefore 

recommended that future studies recruiting a large number of participants should start as 

early as possible in the calendar year to maximise the chances of achieving the desired 

sample size.  

6.4.1.2 General Practice Recruitment 

Prior to participant study recruitment, GP surgeries in the East Midlands area needed to be 

contacted and invited to take part. This was one of the most challenging aspects of running 

the study, whereby practice managers were often difficult to get in contact with and were 

often resistant to the idea of research being conducted within their clinical practices 

alongside influenza vaccination schedules. This was largely due to the fact that during the 

winter months, when influenza vaccinations are administered, GP surgeries were extremely 

busy and were often short staffed. It was extremely important for researchers to be flexible 

and adaptable to changes in study room locations and study date changes to ensure staff 

within the clinics were as happy as they could be to ensure the fluid flow of study activities. 

Unfortunately, recruitment across GP surgeries was not uniform, with expressions of interest 

from some practices being much lower than others. This meant at times in the recruitment 

process, it appeared that the total participant recruitment target of 650 may not be reached. 

To address this, an additional practice was approached and recruited as a site relatively late 

in the study period. This late change was successful in ameliorating recruitment concerns, 

but also contributed towards issues of lack of sample representativeness. For example, this 

GP practice was not originally approached due to its atypical over-65 demographic make-up 

of primarily ex-university employees or current staff.   

6.4.1.3 Sample Representativeness 

Ethnic sample representativeness of the For-ME trial was not achieved with 96.3% of the 

cohort being white, 93.4% living independently and over 75% having a school or university 

level of education. The need to increase diversity in clinical trials is an important issue to 

address due to the commonly reported disparities by race and ethnicity among those 

recruited for research (Gill & Redwood, 2013). For example, whilst both the standardised 

and choice interventions were found to statistically improve the positive mood of older 

adults compared with usual care, it is possible that under-represented races and ethnicities 

would not have been as responsive to the classically British music and comedy intervention 

content delivered. It is therefore impossible to determine whether minority races and 

ethnicities would have responded to the interventions in the same way as white, British 

participants. Language barriers could also be problematic for minority groups that may not 
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speak fluent English. For pragmatic reasons, participants who had an insufficient command 

of the English language were excluded from the trial due to there being difficulties of 

consenting and completing self-report questionnaires. This could be one of the explanations 

for the lack of sample representativeness, but unfortunately this issue cannot be easily 

solved due to there being a number of trial tasks that require listening, reading and writing 

in the English language.  

Representation issues beyond intervention content and language barriers include the types 

of patients who are likely to be receptive to taking part in research. Research has found that 

a higher proportion of patients without depression are willing and eager to take part in 

research compared with depressed patients (Brown et al., 2019). Isolated groups and 

minorities, such as African Americans and Hispanics, have been shown to experience higher 

levels of major depression that are associated with greater health burdens compared with 

Whites (Dunlop et al., 2003). Based on the plethora of research that has suggested 

individuals with high levels of depression are more susceptible to infection and reduced 

vaccine efficacy (Afsar et al., 2009; Maes et al., 1994; Reiche et al., 2005), it is of particular 

importance for research aiming to improve vaccine efficacy to find avenues to recruit and 

target these minority populations. This also raises an important question about whether 

there is a greater room for positive mood improvement for populations who are not from 

socially advantageous and privileged backgrounds who have been highlighted to report 

higher levels of depression, and therefore the potential impact of interventions may be more 

effective in these populations. This links back to the discussion point raised earlier in this 

chapter, whereby it was stipulated that the high levels of pre-intervention mood created a 

ceiling effect to limit the potential impact of the interventions. This contributes towards the 

argument that these brief psychological interventions could be more effective at improving 

the mood participants with low mood.  

In sum, the ethnic population sample presented within this thesis were not representative 

of the whole population and excluded a lot of important, under-represented groups. The 

main challenge when recruiting participants for clinical trials is finding avenues for accessing 

and engaging patients from minority races and ethnicities. Further research is needed to 

understand and address barriers to participation, particularly among under-represented 

groups in order to improve the validity and generalisability of clinical trial findings.  
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6.4.2 Usual Care as a Control Arm 

The pilot study, conducted by Ayling et al. (2019), that first investigated whether a positive 

mood intervention could enhance the positive mood of older adults and utilised a neutral 

intervention (time-matched video with neutral emotional content) as a control. However, 

this neutral intervention was not found to be a suitable control due to some participants 

reporting that they enjoyed the intervention, whereby participants allocated to this 

intervention were observed to have an increase in positive mood meaning this neutral 

intervention was an insufficient control. More importantly, even if it is possible for a more 

suitable neutral intervention could be developed, a neutral intervention comparator does 

not help to provide insight into whether the utilisation of an intervention is superior to usual 

care in the National Health Service. For these reasons, a usual care condition was 

implemented as the control arm or the For-ME trial. For usual care to have been replicated 

precisely, participants would have needed to have been escorted to a GP surgery waiting 

room for 15-minutes (the same duration as both intervention arms).This was originally the 

plan when For-ME clinic visits first started but proved to be challenging logistically for various 

reasons. In some clinics, the proximity of waiting rooms to the study room was too large and 

sometimes involved changing floors. The hindered mobility of some participants and the 

difficulty of researchers simultaneously coordinating several tasks in different rooms that 

were far apart made it impossible to stick to timings. In addition to this, utilisation of the 

study room was implemented to allow for greater control over external variables, such as 

waiting room music, televisions and posters, that are likely to vary between different clinics. 

All usual care participants were grouped in sessions together to ensure they did not have any 

second-hand intervention interaction (i.e., over see or hear another participant’s tablet 

device who is engaging with an intervention), which assisted with replicating usual care. 

However, this is likely to have contributed towards the study effects that indicated 

statistically significant increases in the positive mood of older adults allocated to usual care. 

Whilst these increases were not as great as those observed for participants who were 

allocated to an intervention, it is clear the effects of taking part in research is enough to 

improve mood. Despite a statistically significant increase in mood in the usual care group, 

grouping usual care participants in a study room, as opposed to a neutral intervention or 

escorting participants in a GP surgery waiting room, was the best decision and did not 

influence the ability to detect significant intervention and usual care between arm 

differences in mood.  
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6.4.3 Vaccination Type 

For the 2018/19 influenza vaccination season, two vaccination types were approved for 

administration to older adults: the adjuvanted trivalent injected vaccine (aTIV) (commercially 

known as Fluad) (grown in eggs) and the quadrivalent injected vaccine (QIVc) (cell-grown) 

(Powis, 2019). On a purely scientific basis, selecting a non-adjuvanted vaccine was most 

appealing when considering the trial secondary aim of measuring antibody responses to 

vaccination. Adjuvants are added to vaccinations because they contain substances that boost 

an antigen's immunogenicity and, therefore accelerate vaccine responses. Depending on the 

type of adjuvant used, for which there is a broad spectrum to choose from, the quality of an 

immune response to vaccination can vary significantly. Different adjuvant types can change 

cytokine and chemokine profiles leading to the recruitment of different immune cells, and 

therefore have a downstream influence on antibody responses. Therefore, adjuvanted 

vaccinations add another dimension to consider when looking at immunological responses 

to vaccination (Tregoning et al., 2018). This made the use of the QIVc more desirable. 

However, this vaccine was also shown to be fractionally more expensive for clinical practices 

to purchase (£9.94 compared to £9.79 for the aTIV) (Powis, 2019). As a result, it was 

discovered that most of the clinical practices recruited for the trial had opted for the cheaper 

option (i.e., aTIV). Including both types of vaccination would have added additional 

variability, which would have made addressing the trial secondary aim of assessing 

vaccination specific antibody responses extremely challenging, and therefore meant one of 

the two needed to be chosen. Thus, primarily due to pragmatic reasons, it was decided that 

this trial would focus on using the aTIV vaccine.  

As described earlier in this chapter, it has been argued that one of the reason the tested 

psychological interventions were not found to act meaningfully on vaccination outcomes in 

the findings of the For-ME study could be due to the fact the influenza vaccine investigated 

was adjuvanted. This is because the adjuvanted vaccine displayed considerably higher post-

vaccination seroprotection rates (80%) compared with a similar population who received an 

unadjuvanted vaccine (30%) (Ayling et al., 2018). Of course, one option to avoid using 

adjuvanted vaccinations would be to assess another vaccination type all together. Whilst 

routine vaccinations, such as influenza vaccinations, allow researchers to easily “piggy back” 

onto usual vaccination care it adds an element of stress and pressure due to the previously 

mentioned restricted influenza vaccination timeframe. Occasional vaccines, such as hepatitis 

B, eliminates the challenge of recruiting participants within a limited timeframe. However, 

depending on the vaccination type and the number of older adults who are administered a 
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particular vaccination, it could be very time consuming to recruit sufficient numbers of 

participants. There are also additional hurdles to overcome with regards to ethics when 

investigating vaccinations that do not frequently form part of the standard care (e.g., keyhole 

limpet hemocyanin).  

Ultimately, the focus of this research was to improve influenza vaccination responses of older 

adult due to their compromised immune systems. Influenza vaccination is the most 

commonly received vaccination for this population, and therefore makes most sense to 

investigate. Unfortunately, due to the above-mentioned issues, it would have been too 

challenging to use GP surgeries who were administering the QIVc and recruit a sufficient 

number of participants in the restricted timeframe. Perhaps, for studies with greater 

finances and resources to recruit GP surgeries outside of the East Midlands, it could be 

possible to investigate the more expensive, non-adjuvanted vaccination type. 

6.4.4 Measuring Vaccination Responses  

To assess responses to vaccination as part of the For-ME trial, participant blood samples were 

obtained pre-vaccination and 4-weeks post-vaccination for ELISA and HAI analyses to 

determine vaccination-specific antibody levels. Whilst this 4-week post-vaccination 

timeframe has been suggested to be when peak antibody levels are reached and is often the 

convention cited in the literature (P. A. Gross et al., 1997; Siegrist, 2013), other research has 

found that older adults may reach an antibody peak later than 4-weeks (Kiecolt-Glaser et al., 

1996; Wong et al., 2013). For example, a study conducted by Kiecolt-Glaser et al. (1996) 

found that a higher proportion of older adults who were administered an influenza vaccine 

were classified as being responders at 6-weeks post-vaccination compared with 4-weeks. 

This research is important to take into consideration because it demonstrates the value of 

extending the antibody measurement timeframe to ensure participants are not incorrectly 

classified as non-responders. This is a general limitation of the majority of the literature that 

investigates the influence of psychological factors on vaccination responses.  

Future studies should consider either extending the post-vaccination timepoint from 4-

weeks to 6-weeks, or should consider implementing more than one post-vaccination blood 

sampling timepoint. However, practically speaking the implementation of several post-

vaccination blood sampling timepoints could prove to be particularly problematic for this 

older adult age group. Older adults are extremely difficult to obtain blood samples from due 

to there being a high risk of their veins collapsing upon the insertion of a blood sampling 

needle into their arm. They also often find the process of bleeding to be extremely painful 
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due to the build-up of scar tissue at the needle insertion site, which is due to the endurance 

of several blood samples over their lifetime. Neither of these are a health risk for 

participants, but it means that sometimes bleeding participants is not possible and is an 

uncomfortable experience for them. In some instances, blood sampling can be done with a 

smaller needle (i.e., butterfly needle) in the arm or top of the hand, which is less painful and 

allows for easier bleeding. However, these needles are much more expensive than regular 

bleeding needles and also make it difficult to collect 8mL of blood (this volume was the target 

for the For-ME trial) due to the small needle size making it an extremely slow process to 

collect the large volume required. 

From a study logistics standpoint, an increase in post-vaccination blood sampling timepoints 

could prove to be very challenging, whereby participant recruitment could be more difficult 

to achieve and there is also an increased likelihood of loss to follow up due to older adults 

being resistant to blood sampling. An increase in blood sampling timepoints would also 

require increased support from GP surgeries, whereby researcher phlebotomy training has 

previously not been advised due to the challenge of bleeding this age group. This could make 

the recruitment of GP surgeries to take part in the research even more challenging because 

it requires more work and support from them to provide a nurse or healthcare assistant to 

facilitate blood sampling. There is also a cost-benefit profile to consider when determining 

whether to implement an additional bleeding timepoint. Additional costs would include an 

increase in inconvenience payment for participants, which could add up very quickly 

depending on the number of participants recruited. GP surgery costs would also increase due 

to the cost of consumables (e.g., blood sampling needles, additional blood tubes), nurse/ 

healthcare assistant time and room hire.  

An easy solution for the above-mentioned issues would to be utilise finger prick blood 

sampling kits (capillary blood samples), as opposed to the venous blood sampling conducted 

in the For-ME trial. The main advantage of finger prick kits is that they are quick and easy to 

use, are relatively pain-free and only require 10uL of blood to measure antibody levels. 

Whilst it is possible for participants to do finger prick sampling themselves, there is room for 

error due to participants not completing saturating the absorbent collection swab, which is 

crucial for accurately measuring antibody levels. Research has indicated that venous and 

capillary blood sample results can differ when measuring some markers, such as capillary 

samples having significantly higher glucose levels compared with venous samples (Topping 

et al., 2019), but screening for antibody levels have been shown to be comparable between 

the two methods (Novello et al., 1996). Research has also found that despite reduced 
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cutaneous microvasculature of older adults that have the potential to affect the antibody 

measures of dried blood spots obtained from finger prick kits, sensitivity and specificity 

analyses found it to be a suitable alternative compared with venous blood sampling (Meyers 

et al., 2021). Additionally, no specialist training is required to use finger prick sampling kits 

meaning that researchers would be able to collect capillary blood samples themselves, 

reducing the burden for both participants and GP surgeries. However, an important 

weakness of finger prick blood sampling kits is that they are not suitable for assessing other 

aspects of the immune system (i.e., cellular immunity). As mentioned earlier in this chapter, 

it would be important for future studies to consider the measurement of cellular immune 

parameters, in addition to antibody levels, such as T cell and cytokine responses to 

vaccination that are not detectable using these finger prick blood sampling kits.  

In sum, to be able to better measure vaccination responses, it is suggested that multiple 

post-vaccination blood sample timepoints should be added (4-weeks and 6-weeks) that can 

be measured via finger prick sampling kits. Additionally, immune parameters beyond 

antibody levels should also be assessed, whereby the value and importance of the obtained 

data around T cell and cytokine responses (mentioned in more detail earlier in this chapter) 

have the potential to outweigh the time and cost repercussions of venous blood sampling.   

6.5 Future Research  

6.5.1 Immunological Mechanisms of Positive Mood 

This proposed future study was one that was originally planned to be completed within the 

timeframe of my PhD. However, as mentioned within the COVID-19 impact statement near 

the start of this thesis, COVID-19 considerably impacted the ability to conduct research for a 

variety of reasons. Of particular importance to this proposed study was the indefinite pausing 

of non-COVID-19 related clinical research and university laboratory closure, which meant this 

planned study was unable to be conducted. It is proposed that a future study should be 

carried out to gain some insight into the immediate immune response after the induction of 

positive mood in older adults. The aim of this study would be to identify which markers of 

the innate immune system change immediately after inducing positive mood. These key 

components of the innate immune system include macrophages, NK cells, neutrophils, mast 

cells. Each participant recruited to take part in the study will be required to complete two 

separate clinic visits 1-week apart. They will complete one arm on the first visit (immediately 

after randomisation) and the second arm, a week later. These two arms are the standardised 

intervention and usual care control (the same as described for the For-ME trial). Participants 
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will be individually randomised to either start with the intervention or usual care condition. 

In both conditions, a cannula will be inserted into the participant and the first (baseline) 

blood sample taken. The cannula will be flushed with 5ml of normal saline after every blood 

sample is taken, to ensure further samples do not contain old blood from the line, as well as 

ensuring the cannula is still functioning properly. Before subsequent blood samples are 

taken, the first 1-2mL will be discarded to ensure the sample is not diluted from the saline 

flush, and to ensure good flow. 5-minutes after the baseline blood sample is collected, 

participants will individually view a 15-minute video package on a tablet device (standardised 

intervention), or be asked to sit in the consultation room for 15-minutes (usual care). Further 

blood samples will then be taken after 5-minutes and 10-minutes after intervention 

engagement/ waiting, followed by a final blood sample collected after 15-minutes (upon 

intervention/ waiting completion). A total of 4 blood samples for each participant will be 

collected, whereby cannulas will be removed after the final blood sample is taken.  

Positive mood interventions have been highlighted in the literature to increase NK cell and 

neutrophil activity and have been shown to alter cytokine levels (Bittman et al., 2001; 

Koyama et al., 2009; Matsunaga et al., 2008; Takahashi et al., 2001). Therefore, blood 

samples will be assessed for a variety of immunological markers which form part of the 

innate immune response, including macrophages, neutrophils, NK cells, mast cells, histamine 

and cytokines. It is important to note that although cytokines are not specific to innate 

immunity because they are also produced my adaptive immune cells, it would be interesting 

to gain some insight into whether mood induction has an influence on cytokine profiles. 

Important cytokines that have been frequently cited within the literature investigating mood 

and immunity include IL‐6, IFNγ and TNFα. Specifically, blood samples with be assessed to 

measure IFNγ, IL‐1, IL‐6, IL‐10 and IL‐2.  IFNγ is a cytokine critical for both innate and adaptive 

immune responses, IL-1 plays a central role in the regulation of the immune and 

inflammatory response, IL-6 is a key pro-inflammatory cytokine, IL-10 is an anti-inflammatory 

cytokine and immune regulator and IL-2 regulates the activities of leucocytes (Wilson et al., 

2007; Wurster & Grusby, 2004). Cytokines can be produced via the activation of several 

pathways, which could be triggered by immunological parameters relevant to the endocrine 

responses (i.e., cortisol and catecholamines) (Blalock et al., 1985; Elenkov et al., 2000). Blood 

samples will also be analysed to measure these endocrine markers. The purpose of 

measuring a broad spectrum of immune components it to gather information about how 

positive mood induction could be acting on the immune system. All of these immune cells 

can be measured via Enzyme-Linked Immunosorbent Assay (ELISA) 
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This mechanism study has the potential to provide some initial data to help design future, 

larger studies trying to identify the immune mechanisms responsible for creating an 

enhanced response to vaccination, in older adults with a positive mood at the time of 

vaccination.    

6.6 Concluding Remarks  

Influenza vaccination responses of older adult populations are extremely low and as a result 

have had a significant burden on the National Health Service due to large annual rates of 

influenza morbidity and mortality in the UK. The focus of the research presented within this 

thesis has explored the potential of psychological interventions to improve vaccination 

responses for this vulnerable population. Unfortunately, the research presented within this 

thesis has not been able to provide supporting evidence of brief positive mood enhancing 

interventions improving influenza vaccination responses in older adults. This does not mean 

that positive mood interventions are unable to act meaningfully on antibody-specific 

vaccination responses, but instead suggests that a larger scale study investigating additional 

immune parameters is required. A study to investigate the types of immune cells that are 

altered as a result of positive mood induction could help inform the types of immune 

parameters that should be explored for a larger scale study.  

It could be argued that the research presented within this thesis is more important than ever 

with the most recent COVID-19 pandemic being indicated to have had catastrophic effects 

on older adult populations. This highlights the importance of the research being conducted 

to improve vaccination responses for this older adult population. There is the potential to 

apply psychological interventions to a variety of infection and vaccination studies that 

require the need for improvement for older adult populations, including influenza and 

COVID-19.  
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Appendix B 

Appendix B- Participant information sheet. 
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Appendix C 

Appendix C- Participant invitation sheet and reply slip.  
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Appendix D 

Appendix D- Baseline Questionnaire (Demographic Information, Perceived Stress, Trait 

Affect and Health Status). 
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Part A: Demographic Information. 
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Part B: Health Status (Physical and Mental Health, SF-12).  
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Part C- Positive and Negative Affect Scale- Short Form (PANAS-SF). 
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Part D- Perceived Stress Scale (PSS).  
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Appendix E 

Appendix E- Consent form. 
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Appendix F 

Appendix F- State affect measures (SPANE, Affective Slider and DVAMS) pre- and post-

intervention.  

Scale of Positive and Negative Experience (SPANE) (Diener et al., 2009) 

You will now be shown some words that people use to describe different feelings and 

emotions. Read each word and select the option that best reflects the extent to which you 

feel that way right now. When you are ready to move on, press continue. 

1 2 3 4 5 

Very rarely or 

never 

Rarely Sometimes Often Very often or 

always 

 

Positive, Negative, Good, Bad, Pleasant, Unpleasant, Happy, Sad, Afraid, Joyful, Angry, 

Contented.      

 

 

Affective Slider (Betella & Verschure, 2016) 

On the next page you will be presented with two sliders like the one below. The pictures on 

each end represents the top and bottom of a scale. Use your finger to slide/drag the circle 

to mark where on the scale you think best represents how you feel right now. You can 

practice using the slider below. When you are ready to move on, press continue.  

 

1. Mark on the slider below how Happy you are right now: 

 

 

 

 

2. Mark on the slider below how Alert you are right now: 
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Dynamic Visual Analogue Mood Scales (D-VAMS) (Barrows & Thomas, 2016) 

 

You are about to see more sliders, similar to the ones you just completed. However, next to 

these sliders there is an image of a face, whose expression you can modify using the slider 

control on the right. Move the slider up and down until the face has an expression that best 

reflects how you are feeling right now. You will now have an opportunity to practice this on 

the next page. When you are ready to move on, press continue. 
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