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Abstract 

Aim To identify or exclude factors associated with injection site reactions following 

immunisation. 

 

Methods Literature review identifying key factors of gender, psychological stress, and 

exercise and injection technique. Study conducted involving secondary analyses of 

existing data from a clinical trial of outer membrane vesicle meningococcal (OMV) 

vaccines in children aged eight to 12 years including examination of factors associated 

with perceived pain at the time of injection, followed by a randomised trial of three 

injection techniques used to deliver the quadrivalent human papillomavirus vaccine in 

females aged 14-45 years and males aged 14-26 years. Data collected included stress 

variables and blood samples for evaluation of cytokines. 

 

Findings In the first study vaccinator was the variable with largest effect on 

reactogenicity outcomes of injection site pain, erythema and induration. Ethnicity had 

an effect on injection site pain and erythema. Body mass index was associated with 

injection site pain. Baseline antibody did not affect injection site reactions but 

reactogenicity effected antibody levels measured after dose two. Perceived pain on 

injection was most strongly effected by vaccinator and vaccine formulation. These 

outcomes informed the design for the prospective study.  

 

This trial found the three injection techniques did not affect injection site reactogenicity. 

Females tended to experience more reactogenicity. Perceived stress, social support 

and atopy were not associated with reactogenicity outcomes and exercise showed little 

effect. No cytokine functional groups nor individual cytokines were associated with 

reactogenicity outcomes. No variables, including injection technique, were associated 

with wide variation in perceived pain on injection. Case-by-case observational data 

suggest some variations in anatomical site may be important. 

 

Conclusions This thesis demonstrated factors that can ameliorate both reactogenicity 

and pain on injection. Injection technique plays an important role in both reactogenicity 

and perceived pain on injection following OMV vaccines. Why vaccinator effects on 

pain on injection was not elucidated from the trial but anatomical site may be a factor, 

which has implications for vaccinator education. Ethnic differences in injection site 

reactions requires further research. Calling reactogenicity an adverse event may be a 
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misnomer since it correlates positively with antibody response, a finding which could 

improve confidence in immunisation. 
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Glossary 

Adjuvant Substance that enhances immunogenicity. Until the late 1990’s 

Aluminium salts were the only adjuvants licensed for human 

use. 

Antibody Protein produced by B-plasma cells specific for single 

molecular shape. Also called immunoglobulin or Ig. Part of 

adaptive immunity. 

Antigen Usually protein or sugar that initiates a specific immune 

response. 

B-cell  Belong to group of white blood cells called lymphocytes. Part of 

specific immunity. 

Chemokines Small peptides that facilitate leukocyte trafficking into tissues 

Cytokines Key mediators in the control of the inflammatory response.  

Dendritic 

cells 

Antigen presenting cells. Activated after uptake of foreign 

material and migrate to lymph nodes to present antigen to T 

and B cells. 

Eccentric 

exercise 

External resistance resulting in lengthening of muscle 

Granuloma Spherical mass of cells, usually walling off foreign substances. 

Consist largely of macrophages. 

IFN-γ Interferon gamma, potent anti-viral activity. Promotes 

production of cytotoxic T-cells. Pro-inflammatory. 

IL-10 Activator of B-cells and anti-inflammatory. 

IL-13 Activator of B-cells and anti-inflammatory. 

IL-1α and β Produced mainly by monocytes and macrophages, but also by 

endothelial cells, fibroblasts and epidermal cells in response to 

stimuli such as bacterial lipopolysaccaride (LPS) and other 

microbial products. Secreted IL-1 is involved in inflammation 

with associated vasodilation, and cramps.  

IL-4 Potent activator of B-cells. Anti-inflammatory cytokine, 

suppresses pro-inflammatory cytokines such as IL-1 and TNF. 
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IL-6 Pro-inflammatory cytokine secreted by T cells and 

macrophages, often in response to trauma. Becomes elevated 

in response to muscle contraction. Important mediator of fever 

and of the acute phase response. IL-6 can be secreted by 

macrophages in response to specific microbial molecules. 

IL-8 A chemokine, attracts neutrophils. 

Innate 

immunity 

Cells and mechanism that protect host in a non-specific 

manner, discriminates ‘self’ from ‘non-self’ 

Lymphocyte White blood cells that include the T-cell, B-cells and natural 

killer cells 

Macrophage “Big eaters” Large white blood cells derived from monocytes. 

They have phagocytic functions and stimulate both innate and 

adaptive immunity. 

Monocytes White blood cells capable of differentiating into macrophage 

and dendritic cells 

Phagocyte “eating” cell - white blood cells that ingest cellular debris and 

foreign material. Include neutrophils, monocytes, macrophage, 

dendritic cells and mast cells. 

T-cell Belong to group of white blood cells called lymphocytes. Part of 

specific immunity 

TGF-β Affects processes that include cellular differentiation and growth 

to inflammation and wound healing. TGF- can act both 

synergistically and antagonistically with other cytokines 

depending on the context. 

TNF-α Primarily produced by macrophages and promotes 

inflammation. It attracts neutrophils, stimulates phagocytosis, 

and production of inflammatory agents. A local increase in TNF 

concentration causes the key symptoms of Inflammation to 

occur - heat, swelling, redness and pain. It attracts monocytes 

and neutrophils. TNF- is produced at all inflammatory sites.  

Toxoid A bacterial toxin that has been chemically modified to remove 

toxicity.  
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CHAPTER 1. INTRODUCTION 

1.1 Background to research 

1.1.1 Brief history of vaccination 

While immunisation programmes aim to control or eliminate a range of infectious 

diseases, vaccination aims to present microbial antigen in some form to a host in order 

to elicit a protective immune response with minimal harm. Ideally the immunity will be 

long-lived. 

 

The first attempts at vaccination occurred well before Jenner, who is often attributed 

with administering the first vaccine.1 References to the practice of smallpox variolation 

or inoculation can be traced to China and India (10th Century), and Egypt (13th 

Century). Generally the practice consisted of applying pus from an infected person to a 

healthy recipient, usually cutaneously. It was recognised that if the infection was 

introduced by the cutaneous route that mortality was only around 0.5 – 2% compared 

with 20-30% if the disease occurred naturally.1 Later, in 1798 Jenner published his 

observations on the protective value of cowpox, a disease primarily of bovine, related 

to smallpox but usually mild in humans. He first observed that cowpox infection 

appeared to afford protection against smallpox. He took the next step of inoculating his 

gardener’s son James Phipps with cowpox and subsequently repeatedly challenging 

the boy with smallpox. James never became ill with smallpox and neither did the other 

cases that Jenner treated and observed.2  

 

The reactions to vaccination with smallpox vaccination (cowpox) were not insignificant 

but those following variolation with smallpox were far more severe. Figure 1-1 shows a 

reproduction of paintings by George Kirtland (c. 1802)3 showing local reactions on peak 

days 12 and 13 following variolation with smallpox (left) and vaccination with cowpox 

(right). Early in the 19th Century vaccination was well accepted as smallpox was 

particularly dreaded. 
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Figure 1-1 Engravings by George Kirtland (c. 1802)  

The appearance of lesions at day 12 and 13 following variolation (left) and 
vaccination (right). Reproduced in the British Medical Journal Jenner Centenary 
Edition, May 23 1896 
 

Early vaccination was not without problems and mishaps occurred. There were 

occasions of contamination of the cowpox material, lack of infected cows from which to 

obtain material from as well as philosophical objections. Jenner also claimed his 

vaccine provided complete and lifelong protection without acknowledging vaccine 

failures. On top of this legislation was introduced making vaccination compulsory.4 5 

Opposition to vaccination began a ground swell and was famously captured by early 

caricaturist James Gillray in 1802 in his The Cow-Pock, or, the Wonderful Effects of the 

New Inoculation! 

 

 



3 

 

 

Figure 1-2 The Cow-Pock, or, the Wonderful Effects of the New Inoculation!  

(James Gillray (1757-1815) London: H. Humphrey, 1802) 
 

As a result of immunisation programmes there has been a dramatic decline globally of 

a number of serious infectious diseases.6 However despite recent improvements, some 

populations have been unable to achieve immunisation coverage high enough to 

prevent outbreaks of diseases such as pertussis and measles which rely on around 

95% of people in the community to be immune to prevent disease transmission.7-9 The 

95% coverage is based on the proportion of the population that is required to be 

immune to prevent transmission of measles or pertussis occurring.10 11 These two 

diseases are the most infectious of the current vaccine preventable diseases and 

therefore require the highest proportion of the population to be immune to prevent 

transmission. The reasons for this are multifactorial but can be broadly separated into 

issues of access and issues relating to attitude.12-15 

 

Today, vaccines are routinely administered to healthy often very young people, to 

prevent disease therefore they must not only be extremely safe, but also be recognised 

by the public as being extremely safe. The risk of harm must be very low and the 

methods of assessing vaccine safety must be very robust.16 This is even more vital for 

vaccines than other therapeutic interventions, where adverse effects may be seen as 

an acceptable part of treatment. In a time when vaccine preventable diseases have 

become largely invisible to most people in developed countries, vaccine safety has 

increasingly become the focus. Vaccination has, to some extent, become a victim of its 

own success. 
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Any reaction to a vaccine must involve an interaction between the host biological 

processes and the vaccine itself. It seems prudent to first briefly consider the general 

immune response to vaccines. 

1.1.2 General immune response to vaccination 

The immune response to a vaccine is a complex process involving the coordination of 

a variety of tissues, cells and molecules. At the most basic level an immune response 

occurs as result of the detection of ‘non-self’ which is perceived as potential threat and 

a cascade of events initiated aimed at the elimination of the ‘non-self’ and subsequent 

development of immune memory in the case of a repeat exposure. 

 

The substance that triggers an immune response is called antigen. Antigen is usually a 

protein but may also be a carbohydrate (sugar). Microbes have many potential 

antigens with bacteria and fungi numbering in the thousands and viruses from as few 

as one or two to hundreds. These microbial antigens characteristically contain patterns 

that animals, including humans, recognise as dangerous. It is this relationship between 

human and microbe that forms the basis of vaccinology and modern vaccines. 

Generally all vaccines contain either a weakened live, a whole dead or a fragment or 

part of a pathogen depending on the type of vaccine, and targets the immune systems 

innate ability to recognise them as foreign. The ultimate vaccine could probably be 

described as being easy to administer, providing life-long immunity and without any 

side effects. While on the surface this appears ideal, the very nature of an effective 

immune response may almost preclude this as a reality. 

 

Broadly, once a protein-based vaccine has been administered there is initial 

recognition by the innate immune system. Once the vaccine antigens have been 

detected they are engulfed by specialised cells (such as macrophage or dendritic cells) 

which digest and transport them through the lymph to local lymph glands. Here the 

fragments of antigen are presented to specific cells (T-cells and B-cells) which are 

responsible for specific immunity to that antigen by production of antibodies and 

development of immune memory. Vaccines require an innate response after injection 

that gets the antigen to the T-cells and the B-cells and presents it in such a way that 

long lasting protective immunity occurs. In getting the immune system to take notice of 

a vaccine there has to a very fine balance between generating too much attention and 

not enough. Provoking an immune response is inevitably going to cause at least some 

degree of clinically relevant reaction and vaccine safety is of paramount consideration. 
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1.1.3 Vaccine safety and perceptions about vaccine safety 

Vaccines are possibly the most rigorously evaluated medicines in terms of safety with 

phase three clinical trials of new vaccines now often requiring tens of thousands of 

participants in order to evaluate relatively rare events following immunisation.17 18 In 

addition to large clinical trials, once a vaccine has been granted licensure, post-

licensure surveillance systems continue to monitor safety. Such systems have the 

ability to detect rare events. There are a range of methods including database 

matching and retrospective cohort studies to follow up concerns to determine any 

causal associations and risk.18-22  

 

Despite the range of safety monitoring mechanisms for vaccines, one of the barriers to 

achieving higher immunisation coverage is a perception that vaccines cause more 

harm than good.23 Although there is overwhelming evidence to the contrary, little 

literature exists that discusses vaccine safety at the individual level, generally only case 

studies, which are more recently able to propose or reveal an underlying cause for the 

event in the patient.24-26 Usually these are only documented in rare serious cases such 

as developmental delay and not for the more common minor events.27  

 

Events that follow vaccine administration may not always be perceived by health 

professionals or policy makers as a public health problem because either they consider 

the event to be relatively minor or they do not think it likely the event was caused by the 

vaccine. As research traditionally focuses on the reactogenicity and safety of vaccines 

in populations addressing events at the level of an individual becomes more 

problematic. The incidences of various events, such as fever or injection site pain 

following vaccination, are generally known as a result of clinical trials and various post 

licensure surveillance mechanisms. It is well established that the safety profile (with 

regard to more systemic, serious events) of vaccines in populations is excellent.11 

 

1.1.4 Rationale for research approach 

Adverse Events Following Immunisation (AEFI) and individual perceptions of AEFI 

usually present to primary health care in the form of either a case or a concern, 

therefore this is an issue that is of particular interest to primary health care in terms of 

responding to concerns as well as treating cases. Patients want to know why they (or 

their child) experienced this event when others did not.28 There are usually no answers 

for these questions other than to reassure the patient and treat any symptoms. 
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Despite there being little data to date on factors associated with adverse events there 

is indirect information that may provide a basis upon which to begin exploring this 

issue.  

 

Firstly, definitions of adverse events following immunisation (AEFI) constitute a wide 

spectrum ranging from minor injection site reactions to life-threatening anaphylaxis.29 30 

As serious events are extremely rare and causality often impossible to ascribe with 

certainty it seems pragmatic to first understand common reactions that are clearly 

vaccine attributable. These events are classified under the term reactogenicity and as 

the candidate does not necessarily consider them ‘adverse’ (as will be explained later) 

the term AEFI will be reserved for the less common and more debilitating events which 

are not the focus of this thesis.  

 

This thesis begins with a description of vaccine form and function, the different types of 

vaccines and formulation. Each vaccine is characterised by its unique formulation, 

including the antigen (substance that causes antibody to be produced against it) and 

adjuvant (substance which enhances the immune response) which interact directly with 

the host. Vaccine site and administration technique may also be important factors and 

have been shown to affect vaccine immunogenicity and reactogenicity. 

 

Next the physiological environment of the host and factors that have been shown to 

influence vaccine reactogenicity are discussed as well as the evidence for factors that 

may explain the mechanisms that underlie local reactogenicity. Given that there is very 

little published research directly addressing factors that are associated with vaccine 

reactogenicity, the focus is on those areas that may play key mediating roles in 

influencing a vaccine reaction, particularly the immunological mediators.  

 

Definitions for vaccine reactogenicity are discussed including methods for measuring 

injection site reactions drawing as much as possible on the recently developed 

definitions by the Brighton Collaboration.31 32  

 

Together these factors interact and on occasion they produce a reaction that, 

according to present definitions, may be defined as an AEFI. A better understanding of 

these variables potentially can lead to information for pre-warning and preparation for 

both health professionals and parents and add to understanding of aetiology of certain 

types of common reactions. In addition (and more ambitiously) the understanding of 
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common reactions may provide a foundation for assessing the mechanisms behind 

more serious events. 

 

Vaccine reactogenicity has been chosen as the study focus because unlike vaccine 

immunogenicity and safety, the gaps in both published data and understanding of local 

reactions are highlighted each time a health professional or member of the public bring 

a case and associated questions to the attention of the Immunisation Advisory Centre 

(IMAC). One of the roles of the centre is to provide expert clinical advice to both the 

public and health professionals on issues around vaccines and vaccination. Along with 

the organisation’s medical advisors the candidate provides technical advice and finds it 

frustrating that not only are existing data on specific vaccine reactions poorly 

presented, but apart from some excellent attempts to understand phenomena such as 

extensive swelling with 4th and 5th doses of acellular pertussis vaccines,33 there is little 

to guide any explanations for local reactions that appear to occur idiosyncratically. 
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1.2 Research Aims and Objectives  

This research seeks to explore factors that may or may not be associated with injection 

site reactions following immunisation. 

 

The key research question for this thesis is: Are there measurable quantifiable factors 

that are associated with local injection site reactions? 

 

With the hypothesis: There are identifiable host and environmental factors associated 

with local injection site reactions following vaccination 

 

The sub-questions are: 

1. What environmental and host factors have already been identified in the 

literature as contributing to local injection site reactions following general 

vaccine administration? 

2. What factors are most likely to contribute to vaccine reactogenicity? 

3. Can the secondary analysis of existing clinical trial data identify any factors 

associated with local injection site reactions following administration of an Outer 

Membrane Vesicle vaccine in school aged children? 

4. Are factors that influence health and disease associated with vaccine 

reactogenicity? 

 

There are four principal components to this thesis and they will inform an evolving 

model that includes factors that have been shown or are most likely to contribute to 

local reactions. 

 

Part one.  Part one aims to determine the current knowledge around factors 

contributing to vaccine reactogenicity and AEFI and from this propose the 

environmental and host factors most likely to be associated with vaccine reactogenicity 

based on the current literature.  

 

Objectives: 

1. Conduct a literature search for studies on vaccine reactogenicity and AEFI in 

terms of the risk factors shown to be associated with increased or decreased 

risk and discuss the findings.  
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2. Explore some of the literature that may support the aetiology underpinning 

local vaccine reactions, and develop a model to explain the biological 

processes. 

 

Part two.  Part two utilises existing data to begin to explore factors that may be 

associated with local injection site reactions. The primary objective of this part is to 

review and analyse the New Zealand tailor made meningococcal B vaccine (MeNZB™) 

clinical trial data for 8-12 year old children to determine whether there are factors 

associated with local injection site reactions. 

 

Specific objectives: 

1. Obtain Ministry of Health permission and ethical approval to access the 

clinical reports 

2. Develop a database to include the variables of interest 

3. Conduct an analysis of local injection site reactions and compare to the 

explanatory variables gender, ethnicity, body mass index (BMI), past health 

history, serum antibody levels, socioeconomic deprivation and vaccinator  

4. Determine whether any of these variables are associated with NZ 

meningococcal B vaccine reactogenicity. 

 

Part three. Based on the findings from the first two aims, the objective of part three 

is to design and conduct a prospective study to further explore host factors that are 

associated with local injection site reactions.  

 

Part four.  The objective of part four is to discuss the findings, draw conclusions 

and communicate to key stakeholders. 

 

Objectives: 

1. Discuss findings, draw conclusions from available research and propose 

areas for further research 

2. Add to the understanding of the aetiology of local vaccine reactions 
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1.3 Outline of thesis 

Figure 1-3 shows the general linear flow of research. The literature review initially 

sought to find previously documented factors associated with vaccine safety and 

vaccine reactogenicity. It was then expanded to obtain information to support a model 

that could predict factors associated with local vaccine reactions based on biological 

plausibility. 

 

The first test of the hypothesis is an exploration of an existing data set is. Clinical 

reports from the New Zealand school-based clinical trials of a tailor-made 

meningococcal B Outer Membrane Vesicle (OMV) vaccine were used to develop a 

data set which included outcome variables of local pain, erythema, swelling and 

induration. The explanatory variables available were; age, ethnicity, gender, vaccinator, 

height and weight, antibody titre (serum bactericidal antibody and total IgG), 

deprivation decile of school and cohort. 

 

Based upon the literature, the findings from part two of the research and the model of 

biological plausibility, a clinical trial was designed to capture as many of the variables 

that may be associated with local reactogenicity as possible. This prospective study 

was a randomised trial of three different injection techniques in young men and women 

receiving quadrivalent human papillomavirus vaccine (Gardasil®). Further explanatory 

variables collected included a measure of perceived stress (using the Perceived Stress 

Scale (PSS), social support (Single Item Social Support SISS), underlying health 

conditions, exercise and a blood sample to identify markers of inflammation and 

immune processes. 
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Figure 1-3 General flow of thesis 

 

This chapter provides a background and rationale for this research with an outline of 

the key objectives. It also provides an overview to the thesis organisation. 

 

Chapter 2 is a review of the literature. It begins by considering vaccine form and 

function as well as delivery factors such as vaccine administration and their role in 

vaccine reactogenicity. Some of the host factors that may play a role in the modulation 

of reactogenicity are explored including physical and psychological factors. Finally the 

aetiology of injection site reactions is considered. The descriptions and definitions of 

local vaccine reactions set the parameters for data collection of these outcomes. 

 

Chapter 3 describes the methodology for the retrospective analysis of the NZ 

meningococcal B vaccine data. It focuses on the methods of the original trial most 

pertinent to the secondary analyses. 

  

Chapter 4 summarises the results from the secondary analysis of the NZ 

meningococcal B vaccine school-based clinical trial data. First a univariate exploration 

of the data is presented and then the results from a multivariable logistic regression. At 

the end of this chapter the model including factors that have been shown or that may 

be associated with injection site reactogenicity is revised. 

 

Chapter 5 describes the methodology for the prospective trial Factors Associated with 

Reactogenicity (FAR trial). This is a randomised trial in females aged 14-45 years and 
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males aged 14- 26 years evaluating three injection techniques used to administer the 

quadrivalent human papillomavirus vaccine (Gardasil®). A range of demographic 

characteristics as well as measure of stress and inflammation are collected.  

 

Chapter 6 presents the results of the FAR trial and the association of the three 

injection techniques and other explanatory variables on both perceived pain on 

injection and reactogenicity outcomes. 

 

Chapter 7 proposes a new hypothesis for some of the observations. It describes a 

return to the NZ meningococcal B vaccine clinical trial data to test this hypothesis and 

reports on the results. At the end of this chapter the model including factors that have 

been shown or that may be associated with injection site reactogenicity is further 

revised. 

 

Chapter 8 and Chapter 9 are the discussion of findings. The strengths and limitations 

of the thesis are summarised. The findings are discussed in association with the wider 

literature with the conclusions and recommendations for further research. 

 

.  
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CHAPTER 2. LITERATURE REVIEW 

This thesis aimed to explore factors associated with vaccine reactogenicity and further 

understanding of the immunological mechanisms underlying these events. Therefore 

the focus of the literature review was potential mechanisms of, and factors associated 

with, commonly reported AEFI and reactogenicity. In finding that there is very little 

literature specifically addressing these issues, the review was extended to discuss 

factors which may contribute to AEFI in order to support a model of biological 

processes. Not included in this review is literature on vaccine safety and safety 

monitoring systems nor overall vaccine safety.  

 

Searches were initially conducted using Medline, EMBASE and PubMed and Google 

Scholar. Key words included but not restricted to were: 

 

Adverse events following immunisation; reactogenicity; vaccine reactions; local 

reactions; systemic reactions; vaccine; immuni[s]ation; vaccination; subcutaneous; 

injection technique; injection administration; pain; erythema; induration; swelling; local 

reaction and vaccine; fever vaccine and adverse event; fever and immune[z]ation; 

arthus reaction; cytokine; fever; serum sickness; alumin[i]um immunology; 

lipopolysaccharide; muscle and antigen presentation; skeletal muscle; skeletal muscle 

immunology; inflammatory cytokine/s; stress psychological and immunity; exercise and 

immunity; deltoid muscle.  

 

The outline of chapter two is illustrated in Figure 2-1. 
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Figure 2-1 Structure and flow of chapter two, review of the literature 

  

2.1 Vaccine formulation and reactogenicity 

2.1.1 Vaccine form and function 

2.1.1.1 Vaccine types 

Vaccine form has evolved greatly since the early practices of variolation against 

smallpox which possibly date back as early as 8th Century India and 10th Century China 

as referred to in chapter 1.1.1.1 34 The vaccines commonly in use on international 

immunisation schedules today can broadly be classified into three main categories: 

 Live attenuated (weakened) 

 Inactivated or whole dead 

 Subunit 

Within each there may be sub categories and many vaccines are multivalent, 

containing a combination of different types. 

 

Live attenuated vaccines: Live vaccines include vaccines against measles, mumps, 

rubella, varicella and rotavirus. Traditionally live vaccines have been weakened by 

serial passage in cell culture until a level of attenuation has been reached, rendering 
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the organism immunogenic and minimally reactogenic. Today the precise genetic 

mutations that are responsible for attenuation must be demonstrated for any new 

vaccine.35 Live vaccines do not require adjuvant and cannot contain preservative. Once 

administered the attenuated organism replicates systemically in its target tissue and 

generates an immune response qualitatively similar to wild infection.35 AEFI following 

live vaccines are more likely to be systemic rather than local.36 

 

Inactivated or whole dead vaccines: “Inactivated” generally refers to viral vaccines, 

such as polio vaccines, which have been chemically inactivated but still retain their 

general form. Whole dead refers to bacterial vaccines such as whole cell pertussis 

vaccine where the organism has been killed. These vaccines almost always contain 

adjuvant.35 

 

Sub Unit vaccines: Sub unit vaccines contain fragments of the target organisms. The 

fragments may be obtained using a range of technologies. Traditionally these vaccines 

were made by degrading the original organism and purifying the components of interest 

or inactivating toxins into toxoids. Polysaccharide antigens can be purified and used on 

their own or conjugated to a protein carrier. More recently antigens of interest, such as 

hepatitis B surface antigen and human papillomavirus viral-like particles, have been 

produced recombinantly using genetic engineering.35  

 

2.1.1.2 Vaccine formulation 

It is the immunogens or antigens and the adjuvants that have intimate interaction with 

the immune system. However there are a range of other ingredients that may be added 

to a vaccine formulation in addition to these core ingredients. There may also be 

residual substances remaining from the manufacturing process. Preservatives, 

stabilisers, buffers, surfactants and residuals are briefly outlined below followed by an 

in depth discussion on adjuvants.  

 

Preservatives: Preservatives are added to minimise the risk of microbial 

contamination of the vaccine, particularly of multi-dose vials. Until recently the most 

commonly used preservative in vaccines was thiomersal, a mercury based product. 

Due to a move to reduce mercury exposure from all sources thiomersal was removed 

from many vaccines and none of the vaccines on the New Zealand schedule contains 
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this product.37 Today phenoxyethanol is the most commonly used preservative and 

phenol, which is used infrequently.  

 

Stabilisers: Stabilisers inhibit chemical reactions and prevent components separating 

or sticking to the vial during transport and storage. Examples of stabilisers include 

sugars such as lactose and sucrose, amino acids such as glycine and monosodium 

glutamate and albumin (human or bovine). Gelatin, which is partially hydrolysed 

collagen (usually bovine or porcine) is added to some vaccines as a stabiliser. 

 

Buffers: Buffers serve to resist changes in pH, adjust tonicity and maintain osmolarity. 

The most commonly used buffer is sodium chloride. 

 

Surfactants/emulsifiers: Surfactants or emulsifiers are wetting agents that alter the 

surface tension of a liquid and lower the tension between two liquids, in a similar 

manner to the way detergents act. An example is Polysorbate 80 (Tween®). 

 

Residual products: Residual products will depend on the manufacturing process used 

which may have involved cell culture fluids, egg proteins, yeast, antibiotics such as 

neomycin or streptomycin or inactivating agents such as formaldehyde. These 

substances are often measured as parts per million and parts per billion or nanograms 

in the final vaccine formulation. 

 

Vaccine formulation is such that it induces a robust immune response, and the ideal 

vaccine will do this with minimal adverse side effects. None the less the role of vaccine 

is to interact with the immune system and will, by design, often cause symptoms 

characteristic of inflammation. There are two key components of a vaccine that are 

most likely the cause of reactogenicity (antigen and adjuvant) and there are several 

other components that are sometimes included in a formulation in order to minimise 

reactions (such as sodium chloride to control pH).  

 

Most vaccines commonly in use are inactivated or subunit vaccines and most of these 

contain adjuvant. In contrast, live vaccines (such as measles, mumps and rubella) do 

not contain adjuvant and induce their immunity systemically. The processes of immune 

induction between live and subunit vaccines are quite different with the response to live 

vaccine mimicking the natural disease process more closely. Live vaccines such as 

MMR®II (measles mumps and rubella vaccine) are less locally reactogenic than 

subunit vaccines. 
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As the role of a vaccine is to introduce antigen to the immune system and the role of 

adjuvant is to enhance the process the next section will focus on adjuvant, primarily 

aluminium adjuvant as until very recently it was the only adjuvant licensed for use in 

humans. Since this thesis was begun two new adjuvants have joined the market 

(MF59® and ASO4®). As the first principles are the same for these proprietary 

adjuvants the relevance of their actions will be summarised at the end of this section. 
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2.1.2 Aluminium adjuvants, history and reactogenicity 

2.1.2.1 Introduction 

‘Adjuvant’ is derived from the Latin ‘adjuvare’ which means ‘to help’. 

 

Many of the vaccines used globally contain aluminium-based adjuvants. Aluminium 

adjuvants have played a vital role in enabling basic vaccines such as tetanus, 

diphtheria and pertussis to be used effectively. A key part of the development of these 

“classical’ vaccines was the emergence of adjuvant technologies that have continued 

to be used in vaccines for decades.38  

 

Purpose of Adjuvants 

Immunological adjuvants are generally considered to be materials that are added to 

vaccines with the intent of: 

1. Potentiating the immune response so that a greater amount of antibody is 

produced 

2. Reducing the amount of antigen required and  

3. Reducing the number of doses required. 

Many vaccine antigens are not particularly immunogenic on their own and it is 

necessary to add substances which can in some way assist in an effective immune 

response to them. There are many such substances which vary widely in their nature 

from microbial motifs (microbial molecular patterns) to nano particles. Until recently 

aluminium salts have been the only vaccine adjuvants licensed for human use. This 

use extends over 70 years and is associated with an excellent safety profile.39 40 

 

History of aluminium adjuvants 

In 1925, Ramon showed that the antibody response to tetanus and diphtheria was 

increased by injecting the two vaccines together with a range of other compounds such 

as agar, tapioca, lecithin, starch, oil, saponins and breadcrumbs (from Clements).41 

 

In 1926 Glenny, Pope, Waddington and Wallace showed that when a solution of 

potassium aluminium sulphate was added to diphtheria toxoid, a precipitate was 

formed. Depending on the added amount of aluminium, the remaining filtrate no longer 

contained toxin – suggesting the toxin had been bound to the aluminium. Injecting 

guinea pigs subcutaneously with these precipitations resulted in a greater antibody 

response compared with injection with untreated toxoids. The authors interpreted the 
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adjuvant effect as being due partly to the delay of absorption of antigen from the local 

site of injection, resulting in prolonged stimulation of cells within the regional lymphatic 

glands, and also partly due to the production of a local granuloma containing antibody-

producing plasma cells.42 This work laid the foundation for the next 70 years for using 

aluminium in the manufacture of vaccines. Later, work in 1931 considered the release 

of toxoid from the injected aluminium precipitate was prolonged so that antigen 

liberated later could act as a secondary type stimulus.43 

 

Experiments described from 1935 discussed how three day old aluminium nodules 

from guinea pigs were excised, macerated and planted into recipients who 

subsequently developed antibodies. Such granuloma were found still antigenically 

active after seven weeks with potency declining over a period of 48 days.43  

 

The theory that the increased activity conferred by aluminium was due to a secondary 

response from the delayed release of antigen from the injection site was criticised in 

1950 when Holt proposed that antigen was excluded from the physiological interior of 

the animal because of its gradual encapsulation. Presumably Holt was suggesting that 

because the antigen was encapsulated it was hidden from the immune system. 

Landsteiner (1945) suggested that many factors might play a role in the activities of 

alum precipitated antigen including slow absorption, delayed removal of antigen, the 

particulate state and consequent phagocytosis of the particles by antibody-producing 

cells, and the stimulation of cell activity (sourced from White).44 

 

Production of antibody was found by White to proceed partly within the regional lymph 

glands and partly in the granulation tissue surrounding the nodule which develops at 

the site of injection. The antibody was noted to first appear in the lymph gland, only 

becoming apparent in the granuloma from 14 days onwards. Antibody-containing 

plasma cells were demonstrated in the local granuloma for up to seven weeks and 

antibody-containing cells in the regional lymph glands reached maximum numbers at 

two weeks following injection and decrease thereafter to a few cells at five weeks.44 

 

Early proposed mechanisms of action 

In 1971 it was found that when a small dose of radioactively labelled protein was 

injected subcutaneously into the paw of a mouse that 98-99% left the limb within 24 

hours and only a fraction remained in the draining lymph node. It was thought that by 

slowing down the escape of antigen from the injection site and therefore lengthening 

the period of contact of antigen with macrophages and other antigen-presenting cells 
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that the immunogenic stimulus would be greatly enhanced. Early work showed that 

alum-precipitated antigens retained the antigens in high concentration at the site of 

injection, releasing it slowly, and that antibody producing plasmacytes (B-cells) 

developed in greater numbers over a longer period of time when the antigen was 

precipitated to alum. It was further noted that a local granuloma developed at the 

injection site hosting large numbers of antibody producing B-cells, further contributing 

to the synthesis of antibody. This granuloma was considered a necessary requirement 

for effective adjuvant action. It has been noted that it is important to administer 

aluminium-containing vaccines intramuscularly because granuloma formation in 

subcutaneous tissue can undergo necrotic breakdown causing cyst and abscess 

formation.44  

 

Generally the antibody responses to antigens adsorbed to aluminium adjuvants is 

relatively short lived, decaying three to four weeks after injection. Although persisting 

locally, the antigen fails to act as a stimulus for long. This is overcome by administering 

multiple doses of vaccine.45  

 

Chemistry of Aluminium Adjuvants  

Aluminium is extracted from its ore, bauxite. The bauxite includes many impurities. The 

aluminium oxide is purified by reaction with sodium hydroxide solution - crushed 

bauxite is treated with moderately concentrated sodium hydroxide solution at high 

temperature. With hot concentrated sodium hydroxide solution, aluminium oxide reacts 

to give a solution of sodium tetrahydroxoaluminate. 

 

Once the sodium tetrahydroxoaluminate solution is cooled, it is "seeded" with some 

previously produced aluminium hydroxide. This provides something for the new 

aluminium hydroxide to precipitate around. The ensuing reaction is: 

NaAl(OH)4→Al(OH)3 + NaOH 

 

As early as the mid-1920’s, it was found that even slight alterations of the aluminium 

hydroxide preparation recipe gave rise to various forms of aluminium hydroxide which 

differed with respect to their physico-chemical characteristics, stability and protein 

adsorption.46  

 

The apparently simple names of aluminium adjuvants belie a much more complex, 

heterogeneous physical structure comprising amorphous crystalline oxyhydroxide or 

aluminium oxyphosphate.46 
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Several models for the structure of aluminium hydroxide have been proposed. The 

chemical formula Al(OH)2 is misleadingly simple and when the inclusion of other ions 

originating from the salts used in the preparation are taken into consideration then the 

aluminium hydroxide precipitated from aluminium chloride can be described as 

AL(OH)2.55(Cl)1.45, existing as a polymer of ten fused six-membered rings, and if 

precipitated from sulphate, as Al(OH)2.30(SO4)0.35 and based on three fused such rings.  

 

Precipitation of aluminium  

Precipitation is the formation of a solid in a solution during a chemical reaction. The 

precipitate is the solid formed during the reaction. This can occur when an insoluble 

substance, the precipitate (i.e. aluminium hydroxide), is formed in the solution due to a 

reaction or when the solution has been supersaturated by a compound. The formation 

of a precipitate indicates a chemical change. Usually the solid form sinks to the bottom 

of the solution (though it will float if it is less dense than the solvent, or form a 

suspension). 

 

Adsorption of antigen to aluminium 

The process of adsorption of protein solutions to aluminium adjuvants is a complicated 

process that only recently is being elucidated.47 48 Adsorption traditionally has been 

considered important for the adjuvant effect and is therefore closely monitored. If the 

antigen preparation is a complex mixture then certain components may adsorb more 

readily than others.  

 

Adsorption is usually best accomplished in the acidic or basic (pH) interval between the 

isoelectric point (no electrical charge) of the protein antigen and the point of zero 

change (similar to isoelectric point) of the aluminium adjuvant. In this interval the 

adjuvant and the antigen will have opposite electric charges, facilitating electrostatic 

attraction and adsorption. Because of these qualities, aluminium hydroxide should be 

superior to aluminium phosphate in adsorbing proteins with an acid isoelectric point 

and visa versa for proteins with an alkaline isoelectric point. There are various factors 

which can influence the protein adsorption and desorption, and will not be discussed 

here, but comprise the interfering effect of anions (negative ions) with regards to 

absorption, effect of pH, and treatment with surfactants.46 

 

The mechanisms responsible for adsorption have been explained partly by electrostatic 

attraction and partly by anionic exchange. However it is possible that the whole range 
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of intermolecular binding forces including hydrophilic-hydrophobic interactions, van der 

Waal’s and hydrogen bonds also contribute to the protein adsorption.46 

 

Based on the belief that aluminium adjuvants potentiate the immune response by 

forming a depot at the site of injection, the WHO recommends adsorption of 80% or 

more of tetanus and diphtheria toxoids to aluminium containing vaccines.45 

 

More recently investigators have reported a tendency for adsorbed proteins to be 

displaced from a surface by other proteins in solution. The protein that is ultimately 

adsorbed is the one with the highest affinity for the surface, usually governed by 

electrostatic effects. The ability for some proteins to undergo structural rearrangements 

also appears to be a determining factor in their ability to displace previously adsorbed 

proteins.49 It has been found since that the mechanism of adsorption of antigens to 

aluminium-containing adjuvants determines the rate of elution and may influence the 

outcome of the immune response. Electrostatic attraction was more likely to elute those 

antigens adsorbed by ligand exchange. This will possibly affect the uptake by antigen 

presenting cells and processing of antigen.50 

 

An exception to the above is endotoxin which binds irreversibly via phosphate groups 

to aluminium hydroxide (but not aluminium phosphate), mitigating its toxic effects.51 

 

Production of aluminium adjuvanted vaccines 

Two methods have traditionally been used for the addition of aluminium to vaccines. 

The first involves the addition of a solution of aluminium to the antigen to form a 

precipitate of protein aluminate. Such products are called aluminium-precipitated 

vaccines.  

 

The second involves the addition of the antigen solution to preformed aluminium 

hydroxide (Al(OH)3), aluminium phosphate (AlPO4), mixed aluminium hydroxide plus 

phosphate, or gamma aluminium oxide. These preparations are known as aluminium-

adsorbed vaccines.41 Potassium alum (KAl(SO4)2:12H2O), is in accordance with the 

chemical definition of an alum, whereas aluminium hydroxide and aluminium 

phosphate are not.46 Use depends upon their physical properties such as their 

isoelectric point because their performance will depend on the antigens with which they 

are associated. (See earlier section on adsorption pg. 21). 
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2.1.2.2 Aims of section 

The aim of this section is to discuss the current understanding of the mode of action for 

aluminium adjuvants, review the adverse events associated with the use of aluminium 

adjuvants and consider the potential role of aluminium adjuvants in common adverse 

events following immunisation and possible mechanisms. 

2.1.2.3 Proposed mechanisms of action of aluminium adjuvants 

Today the immunostimulatory effect of aluminium adjuvants is attributed to several 

different mechanisms. The earlier explanation by Glenny in 1926 that it functioned as a 

repository, delaying clearing from the injection site was questioned in 1950 by Holt 

based on the fact that excision of the injection site and removal of the inoculum did not 

impair the immune status of the donor. Although the gradual release explanation is 

inadequate, adsorption is still considered an important mechanism for aluminium 

adjuvants activity. However today’s understanding still only represents fragments of 

evidence.46 

 

It is well known that aluminium adjuvants induce a restricted range of immune 

responses. Although effective at promoting the expansion of humoral responses 

including IgE, they fail to stimulate cellular immune responses. Although there is 

effective stimulation of Th2 type responses such as IL-4 and IL-5, IgG1 and IgE, there 

is poor stimulation of IFNγ and IgG2a. The major effect of IL-4 in these circumstances 

is not the induction of T-helper 2 (Th2) type responses but rather a down regulation of 

the antigen specific T-helper 1 (Th1) response. This poses problems for vaccines 

depending on the generation of Th1 type immunity.47 52 Aluminium compounds are 

themselves not immunogenic.53  

 

Depot effect 

Since Holt challenged the depot theory, several studies support the idea that rapid de-

sorption (disassociation of antigen and adjuvant) occurs following injection. Vaccine 

antigens are rapidly replaced by interstitial fluid components such as citrate, phosphate 

ions and proteins which often have a stronger affinity for the aluminium adjuvant. This 

suggests that sustained release of antigen from a depot site over days or weeks is 

unlikely to contribute to the adjuvant effect of these compounds and that adsorption is 

not always necessary for the adjuvant effect of aluminium as long as the concentration 

of antigen is high enough to allow uptake by dendritic cells.54 Current thinking therefore 

appears to challenge the mechanics of the long held “depot” theory.  
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When a vaccine is administered, either intramuscularly or subcutaneously, the vaccine 

comes into contact with interstitial fluid which is different to the vaccine medium. This 

may affect the adsorption of the antigen by: 

 Changing the surface charge of the adjuvant via phosphate anions thereby 

increasing or decreasing antigen adsorption, 

 Dissolution of the adjuvant leading to elution of adsorbed antigen due to citrate 

anions, 

 Displacement of previously adsorbed antigens by proteins such as fibrinogen. 

[summarised in Mendez, Vaccine 2007].55 

 

A number of studies have found that adsorption appears not to be necessary in order 

to achieve immunopotentiation. Most recently a study to clarify the role of adsorption of 

the antigen by aluminium-containing adjuvants found that the morphology of aluminium 

phosphate produces a porous aggregate in which a non-adsorbed antigen may be 

trapped and retained at the site of injection, available for uptake by dendritic cells that 

are recruited to the site of injection. Aluminium hydroxide appears to behave in the 

same manner.55 

 

Internalisation by dendritic cells 

A vital step in the initiation of the immune response is internalisation of the antigen by 

antigen-presenting cells (APC) such as macrophages. This is achieved in one of two 

ways depending on the nature of the antigen. If the antigen has eluted from the 

adjuvant it is taken up via the process macropinocytosis (the uptake of solutes and 

single molecules) whereas those that remain adsorbed are phagocytosed (uptake of 

large material such as bacteria and viruses). Research suggests that internalisation 

occurs rapidly via both mechanisms. Adsorbed antigens are internalised more 

efficiently and therefore the rate of elution may be important. It may be that the degree 

of adsorption that occurs in the interstitial fluid has a greater influence on antibody 

production than the degree of adsorption in the original vaccine formulation.48 

 

Increase in antigen presentation capabilities of monocytes 

Aluminium hydroxide increases cell surface expression of major histocompatability 

complex class II (MHC-II), co-stimulatory, and adhesion molecules on monocytes, 

meaning there may be an increased ability for monocytes to present antigen. In 

addition, brief exposure to aluminium hydroxide appears to stimulate some peripheral 
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blood mononuclear cells (PBMC) to develop a phenotype similar to cultured dendritic 

cells undergoing maturation.56 This could likely result in the potential for greater antigen 

uptake at the injection site as well as efficient antigen presentation. 

 

Cytokine production 

Cytokines are small polypeptides which mediate communication between and within 

immune and non-immune cells, organs and organ systems throughout the body. 

Inflammatory cytokines can be either pro-inflammatory or anti-inflammatory and are 

modulated by various stimuli including physical activity, trauma and infection.57 Some 

cytokines facilitate an influx of cells such as lymphocytes, neutrophils and monocytes. 

Following the local response is a systemic response called the acute phase response 

and this includes the production of a number of acute phase proteins.  

 

In vitro studies show exposure to aluminium hydroxide induces increased expression of 

mRNA for monocyte derived cytokines IL-1α, IL-1β and TNF and the Th2 cytokines IL-

4 and IL-6 but not Th1 type cytokines. IL-4 expression is involved in the increase in cell 

surface expression of MHC class II proteins and this phenomenon is T-cell 

dependent.56 This increased local induction of inflammatory cytokines that are known to 

induce maturation of dendritic cells and stimulate B-cells to mature into antigen specific 

antibody secreting cells is likely to contribute to the overall effectiveness of the immune 

response. 

 

Elimination of aluminium adjuvants 

Recently it has become possible to determine the fate of aluminium adjuvants following 

injection. As discussed above, interstitial fluid dissolves aluminium adjuvants from the 

adsorbed antigen rapidly. Absorption into the blood then is followed by distribution to 

tissues before being eliminated in the urine.58 Observations using excreta and whole 

body monitoring in humans showed over 50% elimination in 24 hours, 85% after 13 

days and 96% by 1178 days. For the aluminium remaining, bone is the primary long 

term reservoir in humans for aluminium acquired via diet or by vaccination.59 60 

 

Summary of proposed mechanism of action 

Aluminium appears to increase the immune response to target antigens by 

encouraging localisation of the antigen at the site of injection. This may not be solely 

via adsorption as previously thought, but also by the formation of an aggregate in which 

the antigen is enclosed. Aluminium stimulates a range of immunological activity, 

including inflammatory cytokines, that likely increases the immune response to the 
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antigen. Known targets include stimulation of inflammatory cytokines and promotion of 

cell surface proteins involved in antigen presentation. 

2.1.2.4 Adverse events associated with aluminium adjuvants 

Adverse events that have been reported with aluminium-containing vaccines are 

generally localised to injection site and include: 

 sterile abscesses 

 subcutaneous nodules 

 granulomatous inflammation 

 contact hypersensitivity 

 erythema.  

The first four events are relatively rare, although sufficiently frequent to arouse concern 

about the safety of aluminium adjuvants. The particular role of aluminium adjuvants, if 

any, in these events has not been explored.  

 

Evidence on the adverse effects of aluminium adjuvants is lacking despite their many 

decades of wide use. A recent systematic review enabled some conclusions to be 

reached within the limits of available data which include few reports with sufficient 

detail of methodology, inconsistencies in reporting, and variability of outcome 

definitions. No associations with serious or long lasting events were found. No 

association with common reactions were found with the exception of erythema and 

induration in children up to 18 months of age where a positive association was noted.61 

 

Pertussis containing vaccines and aluminium adjuvants 

The effect of aluminium adjuvant on the reactogenicity of various formulations of 

diphtheria, tetanus and pertussis containing vaccines appears to decrease the 

incidence of entire limb swelling and fever. A study using nine candidate vaccines with 

various concentrations of antigen found reductions in antigen resulted in fewer local 

reactions, whereas removal of the adjuvant resulted in the highest rates of limb 

swelling and fever.62  

 

Reactogenicity of aluminium adjuvants alone and with antigen 

A number of vaccine trials have used aluminium adjuvant alone as a placebo so the 

reactogenicity of the adjuvant alone can be evaluated. The table below summarises the 

results of three studies that used aluminium hydroxide as a placebo in adolescents and 

adults.63-65  
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Table 2-1 Comparison of two meningococcal vaccines and HPV vaccines with 
aluminium adjuvant alone  

 Norwegian study 

population 

Brazilian study 

population 

Multi-national study 

population 

 MenBvac* 

(%) 

AlOH† 

(%) 

FI AlOH‡ 

(%) 

NIPH 

AlOH§ 

(%) 

Gardasil 

(%) 

AlOH 

(%) 

Saline 

(%) 

Any Pain 97 97 44 44 84 75 49 

Severe Pain 20 13   2.8 1.3 0.6 

Any Redness 47 21 5 5 25 18 12 

Severe 

Redness 

2 1   0.9 0.4 0 

Any induration 

or swelling 

51 32 11 11 25 16 7.3 

Severe 

Induration 

4 1   2 0.6 0 

Temp >38 5 1 4 4 n/a n/a n/a 

Temp >40 0 0   n/a n/a n/a 

Any Headache 34 28 37 37 n/a n/a n/a 

Severe 

Headache 

2 2   n/a n/a n/a 

 

2.1.2.5 Mechanisms of aluminium related adverse reactions  

As there are few studies published separating the administration of aluminium from the 

rest of the vaccine formulation, the role and contribution of aluminium adjuvants to 

adverse events is not well documented or understood. 

 

Observations on whether adsorption on to aluminium adjuvants leads to increased or 

decreased vaccine reactogenicity are inconsistent and may depend on other factors 

such as whether the antigen includes lipopolysaccharide (LPS), which remains bound 

to the adjuvant, mitigating its toxic effects. On the other hand, reactogenicity may be 

                                                 
* Norwegian tailor made OMV meningococcal B vaccine 
† Aluminium hydroxide  
‡ Brazilian tailor made OMV meningococcal B vaccine 
§ Norwegian produced NZ tailor made meningococcal B vaccine 
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reduced when plain un-adjuvanted toxoid is dispersed from the site before a local 

reaction is established. 

 

The toxicity of LPS is well known and derives from the actions of the lipid A component 

of the endotoxin. It is this component that is responsible for significant injection site 

reactions as well as endotoxic shock in veterinary vaccines, which often use 

formulations based on whole organisms rather than sub unit. It has been observed that 

such vaccines become less reactogenic when formulated with aluminium adjuvants. 

Studies have revealed that once adsorbed to aluminium hydroxide adjuvant (but not 

aluminium phosphate), endotoxin remains covalently bound and is not released into the 

interstitial fluid, effectively detoxifying it (see aluminium adsorption).51 66 

 

Recently in France, following reports of clinical symptoms in muscular disorders 

following vaccination combining myalgias, arthralgias and fatigue, scientists obtained 

biopsy samples and examined the histology. Within these biopsies of the deltoid, 

aluminium hydroxide spicules were observed within the macrophages of these lesions. 

This entity was termed macrophagic myofasiitis (MMF). This suggests there may be a 

role for aluminium adjuvants in this local histopathology although a causal relationship 

between aluminium adjuvants and the more widespread symptoms is debatable.67  

 

Direct investigation in humans is usually problematic due to the pain and scarring 

associated with muscle biopsies, and reactions severe enough to warrant biopsy are 

rare. Due to these barriers it is necessary to use information from non-clinical studies to 

infer potential associations and mechanisms. If local vaccine reactions exist on a 

spectrum with MMF occurring at one extreme, its characteristics may be useful to help 

understand the more commonly experienced local reactions. 

 

Unanswered Questions  

Verdier et al described the remaining questions in terms of aluminium deposition in 

man: 

 “how long does the aluminium stay in the muscle after intramuscular 

administration of adjuvanted vaccines? 

 does aluminium adjuvanted vaccine ‘in essence’ trigger a histological reaction, 

which can be termed MMF? 

 if there is such as reaction what are its features (size, identification of the cells, 

persistence)? 



29 

 

 does such a local muscular lesion characterise a more widespread muscular 

disease”.68 

 

Conducted in an effort to address the questions above was a study using Cynomolgus 

monkeys. Two groups of monkeys were immunised with diphtheria-tetanus (DT) 

vaccines adjuvanted with either aluminium hydroxide or aluminium phosphate. 

Administration was intramuscular in the quadriceps. Assays were performed on muscle 

sections at three, six or 12 months after vaccination. The muscle sections contained 

lesions that appeared similar to those observed in the MMF cases and these persisted 

for three months in those monkeys who received aluminium phosphate and were still 

present at 12 months in monkeys who received aluminium hydroxide. Aluminium 

concentration was increased in the areas of the lesions at three and six month time 

points but there were no similar changes observed in the distal or proximal muscle 

points. The authors concluded that intramuscular administration of aluminium vaccines 

generated local histopathological changes that persist for several months and that 

these do not appear to be associated with any abnormal clinical symptoms.68 

 

Therefore it appears that aluminium adjuvants are capable of generating local lesions. 

Although these have only been observed on examination of biopsies and there is no 

evidence that these are associated with what we consider common, minor local 

reactions such as transient pain, erythema and induration. The fact that aluminium 

adjuvants can promote inflammatory cytokines supports that they at least contribute to 

local reactions. 

2.1.2.6 Summary of aluminium adjuvants 

The mode of action of aluminium adjuvants has not been well understood despite many 

decades of use. It is only recently that considerable research is emerging. The original 

concept of a depot effect has been challenged and modified with additional information 

contributing to understanding the mechanisms by which these adjuvants stimulate the 

immune system.  

 

According to current thinking aluminium adjuvants appear to behave in the following 

manner: 

 aluminium adjuvants are adsorbed to antigens via chemical bonding such as 

electrostatic forces 
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 the physical properties of antigen and adjuvant dictate the nature of the 

bonding 

 once injected into the interstitial fluid vaccine antigen and adjuvant rapidly 

disassociate unless the antigen is LPS in which case it remains covalently 

bound and detoxified 

 vaccine antigens are displaced by, and replaced with, substances in the 

interstitial fluid such as proteins, citrate and phosphates 

 the aluminium adjuvant forms an aggregate, trapping displaced antigen. 

 it appears that it is not necessary to adjuvant the antigen and activity is 

maintained simply by co-administration 

 aluminium adjuvants activate antigen-presenting cells and complement as well 

as inducing inflammatory cytokines  

 most injected aluminium is excreted via urine and faeces over a period of 

several days  

 some evidence suggested there is residual aluminium at the site of injection for 

extended periods of time and that this may cause a lesion. 

 

There is little consistent evidence on the role of aluminium adjuvants in vaccine 

reactogenicity. However aluminium has the ability to both increase and mitigate 

adverse events depending on the type of antigens being used. 

 

There have been few mechanisms proposed for aluminium’s role in reactogenicity. 

Based on studies of severe local reaction histology it is possible that there is an 

involvement of macrophage influx and development of a local granuloma. Perhaps this 

phenomenon exists on a spectrum with most reactions occurring at one end, often sub-

clinically. There is yet no evidence that these local granulomas are responsible for 

other systemic symptoms. Neither do the granulomas explain reactions that occur soon 

after vaccine administration or whether aluminium has any role in these – both` 

systemic and local. 

 

2.1.2.7 Newer adjuvants 

Despite the significant value of aluminium adjuvants they have limitations, particularly 

as they are relatively poor stimulators of the cellular arm of the immune system. 

Protection against some pathogens (particularly viruses) requires cellular immunity. 
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The search for new adjuvants has been slow partly because a potent adjuvant is often 

also associated with high rates of local and systemic AEFI.69  

 

Oil-in-water emulsions 

MF59 is the proprietary adjuvant of Novartis pharmaceuticals and was first licensed in 

1997. It is an oil-in-water emulsion made with squaline. AS03 (adjuvant system) is the 

proprietary adjuvant of GSK and also a squaline oil-in-water emulsion. These adjuvants 

are currently indicated for influenza vaccines. They allow dose sparing and are highly 

immunogenic. 

 

Table 2-2 Comparison of the reactogenicity and antigen content between two 
influenza vaccines vaccines in adults  

AS03 adjuvanted influenza vaccine Non-adjuvanted influenza vaccine 

89% pain  59% pain 

32% redness 4.5% redness 

30% swelling 1.5% swelling 

41% fatigue 27% fatigue 

30% headache 15% headache 

35% myalgia 18% myalgia 

2.25µg HA (antigen) 21µg HA (antigen) 

 

As one of the important actions of oil-in-water adjuvants is to stimulate localised 

immune activity it is hardly surprising that they are also more reactogenic that the 

traditional aluminium adjuvants inducing not only more local reactions but also higher 

rates of fever (see Table 2-2, Table 2-3 and Table 2-4).70 71 
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Table 2-3 Comparison of the reactogenicity and antigen content between two 
influenza vaccines in children 

AS03 adjuvanted influenza vaccine Non-adjuvanted influenza vaccine 

84% pain  51% pain 

76% redness 64% redness 

52% swelling 26% swelling 

61% crying 46% crying 

24% fever (<5years) 26% fever (<5years) 

99% seroconversion (<3years) 64% seroconversion (<3years) 

 

Recent studies of MF59 show the mode of action includes strong induction of factors 

associated with cell migration and antigen presenting cell recruitment and that skeletal 

muscle was a target. Their efficiency as adjuvants is a result of a rapid and strong 

stimulation of the immune environment at the site of injection.69 72 

 

Table 2-4 Comparison of the reactogenicity profiles of MF59 adjuvanted and non-
adjuvanted influenza vaccine73 

MF59 adjuvanted influenza vaccine Non-adjuvanted influenza vaccine 

73% pain  59% pain 

48% any systemic 34% any systemic 

17% fever (<3years) 15% fever (<3 years) 

 

Aluminium salt in combination with MPL 

The other proprietary adjuvant is GSK’s AS04. This adjuvant is a combination of 

aluminium salt and a TLR4 agonist monophosphoryl lipid A which has been derived 

from the lipopolysaccharide isolated from Salmonella minnesota. AS04 induces a 

localised cytokine response and recruitment and activation of antigen presenting cells. 

The AS04 adjuvant has been used in the bivalent cervical cancer vaccine which has 

demonstrated superior immunogenicity to an aluminium adjuvanted comparator.74 
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Table 2-5 Comparison of reactogenicity and antibody titre between two human 
papillomavirus vaccines with different adjuvants 

Bivalent HPV vaccine Quadrivalent HPV vaccine 

AS04 (MPL+Alum) Aluminium 

93.4% pain 85% pain 

34% swelling 26% swelling 

36% redness 24% redness 

62% headache  

17% fever 13% fever 

HPV-16 GMT 5334 

HPV-18 GMT 3364 

HPV-16 GMT 3892 

HPV-18 GMT 801 
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2.2 Vaccine delivery factors and reactogenicity 

There are inconsistencies in recommendations and practice with regards to how best to 

administer vaccines. This section reviews the literature on intramuscular vaccine 

administration technique primarily in paediatric populations and concludes from 

available evidence which aspects of vaccine administration are associated with 

reactogenicity. 

2.2.1 Background of vaccine delivery and administration 

Clinical trials of vaccines often report differing rates of reactogenicity for the same 

vaccine. Other than assumed variations in the population under study there does not 

appear to be any literature addressing the factors influencing these results.  

 

Prior to 2002 there were almost no published studies investigating the optimal 

technique for delivering intramuscular injections. This has led to inconsistencies in 

recommendations and practice as well as disagreements as to how vaccines should 

best be administered.75 Current recommendations are still based almost exclusively on 

expert nursing opinion and commentary with a virtual absence of randomised 

controlled trials for many of the variables in injection technique, needle size and site.75 

76  

 

Although there is some evidence that aspects of injection technique are important 

including needle length, choice of site and angle, a 1996 review of 83 vaccine studies 

reported that of those using an intramuscular technique, only 24% reported the needle 

length used, 59% reported anatomical site and only 10% reported the injection 

technique used.77 

 

Current techniques from several countries and agencies are summarised in Table 2-6, 

illustrating the wide variation in recommendations.  
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Table 2-6 Various recommendations for intramuscular injection as at 2007 

Source Angle 

(degrees) 

Site Aspiration or 

speed 

Lengtha Gauge 

CDC78 
90º 

Deltoid >12 
months 

No/NS 1 inch 20-25 

WHO79 

90º 

Thigh, 

Deltoid for 
older infants 

No/ withdraw 
needle quickly 

25 mm 23 

IAC80 
90º 

Deltoid >12 
months 

No/rapid 1 inch 22-25 

AAP81 90º Deltoid >12 
months 

No/rapid 16mm <12 
months 

then 25mm 

NS 

Canada82 90º Deltoid >12 
months 

No/NS 1 inch 22-25 

UK83 90º Deltoid 
>12months 

Yes 25mm NS 

Australia84 60º Deltoid >12 
months 

Yes/slow 25mm 23 

New 
Zealand8 

60-70º 

 

Or 90º 

Thigh < 15 
months/Deltoid 

> 3 years 

NA/controlled 

 

Not addressed 

16mm – 
25mm 

NS 

New 
Zealand 

(MeNZB™)85 

60-70º Deltoid (8-
12yrs) 

Yes/slow 25mm 20 

a Excludes very small infants and very obese adults 

NS = not specified 

CDC = Centres for Disease Control (American) 

AAP = American Academy of Paediatrics 

WHO = World Health Organization 

IAC = Immunization Action Coalition 

 

2.2.1.1 Aims of section 

The objectives of this section are to review and summarise literature on intramuscular 

vaccine administration technique, discuss the literature that considers vaccine 

administration technique and reactogenicity, present and discuss the variables and 

different approaches to administering vaccines intramuscularly and conclude from 
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available literature which aspects of vaccine administration are associated with lower 

reactogenicity 

2.2.1.2 Intramuscular vaccine administration technique 

Intramuscular versus subcutaneous delivery of vaccines 

Although the majority of guidelines and articles about intramuscular injection state 

inadvertent administration into subcutaneous tissue is undesirable as it risks more 

frequent and more serious local adverse reactions, there are few studies that look 

directly at the rate of reactions in subcutaneous compared with intramuscular 

administration and reference is usually made to other guidelines.86 It is no doubt 

important to administer vaccines according to the manufacturer’s instructions because 

these will reflect the methods used in the clinical trials and not to do so could 

compromise immunogenicity.  

 

Existing data comparing subcutaneous administration with intramuscular 

administration, as per the WHO technique, suggest reactogenicity is increased when 

the subcutaneous route is used (Table 2-7).87-90 Also it is worth noting that some 

reactions such as erythema and induration may be less visible clinically with 

intramuscular delivery for anatomical reasons. 

 

Table 2-7 Studies summarising intramuscular vs. subcutaneous administration 
and reactogenicity 

Study/vaccine Age N Techniques Local reactions 

90°/other 

Systemic 

Reactions

Mark/DT87 10yr 252 WHO 90º 

vs. 30º (SC) 

Reduced/increased Too rare 

Carlsson/Hib88 3-13 

months 

287 WHO 90º 

vs. 35º-45º 

Reduced/increased NR 

Cook/PPV2389 Older 

Adults 

254 WHO 90º 

vs. 10-20º 

Reduced/increased NS 

Cook/Influenza90 Older 

Adults 

720 WHO 90º 

vs. 10-20º 

Reduced/increased Reduced/ 

Increased 

WHO = World Health Organization 
NR = Not Reported 
NS = Not Significant 
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Site of injection and vaccine safety 

Most recommendations for intramuscular injection involve the deltoid (for over 12-15 

months) and the thigh in younger infants. Some vaccinators prefer to use the buttock 

believing it results in lower reactogenicity. The origin of the recommendation to avoid 

the buttock region appears to originate from a 1961 case series of post injection sciatic 

palsy in infants and children. Penicillin and tetracycline were directly implicated. The 

authors suggested that the buttock be abandoned as a site of injection in infants and 

children.91  

 

Buttock and local reactions 

It appears the reasons for avoiding this site originates in a few case reports and expert 

opinion including the contention that infants’ gluteal area is composed mainly of fat, 

therefore vaccination into this site would result in administration into subcutaneous 

tissue and hence increased reactogenicity.92 93 In contrast to this, several studies have 

shown that immunisation in the buttock may result in lower local reactogenicity, notably 

less pain and swelling.94-97 There are no studies indicating an increase in reactogenicity 

when using the buttock compared with other sites (see Table 2-8). An ultrasonic study 

comparing the tissue composition of the ventrogluteal area with the thigh in children 

aged 2, 4, 6 and 18 months of age found that the ventrogluteal area is well muscled 

with a comparable subcutaneous layer to the thigh in terms of thickness suggesting 

there is no greater risk of administering into subcutaneous tissue.93 

 

The studies comparing buttock and thigh as sites for intramuscular injection of vaccine 

consistently show that vaccine administration into the buttock results in reduced local 

and systemic reactogenicity. However it is important to consider potential decreases in 

immunogenicity compared with other sites.97 
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Table 2-8 Studies reporting reactogenicity in buttock vs. thigh vaccine 
administration 

Study/vaccine Age N Technique Local 

reactions 

buttock  

Local 

reactions 

thigh  

Systemic 

reactions 

buttock v. 

thigh 

Baraff/DTP 94 0-6y 12327 NR Reduced Increased NS 

Tozzi/DTP95 2-

6m 

4678 NR Reduced Increased Reduced 

in buttock 

Tozzi/DTaP95 2-

6m 

4696 NR Reduced Increased Reduced 

in buttock 

Tozzi/DtaP95 2-

6m 

4672 NR Reduced Increased Reduced 

Cook/DTP96 2-

18m 

283 WHO Reduced Increased NA 

Cook/Hib96 2-

18m 

283 WHO Reduced Increased NA 

Cook/DTP/Hib96 2-

18m 

283 WHO Reduced NA Reduced 

in buttock 

Cook/DTaP96 2-

18m 

566 WHO Reduced Increased NA 

Cook/Hib96 2-

18m 

566 WHO Reduced Increased NA 

Cook/DTaP/Hib96 2-

18m 

566 WHO Reduced NA Reduced 

in buttock 

Tapiainen/DTP97 2-

18m 

4194 NR Reduced Increased Reduced 

in buttock 

Tapiainen/DTaP97 2-

18m 

4233 NR Reduced Increased NS 

All differences statistically significant unless NS 

NR = not reported 

NS = not significant 

NA = Not Applicable 

Local reactogenicity = local site reactions such as pain and redness.  

Systemic reactions include events such as fever and headache 
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Deltoid and thigh and local reactions 

Generally, for children 12 months of age or older, recommendations for injection site 

move from the thigh to the deltoid. One study which has looked at reactogenicity 

between the deltoid and thigh in 18 month old children found fewer local reactions 

when the deltoid was used and no significant difference in systemic reactions.98  

 

Characteristics of needle and muscle penetration 

Studies using ultrasound have been conducted to determine the length of needle 

required to penetrate muscle.99  

 

Table 2-9 Studies reporting needle length and reliability of muscle penetration 

Study Population Technique Needle 

length 

Reliable 

penetration 

of muscle 

Cook99 2-18m Australian 45-

60º 

25mm Yes 

Cook99 2-18m Australian 45-

60º 

16mm No 

Cook99 2-18m WHO 90º 16mm Yes 

Cook99 2-18m US 45º 25mm Yes 

Cook99 2-18m US 45º 25mm No 

Groswasser100 9-78w WHO 90º 16mm Yes 

Groswasser100 9-78w WHO 90º 25mm Yes, but risk 

of striking 

bone 

Groswasser100 9-78w US bunching** 16mm/25mm No/Yes 

Poland101 Adults 90º 16mm/25mm No/Yes*  

Hick102 4month Hypothetical*** 

45º 

16mm/25mm No/Yes 

Cook93 2, 4, 6, 18 

months 

90º stretched 

into buttock 

16mm Yes 

*Only in non-obese women 

** The US technique involves bunching of the tissue and injecting into the bunched 

mass. 

*** Hypothetical – only rationalised in discussion, not experimental. 
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The optimal needle length depends on the technique being used. Angle of injection 

impacts on the depth of penetration and unless a longer needle is used there is a risk 

of not administering the vaccine into muscle.99 Body weight of the population is also 

likely to play a part with larger children requiring longer needles (See Table 2-10).99 100  

 

Table 2-10 Studies reporting needle length and local reactions 

Study Population Technique/site Needle 

length/gauge 

Local reaction 

outcomes 

Diggle103 16w 90º to hub 16mm/25g v. 

25mm/23g 

16mm/25g resulted in 

increased reactions 

over 25mm/23g  

Ipp98 18month NR/ deltoid v. 

NR/ thigh 

16mm/25mm Thigh resulted in 

increased reactions 

over deltoid. 

Diggle104 2-4 months 90º/ thigh 16mm/25g v. 

25mm/23g v. 

25mm/25g 

16mm/25g resulted in 

increased reactions 

compared with 

25mm/25g. No 

difference with 

25mm/23g. 

NR = Not reported 

NS = Not significant 

 

Together the evidence suggests that a longer needle is associated with decreased 

reactogenicity. There is a greater potential to administer subcutaneously when using a 

shorter needle and angle deviating from 90º. In addition a systematic review conducted 

to assess the effect of standard (16mm) needle compared with a longer and/or wider 

needle in children found that the longer (25mm) needle resulted in significantly fewer 

local reactions. Although no studies assessing the independent effect of needle gauge 

were found there was strong evidence that needle length is a significant factor in the 

reduction of local reactions.105  

 

Gauge of needle and injection pain 

Intuitively it seems likely that a shorter needle with the thinnest gauge (smallest 

diameter) would produce less pain. However this is not borne out in the studies which 
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have investigated this variable and found that longer needles result in less 

reactogenicity and gauge makes no difference.104 106  

 

History of recommendations on angle of injection 

Currently NZ recommend a 60-70° angle and Australia (as of 2008) a 90°. However 

prior to 2005 NZ endorsed a 45° angle with Australia recommending 60°. The NZ 

recommendations had been based on discussions of the available literature and local 

nursing practice (see Table 2-6).  

 

In 2002 the candidate obtained evidence through the University of Auckland Philson 

Medical Library, Electronic Journals, Cochrane Database and the Internet. The 2002 

edition of Ovid Full Text Journal Articles was also searched. 

 

Based on the literature available at the time, the 45° angle appeared to be an historical 

technique supported by studies of needle length, site for delivery and the involved 

trigonometry theory.107 

 

The historical practice of a reduced angle could be traced through popular nursing text 

books108-110 as well being referred to in several journal articles.92 102 111 A search for the 

primary source resulted in a single case report from 1965 describing a 3-month old 

infant who developed gangrene in the foot following the administration of 600,000 units 

of procaine penicillin intramuscularly with a 1 ½ inch 20 gauge needle.111 All reference 

to the 45 degree angle can ultimately be traced to the discussion in this historical case 

report. 

 

Since this time there has been a single study (a randomised controlled trial) published 

evaluating the optimal technique in terms of reactogenicity. This study used the WHO, 

the US and the Australian Techniques in 361 children receiving pertussis-containing 

vaccine with the main outcome being local and systemic adverse reactions. The WHO 

technique given at 90º resulted in statistically significantly fewer adverse reactions 

(particularly irritability), supporting the 90º angle.112 

 

The process of aspiration 

Aspiration is the process of pulling back on the syringe plunger prior to injecting. This 

procedure is widely believed to prevent the needle from entering a blood vessel.113 

Recommendations vary as to the necessity of this procedure (refer Table 2-6). In a 

Canadian Children’s Hospital a survey found that 74% of vaccinators aspirated.113 
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Speed of injection and injection pain 

Slow injection is purported to reduce pain on injection and avoid damage to local 

tissues and many guidelines advocate it and describe its virtues and rationale.83 108-110 

114 Until 2007 there was no evidence to validate this.  

 

The Ipp study115 described below is a randomised controlled trial (RCT) which used a 

slow vs. fast speed of injection (slow injection involving aspiration, slow release of 

vaccine and withdrawal, processes lasting 5-10 seconds) found significantly less pain 

when the injection occurred quickly (1-2 seconds).116 Some guidelines that advocate 

rapid injection suggest that it causes less pain. However they do not provide references 

for this statement.79 81 

 

Aspiration and speed of injection and injection pain 

In terms of pain, a Canadian RCT sought to compare the effects of two injection 

techniques on infant pain response. Subjects received either aspiration with slow 

injection (standard) or no aspiration with rapid injection and rapid withdrawal 

(pragmatic). Infant pain was measured by the Modified Behavioural Pain Scale 

(MBPS), crying, and parent/paediatrician Visual Analogue Scale (VAS). The pragmatic 

technique was significantly less painful (p=<0.001) than the standard technique.116 It is 

not possible to delineate whether the injection pain reduction was due to no aspiration 

or the rapid speed. 

2.2.1.3 Other considerations 

Vaccinator experience and injection pain 

The hypothesis that more experienced vaccinators may give less painful intramuscular 

injections that less experienced nurses was not supported in a study using motion 

analysis of injection of both experienced and inexperienced nurses looking at injection 

mechanics. It was assumed that with experience nurses would optimise their technique 

to minimise pain. The study substantiated the anecdotal observation that some 

experienced nurses are more likely to give painful injections that less experienced 

nurses.117 

 

A further study showed that novice nurses closely follow the formal hand-motion 

guidelines that they are given – in this study118 this was fast and at 90º. As nurses 
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gained experience they move more slowly and deviated more from the “ideal” 90º 

angle.118  

  

2.2.1.4 Conclusions on injection technique, pain and reactogenicity 

There are a range of practices used for delivering intramuscular injections 

internationally and several variables involved in intramuscular vaccine administration 

that appear to affect reactogenicity. Some of these have a higher level of evidence than 

others.  

 

Variables with evidence to support practice to reduce reactogenicity are: 

 site of injection – less reactogenicity has been noted when the buttock is used 

rather than the thigh 

 tissue (muscle or subcutaneous) – less reactions are noted when vaccine is 

administered intramuscularly rather than subcutaneously 

 length of needle – longer needles are associated with less reactogenicity  

 angle of injection – a 90º angle is associated with less reactogenicity than a 

reduced angle. 

 

Variables that currently have no evidence to support an association with reactogenicity 

are: 

 aspiration 

 speed of injection 

 age/size of vaccinee 

 experience of nurse 

 pain on injection. 

 

Variables associated with more pain on injection are: 

 aspiration 

 speed of injection (slower) 

 experience of nurse (more experienced). 

 

In the absence of more definitive studies it is not possible to conclude the best practice 

and combination of variables and although beyond the scope of this review, 

immunogenicity of course is paramount when discussing any recommendation for 

injection technique.  
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2.3 Host factors and potential for reactogenicity 

Having considered vaccine form and function and methods for delivering intramuscular 

vaccines there are other potential variables associated with vaccine reactogenicity 

which likely reside with the host. Section 2.3 will consider some of these. Skeletal 

muscle is the tissue in to which most vaccines are selectively administered and where 

the vaccine meets the host. 

2.3.1 The immunobiology of skeletal muscle  

2.3.1.1 Introduction to muscle immunobiology 

Given that the most common undesirable event following immunisation is local pain at 

the site of injection, an exploration of the tissue into which the vaccine is usually 

delivered seems relevant.119  

 

Local reactions such as pain at the injection site do not necessarily occur 

independently of other systemic events such as fever. In fact, a recent study evaluating 

cytokine expression patterns associated with systemic adverse events following 

immunisation found the participants who experienced a greater local reaction were also 

more likely to experience fever (see 2.3.7).120 

 

The local response to infection or injury involves the production of cytokines that are 

released locally.  

 

Skeletal muscle is capable of a vast array of immune responses and can actively 

participate in local immune reactions.57 Muscle therefore is likely to play an important 

role in the early immune response following intramuscular vaccination. Muscle is the 

preferred site for administration of many attenuated and inactivated vaccines 

containing adjuvants.86 It is thought that the combination of local injury to the muscle 

from injection and the presence of adjuvant results in the migration of professional 

antigen presenting cells (APCs), B cells and T cells. Locally produced cytokines may 

then act on myoblasts, inducing them to acquire antigen presentation capabilities 

(facultative APCs).121 This immunological activity in muscle may be a key early 

response to vaccine. Factors that influence the immunobiology of muscle could be 

important in the fate of vaccine administered into this tissue. 
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2.3.1.2 Aims of section 

The aims of the section are to briefly describe the immunobiology of skeletal muscle 

with a focus on factors most likely to be relevant in responses to intramuscular 

vaccination, describe factors that may influence the immunobiology of skeletal muscle 

and discuss potential systemic immunological markers that could be examined that 

may associate with responses to vaccines. 

 

Muscle meets vaccine - antigen presentation 

Antigen presentation is an essential step in the recognition of protein antigens by the T-

cell lineage. In order for T-cells to recognise and respond to a foreign antigen, the 

antigenic peptide must be processed and presented on the surface of an antigen 

presenting cell bound to Major Histocompatibility Complex (MHC) molecules where 

they are recognised by the T-cell receptor. Some cells are professional APCs, such as 

dendritic cells, monocytes and B cells. Other cells can be induced to become APCs 

under certain conditions, such as endothelial cells, epithelial cells and muscle cells. 

Once professional APCs have captured antigens by endocytosis they migrate to local 

secondary lymphoid organs where they present the antigens in complex with MHC 

molecules to T cells. Professional APCs are found in low numbers in muscle cells but 

are recruited under inflammatory conditions.122 

 

Immunological properties of muscle 

Muscle has the required properties for effective antigen presentation and the ability to: 

 phagocytose foreign antigen 

 express MHC molecules (in culture and during inflammation) and transport the 

antigen with these molecules to the cell surface 

 express the other molecules required to ensure APC and T-cell interaction. 

 secrete various cytokines that coordinate the immune response. 

 

Muscle cells also express Toll-like receptors (TLR) which serve as link between the 

innate, non-specific arm of the immune system and the adaptive, specific arm of the 

immune system. For example, TLR-4 recognises lipopolysaccharide (LPS) from gram 

negative bacteria and stimulates numerous effectors including early and late phase 

cytokines (such as TNF, IL1 and IL6) and nitric oxide. The mRNA response to this is 

rapid with increased expression occurring as early as 0.5hr after administration of LPS 

and peaking after 1-2 hours. TLRs for other bacterial and viral molecules have also 

been identified.123 
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The immunological behaviour of skeletal muscles cells is modulated by cytokines, 

therefore the local cytokine environment in the muscle tissue may have an important 

effect on the initial local immune response to vaccination and other stimuli. Muscle not 

only has immune stimulatory capabilities but also inhibitory capabilities.124 

 

It is also possible that myoblasts have sufficient immunological potential to (re) 

stimulate memory and effector T-cells in muscle via antigen presentation.122 This may 

have implications in vaccination for booster doses. 

 

IL-6 - an inflammatory cytokine produced in muscle 

Interleukin 6 (IL-6) was described as the first myokine (i.e. a cytokine that is produced 

and released by contracting muscle fibres and exerting its effects in other organs on 

the body). IL-6 is associated with protection against low grade inflammation. Increases 

of IL-6 as a response to exercise are related to exercise intensity, duration, mass of 

muscle and endurance capacity occurring as a result of contracting muscle. IL-6 

exhibits strong anti-inflammatory effects by inducing the anti-inflammatory mediators 

IL-1ra and IL-10 as well as inhibiting TNF-α production.125 

 

Lipopolysaccharide and immune stimulation 

Lipopolysaccharide (LPS) derived from the cell wall of gram-negative bacteria mediates 

many of the inflammatory response to infection by binding to a variety of proteins on 

the surface of immune competent cells. It is the interaction between LPS and toll-like 

receptor 4 (TLR-4) which is essential to the induction of inflammatory cytokines.126 LPS 

stimulates TNF-α and IL-6.51 However when adsorbed to aluminium hydroxide 

adjuvant, the inflammatory response to the LPS is reduced.66  

 

Aluminium adjuvants and interaction with muscle 

Muscle tissue and activation by aluminium adjuvant: One of the common activities of 

adjuvants (such as aluminium hydroxide), is the ability to stimulate local inflammation 

at the injection site. It has been proposed that the induction of local reaction following 

vaccination is essential for the promotion of an effective immune response.45 It is then 

the induction of local tissue necrosis observed following the administration of 

aluminium adjuvants that may result in the activation of dendritic cells, which can be 

activated by endogenous signals received from cells that are stressed, infected or killed 

necrotically (not by healthy cells or by those dying apoptotocally).47 127 More recent 

evidence suggests that aluminium hydroxide has a far more direct immune activating 
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ability including the triggering of inflammatory cytokines such as TNF-α [see 2.1.2 on 

aluminium adjuvants]. 

 

Muscle pain and injection site pain 

Although muscular skeletal pain is one of the most frequent symptoms for which 

medical treatment is sought – including post vaccination, there is a paucity of 

information as to its pathophysiology. Most information comes from models using 

exercise to generate and evaluate muscle pain and this may not be the most 

representative of the responses to physical injury or infection.  

 

One could envisage that following administration of vaccine, nociceptors (sensory 

receptors that cause the perception of pain) in the muscle are triggered by either 

inflammatory mediators such as cytokines or mechanical injury or both and that this 

results in varying degrees of pain. The factors that determine whether or not pain is felt 

after vaccination and to what degree are unknown and will be explored in this thesis. 

Anecdotal feedback from nurses who immunised children during the NZ meningococcal 

B vaccine clinical trials suggests that exercise prior to immunisation contributed to 

muscle pain following immunisation.  

 

Pro-inflammatory cytokines such as TNF-α have an established role in both 

neuropathic and inflammatory pain with TNF implicated in the development of muscle 

pain.128 Vaccine components known to induce TNF include LPS and aluminium 

hydroxide.56 123 126  

2.3.1.3 Factors that influence the skeletal muscle immunological microenvironment 

External factors are able to modulate the immunological microenvironment in muscle.  

 

Massage and local reactions 

A 1995 Taiwanese study evaluated the effect of local massage on reactogenicity and 

immunogenicity to DTP vaccine. Massage was associated with higher antibodies 

against several key pertussis antigens as well as more local pain and fever.129 Another 

Taiwanese study in 1999 (abstract only, no statistical analysis presented) of 808 infants 

found that an effect of local massage on DTP (whole cell pertussis vaccine) vaccination 

was an increase in local reaction which was related to the vigour of the massage. 

There was no effect of massage on the reactogenicity of DTaP (acellular) vaccine.130 
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Exercise and local reactions 

During exercise the first cytokine measured in the circulation is IL-6 which increases in 

an exponential fashion and declines in the post exercise period. It is released from 

contracting muscles in the absence of muscle damage.131 In contrast to sepsis, 

exercise does not have an early pro-inflammatory response. IL-6 also has important 

anti-inflammatory effects. It inhibits LPS induced TNF- production in humans and 

appears to be the primary inducer of the acute phase proteins – many of which have 

anti-inflammatory properties including IL-10. These cytokines play an important role in 

the activation and recruitment of granulocytes, monocytes/macrophage, natural killer 

cells and T and B cells, suggesting that IL-10 plays an important role in orchestrating 

the inflammatory reaction involving these cells.125 

 

In a study modelling of low-grade inflammation, healthy volunteers were randomised to 

either rest or exercise prior to injection with a low dose of endotoxin. In resting 

subjects, endotoxin induced a two to three fold rise in circulating levels of TNF-. In the 

subjects who had performed three hours of ergometer cycling and received the 

endotoxin at 2.5 hours, the TNF- response was totally blunted.125 132 Cross sectional 

studies demonstrate an association between physical inactivity and low-grade systemic 

inflammation in healthy subjects (see 2.3.5).125  

 

Increased plasma cytokine levels such as IL-1 and IL-6 and increased cytokine 

immunoreactivity in muscle tissue have been observed following eccentric exercise133 

(where muscle fibres lengthen as they contract, occurs when the muscle is contracting 

and an external force is operating to lengthen it). In damaged muscle (i.e. strained) 

neutrophils are rapidly elevated, serving to contain and destroy damaged tissue or 

foreign matter and this process is associated with inflammation.134 

 

Eccentric exercise has recently been found to enhance the immune response to 

influenza vaccine. Participants performed eccentric exercises six hours prior to 

receiving influenza vaccine. Women showed enhanced antibody titres whereas men 

showed reduced titres as a result of the exercise. Perhaps not surprisingly, men had 

greater increases in arm circumference. Pain after the exercise was correlated with 

IFN-γ response and overall change in arm circumference. The cell mediated response 

but not the humoral response was associated with the percentage change in arm 

circumference, particularly in men. The mechanisms by which the changes to the arm 
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circumference influence the immune response may involve greater lymphatic flow to 

draining lymph nodes, and/or local release of inflammatory mediators.135 

 

The mechanism underlying the anti-inflammatory response of acute exercise appears 

to include the induction of anti-inflammatory cytokines following high circulating levels 

of IL-6.  

 

As cytokines are intimately involved in regulating immune function, the effects of 

different types of exercise on their activity and regulation is important in order to 

understand the immediate implications for immune responses. Cytokine responses 

differ appreciably with the mode of exercise, with some functions enhanced and others 

depressed, for example strenuous physical activity can cause mild subclinical injury 

with the potential for an excessive inflammatory reaction and immunosuppression.136 137 

Reponses to infection in association with exercise depends on the type of exercise and 

the nature of the infection.138 139 Mechanical damage to myofibers stimulates the local 

production of inflammatory cytokines.140 141 

 

All forms of exercise appear to induce plasma concentrations of IL-6 with prolonged 

exercise (two hours ergocycle) inducing the highest levels. Prolonged exercise also 

results in increased levels of TNF-α, peaking after 72 hours of recovery. Exercise 

defined as “all out” results in reduced plasma levels of IL-10.136 

  

Physical exercise may both enhance and depress other immune functions, the 

importance of which is not fully understood. Susceptibility to infections after exercise 

appears to depend on exercise intensity and duration, type of pathogen and time of 

inoculation with pathogen. 

 

2.3.1.4 Summary of skeletal muscle immunobiology 

Skeletal muscle is clearly immunocompetent and capable of both antigen recognition 

via toll like receptors, antigen presentation and production of a range of important 

inflammatory cytokines.  

 

There are a range of factors identified that may influence the immunobiology of muscle. 

These include various forms of exercise and immunostimulatory substances such as 
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LPS and aluminium adjuvants. In turn these factors appear to stimulate effectors such 

as TNF- and IL-6, both which play a role in pain and inflammation. 

 

In order to assess any role that exercise may have in local vaccine reactions the form 

of exercise (eccentric, aerobic, moderate, ‘all out’) and length of time for which it was 

undertaken, along with the period between completion of the exercise and vaccine 

administration, would need to be detailed. Given the orchestrated and pleiotropic role 

of cytokines, any association between exercise and local reactions would probably 

require several measurements at different times. 

 

Although skeletal muscle no doubt plays an important intermediary between vaccine 

and local reaction, its role would be difficult to evaluate within the scope of this thesis.   

 

2.3.2 Potential of gender to influence reactogenicity 

2.3.2.1 Introduction to gender 

For a long time gender has been known to be a contributory factor in the incidence and 

progression of disorders associated with the immune system. More recently it has been 

observed to influence susceptibility to a number of infectious diseases.142 Overall, 

females appear overall less susceptible to the morbidity and mortality associated with 

infectious diseases, while generally autoimmune diseases such as systemic lupus 

erythematosis (SLE) and rheumatoid arthritis are significantly more prevalent in 

females.143  

 

Sex hormones and adaptive immunity 

Evidence from animal models shows immunomodulatory effects of gonadal steroids on 

autoimmune disease, demonstrated by the administration of androgens to females in 

mouse models of both SLE and diabetes.144 This effect appears to be generated at the 

level of immune responsiveness and not the pancreas.144 145  

 

The differences in immune responses between human males and females also have 

been assumed to be a consequence of reproductive bothperipheral hormone activity. 

Available data suggest that these differences are influenced primarily by the effects of 

oestrogen and testosterone. Other hormones such as progesterone and corticosteroids 

may also have a role and there is likely a complex interplay.142 Studies of menopausal 
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women show that changes in both humoral and cellular immunity change and these 

changes are reversed by hormone replacement treatment.142 146 

 

It is not known whether this dimorphism between male and female arises in a similar 

fashion to that of the brain, as a result of exposure to sex hormones early in life.146 

Most evidence appears to suggest there is a direct effect because there are both 

androgen and oestrogen receptors present on developing immune cells, and both 

these hormones have a role in regulating adult immunity including the balance between 

cellular and humoral immunity. Susceptibility to auto immune diseases is related to 

steroid exposure and exposure in early development may influence the pattern in which 

immune cells respond to gonadal steroids.146 

 

Current understanding of gonadal steroid interactions suggests that they act on the 

thymus via specific receptors. Both cause the thymus (the source of T-cell maturation) 

to involute (shrink and roll inwards). However androgens appear to have an anti-

proliferative effect whereas oestrogens are noted to promote the development of T-

cells in the liver. T-cells which develop outside the thymus are more likely to be auto 

reactive as this is where deletion of auto reactive T-cells occurs. It is also possible that 

androgens and oestrogens exert direct effects on peripheral T-cells with androgens 

enhancing suppression and oestrogens enhancing helper T-cell activity.144 147 

 

Oestrogen induces thymic atrophy – especially during pregnancy when thymic 

involution is temporarily accelerated and then returns to normal postpartum.148 There 

are also progesterone receptors on what appear to be thymic cells. While both male 

and female hormones effect thymus size and cell numbers there are differences in 

specific thymocyte subsets, possibly affecting functional mature T-cells.144 

 

Androgens tend to increase the function of CD8+ cytotoxic T-cells in the periphery. The 

mechanism by which this occurs is not understood. However it is currently thought this 

occurs during the process of thymic maturation.144 149 Oestrogens alter total periphery 

T-cell activity when administered in vivo on mice by either enhancing helper/inducer or 

reducing suppressor/cytotoxic cellular activity.144 The mechanisms for this remain 

undetermined. 

 

In humans B cells develop in the bone marrow. Testosterone appears to deplete the 

pre-B cell population in bone marrow. Castration of male mice results in expansion of 

the bone marrow derived B cell population and this effect is reversed by androgen 
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replacement.150 However there is relatively little literature on the effects of male 

gonadal hormones on B-cells.  

 

There is considerably more understood of the effects of oestrogens in B lymphopoiesis. 

Oestrogens exert suppressive effects of B development and this has been shown both 

in vitro and in vivo. This appears not to be a direct effect on the B cell precursors but 

due to mediators released from bone marrow stromal cells. TGF- has been identified 

as a candidate mediator for these effects.151 

 

Gender differences in immunity 

Generally, adult female mammals have more effective humoral and cell mediated 

immunity than males. In humans there have been gender based differences observed 

in IgM production and T-cell production. It is becoming apparent that gender may 

influence the early detection of microbial challenges and the generation of the 

inflammatory responses.146 

 

Aspects of immunity which have been shown to differ between male and female 

include: 

 higher plasma IgM levels in women which becomes most pronounced during 

puberty152 

 higher serum IgG in black American women than black American men but not 

among the white population153 

 a more vigorous antibody pro-inflammatory response to exogenous antigens 

among females.154  

 

In addition to human findings, animal findings support that females mount more robust 

and protective adaptive responses to viral challenges than males. As a downside it is 

possible that these vigorous responses may contribute to the higher incidence of 

autoimmunity but there are inconsistencies and empirical data appears lacking.  

 

Available data - gender reporting in drug trials 

Despite the clear evidence that men and women differ in their responses to infectious 

agents, by 1993 there were surprisingly few attempts at reporting on gender in drug 

trials. This lack of evidence precluded physicians having sufficient information to make 

informed decisions when treating women. In 1990 The American National Institutes of 

Health (NIH) issued recommendations and guidelines requiring that all their sponsored 
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research include analysis of clinical trial outcomes by sex unless inclusion is 

inappropriate.155 In 1993 American Board on Health Sciences Policy of the Institute of 

Medicine issued new guidelines to encourage the inclusion of more women in clinical 

trials and to analyse the data by sex.156 

 

In 1999 a survey was performed of research articles published in major medical 

journals for the years 1993, 1995, 1997 and 1998. Among NIH-funded non sex specific 

studies it was found that although most studies included women as participants, only a 

small percentage analysed the results by sex, and there was no significant change 

over time.157 

 

By 2006 a study determining the current level of compliance with the 1993 guidelines 

was carried out reviewing federally funded RCTs published in major medical journals 

during 2004. It found that among relevant drug trials, not only were women 

underrepresented (24% of sample) but that 87% of these trials did not report outcomes 

by sex or include sex as a covariate in modelling.158 

 

It appears that the problem may not just lie in omission of reporting of gender specific 

data. A 2001 study examining clinical research ethics applications for 1995 to 2000 at a 

Canadian university teaching hospital found that although 97.6% of researchers 

planned to recruit both men and women, only 20.2% planned to perform any analysis 

of data by sex. When studies involving drugs were assessed this intent dropped to 

17%.159 

 

Available data - gender and vaccine trials 

Vaccine trials appear to be no exception to the trends noted above and considering the 

vast numbers of vaccine trials published, few have published gender specific 

outcomes. Some of those that have presented analyses by gender are summarised in 

the following pages. 

 

The limited data reporting on gender differences in immunogenicity in vaccine trials 

suggest that there may be significant differences between the genders for some 

vaccines and that neither gender is consistently favoured in terms of antibody response 

(see Table 2-11). Of the few vaccine trials reporting on gender, trials in vaccines 

administered to adults are more likely to report on gender than trials administering 

vaccines to children. There is also considerable heterogeneity among the studies 

making it difficult to draw conclusions. 



54 

 

2.3.2.2 Aims of section on gender 

The aims of this section are to briefly describe the sexual dimorphism observed in the 

susceptibility to vaccine preventable infectious disease, describe differences in gender 

in vaccine immunogenicity, describe differences in rates and intensity of adverse 

events following immunisation between males and females and discuss the potential 

mechanisms behind these observations. 

2.3.2.3 Gender and susceptibility to vaccine preventable infectious disease 

Evidence on gender specific morbidity and mortality from infectious disease is mixed, 

with generalisations indicating that males have higher levels of mortality overall 

although there are important exceptions such as pertussis where females have a 

greater burden of morbidity and mortality.160 It is difficult to disentangle the possible 

contributors to observed differences including social factors which may contribute to 

the discrepancies – particularly in developing countries.  

 

Susceptibility to bacterial sepsis 

Male gender has been identified as a major risk factor for bacterial infection following 

severe injury, with male patients exhibiting a 58% greater risk of developing major 

bacterial infections following trauma than female.142 Females exhibit lower susceptibility 

to sepsis than their male counterparts and significantly fewer female sepsis cases are 

admitted to intensive care. Moreover, male sepsis patients have been found to have a 

70% mortality rate compared with only 26% in age and disease severity matched 

female patients.142 161  

 

In conflict with the generalisations above the case fatality rate from meningococcal 

disease in Catalonia, Spain was higher in females compared with males (OR 1.3).162 A 

US study found that although there was a predominance of sepsis in boys, this was not 

the case for patients with meningococcal sepsis.161 The authors proposed that this may 

be because a recently described genetic polymorphism associated with severe 

meningococcal sepsis is autosomal and therefore equally distributed among both 

genders.161 

 

Gender and susceptibility to Bordetella pertussis in the immunisation era. 

In well-nourished populations from industrialised countries the incidence of pertussis is 

higher in girls than in boys.163 An observational study in England and Wales found that 

of 500 cases of clinically diagnosed cough in the period 1977-1992 44% were male and 



55 

 

56% female. This dichotomy increased with age and of the 50 adults affected, 32% 

were male and 68% female. Females also had more vomiting, whooping and 

paroxysms.163  

 

In Germany a household contact study found a gender difference for adults but not for 

children. In exposed adults, 36% of females developed pertussis whereas 21% of 

males did. In children 68% of boys compared with 70% of exposed girls developed the 

disease. The gender differences among the adults were presumed to be a result of 

greater exposure of women to the index cases who were predominantly children.164 

 

An Australian review of pertussis notifications between 1991 and 1997 found a 

predominance of females represented in all age groups with a male:female ratio of 

1:1.3.165 Analysis of US data for the years 1990 – 1996 supports predominance among 

females, although this was more significant in children over 10 years of age. The gap in 

incidence increased with increasing age into adulthood.166 

 

In summary, the epidemiology of pertussis in well-nourished vaccinated populations 

shows a higher incidence among females and this gender dimorphism increases with 

age. 

 

Gender and susceptibility to viral infection 

Cell mediated immunity responses to viral antigens are a critical factor in protection 

against both acute and chronic viral infection. Gender appears to affect the pathology 

and outcome of viral infections. 

 

Viral hepatitis: In an area endemic for hepatitis C (HCV) infection in Japan, anti-HCV 

was detected in 22% of the population. Males were more likely to be positive for HCV-

RNA compared with females – 28% vs. 18% with no apparent influence of age or 

history of blood transfusion. Females were more likely to have had an HCV infection 

but not more likely to be a carrier. Multivariate analysis found gender to be the only 

significant factor associated with clearance of the virus. In contrast to clearance of the 

virus, there was little difference between sexes for cirrhosis or hepatocellular 

carcinoma.167 

 

In contrast to the experience noted above, a large scale community based study in 

Taiwan also evaluated the influence of hepatitis B (HBV) co infection with HCV. It was 

found that patients with a positive HBsAg had a significantly higher proportion of HCV 
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clearance than those negative for HBsAg. The HBV co infection was found to be the 

only independent factor associated with HCV clearance with no observed effect of 

gender.168 

 

Influenza: A study in Montreal children’s hospital determining the characteristics of 

patients hospitalised with influenza found 59% to be male.169 The gender difference 

observed in influenza infection is associated with higher circulating levels of TNF- in 

males.170 Females were also observed to release higher levels of IFN-γ and IL-2 in 

response to influenza virus in vitro.170 

 

Cytomegalovirus (CMV): Women infected with cytomegalovirus appear to produce 

higher levels of IFN-γ and CMV-specific IL-2 than similarly affected men which is 

consistent with a more robust cell mediated response to viral pathogens.170  

 

Respiratory Syncytial Virus: Acute bronchiolitis due to respiratory syncytial virus 

occurs more frequently in boys. Immunological differences have been observed 

between the sexes. Infection is associated with sputum eosinophilia almost exclusively 

in boys, despite the presence of more circulating leukocytes in girls.171 

 

Zoster: In contrast to the viral infections noted above, females have a higher incidence 

of zoster despite equal rates of varicella. It is known that a robust T-cell response is 

likely to be responsible for maintaining varicella-zoster virus latency. A study looking at 

T-cell responder cell frequencies to varicella-zoster virus in healthy adults over one 

year revealed differences between the genders with males appearing to maintain 

higher levels of virus specific T-cells than women. There was no differences in the 

capacity to mount a specific T-cell response.172   

 

Summary of gender differences in susceptibility to infectious disease. 

Despite limited recently published empirical evidence, generally boys appear to be 

more susceptible to a range of infectious diseases including sepsis, influenza, 

cytomegalovirus and zoster. 

2.3.2.4 Gender-specific responses to vaccines – immunogenicity 

Generally it appears that male gender predicts a higher response to tetanus, 

diphtheria, HPV and yellow fever antigens while mixed results exist for response to 

influenza vaccine (see Table 2-11 for a summary).  
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Non-response to Hepatitis B vaccine: Although Hepatitis B vaccine is highly 

immunogenic and efficacious, non-response among some individuals to vaccination is 

a known problem. A number of factors have been identified to be associated with this. 

In a study among health care workers in Taiwan there were three variables found to be 

associated with non-responsiveness: anti-HBC positive, male gender and being over 

40 years of age. There was no discussion offered around the gender difference.173 

 

Response to measles vaccines: Differences in immune responses are evident and 

there are also gender differences in the nonspecific effects of measles vaccination with 

girls benefiting more than boys from a low titre measles vaccine and less than boys 

from a high titre vaccine. The mechanisms for this are not well understood. To evaluate 

whether the immune response to measles vaccine is associated with an observed 

excess in female mortality a serological study was carried out on a subgroup of 

children who participated in a measles trial in the Gambia. When given medium titre as 

opposed to low titre measles vaccine, females had lower antibody dependent cellular 

cytotoxicity (ADCC) (p=0.04) but no significant differences in neutralising antibody were 

observed. It was concluded that decreased ADCC activity (and hence immune 

suppression) may contribute to the lower survival rate observed in females receiving 

high titre measles vaccine.174 
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Table 2-11 Gender and immunogenicity trends for some vaccines 

Vaccine/antigen Population Measure/ 

outcome 

Male Female 

Tetanus toxoid (sc)87 
Adolescents, 

Sweden 

GM t.t. 

antibodies 

= = 

Tetanus toxoid (im)87 Adolescents, 

Sweden 

GM t.t. 

antibodies 

+ - (p=0.02) 

Diphtheria toxoid (sc)87 Adolescents, 

Sweden 

GM d.t. 

antibodies 

+ - (p=0.053) 

Diphtheria toxoid (im)87 Adolescents, 

Sweden 

GM d.t. 

antibodies 

+ - (p=0.085) 

Influenza A/Beijing/95 H1N1, 

A/Sydney/97 H3N2, B/Beijing/93 B 

(j.i)175 

Young adults, US HAI antibodies = = 

Influenza A/NewCaledonia/20/99 H1N1 

Fujian/411/2002 H3N2 

B/HongKong/330/2001 (s.c)90 

Elderly adults, Aust GM H1 

antibodies 

= = 

Influenza A/NewCaledonia/20/99 H1N1 

Fujian/411/2002 H3N2 

B/HongKong/330/2001 (s.c)90 

Elderly adults, Aust GM H3 

antibodies 

= = 

Influenza A/NewCaledonia/20/99 H1N1 

Fujian/411/2002 H3N2 

B/HongKong/330/2001 (s.c)90 

Elderly adults, Aust GM B antibodies = = 

Influenza A/NewCaledonia/20/99 H1N1 

Fujian/411/2002 H3N2 

B/HongKong/330/2001 (i.m.)90 

Elderly adults, Aust GM H1 

antibodies 

- + 

(p=0.0002) 

Influenza A/NewCaledonia/20/99 H1N1 

Fujian/411/2002 H3N2 

B/HongKong/330/2001 (i.m.)90 

Elderly adults, Aust GM H3 

antibodies 

- + 

(p=0.0002) 

Influenza A/NewCaledonia/20/99 H1N1 

Fujian/411/2002 H3N2 

B/HongKong/330/2001 (i.m.)90 

Elderly adults, Aust GM B antibodies - + 

(p=0.0001) 

Influenza A/Moscow/10/99 H3N2 

A/NewCaledonia/20/99 H1N1 

B/HongKong/330/2001 (i.m.)176 

Elderly, HK HI H3N2 

antibodies 

- + 

(p=0.018) 

Influenza A/Moscow/10/99 H3N2 

A/NewCaledonia/20/99 H1N1 

B/HongKong/330/2001 (i.m.)176 

Elderly, HK HI H1N1 

antibodies 

= = 

Influenza A/Moscow/10/99 H3N2 

A/NewCaledonia/20/99 H1N1 

B/HongKong/330/2001 (i.m.)176 

Elderly, HK HI B antibodies = = 

HPV (6,11,16,18) L1 VLP (i.m.) 177 Adolescents and Anti-HPV 6 + - (not 



59 

 

young adults. Multi 

centre 

calc’d) 

HPV (6,11,16,18) L1 VLP (i.m.) 177 Adolescents and 

young adults. Multi 

centre 

Anti-HPV 11 + - (not 

calc’d) 

HPV (6,11,16,18) L1 VLP (i.m.) 177 Adolescents and 

young adults. Multi 

centre 

Anti-HPV 16 + - (not 

calc’d) 

HPV (6,11,16,18) L1 VLP (i.m.) 177 Adolescents and 

young adults. Multi 

centre 

Anti-HPV 18 + -(not 

calc’d) 

Yellow Fever ARILVAX (s.c.)178 Healthy adults. US LNI >0.7 + - (p= 

0.001) 

Yellow Fever YF-VAX (s.c.)178 Healthy adults. US LNI >0.7 + - (p= 

0.001) 

HepB recombinant (i.m.)179 

(<ag than plasma vacc) 

Healthy med 

students. Germany 

Anti HepBsAg - + 

HepB Plasma-derived (i.m.)179 Healthy med 

students. Germany 

Anti HepBsAg = = 

Measles 104.6 PFU (s.c.) 174 Children. Gambia Antibody 

Dependent 

cellular toxicity 

+ - 

Measles 103.7 PFU (s.c.) 174 Children. Gambia Antibody 

Dependent 

cellular toxicity 

= = 

Measles 104.6 PFU (s.c.) 174 Children. Gambia PNT titre = = (small n) 

Measles 103.7 PFU (s.c.) 174 Children. Gambia PNT titre - +(small n) 

Measles 104.6 PFU (s.c.) 174 Children. Gambia HIA titre - +(small n) 

Measles 103.7 PFU (s.c.) 174 Children. Gambia HIA titre - +(small n) 

Rubella from MMR 180 Canadian 

adolescents 

AMI – rubella 

virus 

+ - 

Rubella from MMR180 Canadian 

adolescents 

CMI – rubella 

virus 

+ - 

s.c. – subcutaneous 

i.m. – intramuscular 

j.i. – needle free jet injector 

HAI, HI – Serum Haemagglutinin Inhibition 

GM – Geometric Mean 

LNI – Log Neutralisation Index 

PNT – Plaque Neutralisation Test 

AMI – Antibody mediated immunity 

CMI – Cell mediated immunity 
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2.3.2.5 Gender and rates and intensity of vaccine reactions 

There appears to have been even less attention devoted to evaluating vaccine 

reactogenicity by gender than there has been to immunogenicity by gender. 

 

Gender specific reactogenicity of MMR vaccine: An Israeli study of 755 infants 

exploring the gender specific responses to MMR vaccine found that girls experienced 

more incidences of fever and rash following vaccination despite having fewer episodes 

of illness than boys during the month prior to immunisation (p= <0.001 and 0.002). No 

association was found between antibody GMT and fever and rash suggesting that this 

is mediated by a cellular response.181 

 

A significant difference was observed in the reporting of MMR related adverse events 

in Saudi Arabia. The observed incidence of all types of adverse events was higher for 

females than for males, except allergic reactions (Table 2-12).182 

 

Given the paucity of data on gender and vaccine reactogenicity it is difficult to draw 

conclusions. It would appear, based on limited data, that common reactions occur more 

frequently in females rather than males. 
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Table 2-12 Gender and reactogenicity of some vaccines 

Vaccine 

In
je

ct
io

n
 

P
ai

n
 

P
ro

-l
o

n
g

ed
 

P
ai

n
 

R
ed

n
es

s
 

It
ch

in
g

 

N
o

d
u

le
 

in
d

u
ra

ti
o

n
 

R
as

h
 

F
ev

er
 

O
th

er
 

 

DT adolescents87 F F F F     

Influenza (i.m.)90        ISR - = 

Influenza (s.c.)90 
       

ISR – F 

(p=0.0001) 

Influenza (elderly) 

Meta Analysis 

POR (i.m.)183 

F F F = F  = 
Any 

systemic - = 

Influenza (young) 

Meta Analysis 

POR (i.m.)183 

F = F F F  = 
Any 

systemic - F 

Influenza (j.i)175 
 F F  F    

MMR 181      F F  

MMR 182       F parotitis - F 

Anthrax (s.c.) 184 

  

F 

(p=<0.0

001) 

 
F 

(p=<0.0001) 
 =  

Anthrax (i.m) 184   =  =  =  

Anthrax review 

(s.c.)185 
       ISR - F 

HPV (6,11,16,18) 

L1 VLP (i.m.)177 
 F F  F  M  

ISR = Injection Site Reaction 

F = observed more frequently in females 

M = observed more frequently in males 

2.3.2.6 Potential mechanisms for gender differences in vaccine reactogenicity 

There have not yet been reasons or mechanisms offered for these observed gender 

differences in vaccine reactions other than pain perception. Studies showing the 

association between genders, different inflammatory cytokine patterns and vaccine 

reactions, suggest that it is probably complex with many contributing factors. 

 

Gender differences in inflammatory responses 

It is now understood that the lethal nature of toxic shock is mediated primarily by the 

widespread activation of macrophages and the subsequent overproduction of 
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inflammatory mediators such as IL-1, IL-6 and TNF-. As expected, sepsis in males is 

associated with higher levels of these mediators than their female counterparts and 

higher circulating levels of TNF- have been found to be correlated with a poorer 

prognosis. Female sepsis patients also exhibit higher levels of the anti-inflammatory 

cytokine IL-10 that matched male patients.142 

 

Females may be protected from potential lethal toxic shock both by producing lower 

levels of inflammatory mediators that cause the systemic effects of toxic shock and 

higher levels of anti-inflammatory mediators that attenuate the potentially lethal 

inflammatory reaction.142 This may be due to lower levels of testosterone although a 

study looking at prepubescent sepsis patients under 8 years of age found increased 

prevalence in male gender patients and this was most pronounced in infants 1 – 12 

months of age suggesting sex hormones are not the primary contributor, as levels of 

testosterone in this young age group are low.161  

 

Gender differences in receptors  

Studies in mice show sexual dimorphism in toll-like (TLR) receptor expression, in 

particular TLR- 4. TLR receptors are responsible for recognising conserved microbial 

motifs. It appears that in males, sentinel cells, such as macrophages, respond more 

vigorously to microbial components than their female counterparts by producing higher 

levels of inflammatory cytokines.142 

 

Evaluation of the genetic polymorphisms from individuals with self-limited and chronic 

HCV infection found that polymorphisms of the gene for the T-cell receptor molecule 

CTLA4 were associated with the resolution of infection and that this was gender 

dependent.186 

 

Gender and responses to stressors 

Stress in various forms (psychological and physical) is well known to influence various 

immune parameters (see 2.3.4). Some studies suggest that females may be more 

sensitive to the immune modulation caused by various stress and gender differences in 

IL-6, IL-1Ra and cortisol responses to stress have been reported.187 188  

 

Acute stress exposure prior to influenza vaccination has been found to enhance 

antibody response in women but not men, whereas men appear to respond equally 

well under all conditions. In women IL-6 was found to increase following both 
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performance of mental stress exercises and physical exercises whereby in men only 

exercise affected IL-6. In women this increase in IL-6 was correlated with higher 

antibody response to one of the vaccine strains (A/Panama) but not the others. Men 

exhibit greater cortisol responses to both psychological and physical stress than 

women.188 

2.3.2.7 Summary of gender and response to infection and vaccines 

There are gender differences in the burden of many infectious diseases with most 

literature suggesting females are over all less susceptible. Analysing trial data by 

gender does not usually occur and there is therefore little in the literature on any 

possible sex differences in vaccine immunogenicity and even less reactogenicity. 

Studies which have explored and reported on gender have found that vaccine 

immunogenicity varies depending on vaccine and the correlate of protection being 

measured. There have been no reports that included very young children and infants in 

gender specific analysis for either immunogenicity or reactogenicity. 

 

Sex hormones have been shown to have immunomodulatory effects in animal models 

including modulation of T-cell activity, B-cell development and production of cytokines. 

There are also differences in the expression of TLR receptors subsequent responses to 

microbial components. 

 

It appears that males generate a greater inflammatory response to a number of 

pathogens which may contribute to their higher morbidity and mortality. Females, on 

the other hand, appear to have more labile responses to physical and psychological 

stressors (see 2.3.4) experiencing measurable immune effects after acute stress in 

contrast to males.  

 

Some inconsistencies in findings may be explained by the low power of some studies. 

The few studies which have reported on reactogenicity by gender show a female 

predominance of common reactions and no mechanisms for this have been proposed. 

Considering the growing body of literature that describes the sexual dimorphism in 

immune function parameters it seems likely that gender differences in vaccine 

reactogenicity may be common, and given the variety of different vaccine formulations 

and therefore probable diverse interactions with the immune system coupled with 

genetic polymorphisms between populations it may be difficult to delineate any patterns 

or consistencies. 
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2.3.3 Ethnicity and vaccine reactogenicity 

2.3.3.1 Defining race and ethnicity 

There have been many attempts to define ‘race’ and ‘ethnicity’ over the past five 

decades or so and there has still been little progress towards internationally accepted 

definitions.189 An attempt to generate further work on an internationally agreed 

vocabulary was raised in 2003 by Epidemiologist Professor Raj Bhopal included the 

following two definitions:189 

 

Race – “By historical and common usage the group (sub-species in traditional 

scientific use) a person belongs as a result of a mix of features such as skin 

colour and hair texture, which reflect ancestry and geographical origins, as 

identified by others or, increasingly, as self-identified. The importance of social 

factors in the creation and perpetuation of racial categories has led to the 

concept broadening to include a common social and political heritage, making 

its use similar to ethnicity. Race and ethnicity are increasingly used as 

synonyms causing some confusion and leading to the hybrid terms 

race/ethnicity.” 

 

Ethnicity – “The social group a person belongs to, and either identifies with of is 

identified with by others, as a results of a mix of cultural and other factors 

including language, diet, religion, ancestry, and physical features traditionally 

associated with race. Increasingly, the concept is being used synonymously 

with race but the trend is pragmatic rather than scientific.” 

 

Given these rather ambiguous definitions the attempt to utilise them as meaningful and 

consistent variables in health research must be challenging. In 1993 the US Public 

Health Service Task Force in Minority Health Data highlighted the use of race and 

ethnicity data in health surveillance. They identified a lack of consensus on definitions 

and measurements of race and ethnicity and limitations in the ability of surveillance 

systems to address the health needs of different ethnic groups.190 

 

In 2003 an article in JAMA identified three challenges faced when discussing race and 

ethnicity: 

 accounting for limitations of racial/ethnic data – inconsistencies across studies 

and data sets and complexity of individual identity 
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 identity not always fixed or easily determined – some people identify with many 

racial/ethnic groups and this can change with self-image 

 imprecise concepts and categories – often socially ascribed groups based on 

skin colour, country of origin or language.191 

The definition of ethnicity used by Statistics NZ since 1988 has been derived from the 

1981 book by Antony Smith, The Ethnic Revival in the Modern World192 and states: 

“A social group whose members have one or more of the following four characteristics: 

 they share a sense of common origins 

 they claim a common and distinctive history and destiny 

 they possess one of more dimensions of collective cultural individuality 

 they feel a sense of unique collective solidarity.”193 

In addition a person is able to identify with some of all of the above characteristics in 

one context and a different mix in another. People may belong to more than one ethnic 

group and change over time.193 

The ethnicity question asked in the NZ census form is presented in Table 2-13. 

Table 2-13 Ethnicity question asked on the NZ 2006 census form194 

Which ethnic group do you belong to?  

Mark the space or spaces which apply to you. 

 New Zealand European 

 Maori 

 Samoan 

 Cook Island Maori 

 Tongan 

 Niuean 

 Chinese 

 Indian 

 Other such as DUTCH, JAPANESE, TOKELAUAN Please state: 
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2.3.3.2 Aims of section 

The aims of this section are to summarise the literature from vaccine trials reporting on 

ethnicity as a variable in reactogenicity outcomes and to discuss ethnicity as a risk 

factor for acute inflammation and perceived pain.  

2.3.3.3 Recording of ethnicity in vaccine trials 

Recording of ethnicity in vaccine trials is normal practice. Ethnicity is used to ensure 

intervention and control groups are similar in terms of key demographic characteristics. 

However, there are few studies that report an analysis by ethnicity. Often the numbers 

of participants in various ethnic groups are small and preclude comparative analysis.  

 

Case study 

To illustrate this issue the quadrivalent human papillomavirus clinical trials are 

presented as an example of the collection and reporting of vaccine clinical trial by 

ethnicity. These trials were large, placebo controlled and conducted in a variety of 

populations throughout 33 countries. 

 

For each of the four randomised phase II and III studies ethnic distribution is reported, 

for example across all protocols: Asian (n=789, 3.8%) White (14700, 70.4%), American 

Hispanic (n=2554, 12.2%), Native American (n=50, 0.2%), Black (n=957, 4.6%) and 

Other (n=1837, 8.8%).195 

 

Despite the inclusion of individuals with different racial or ethnic backgrounds, there 

was no comparative reporting of immunogenicity or reactogenicity in either the 

Biologics Licence Application to the FDA or the pivotal publications.195-197 In addition to 

the clinical trials there has been no attempt to break down the post licensure safety 

surveillance data by ethnicity.21  
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Summary of existing literature on gender and response to vaccines 

A 1995 study on the reactogenicity of acellular and whole-cell pertussis vaccines in 

infants 2 – 6 months of age found that Black infants were reported to have more 

injection site pain than white infants and were also ‘fussier’.198 

 

During trials of a DTaP vaccine from one manufacturer administered between 1991 

and 1999, a high incidence of persisting itching nodules was reported. A description of 

the incidence, clinical course and prognosis of these reactions found that ethnicity was 

not associated with increased risk.199 

 

Safety data on Anthrax vaccine collected over a 25 year period was evaluated and a 

logistic regression model employed to examine the effect of race/ethnicity on local 

reactogenicity. Erythema, induration and injection site warmth were significantly more 

likely to be reported by European Americans compared with African Americans.200  

2.3.3.4 Ethnic variability in inflammation pain perception 

Ethnic differences in circulating levels of immune cells and inflammatory mediators 

have been reported.  

 

There are differences in neutrophil counts between Caucasians and people of African 

descent. Based on reference values established for Caucasians, people of African 

descent appear to have a high frequency of neutropenia. However, the low neutrophil 

counts appear to be of no clinical consequence. Neutrophils counts are regulated by 

cytokines, particularly IL-8 and G-CSF. A study measuring both neutrophils and IL-8 

and G-CSF in both African and Caucasian men found significantly higher neutrophils 

counts in Caucasians and conversely significantly higher rates of both cytokines in 

Africans. In addition the oxidative burst in stimulated neutrophils is higher in 

Caucasians than Africans.201  

 

Non-obese, non-diabetic Mexican Americans (who have increased risk for the 

metabolic syndrome) have higher circulating concentrations of TNF-α compared with 

non-Hispanic Whites. TNF-α is associated with insulin resistance in models of obesity 

and diabetes.202  

 

There is some evidence of an age related increase in some circulating cytokines 

although there are discrepancies among the studies. In addition to the two studies 
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above another US study investigated the levels of circulating cytokines in relation to 

ethnicity as well as age. Once age had been adjusted for it was found that Mexican 

Americans have lower levels of inflammatory cytokine levels that non-Hispanic Whites 

and non-Hispanic Blacks (see table below adapted from Stowe et al 2010).203  

 

Table 2-14 Variation in circulating inflammatory cytokine levels between three 
major ethnic groups in the United States 

Ethnicity IL-1ra IL-6 IL-10 TNF-r1 CRP 

(mg/dL) 

Non-Hispanic White 

n=535 

208 ± 

17*† 

1.7 ± 0.2 5.3 ± 0.7 1917 ± 62 13.4 ± 0.7 

Non-Hispanic Black 

n=150 

148 ± 32 2.7 ± 0.4‡ 4.3 ± 1.3 1668 ± 

117 

17.2 ± 1.3*†‡ 

Hispanic n=726      

Foreign born n=181 119 ± 29 1.8 ± 0.4 4.5 ± 1.2 1756 ± 

108 

12.3 ± 1.2 

US born n=545 147 ± 17 2.1 ± 0.2 4.8 ± 0.7 1811 ± 61 13.2 ± 0.7 

 

One explanation the authors of this study proposed for the differences in inflammatory 

cytokines observed between these ethnic groups are differences in cytokine gene 

polymorphisms. This has been found for IL-6 were an allelic variation in the regulatory 

region of this gene (G/G IL-6) which results in high levels of IL-6 production, is 

predominantly found in Blacks§.204 In addition to the IL-6 variation African Americans4 

have been found to have a high frequency of an IFN-γ genotype (A/A) associated with 

low expression compared with Caucasian or Cuban Americans4 and low frequency of 

the high expression genotype for IL-10 (GCC/GCC) compared with Caucasian and 

Cuban Americans.204 

 

Another study exploring ethnic differences in the distribution of cytokine gene 

polymorphisms found Blacks, Hispanics and Asians had higher frequencies of alleles 

which result in high expression of IL-6 and IL-10 compared with Whites and Asians had 

                                                 
* Significantly (p=<0.05) higher than US born Hispanics 
† Significantly (p=<0.05) higher than foreign born Hispanics 
‡ Significantly (p=<0.05) higher than Whites 
§ The terminology used in the publication 
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a higher frequency of IFN-γ genotypes that result in low expression compared with 

Whites.205 

 

Supporting the role of inherited genetic risk factors, a study exploring predictors of 

inflammation in American children that controlled for BMI, body fat, chronic infections, 

tobacco exposure, low birth weight and socio-demographics found that Mexican 

American children still had higher levels of CRP than both Blacks and Whites.206  

 

In addition to the potential for increased inflammation there appear to be ethnic 

differences in pain perception. Laboratory pain studies have found the African 

Americans have greater sensitivity to experimental pain stimuli (i.e. thermal pain 

thresholds) than Caucasians.207 208 209 A number of studies evaluating postoperative 

pain found greater reported pain among African American patients compared with 

Caucasian and also the same pattern in the reporting of persisting pain associated with 

chronic conditions.207 

 

It has also been noted that ethnic minorities receive less pain medication compared 

with non-Hispanic whites. Coupled with criticisms in pain assessment approaches, 

health care systems and provider factors and communication delineating the relevant 

role of these factors that are associated with ethnic differences in the reporting of pain 

require further research.207 

 

In order to address the potential influence of blood pressure and psychological 

characteristics on cutaneous pain perception in White and African Americans blood 

pressure, depressive symptoms, anxiety state levels and negative mood were 

assessed prior to thermal stimuli. African Americans perceived the stimuli as more 

unpleasant and the differences between the races remain unaltered after adjusting for 

the other variables.210 

 

In defence of the subjective nature of pain reporting a study measuring the neural 

correlates of the subjective experience of pain found that using psychometric pain 

ratings and functional magnetic resonance imaging to assess associated brain activity 

found that individuals who were highly sensitive to pain exhibited more frequent and 

more robust pain-induced activation of the primary somatosensory cortex, anterior 

cingulated cortex and prefrontal cortex than less sensitive individuals all administered 

exactly the same stimulus (thermal stimuli).211  
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2.3.3.5 Summary of ethnicity and potential for vaccine reactogenicity 

Ethnicity information is largely self-determined and related to self-image rather than 

based on genetically-based heritable features. 

 

Ethnicity and /or race appear to be routinely collected in vaccine clinical trials but are 

rarely presented as an explanatory variable in the published literature. Very limited 

evidence suggests there may be ethnic differences in the reporting of some 

reactogenicity outcomes. 

 

There have been significant differences observed in both the circulating inflammatory 

cytokine levels and genetic polymorphisms that result in variation in cytokine 

expression between different ethnic groups and ethnic differences in the perception of 

experimental pain have been reported. Given that there are biological differences such 

as inflammatory responses and frequency of cytokine gene polymorphisms between 

different ethnic groups it seems likely that any observed ethnic differences in vaccine 

reactogenicity are more than cultural or psychosocial.  
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2.3.4 Stress and immunity  

 

The potential and mechanisms for psychological and physical stressors to 

mediate vaccine reactogenicity 

2.3.4.1 Introduction to stress and immunity 

It is now well established that there is a relationship between psychological stress and 

a range of immune system parameters resulting in the modulation of both health and 

behaviour.212-214  

 

An early observation of this phenomenon was documented in the medical literature as 

early as 1884 when the editor of the British Medical Journal wrote on the effect that 

uncovering the head at funerals had on the mourners closest to the deceased.  

 

“The depression of spirits under which the chief mourners labour at these 

melancholy occasions, peculiarly predisposes them to some of the worst direct 

and indirect effects of chill”.215 

 

Throughout evolution the need to respond to environmental threats such as natural 

phenomena or predation has been tantamount to our survival and no doubt optimal 

responses to these dangers selected for. The adaptive behaviour arising from this 

selection is aptly termed “the fight or flight response” and requires that a number of 

physiological changes occur at the instant danger is detected.  

 

At first glance the immune system and the nervous system may not appear very similar 

but both relate to the outside world, both have defence and adaption roles and both 

have memory. Nerve cells not only connect to the solid organs of the immune system 

(thymus, spleen, lymph nodes, peyers patches and bone marrow) but also connect to 

freely circulating cells of the immune system. Molecules that communicate within the 

nervous system (e.g. endorphins, neurotransmitters), the endocrine system (e.g. 

hormones) and the immune system (cytokines) have been known for many years. 

What has emerged more recently is that these molecules are all one family of 

chemicals, which mediate between systems. They are thus one inter connected 

network.212 
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The science, termed psychoneuroimmunology, dates from the work of Robert Adler 

and colleagues who were looking at Pavlovian conditioning in rats. They found that the 

responsiveness of the immune system could be conditioned in the same way as 

behaviour and went on to demonstrate that conditioned responses had an important 

effect on the ability of rats to resist disease.216 During this period there were 

considerable developments in the field of immunology allowing characterisation of 

more facets of the immune system and their functional significance. 

 

Today it is well documented that positive attitudes and emotions can affect the 

biochemistry of the body to enable healing – in essence the placebo effect. The 

placebo effect has been shown to be a healing factor in hypertension, cardiac pain, 

headaches (implicating the autonomic nervous system), colds, fever, asthma and 

cancer (implicating the immune system), diabetes, menstrual pain, adrenal gland 

secretion (implicating the endocrine system). Together this suggests an interaction 

between the mind and the body in terms of health and healing.217 

 

Recently the effects of a variety of physical stressors, such as increased cardiac output 

and resistance training, on health outcomes have been explored and found to have 

both stimulatory and inhibitive influences depending on the nature of the stressor.  

 

There has been a significant amount of interest and research exploring both 

psychological and physical stress and their influence on immunity and immune 

function. Having firmly established the interconnectedness and interdependence of the 

psyco-neuro-immune pathways, researcher attention is now focussing on the specific 

types of stress such as various emotions and their duration, particular physical 

activities and their timing and duration and the effect on individual cytokines, cell types 

and gene expression. Considerable data exists on the humoral response to a range of 

thymus dependent and independent vaccines and, to a lesser extent, other immune 

related activities such as cell mediated responses.  

2.3.4.2 Defining and measuring psychological stress 

Stress may occur briefly or endure for long periods. Acute stressors are the daily 

events that cause temporary stress such as a conflict at work or going to the dentist. In 

contrast, chronic stressors are major life events that are enduring such as bereavement 

or marital problems. In addition to external stressors there are a variety of mood states 
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such as anger, anxiety or happiness which change from day to day as well as 

personality traits. 

 

Despite attempts to define stress there is still no universally accepted definition. 

However generally it is acknowledged that stress is an interplay between 

environmental challenges and an individual’s perceptions of those challenges. The 

relative contributions of environmental challenges and the perception of them to any 

outcome are not known. 

 

The distinction between the duration and intensity of stress is important. Stress that 

lasts from minutes to hours is considered acute while stress persisting for several 

hours per day for, weeks or longer is considered chronic. This can be evaluated by 

measuring the peak levels of stress hormones such as corticosterone, 

neurotransmitters such as norepinephrine as well as physical changes such as 

changes in blood pressure and heart rate and the time for which these persist.218 219 

Another important consideration is the individual perception of the stress as this has a 

significant influence on how the stress is processed and coped with. Individual 

differences from genetic to physiological levels complicate attempts to evaluate 

directly.219  

 

Current approaches to measuring stress consider a environmental component, the 

response to an environmental challenge and the environmental-person transactions of 

stress.220 In reality these are all blurred in attempts to capture each component. 

 

Measuring stressful life events 

As of 2008 there were over 10,000 publications describing and measuring the impact of 

stressful life events.220 Early methods for measuring life stress were the Schedule of 

Recent Experiences (SRE) and the Social Readjustment Rating Scale (SRRS) which 

were self-report checklists that included a range of experiences that were considered 

relatively stressful and common to most people’s lives. Many other such lists have 

followed in attempts to address the limitations of such tools, such as their inability to 

accurately reflect in-depth qualitative data and real life events. Although the use of 

these remains controversial they are still the most common methods for assessing 

stressful life events.220 
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Measuring perceived stress 

Usually perceived psychological stress is measured using a variety of validated 

questionnaires such as the Perceived Stress Questionnaire (PSQ) or the Perceived 

Stress Scale (PSS).221 222 Such questionnaires ask participants to indicate from a list 

which stressful experiences they have recently experienced and how often such as  

 

“In the last month, how often have you been upset because of something that 

happened unexpectedly - never, almost never, sometimes, fairly often, very 

often)”.222 

 

The PSS has been used is a diverse range of studies and one of the most commonly 

used measure of stress in the literature. It is robust in its ability y to predict different 

stress related outcomes, particularly biological correlates.223-225 

 

Despite the substantial literature around stress, immunity and disease there are no 

studies published on the influence of stress on vaccine reactogenicity, surprising since 

vaccination is often used as a model system for exploring psychosocial effects on 

immunity. Notwithstanding there are several lines of evidence that suggest, should we 

look at vaccine reactogenicity and various measures of stress, we are likely to find that 

vaccine reactions, like vaccine immunogenicity, is influenced by the psycho-neuro-

immune network. 

 

Physical stress and immunity 

In addition to psychological stress there is physical stress. Like psychological stress, 

exercise can be both immune enhancing and immune suppressive. Moderate exercise 

has been associated with a positive immune response whereas excessive high 

intensity endurance activity can predispose to illness.125 226 

 

Moderate physical exercise induces systemic levels of anti-inflammatory cytokines and 

it has long been recognised that regular moderate exercise is associated with a 

reduced risk of infections. Following a bout of exercise there is a rise in IL-6 which is 

produced in the muscle (see 2.3) followed by TNF-R, IL-1ra and IL-10. Pro-

inflammatory TNF-α is inhibited. In addition there is a down regulation of toll-like 

receptors. Generally this anti-inflammatory response is slightly immune suppressive, 

but there is little evidence of an increased risk of viral infection. The trade-off is a 

reduced risk of chronic disease.125 137 
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In contrast to moderate exercise, prolonged high intensity exercise, such as running 

marathons and ultra-marathons, appears to increase risk of infection for a subsequent 

short period. In addition to the more modest anti-inflammatory effects of moderate 

activity strenuous exercise decreases the Th1-cells which provide important protection 

against viral infection. Again, the trade-off here appears to be the anti-inflammatory 

effect of the dominant Th2 suppressing the induction of tissue damage.137  

 

2.3.4.3 Aims of section 

The aims of this section are to discuss the adaptive role of stress and its modulating 

effect on immunity, the types of stress and observed effects on immunity, the molecular 

mediators between stressors and immune responses and present some of the vaccine 

models used to explore the effects of stress on immunity in vivo. From the existing 

understanding of the effect of stress on immunity it will be proposed how stress may 

have a role in enhancing or reducing pain on vaccination and reactogenicity. 

2.3.4.4 The adaptive role of psychological stress  

The stress response is a set of changes in the body that result when a person 

experiences what they perceive to be a challenging or threatening situation. This 

matter of perceived threat is important because the effects of the stress response on 

the body are the same whether the threat is real or perceived. The magnitude of these 

changes is influenced by how serious the person perceives the situation is and what 

they think about their ability to handle the threat effectively. The more confident a 

person is in their ability to handle a challenge easily, the less stress is involved. The 

more the person appraises the challenge as a threat, even at a subconscious level, the 

more intense will be the stress response. 

 

The stress response has the beneficial effect of preparing the body to function at a 

higher level of efficiency, enhancing the likelihood of survival. Physiological changes 

include: increases to blood pressure, respiration rate, heart rate, blood flow to skeletal 

muscles, perspiration and muscle tone. While all these changes contribute to the ability 

to flee in an emergency, they also have a down side. When the stress response is 

experienced regularly and for extended periods of time (chronic stress), the 

physiological changes weaken the bodies resistance to illness.227 228 and lowers the 

effectiveness of self-repair mechanisms.229 230  
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From an immunological perspective stress has the ability to influence both the absolute 

numbers but also the redistribution of leukocytes around the body. The continuous 

trafficking of immune cells through the blood and immune compartments (i.e. lymph 

nodes) is part of immune surveillance and the numbers, proportions and distribution of 

leukocytes in the body provides insight into the activation state of the immune 

system.231 Figure 2-2 summarises how types of stressors can prepare the body to fight 

infections by directing immune cells where they are most likely to be needed. 

 

 

Figure 2-2 Summary of the effect of acute psychological stress on immune cell 

distribution – an adaptive feature 

  

Paradoxically psychological stress exerts immune-enhancing as well as immune-

suppressive effects. Rodent experiments show that while acute stress induces a 

significant decrease in numbers of lymphocytes including peripheral blood T-cells, B-

cells, natural killer cells and monocytes. Conversely there is an increase in numbers of 

neutrophils – important contributors to innate immunity. Following an acute stress 

experience in the rat these induced changes in leukocytes are rapidly reversed.231 

However in humans there is an increase in leukocytes which occurs following stress of 

very short duration, such as public speaking, and that involves activation of the 

sympathetic nervous system. If the stress conditions result in a sustained and 

significant activation of the hypothalamic-pituitary-adrenal (HPA) axis then a decrease 

in blood leukocytes is observed.219 The decrease in blood leukocytes is a result of 

migration to various sites such as skin, lung and sentinel lymph nodes and is 
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associated with an enhancement in skin immunity.232 233 Such trafficking has also been 

shown to occur at sites of surgery, wounding or inflammation.234 

 

Acute stress at the time of a sensitisation or primary antigen exposure enhances 

dendritic cell migration to local lymph nodes, enhanced priming of CD8+ cells, 

enhanced humoral immunity and enhanced secondary response on re-exposure. A key 

mediator of these events following acute stress is norepinephrine.219 235-237 In addition to 

the enhancement of dendritic cell migration, further observations of innate immunity in 

stressed versus non stressed animals shows higher numbers of activated macrophage 

in the skin and lymph nodes as well as higher rates of recruitment to sites of primary 

antigen exposure.238  

 

Figure 2-3 summarises the response to a perceived stressful situation by the nervous 

system and the immune system, and visa-versa. 
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Legend. During perceived stressful situations the hypothalamus is stimulated to 
produce hormones. These can act on immune system cells either directly by 
stimulation of the adrenal gland. The adrenal gland in turn is stimulated to 
produce hormones such as adrenaline which acts on receptors on cells of the 
immune system. There is also hardwiring of the nervous system directly into the 
lymphatic system which can induce activity. These interactions are bidirectional 
and the production by cytokines by immune cells such as IL-1 can modulate the 
activity of the hypothalamus. Adapted from Glaser (2005), Nature Reviews in 
Immunology.239  
 

2.3.4.5 Types of stress and observed effects on immunity 

 

Acute psychological stress and in vivo immune function 

In contrast to chronic stress, acute stress appears to augment a range of immune 

parameters. A recent meta-analysis evaluated the effects of laboratory induced acute 

psychological stress on a range of circulating inflammatory factors in primarily healthy 

subjects. Significant correlations were found for acute stress and IL-6 and IL-1β 

(p=<0.001), a trend for C-reactive protein (p=0.088) and no significant correlation with 

TNF-α. The mechanisms underlying the observed change in inflammatory markers 

following acute stressors are not well understood. Several potential contributory factors 

have been postulated and include the changes in plasma volume and 

hemoconcentration following acute stress, de novo synthesis of inflammatory factors in 

response to the stimulation or an enlargement of the cell pool that contributes to the 

inflammatory cytokine activity.240 To date most research has focussed on IL-6, TNF-α, 

IL-1β and C-reactive protein with limited data available on other pro and anti-

inflammatory cytokines.  

 

Clearly a pro-inflammatory response has benefits for healing of wounds and control of 

infection, a down side being a hyper-immune response in diseases such as asthma.  

 

Chronic psychological stress and immune function 

At some point acute stress transitions into a chronic stress.  

 

In contrast to acute stress, chronic stress induces a decrease in the leukocyte 

redistribution from the blood to other body compartments such as the skin. This can be 

observed in models of skin delayed-type hypersensitivity.218 241 Other parameters that 
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are suppressed under chronic stress conditions include antibody production,242-245 

natural killer cell activity and leukocyte proliferation.246 247 

 

Life stressors such as poor quality of marriage and marriage disruption, caring for a 

family member with Alzheimer’s disease, having a family member undergoing major 

surgery, are associated with poorer proliferation of T-cells, reduced natural killer (NK) 

cells and NK cytotoxicity, and reactivation of Ebstein Barr Virus.248-250 In addition, 

chronic interpersonal stress is associated with increased cellular production of IL-6 and 

impairment of the inhibitory influence of glucocorticoids.251  

 

Perhaps some of the heterogeneous findings in human studies are due to the diverse 

population groups under study – such as elderly, young and healthy, people living in 

stressful situation and variables such as acute stress compared with chronic stress. 

Individual variability is also likely to be important. Animal studies reveal the importance 

of genetic susceptibility to various stressors via neuroendocrine responses and the 

influence on responses to vaccines.252 In studies exploring people under a severe 

stress, such as caring for a seriously ill family member, in the best studies the carers 

will be compared with matched controls not experiencing the particular stressor.248 249 

 

 

 

Figure 2-4 Different environmental stressors and circulating inflammatory factors 

and innate activity.  

Adapted from Steptoe, Hamer, Chida 2007 and Godbout and Glaser 2006.240 253 
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2.3.4.6 Psychological stress and the response to vaccines 

The primary areas of research exploring the role of psychology on health are those that 

link psychosocial factors to disease outcomes, those that link psychosocial factors to 

biological intermediaries, those that identify biological chains of causality and finally 

those that connect all three.214 

 

One of the most commonly used models to assess the influences of stress on immune 

function is vaccination.244 252 254-257 Generally, higher levels of reported psychological 

stress are associated with lower levels of antibody titres following vaccination with a 

range of vaccines across diverse population groups. Unlike in vitro experiments the 

complex interplay between psycho-neuro-immune mediators can be allowed to play out 

and to a certain extent this may be measured during the process with serum 

antibodies, an example of the final product of the humoral immune response. Although 

clinical outcomes (vaccine efficacy) in these types of experiments are harder to 

observe we do know that for some vaccines the overall antibody levels are predictive of 

duration and efficacy of immunity.258  

 

Protein vaccines and influence of stress on immune response 

Protein vaccines are thymus dependent. This means that the vaccine antigens are 

presented to and processed with the involvement of T-cells resulting in not only a 

relatively broad immune response but also immune memory. Immune memory is not 

achieved by polysaccharide vaccines which are thymus independent, do not incite T-

cells and only produce primary waves of B-plasma cells and short-lived antibody.  

 

Hepatitis B: Hepatitis B vaccine is a highly immunogenic recombinant protein vaccine 

given in either a two or three dose schedule, providing the opportunity to measure not 

only the primary immune response but also the secondary or memory response. Most 

studies have been conducted in healthy young adults, primarily medical students. 

Protocols have included a variety of exploratory variables including life events,242 

perceived stress,259 disclosure of trauma,260 trait negative affect and depression.261 The 

results of these studies looking at immune related outcomes for Hepatitis B vaccine are 

mixed, with some indication that the stressors may attenuate the level of antibody 

measured at four to six months rather than the primary response.243 244 255 

 

Inactivated trivalent influenza: In contrast to Hepatitis B vaccine, although still protein 

vaccines, inactivated trivalent influenza vaccines are less immunogenic, many do not 
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contain an adjuvant and are often given to older people rather than healthy young 

adults. As older people are more likely to have been exposed to these antigens in the 

past their antibody responses are generally assumed to be secondary. 

 

Studies in older adults under chronic stress have indicated that initial antibody titres are 

lower in subjects reporting more stress.244 255 In younger adults the results are more 

mixed although there is some indication that any deleterious influence of stress is 

manifested some period after immunisation rather than at one month post 

vaccination.255 

 

In a vaccine with multiple antigens such as trivalent influenza vaccine the effects of 

stressors do not necessarily manifest across all antigens, for example there is a greater 

trend for influenza A strains to be perturbed by stress. More recent evidence suggests 

that this may be due to relative novelty of the strain.254  

 

In healthy young people greater blood pressure reactions towards the end of an acute 

stress task (mental maths) as well as slower diastolic blood pressure recovery was 

predictive of greater antibody rises to influenza vaccine antigens.262  

 

Meningococcal C vaccine: Conjugate vaccines are effectively protein vaccines as 

they consist of polysaccharides (which on their own are thymus independent) 

chemically linked to a carrier protein so that they are processed with the involvement of 

T-cells. High levels of perceived stress but not life events have been predictive of 

antibody titre and low levels of psychological wellbeing associated with low serum 

bactericidal assay titres following meningococcal C conjugate vaccine.243 

 

Generally responses to thymus dependent vaccines are perturbed by higher trait 

negative affect, neurotisism and psychological stress symptoms (perceived stress).255 
243 263 264 It also appears that T-lymphocytes may be more likely to be perturbed by 

acute stress exposures.212 However it could be argued that it is the modulation of the 

initial innate immune response that is influencing the ensuing adaptive response. If this 

is the case there should be little effect observed of chronic stress on polysaccharide 

vaccines as generally these vaccine antigens are not generally taken up by phagocytic 

cells at the site of injection, processed and transported to afferent lymph nodes but 

rather arrive to the lymph nodes via the blood.  
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That those who exhibited greater cardiovascular activity in response to laboratory 

stressors also exhibited greater rises in antibody to meningococcal A but not C.262 

Another study by the same group found that the enhancement in response to 

meningococcal A antigen occurred in men but not women following mental stress tasks 

at the time of vaccination.265 

 

2.3.4.7 Physical stress and response to vaccines 

Like psychological stress, vaccines have been used to probe the effects of physical 

stressors on the humoral immune response.  

 

Moderate regular exercise 

Moderate exercise over a period of ten months appeared to enhance mean fold 

increase in antibody production in response to inactivated trivalent influenza vaccine in 

27 older adults.266 More recently a larger study found that ten months of cardiovascular 

exercise improved and extended the duration of anti-influenza hemaglutanin antibody 

titres following vaccination whereas flexibility training did not.267 It is also possible that 

the improvements in humoral response to influenza vaccine in the elderly observed in 

association with cardiovascular exercise is modified in conjunction with improvements 

to psychological well-being.268 

 

Acute exercise 

Acute physical stress affecting the site of injection at the time of vaccination has been 

proposed to act as an adjuvant.269 

 

Eccentric exercise (eccentric contractions of the deltoid of the non-dominant arm) in 

young adults prior to receiving inactivated trivalent influenza vaccine affects men and 

women differently with enhancement of the antibody response in women, but not in 

men, and enhancement of the cell mediated response in men.135 270 Some evidence 

supports a lack of association between the intensity of acute exercise prior to 

administration of influenza vaccine and any adjuvant effect.271  

 

In summary, the inconsistent findings among the above studies exploring the effect of 

various types of exercise on the immune response to influenza vaccination suggest 

that gender, age, novelty of antigen, relative immunogenicity of antigen may all 
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influence the relative adjuvant effect of either acute exercise or long terms moderate 

fitness regimes. 

 

In 2001 a critical review of the literature concluded that overall stress does influence 

the response to vaccines although this varies and seems more likely in older people 

(over 50 years of age) and under conditions of chronic stress.244  

 

Figure 2-5 Psychological factors shown to be associated with decreased 

humoral response to protein vaccines  

Adapted from Burns 2003.255 

2.3.4.8 Physical stress and response to vaccines 

Like psychological stress, vaccines have been used to probe the effects of physical 

stressors on the humoral immune response.  

 

Moderate regular exercise 

Moderate exercise over a period of ten months appeared to enhance mean fold 

increase in antibody production in response to inactivated trivalent influenza vaccine in 

27 older adults.266 More recently a larger study found that ten months of cardiovascular 

exercise improved and extended the duration of anti-influenza hemaglutanin antibody 

titres following vaccination whereas flexibility training did not.267 It is also possible that 

the improvements in humoral response to influenza vaccine in the elderly observed in 
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Acute exercise 

Acute physical stress affecting the site of injection at the time of vaccination has been 

proposed to act as an adjuvant.269 

 

Eccentric exercise (eccentric contractions of the deltoid of the non-dominant arm) in 

young adults prior to receiving inactivated trivalent influenza vaccine effects men and 

women differently with enhancement of the antibody response in women, but not in 

men, and enhancement of the cell mediated response in men.135 270 Some evidence 

supports a lack of association between the intensity of acute exercise prior to 

administration of influenza vaccine and any adjuvant effect.271  

 

In summary, the inconsistent findings among the above studies exploring the effect of 

various types of exercise on the immune response to influenza vaccination suggest 

that gender, age, novelty of antigen, relative immunogenicity of antigen may all 

influence the relative adjuvant effect of either acute exercise or long terms moderate 

fitness regimes. 

 

2.3.4.9 Additional mediators between stress and the immune response 

 

Stress hormones, neurotransmitters and cells 

The adjuvant effect of acute stress is not yet fully understood but it appears that 

corticosterone and epinephrine are important.219 While norepinephrine influences 

dendritic cell and CD8+ T-cell migration, corticosterone enhances skin contact 

hypersensitivity.235 272  

 

Acute stress initially enhances the recruitment of a variety of cells to the site of immune 

activation. Neutrophils and macrophage precede lymphocytes. However once there, 

tissue damage, antigen or pathogen-driven chemoattractants will determine which 

subpopulation are further recruited. TNF-α increases infiltration of neutrophils and 

macrophage, lymphotactin increases infiltration of macrophage, natural killer cells and 

T-cells.234  

 

Figure 2-6 summarises the key processes over time in the stress induced activation of 

immune responses.  
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Figure 2-6 Summary of mediators of innate immunity under acute stress 
conditions over time  

2.3.4.10 Potential for stress to enhance or attenuate perception of pain  

Injection pain 

Given that a variety of stressors can clearly influence inflammatory mediators and that 

pain may also have a positive relationship with some of the same mediators.273 274 [also 

see 2.3.6 on pain] It seems highly plausible that stress may be able to influence the 

perception of injection pain via the cytokine network. Indeed there are already 

observations that support this idea. Exposure to an acute stressor (mental maths in 

front of an audience with a metronome) has been shown to predict pain (pressure pain) 

perception in young adults and that the variable pain response among subjects is 

associated with their individual level of stress and anxiety.275 Individuals who had 

higher baseline stress also had higher baseline pain perception but when exposed to 

the stressor they experienced hypoalgesia. In contrast lower baseline stress resulted in 

greater increases in cortisol and pain perception following the stressor. 
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Current understanding of the modes of action of cytokines on pain suggest that 

application of cytokines can lower the mechanical activation threshold in C 

nociceptors274 providing a mechanism for this phenomena. 

 

Based on the recent observations by Hoeger and Bemant et al 275 some factors 

associated with the perception of pain and analgesia can be summarised below. 

 

Table 2-15 Factors associated with acute pain perception following a cognitive 

stressor 

Increased perception of pain Decreased perception of pain 

Lower baseline stress and anxiety Higher baseline stress and anxiety 

Lower baseline perception of pain Higher baseline perception of pain 

Large anxiety response to stressor Higher increase in cortisol after stressor 

 

Pain and inflammation following injection (reactogenicity) 

There are a number of mechanisms that could influence vaccine reactogenicity and 

stress could play an integral part in these. Not only does an injection cause some 

degree of mechanical injury which will on its own induce inflammatory cytokines, but 

also the material injected (by design) will ideally induce some inflammation. Given that 

many stressors are pro-inflammatory it is likely that local reactogenicity could be 

moderated by not only acute stress but by chronic stress as well as a range of 

personality variables. 

 

Cytokines may not only lower the threshold for pain perception but they can also both 

induce and maintain pain. Injury to peripheral nervous tissue leads to a rapid and 

sustained increase in pro-inflammatory cytokine expression which is associated with 

pain. Inhibition of these cytokines is associated with pain relief.274 

 

Modulation of pain  

In addition to anxiety and stress predicting pain perception there are several cytokine 

pathways that appear to be linked with nociception or hyperalgesia. Animal models 

have provided evidence for the role of cytokines in both the initiation and maintenance 

of pain. Generally pro-inflammatory cytokines such as TNF-α, IL-1β and IL-6 have 

algesic properties while anti-inflammatory cytokines such as IL-4 and IL-10 have 

analgesic properties.276 277 Treatment with pro-inflammatory cytokines such as TNF-α 
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and IL-1β intraneurally, subcutaneously or intramuscularly induces pain behaviour in 

rodent models.128 278 279 In contrast, anti-inflammatory cytokines such as IL-10 and IL-4 

relieve pain, as do inhibitors of pro-inflammatory cytokines.280-286 Studies looking at a 

range of pain disorders such as fibromyalgia, painful peripheral neuropathies and 

complex regional pain syndromes have found a general trend towards an imbalance of 

pro-inflammatory cytokines associated with these syndromes.274 An injury involving 

peripheral nervous tissue induces a rapid and sustained increase in the expression of 

pro-inflammatory cytokines such as IFN-γ and IL-10.287-289 Cytokines such as TNF and 

IL-1β can act directly on nerve fibres inducing a reduction in the mechanical activation 

threshold, ongoing C-fibre activity, increased permeability and extravasation as well as 

allodynia.274 

 

Generally current thinking supports cytokines as initiators of downstream cascades of 

other pain mediators such as bradykinin, prostaglandins, growth factors and 

neuropeptides. In addition they interact directly with ion channels and a range of 

receptors. Such actions result in a decrease in the excitatory thresholds, increase in 

action potentials and an increase in pain. Conversely, cytokine receptor antagonists, 

pro-inflammatory cytokine inhibitors, blockers of other pain receptor mediators and 

antibodies against pro-inflammatory cytokines have analgesic properties.274 As stress 

clearly modulates the levels and actions of cytokines it seems plausible that pain 

following receipt of a vaccine may be influenced by psychological stress. 

 

Other mediators of pain 

Cytokines induce other mediators of pain. The neuropeptides Substance P and 

calcitonin gene related product (CGRP) both have algesic effects and are both induced 

by inflammatory cytokines. Bradykinin is a peptide and potent algesic which is induced 

by TNF and IL-1β. Bradykinin sensitises nociceptors and is has an important role in 

inflammatory hyperalgesia. Prostaglandins are also potent sensitisers of nociceptors. 

Important inducers include TNF, IL-1β and IL-6. Nerve growth factor (NGF) directly 

sensitises sensory neurons and increases the production of Substance P and CGRP. 

NGF is induced by TNF and IL-1β in inflamed tissue. IL-1β induces NGF secretion from 

macrophage which in turn leads to hyperalgesia.274 

 

Over all it appears that a combination of mediators are required to induce pain and the 

combination of several factors is greater than any one individual mediator. To date only 

a few selected cytokines have been evaluated and the interactions between cytokines, 

various antagonist and agonists, proteins and receptors are no doubt complex. 
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Cytokines play an important role in both the processes leading to pain as well as those 

that maintain pain.  

2.3.4.11 Summary of stress and immunity 

The stress response is an adaptive phenomenon that evolved to optimise our flight 

from danger and subsequent recovery from injury and infection. Although there are 

clearly advantages in developing a rapid inflammatory response as a reaction to stress 

there are also disadvantages, particularly when stress becomes prolonged.  

 

Conditions that induce rapid high levels of norepinephrine early in a stress response 

appear to increase circulating leukocyte numbers. Such conditions may be a mild 

psychological stressor or moderate exercise. Generally these acute stressors promote 

a redistribution and activation of a variety of immune cells to sites where they are most 

likely needed or to sites of primary or secondary antigen exposure. In contrast, 

prolonged activation of the HPA axis results in a decrease in circulating leukocytes. 

This may occur hours after of severe psychological or physiological stress 

 

Sustained high levels of inflammatory factors have been observed to result in an 

attenuated adaptive response to some vaccines and lowered resistance to a range of 

chronic and infectious diseases. Both acute and chronic stressors are characterised by 

higher levels of pro-inflammatory cytokines. There have been no studies examining the 

influence of stress on vaccine reactogenicity. Given the current understanding of stress 

and immunity: 

 increased perceived stress coupled with anxiety at the time of injection could be 

expected to lower the threshold for pain perception when receiving an injection 

 individuals experiencing higher perceived stress may have higher circulating 

levels of pro-inflammatory cytokines such as IL-6 and TNF 

 individuals who are experiencing higher levels of perceived stress could be 

expected to develop greater injection site reactions due to higher levels of 

activated cells such as neutrophils and macrophages as well as the enhanced 

chemoattractant mechanisms providing the stress is acute.  

Given the likely complexities associated with the psycho-neuro-immune network and 

any possible relationship to vaccine reactogenicity, complex measurements are 

probably required and any real relationships likely to be masked.  
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2.3.5  Acute Inflammation 

2.3.5.1 Introduction 

Inflammation is from the Latin inflammare, to set on fire. It is the body’s mechanism for 

both removing exogenous stimuli as well as initiating the healing process. In contrast to 

inflammatory-related diseases such as asthma, atherosclerosis or rheumatoid arthritis, 

acute inflammation is a vital biological function. The induction of at least some 

inflammation is a necessary component of a successful adaptive immune response 

therefore an immunogenic vaccine will possess properties that induce an initial 

inflammatory response. Sometimes the vaccine antigen itself is sufficient whereas in 

most cases an adjuvant will be added to serve this purpose. 

2.3.5.2 Aims of section 

The aims of this section are to briefly describe symptoms of acute inflammation, the 

mechanisms of acute inflammation and how they are related to inflammatory symptoms 

and consider the relevance of inflammation in local vaccine reactions 

2.3.5.3 Symptoms of acute inflammation 

The symptoms of inflammation were first described in Latin 2000 years ago by the 

Roman scholar Cornelius Celsus. He established the original four cardinal signs of 

inflammation: rubour (redness), calor (heat), tumor (swelling) and dolor (pain) (see 

Figure 2-7).290 291 Loss of function was later added in the 3rd century by Galen of 

Pegamon. Acute inflammation generally appears within a few minutes to hours 

following the stimulus and ceases once the stimulus have been removed.292 Patterns of 

inflammation differ depending on the stimulus involved. 
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Figure 2-7 Ex-libris of the International Inflammation Club 

Designed by Willoughby and Spector.291 
 

2.3.5.4 Mechanisms and symptoms of acute inflammation  

Each of the classical symptoms of inflammation has underlying mechanisms which are 

becoming well understood and are now referred to as a classical inflammatory 

response described by their pathophysiology. Many inflammatory mechanisms occur 

sub clinically and sometimes the classical symptoms have a non-inflammatory cause.  

 

The initiation of acute inflammation occurs when polymorphonuclear granulocytes 

(PMNs) such as neutrophils and eosonophils traffic to an area of injury or stimulus. 

Neutrophils attempt to kill potential pathogens by releasing toxic granules. There is no 

differentiation between host and microbe therefore collateral damage to host tissue 

occurs. Macrophage, dendritic or kupffer cells are recruited and become activated 

releasing a range of inflammatory mediators including histamine, cytokines and 

chemokines which are responsible for the inflammatory symptoms.293 

Resolution of this acute response is dependent on apoptosis (programmed cell death) 

of the PMNs and eosonophilia cells and their replacement with monocytes and 

phagocytosing macrophages. Macrophage recognition of the apoptotic cells stimulates 

anti-inflammatory signals including IL-10. If not disposed of in this manner the 

damaging contents of the PMNs as a result of necrosis amplify the inflammation.292 

 

Of particular relevance to vaccine induction of inflammation is the both the ability of 

some vaccine components to activate toll-like receptors (TLRs) which recognise 
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microbial patterns, and the innate inflammatory properties of aluminium adjuvants (see 

2.1.2). The TLRs are related to the classic inflammatory cytokines IL-1 and TNF-α and 

part of the non self-recognition system that is committed to inducing inflammation (see 

Figure 2-8). Activation of TLRs results in pro-inflammatory gene expression.294 The 

mechanisms by which aluminium adjuvants and microbial patterns induce inflammation 

are summarised in Figure 2-8. 

 

Figure 2-8 Mechanisms for activation of inflammatory processes by vaccine 
components 

Inflammatory cellular and biochemical cascade 

The reaction to vaccine administration will commence with the immediate onset of 

acute inflammation. Not only does the vaccine contain inflammatory inducing material 

but the injection itself will cause a small degree of cellular damage or injury. The 

precise cascade that occurs will depend on the nature of the trigger. For example, in 

the case of LPS there will be triggering of TLR4 and the subsequent development of an 

antibacterial immune response, whereas influenza viral patterns trigger TLR8 and an 

antiviral response. In the absence of infection acute inflammation serves to promote 

repair and prevent infection. Inflammation under sterile conditions is less well 

understood.295  

 

Early on in the inflammatory response, vasodilatation at the injection site allows the 

influx of leukocytes (the granulocytes, lymphocytes and phagocytes) which migrate 

along a chemotactic gradient to the site of stimulus. These cells are primarily 

neutrophils but there are other components as well including proteins such as 

Inflammation

Aluminium Adjuvants
• No TLR involvement
• Cytokines IL1-α, IL-1-β, IL-6 
and TNF-α

• Chemoattractants 
• Reactive Oxygen Species 
(ROS) and NO

Microbial patterns
• Activation of TLRs
• Mediators TNF, IL-1, IL-6,
• CCL2, CXCL8
• Histamine, Bradykinin
• Eicosanoids
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immunoglobulins. This exudative material moves via the lymphatic vessels to regional 

lymph nodes carrying with it any foreign material located at the site of injury or 

stimulus. It is the arrival of this material at the local lymph node that initiates the 

adaptive immune response. 

 

There are a variety of key mediators that orchestrate the ensuing inflammatory 

processes. Among these is histamine released from mast cells and basophils which 

causes vasodilatation, allowing the movement of blood and plasma proteins into the 

area. Other vasodilators are bradykinin and C3 and C5a of the complement system. In 

addition to inducing vasodilation C5a is also a chemotractant directing cells to the site 

of inflammation. Selected mediators are summarised in Table 2-16. 

 

It is worthy to mention that acute phase proteins induced during the inflammatory 

process also have systemic effects that include fever, malaise, loss of appetite and 

somnolence, which are relatively common systemic AEFI.  

 

Table 2-16 Selected plasma and cell derived mediators and some of their 
functions in the inflammatory process290 296 

Mediator Source Activity 

Histamine Mast cells, 

basophils, 

platelets 

Vasodilation 

IFN-γ T-cells, NK cells Activates macrophage, Maintenance of 

inflammation 

IL-8 Macrophage Attract and activate neutrophils 

Prostaglandins Mast cells Vasodilation, fever and pain 

TNF-α and IL-1 Macrophage Affect variety of cells to produce other 

mediators. induce systemic effects such as 

fever, anorexia and tacicardia 

Bradykinin Kinin System Vasodilation, increase vascular permeability, 

smooth muscle contraction, Induce pain 

C3, C5a Complement 

system 

Vasodilation, chemotaxis 

Nitric Oxide Macrophage Vasodilation, leukocyte recruitment, 

antimicrobial 
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Once the stimulus is removed the inflammatory process must be terminated. There are 

a range of mechanisms involved in the resolution of the inflammatory process other 

than the short half-life of the inflammatory mediators themselves. Mediators involved in 

termination of the process include transforming growth factor (TGF) from macrophage, 

IL-10, down regulation of the pro-inflammatory molecules such as leukotrines and up 

regulation of anti-inflammatory molecules such as IL-1 receptor antagonist.   

2.3.5.5 Local injection site reactions and inflammation 

Pain and loss of function 

Pain is the result of chemicals such as bradykinin, NGF, prostaglandins and cytokines 

such as TNF-α that stimulate the nociceptors. Pain will only occur if the affected area 

includes these pain receptors.297 Loss of function occurs due to pain, reflex muscle 

inhibition, disruption of tissue structure such as formation of fibrous tissue as part of the 

repair process (fibroplasias). See section 2.3.6 on pain. 

 

Redness (erythema) and heat. 

Redness and heat are the result of increased flow of blood at core body temperature to 

the peripheral inflamed sites (hyperaemia). Hyperaemia occurring in tissues presents 

as erythema due to the increase of oxygenated blood in the vessels. Erythema can 

occur in the absence of heat. It occurs with any skin injury, infection or inflammation. 

 

Swelling 

Swelling is the result of increased vascular permeability which allows cells, plasma 

proteins and fluid into the surrounding tissue.  

 

Beyond swelling - induration 

Induration does not appear to fit as well into the inflammatory model as do erythema, 

swelling and pain. It is possible it is a distinctly different immunological entity. As 

discussed in 2.4, swelling and induration have often been used interchangeably and it 

is really only the Brighton Collaboration definitions of these that highlight their 

differences.298 299 Induration is described as a well demarcated hard area. The 

inflammatory process that better describes this is perhaps a delayed-type 

hypersensitivity (DTH) which necessitates the presence of memory T-cells and is 

characterised by an influx of immune cells such as macrophage and basophils 

becoming apparent (symptomatic) within 24-72 hours. There are various subclasses of 

DTH and perhaps the one that most aptly describes vaccine injection site induration is 
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granulomatous hypersensitivity characterised by transformed macrophages (epithelioid 

cells). In this reaction, cells (primarily macrophage) attempt to wall off substances that 

are foreign and that have not been removed. Other cells such as lymphocytes, 

neutrophils as well as collagen and fibroblasts may also be present.300 

 

Clearance of phagocytosing macrophages from the site of stimulus is highly regulated. 

Failure to clear macrophages can result in granuloma and the development of chronic 

inflammation. Clearance is controlled by the state of macrophage activation and by 

adhesion molecules which regulate emigration via the draining lymphatics.292 

 

2.3.5.6 Summary of acute inflammation 

Acute inflammation has been recognised and described for millennia. It includes a 

variety of biological processes that occur as a healthy response to injury or infection. 

Generally inflammation plays an important role in providing protection against disease 

and in repair of damaged tissue. With respect to vaccination it plays a vital role in 

inducing the innate response required before the subsequent development of adaptive 

immunity can occur. The most common reactions to vaccination (pain, swelling, 

induration and erythema at the injection site) can largely be explained by an acute 

inflammatory response initially induced by tissue injury, the presence of microbial 

patterns and vaccine adjuvant. If delayed-type hypersensitivity has a role in induration 

then this symptom should be observed more often after a booster dose of vaccine. 

 

2.3.6  Pain as a vaccine- related phenomena 

2.3.6.1 Introduction 

“Pain is an unpleasant sensory and emotional experience associated with actual or potential 

tissue damage or described in terms of damage.” International Association for the Study of 

Pain (IASP).301 302  

 

There are many terms and definitions associated with pain and usage depends 

whether the pain is from the first person or third person perspective. The first person 

perspective of pain refers to that which is consciously experienced and subjective. The 

third person perspective consists of the measurable correlates of pain.302 The relative 

importance of these perspectives will depend on whether one is more interested in the 

psychological aspects of pain or the neurological aspects.  
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Perhaps one of the most important concepts in acute pain perception is that of 

nociception which is the processing of noxious stimuli by the nervous system. A 

noxious stimulus is one which is damaging to normal tissues. The result of this process 

is perceived cognitively and emotionally by the brain.297  

 

Biologically, the nocicepter system acts to provide a warning of potential tissue 

damage. The threshold of ‘detection’ or perception of pain is set low enough so that it 

may be activated prior to the occurrence of damage. The system is imperfect with not 

all noxious stimuli being detected and relatively benign stimuli causing hyperalgesia.303  

 

Pain behaviour is the result of the perceptual process in response to nociception. This 

can be modulated both by the endogenous stressor causing the tissue damage or by 

inflammation of exogenous stressors such as psychosocial factors. 

 

For the purposes of this thesis we wish to understand firstly about perceived pain 

because one of the most important reactogenicity outcomes is perceived pain (usually 

at the site on injection). Secondly we wish to measure some of the mechanisms that 

may be behind the generation of this perceived pain as this could provide both some 

understanding as to how both the administration of a vaccine and the vaccine itself 

causes pain as well as insight into other factors that influence pain perception.  

2.3.6.2 Aims of section 

The aims of this section are to describe nociceptors and nociception, discuss some 

biological correlates of pain and evaluate how administration of a vaccine may relate to 

these, explore other factors which influence the perception of pain and discuss how 

pain can be assessed. 

2.3.6.3 Nociception (Latin nocere – harm or damage) 

The concept of the nociceptor was proposed over 100 years ago by Charles 

Sherrington, who suggested that primary sensory neurons had characteristic 

thresholds that distinguished them from other nerve fibres. Prior to this it was thought 

that animals transformed the energy of sensory into motor responses. Sherrington 

demonstrated that different types of stimuli to the receptive field of a nerve led to 

different responses.304 Since that time studies have shown that there are many types of 
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nociceptor for many different stimuli. Acute pain requires the presence of cells with 

receptive properties tuned to the particular stimuli.305  

 

Nociceptors 

There are nerve fibres in both the central nervous system and the peripheral nervous 

system. These fibres may be either myelinated or unmyelinated. Examples of central 

nervous system nerve fibres include optic nerves, olfactory nerves and fibres which 

extend from the brain to the spinal cord. Peripheral nerves may be sensory, motor or a 

mixture. Each peripheral nerve fibre contains an axon, a cell membrane called 

axolemma which is responsible for maintaining the membrane potential, a myelin 

sheath (if myelinated), Schwann’s sheath called neurolemma (the outermost layer) and 

an endoneurium enclosing the myelin sheath. Peripheral nerve fibres are classified 

based on their diameter and termed A group, B group and C group. ‘A’ group have the 

largest diameter, are myelinated and consist of four types of fibre: A alpha fibres, A 

beta fibres A gamma fibres and A delta fibres (Aα, Aβ, Aγ and Aδ). B group are 

myelinated with a small diameter and low conduction velocity. C group are un-

myelinated, have a small diameter and low conduction velocity. C group fibres at the 

dorsal roots carry pain, thermal, pressure, touch and itch sensory information. Most 

nociceptors are either Aδ or C fibres. Aδ fibres mediate rapid, acute pain called ‘first’ 

pain while C fibres mediate the delayed, dull pain induced by a noxious stimulus; either 

chemical, mechanical or thermal. 

  

Nociceptors are present in areas of the body that can sense pain both internally and 

externally. Examples include cutaneous, mucosal, muscle and gut nociceptors. 

 

Primary and hyperalgesia 

Following a cutaneous injury, pain is not only felt at the site of injury but also in 

surrounding area. The pain in the surrounding area is called secondary hyperalgesia. 

Primary and secondary hyperalgesia differ in that the primary hyperalgesia is sensitive 

to both heat and mechanical stimuli while secondary hyperalgesia is sensitive to only 

mechanical stimuli. Hyperalgesia commonly occurs when tissue is injured and/or 

inflamed.  

 

In healthy subjects, hyperalgesia is an increased pain sensitivity that often occurs 

following injury and inflammation. The threshold for pain is lowered by a nociceptor 

sensitisation.  
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2.3.6.4 Biological correlates of inflammatory pain 

It recently has been argued that the origin of all pain is a result of the inflammatory 

response.306 This has been proposed as an alternative to the many distinct disease 

entities that include pain which are classified based on symptoms, structural pathology 

and markers such as genetic polymorphisms or presence of auto-antibodies. The 

single origin of pain theory proposes a reclassification and treatment of pain syndromes 

based up on their inflammatory profile irrespective of the type of pain (i.e. chronic or 

acute; peripheral or central; nociceptive or neuropathic) as the underlying origin is the 

inflammatory response.307 

 

It is well documented that peripheral inflammation is associated with hyperalgesia 

mediated by pro-inflammatory cytokines including IL-1β, IL-6 and TNF-α.308 In addition, 

many other mediators play pleiotropic roles ranging from direct stimulation of 

nociceptors to orchestration of other molecules; the nature of the stimulus will influence 

the profile of mediators involved. The linking of the immune system and the nervous 

system by cytokines is now well established (See 2.3.4 on stress) and they may be 

involved in the generation of pain and hyperalgesia.309 

 

The cascade of biological products 

There are now several cytokines that have been examined in relation to the generation 

and maintenance of pain. Experimental evidence in animal models shows that 

administration (by injection) of pro-inflammatory cytokines produces hyperalgesia. In 

contrast, administration of antagonists of these cytokines blocks pain.310 

 

Following a trigger such as trauma, infection or chemical injury, local macrophage 

generate a cascade that includes pro-inflammatory cytokines, among them IL-1, IL-6, 

IL-8, TNF, CX3CL1 (fractalkine) and CCL5. The generation of pro-inflammatory 

cytokines either directly (e.g. via TLRs) or indirectly (e.g. via damage associated 

molecular patters (DAMPs) activate genes for inflammatory molecules including COX-2 

and NOS.310 Migrating cells such as neutrophils serve to further amplify this reaction.277 

Following the initial cascade cells such as mast cells, neutrophils, macrophage and T-

cells release further products that maintain hyperalgesia.277 

 

As cytokines are produced on demand, sometimes in very low concentrations and 

often remain localised, serum levels may not reflect their activities. 
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Table 2-17 Summary of selected mediators and their role in nociception and 
hyperalgesia 

Mediator Selected Actions Selected outcome 

IL-1β282 308 Stimulates prostaglandin E2 

(PGE2), Cyclooxygenase-2 

(COX-2), synaptic 

transmission 

Direct action on 

nociceptors. 

Generation of mechanical 

hyperalgesia (within 1 min)  

IL-1 receptor 

antagonist (IL-

1ra)282 309 

 Prevents development of 

nerve pain, prevention of 

inflammatory hyperalgesia 

IL-4281 284 286 Inhibition of pro-

inflammatory cytokines and 

prostaglandins 

Prevents development of 

nerve pain 

TNF-α128 308 309 Stimulates formation of 

prostaglandin, synaptic 

transmission 

TNF-α evokes C and Aδ 

nerve fibres. Initiates early 

cascade. 

IL-6277 308 Synaptic transmission, 

direct affect on nociceptors 

Induces hyperalgesia 

IL-8310 Promotes adhesion,   

IL-10274 284 285 Anti-inflammatory Prevents pain 

IL-13284 Inhibition of pro-

inflammatory cytokines 

Prevents development of 

nerve pain 

TGF-β1297  Prevents development of 

nerve pain 

Prostaglandins297 Smooth muscle contraction, 

sensitisation of nociceptors, 

Primarily secondary 

hyperalgesia, 

Bradykinin276 297 Activates and sensitises 

neurons via bradykinin 

receptors.  

Early contribution to 

inflammatory cascade. 

Sensitises directly and 

indirectly 

Nitric oxide276 310 Stimulates production of 

COX-2 and inducible nitric 

oxide synthetase (iNOS) 

Swelling, hyperalgesia 
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Substance P297 Stimulates TNF-α Along with TNF-α attracts 

monocytes and 

macrophage. TNF-α evokes 

C and Aδ nerve fibres, 

degranulates mast cells 

(histamine) 

Gelatinase B or 

matrix metallo-

proteinase P 

(MMP-9) 

Connective tissue 

breakdown. Activated by IL-

1 and TNF-α. Released by 

neutrophils, macrophage 

and lymphocytes 

Facilitate cell migration. 

 

 

Mechanisms of pain – relevant to injections 

There is no description of the aetiology of ‘vaccine associated pain’ in the literature 

despite the fact that it is probably the most common noticeable response to vaccine 

administration. Generally speaking vaccine associated pain is peripheral, of short 

duration and presumably nociceptive in nature. In addition vaccine associated pain is 

undoubtedly associated with inflammation by design. It therefore seems probable that 

inflammation is the mediator of vaccine associated pain.  

 

Initial injury to tissue stimulates the release of a range of inflammatory mediators from 

damaged cells. This could be a result of changes in osmolarity, swelling or direct 

pressure. Damaged cells release potassium and hydrogen ions as well as bradykinin, 

histamine, 5-hydroxytrypamine, ATP and nitric oxide (See section 2.3.5 on 

inflammation).297  This mechanical damage is in addition to, and complements the 

actions of antigen and adjuvant present in the vaccine. 

 

2.3.6.5 Other factors that influence pain perception 

There are a range of factors that have been shown to influence pain perception. 

Anxiety and stress can modulate pain response during a cognitive stressor (such as 

performing arithmetic in front of an audience).275 Stress induces analgesia and there is 

considerable individual variation in sensitivity. Factors that have been shown to 

contribute to this observation are degree of opioid sensitivity and startle response. Age, 
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gender and prior experience also contribute and pathways involving neurotransmitters 

such as opioid, monoamine, cannabinoid and glutamate systems have a role.311  

 

One example is that of major depression which is accompanied by immune system 

dysfunction (see 2.3.4). More specifically there is increased production of pro-

inflammatory cytokines. Not only can these cytokines contribute directly to depressive 

symptoms but they also induce central neurotransmitter changes.312 Recently it has 

been suggested that increased pain sensitivity in depression may be linked to an 

increase in TNF-α in women but not men.313 Both clinical and experimental 

observations have demonstrated gender differences in pain perception. Factors 

associated with increased pain sensitivity include cortisol and high blood pressure. Men 

and women exhibit different patterns with a negative association between cortisol and 

pain in men only and hypertension in women only.314 

 

There is also some evidence to suggest ethnic variation in plasma levels of some 

cytokines. IL-8 and granulocyte colony stimulating factor are higher in people of African 

descent201 and Mexican Americans demonstrate higher levels of TNF-α compared to 

non-Hispanic white adults.202 Compared with Hispanics, non-Hispanic Whites and 

Blacks have higher levels of circulating pro-inflammatory cytokines and this may 

contribute to the improved health status of Hispanics who share similar deprivation 

characteristics to Blacks but have better health.203 Higher levels of IL-6 have been 

associated with women, ethnic minorities and lower extraversion personality, more 

specifically the facets of dispositional vigour and energy.315  

 

2.3.6.6 Assessing pain 

There is little doubt that pain is complex to assess. It occurs across a wide spectrum of 

conditions, can be acute or chronic, and include both sensory and emotional 

components.  

 

Generally there are three aspects of pain that can be measured: sensory, affective and 

impact. Sensory includes word descriptors, duration, location and frequency. 

Affective/cognitive describes the unpleasantness of the pain and the impact of the pain 

describes the physical, social and emotional functioning.316 
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There are currently a number of robust tools for evaluating pain in people of varying 

ages. The most appropriate method will depend on the context in which it is to be 

employed. A 2008 review of paediatric pain assessment presented 15 different 

measures with well-established to approaching well established evidence based 

assessment ratings. They range from observer rated measures that can be used in 

very small infants or intensive care environments to self-report visual analogue scales 

suitable from age three to adult.316 317 

 

As the numerical measure of pain and the changes in pain are important when 

assessing the impact of treatments and procedures it is important to have a tool that 

returns consistent and reliable data cross subjects and time. One such tool for 

measuring acute pain is the Visual Analogue Scale (VAS).318 The generic VAS consists 

of a linear 10 point scale that may include faces (Figure 2-9). The left indicates 

absence of pain and right indicates worst pain imaginable. 

 

 

Figure 2-9 Basic Visual Analogue Scale for pain 

2.3.6.7 Summary of pain and relationship to vaccination 

Pain is a complex entity that results from the interaction of many factors to manifest 

both psychologically and physiologically. The nociceptor system is responsible for 

perceiving injury or inflammation. Inflammation results in the release of many 

substances that modulate pain either directly by interacting with nociceptors or 

indirectly by inducing additional pain mediators. An immunogenic vaccine will induce an 

inflammatory cascade that includes mediators that act on nociception both directly and 

indirectly resulting in the perception of pain. There are range of factors that are likely to 

influence both inflammation and pain perception including gender, ethnicity and stress. 
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2.3.7  Evidence to date: Potential host factors as mechanisms for adverse 

events following immunisation 

2.3.7.1 Introduction 

Until very recently the potential mechanisms behind common adverse vaccine 

reactions presumably have been assumed too obscure and complex to address. Over 

the past few years there has been a significant increase in the understanding of 

immunobiology due to technologies to facilitate assays and gene sequencing. It now 

has become possible to begin to explore the previously little understood functions of 

these. 

 

While there is minimal published data, and most of this limited information pertains to 

live viral vaccines rather than adjuvanted subunit vaccines, the following studies 

illustrate that vaccine reactions are, at least to a certain extent, dependent on 

identifiable host factor interactions. As this thesis is focussed on injection site reactions 

the studies described below may not provide insight into the mechanisms relevant to 

these more modest reactions and in fact may reflect different mechanisms. However 

they constitute the current sum of existing literature on host factors associated with 

vaccine reactions. 

2.3.7.2 Aim of section 

The aim of this section is to discuss the findings from recent studies examining factors 

associated with adverse events following immunisation. 

 

2.3.7.3 Cytokine variation as host factor for AEFI 

High rates of AEFI are observed in recipients of smallpox vaccine319 making this an 

ideal vaccine to use when exploring factors that may be associated with these events. 

The vaccine used was live attenuated vaccinia virus which, as a live vaccine, induces a 

systemic immune response.  

 

In this study320, serum cytokine levels in 107 smallpox vaccinees were examined for 

systemic cytokine concentrations. IFN-γ, TNF-, IL-2, IL-4, IL-5 and IL-10 were 

measured using an assay allowing multiple cytokine analysis of a single sample. The 

objective was to determine whether the vaccine altered cytokine concentrations and 

identify whether any alterations were associated with adverse reactions. 
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Results showed that IFN-γ, IL-10 and TNF- increased dramatically in response to 

vaccination after one week. There were no significant changes observed in the other 

cytokines measured between baseline and acute concentrations. All returned to 

baseline levels after three to five weeks. 

 

In this study fever, lymphadenopathy and rashes were reported in 33% of the study 

participants. Serum levels of the aforementioned cytokines were compared between 

subjects with and without reported adverse event/s. Subjects reporting at least one 

adverse event exhibited significantly different cytokine profiles from those who did not 

report an adverse event. Those without adverse events only exhibited an increase in 

IFN-γ during the acute phase whereas those reporting events also had significant 

increases in TNF-, IL-10, IL-5 and IL-2. Subjects with AEFI also had higher levels of 

the measure cytokines as well as greater rises.  

 

Fever and localised rash presented with different cytokine profiles with fever 

characterised by increased levels of IFN-γ, TNF- and IL-5 whereas subjects with 

localised rash had increased concentrations of IFN-γ, TNF- IL-10, IL-4 and IL-2 during 

the acute phase compared with participants reporting no AEFI. 

 

The authors concluded that there is a strong relationship between increased systemic 

cytokine concentrations and AEFI with smallpox vaccine.320 

 

Further to the work in study one this investigation120 quantitated 108 serum cytokines 

prior to and one week after smallpox vaccination in order to determine whether 

cytokine “dysregulation” is associated with systemic events following smallpox 

vaccination. The timing of the second sample occurred prior to maximum adverse 

events so that it could serve as a predictor of events. 

 

The investigators determined six cytokines that differentiated individuals who had 

adverse reactions and those who did not: G-CSF, stem cell factor, monokine induced 

by IFN-γ (CXCL9), intracellular adhesion molecule-1 (ICAM1), Eotaxin and tissue 

inhibitor of metalloproteinases-2 (TIMP2). A model (decision tree) was developed that 

predicted adverse events given the cytokine profile of the individual.120 
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2.3.7.4 Genetic haplotypes as host factors for AEFI 

In another study the authors hypothesised that there was a genetically determined 

basis for the development of fever following smallpox vaccination.321 They selected 19 

candidates genes linked to either inflammatory processes or host defence against viral 

infections and examined them for single nucleotide polymorphisms in 346 individuals 

previously vaccinated with smallpox vaccine. 

 

Individuals with documented fever over 37.7ºC within 3-15 days post vaccination were 

compared to participants without documented fever.  

 

Host factor – genetic haplotypes 

Haplotypes for the genes were generated. The authors identified eight haplotypes in 

four different genes that were associated with development of fever in the total study 

population. The genes were IL-1, IL-1, IL-1R type 1 and IL-18 (see Table 2-18). 

When smallpox vaccine naive vs. non naive individuals were analysed separately there 

were additional genes and haplotypes which became significantly predictive. 
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Table 2-18 Gene haplotype and association with fever following smallpox 
vaccination in naive and non-naive individuals 

Gene (haplotype) Association with fever        

Total study population  

P 

IL-1 (1/3) 
- .022 

IL-1 (3/3) + .004 

IL-1 (7/8) + .029 

IL-1 (8/8) + .030 

IL-1R type 1 (10) + .045* 

IL18 (1/10) - .012 

IL-18 (9/10) + .003 

IL-18 (10/10) + .020 

*later found to be significant in pre-exposed only 

 

Table 2-19 Gene haplotype and association with fever following smallpox 
vaccination in non-naive individuals 

Gene (haplotype) Association with fever 

Pre-exposed only 

P 

IRF-1 (3/3) + 0.02 

Gene (haplotype) Association with fever 

Naive only 

 

IL-4 (2/4) - .007 

*IRF-1 = Interferon regulatory factor -1 

 

As IL-1 is a pro-inflammatory cytokine that has a direct role in fever in humans,322 it is 

not surprising that polymorphisms within the genes in the IL-1 complex are associated 

with susceptibility to fever following vaccination with smallpox vaccine. As with Il-1, IL-

18 is a pro-inflammatory cytokine and shares some transduction pathways with the IL-1 

receptor. IL-18 is able to induce other cytokines including TNF-, IL-1 and is essential 

to host defences against severe infections including viral and intracellular bacterial 

infections and enhances both Th-1 and Th-2 driven responses.323 

 

Since the development of fever following vaccination is not restricted to smallpox 

vaccination the authors speculated that the same haplotypes may predict individuals at 
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risk for fever following other live viral vaccines such as MMR. Given the number of 

genes screened (19) the strength of the associations (p-values) need to be interpreted 

with caution and the results repeated . 

2.3.7.5 Other evidence for the role of genetic factors in vaccine reactions 

Experiments using a murine model found following administration of whole cell 

pertussis vaccine (known to be pyrogenic) there were significant increases in IL-1β in 

the brain tissue (specifically the hypothalamus and hippocampus) in association with 

fever 4-6 hours after injection. There was no increase in the circulating levels of IL-1β 

but increases in IL-6 and TNF-α occurred 2 hours after injection.324 

 

Together these studies indicate the following are associated with systemic vaccine 

reactions. 

 IL-1 

 IL-2 

 IL-4 

 IL-5 

 IL-6 

 IL-10 

 G-CSF 

 TNF-α 

 IL-18. 

2.3.7.6 Summary of evidence to date on host factors and AEFI 

These studies are the first to explore characteristics of subjects who experience an 

adverse event following an immunisation. Identifiable host factors were shown to be 

associated with the objective outcomes of fever and rash. 

 

The overlap between local reactions and systemic reactions is not well understood, and 

certainly not for non-live vaccines. While it is possible that they exist on a continuum 

with systemic events such as fever representing a more severe end of a spectrum, it 

may be that there are actually different processes involved in the induction of local 

reactions. Also, smallpox vaccine and whole cell pertussis vaccines are, by today’s 

standards, highly reactogenic and therefore more likely to produce a pronounced 

inflammatory response. The generalisability of these findings to other vaccines are 
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probably limited although they have illustrated the point of intrinsic factors and 

relevance to vaccine reactions.  
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2.4 Defining and describing local vaccine reactogenicity 

2.4.1 Introduction to defining local vaccine reactogenicity 

Vaccine safety is an extremely broad subject encompassing everything from minor 

irritations at the site of injection to serious injury and death. It is a topic taken seriously 

at all steps along the road of vaccine development from pre-clinical concepts to post 

licensure surveillance. Until recently (1999) there had been no attempts to formally 

define case definitions for adverse events following immunisation. This has meant that 

the reporting of events following vaccination in clinical trials was generally 

heterogenous and not comparable from one study to another, often prohibiting 

combined analysis.31  

 

Over time a number of organisations have developed data elements and guidelines for 

naming and/or defining and/or collecting and/or reporting on adverse drug reactions. 

These include: 

 International Conference on Harmonization of Technical Requirements for 

Registration of Pharmaceuticals for Human Use (ICH)325 

 Council for International Organizations of Medical Sciences (CIOMS)326 

 Medical Dictionary for Regulatory Activities (MedDRA)327 328 

 Coding Symbols for a Thesaurus of Adverse reaction Terms (COSTART)329 

 World Health Organisation adverse event reaction terminology (WHO-ART)330 

 Federal Drug Administration (FDA)331 

The various moves to standardise regulations have different historical contexts and 

came at different times in different regions. In the United States an error in the 

formulation of a children’s syrup in the 1930’s led to the product authorisation system 

under the FDA.332 In Europe it was thalidomide in the 1960’s. Despite these efforts 

none of these systems had internationally accepted standards for vaccine safety 

monitoring. 

 

In order to address the eclectic nature of safety evaluation of vaccines, a voluntary 

international collaboration was established to “facilitate the development, evaluation 

and dissemination of high quality information about the safety of human vaccines.”31  

 

The original idea was conceived by Bob Chen (Chief of vaccine safety, CDC) and 

developed in collaboration with Harald Heijbel, Ulrich Heininger, Tom Jefferson and 

Elisabeth Loupi who in 1999 initiated the project to standardise research methodology 



109 

 

to improve the quality of vaccine safety assessment. In 2000 Katrin Kohl and Jan 

Bonhoeffer joined and seeding funds were provided by the WHO. For each type of 

AEFI there is a working group consisting of volunteers who give their expertise freely. 

Today the sponsors of the Brighton Collaboration are the WHO, Bill and Melinda Gates 

Foundation, The European Centre for Disease Prevention and Control, The European 

Commission and University Children’s Hospital Basel, Switzerland.333 

 

The Brighton Collaboration aims to develop a single case definition for every adverse 

event following immunisation and as of this writing had published case definitions and 

guidelines for around 30 different events. The guidelines are based on the clinical, 

regulatory guidelines such as those listed above as well as informed by published 

literature about each particular type of adverse event. The Collaboration also considers 

existing guidelines for conducting clinical trials, systematic reviews and meta-analysis 

such as Consolidated Standards of Reporting Trials (CONSORT),334 Improving the 

Quality of Reports of Meta-analysis of Randomized Controlled Trials (QUORUM)335 and 

Meta-analysis of Observational Studies in Epidemiology (MOOSE) (now superseded by 

preferred Reporting Items for Systematic Reviews and Meta-Analysis PRISMA).336 337 

338 For each set of AEFI case definitions there are three sections which reflect the 

chronological sequence of data collection, data analysis and then presentation. 

 

Local injection site reactions are by far the most common events following 

immunisation. They are usually perceived as mild and they are of short duration. In 

2008 The Brighton Collaboration published case definitions and guidelines for 

collection, analysis and presentation of local reactions at or near the injection site.29 In 

2007 they published on each induration299 and swelling.298  

 

For this thesis the Brighton Collaboration definitions and guidelines will be used where 

they are available. 
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2.4.2 Aims of section 

The aims of this section are to define local vaccine reactogenicity, describe guidelines 

for collecting data on reactogenicity and describe the main types of local vaccine 

reactions: induration, erythema, swelling and pain. 

2.4.3 Defining local reactions 

The Brighton Collaboration local reactions working group undertook an extensive 

literature search for the period 1961 through 2006 and surveyed over 800 experts in 

order to obtain a standardised definition of a local reaction.  

 

The Collaboration generated a list of terms covering the more commonly occurring 

events. They also prepared a list of rare events but these will not be addressed in this 

thesis. They recommended the use of measurements such as size in millimetres for 

measurable outcomes and for subjective outcomes such as pain assessing degree of 

severity using impact on performance of daily activities (acknowledging the limitations 

of such data).29 

 

Following is a list of most common local reactions developed by the Brighton 

Collaboration. (Reproduced from Gidudu et al Vaccine 26:6800-6813. 2008). Those 

addressed in this thesis are in bold. 

 abscess 

 atrophy (tentative) 

 cellulitis 

 erythema 

 granuloma/cyst – defined as nodule 

 hematoma (including bleeding) (tentative) 

 induration 

 pain/tenderness together with functionality, i.e. restricted motion (including 

burning) 

 pigmentation changes (tentative) 

 pruritis (tentative) 

 rash (including vesicles, bullae, pustules, urticaria, dermatitis) 

 swelling including whole limb swelling 

 ulceration (necrosis) 

 warm to touch. 
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There are varying levels of diagnostic certainty whereby each case may be assigned. 

These are defined by sets of clinical and/or diagnostic criteria. The uppermost level of 

certainty, level one, is the highest level of specificity. It is sensitive for the particular 

AEFI and applicable in clinical trials and settings that have active follow up. Level two is 

less specific but sensitive for the AEFI of interest. It is the most applicable level not only 

in trials but post marketing surveillance. Level three has relatively low specificity and is 

highly sensitive for the AEFI. The case definitions for a local reaction have two levels of 

diagnostic certainty. 

Level one is: 

Any description of morphological or physiological change at or near 
the injection site that is described or identified by a health care 
provider 

Level two is: 

Any description of morphological or physiological change at or near 
the injection site that is described or identified by another person 

The morphological or physiological change at or near the injection site refers to events 

such as erythema, swelling, pain and warmth which are at or near the injection site and 

includes at the site, adjacent to the site or one that may shift with gravity such as 

swelling.29 

 

2.4.3.1 Collecting, analysing and reporting on local reactions 

In addition to setting case definitions, the Brighton Collaboration have also set 

guidelines for the standardisation of collection of data, the analysis of, and the reporting 

of local reactions. They set out detailed key elements, some of which are only relevant 

in a clinical trial setting while others are relevant for both trials and surveillance 

systems. The key points for these guidelines are summarised in Table 2-20 - Table 

2-22 below.   
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Table 2-20 Summary of Brighton Collaboration guidelines for collection of 
information on local reactions  

Collection of information  

Source of information Date and information about the person 

reporting and relationship to patient 

Vaccinee/control Demographics including age, gender, 

race/ethnicity 

Clinical and immunisation history Relevant past medical history including 

underlying disorders including immunological. 

Medication prior, during and after vaccination. 

Immunisation history 

Details of the immunisation Date/time, description of the vaccine, 

anatomical sites, storage conditions of the 

vaccine, vaccinator, route of administration, 

needle length and gauge and any other 

observations. 

The adverse event The criteria fulfilled to meet the case 

definitions and other signs and symptoms. 

Detailed clinical description including a picture 

where appropriate, size (largest diameter). 

Anatomical site and if previous vaccines 

administered in same site. Time of onset. Any 

details of a biphasic pattern. Laboratory 

results, follow up information and resolution 

Miscellaneous/general 

recommendations 

Biological characteristics of:  

 The vaccine (i.e. live attenuated)  

 Composition of vaccine (i.e. adjuvant) 

 The local reaction and the vaccine  

 The targeted disease. 

Adapted from Gidudu29   
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Table 2-21 Summary of Brighton Collaboration guidelines for analysis of local 
reactions data  

Analysis of data  

Four categories for event 

classification 
1. Level 1: as specified in the case definition for 

a local reaction 

2. Level 2: as specified in the case definition for 

local reaction 

3. Insufficient evidence for a local reaction 

4. Not a case of a local reaction 

Interval for onset of local 

reaction/ first observation 

>0-24 h 

25-48 h 

49-72h 

73h – 7 days 

>7 days 

Include numbers of subjects with local 

reactions newly present at each specified time 

as %. 

Diameter of the local reaction > 0.0 - <1.0 cm 

≥ 1.0 – 2.5 cm 

≥ 2.5 – 5.0 cm 

≥ 5.0 - <10.0 cm 

≥ 10.0 - <15.0 cm 

≥ 15.0 - <20.0cm 

≥ 20.0 - <30.0 cm 

≥ 30.0 cm 

Adapted from Gidudu29   
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Table 2-22 Summary of Brighton Collaboration guidelines for presentation of 

local reaction data 

Presentation of data  

Key data to be included 

in any report or 

publication 

 All events reported as per the 4 event classification 

categories and in accordance with the guidelines for 

data collection and analysis. 

 Numerator and denominator (where possible). 

 Distribution of time and measured values. Include 

median and range if skewed. 

 Incidence and prevalence of events 

 Methods used for collection 

Adapted from Gidudu29 

2.4.3.2 The most common local vaccine reactions 

Pain as a local reaction 

Pain as a local AEFI is the most subjective of all local reactions. It is possibly also the 

most distressing. Like erythema there are not yet any Brighton Collaboration Case 

definitions or guidelines, although the general guidelines for local reactions note the 

value of including a measure of functionality such as the ability to lift the arm or to do 

work.29 There are many pain scales in use that measure a person’s pain intensity. The 

tool used will depend on the age, ability or type of condition present in the patient (i.e. 

neck pain, osteoarthritis or insect stings). It is generally acknowledged that patient self-

report is preferable over health provider estimates. This is covered more extensively in 

section 2.3.6 on pain. 

 

Erythema as a local reaction 

Erythema is redness of the skin and the physical manifestation of injury, infection or 

inflammation. The redness is caused by an increased blood flow to the capillaries in the 

skin. Although planned there are not yet any Brighton Collaboration Case definitions for 

erythema as an AEFI. Unlike induration and swelling erythema is more easily seen and 

measured. 
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Induration and swelling – distinct entities 

Until the development of case definitions in the literature induration had often been 

used synonymously with swelling making any evaluation or comparisons impossible.  

The 2007 Brighton Collaboration case definitions for both induration and swelling are 

presented in Figure 2-10 for comparison.298 299 

 

Figure 2-10 Comparison of features of induration and swelling 

 

Swelling as a local reaction 

Both swelling and induration are distinct. Swelling (Figure 2-11) is usually a result of 

the collection of fluid and more typically soft (although it may be hard if there is little 

available space for fluid to disperse).  

 

 

Induration

•Level 1
•Palpable thickening , 
firmness, or hardening of 
soft tissue assessed and 
reported by a health care 
provider

•Level 2
•Palpable thickening , 
firmness, or hardening of 
soft tissue 

Swelling

•Level 1
•Visible enlargement of an 
injected limb with or without 
objective measurement and 
assessed by a health 
provider

•Level 2
•Visible enlargement of an 
injected limb with or without 
objective measurement and 
assessed by any person
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Figure 2-11 Extensive injection site swelling  

Twenty seven year old female with extensive swelling of the deltoid 24 hours post 
vaccination with Quadrivalent human papillomavirus vaccine. The injection site is 
surrounded by 2mm erythema. 
 

Induration as a local reaction 

In contrast to swelling, induration (see Figure 2-12) is generally defined as a local 

hardening of soft tissue that is well demarcated with palpable boarders. Both induration 

and swelling may occur as distinct entities or may be present together.  

 

Site of injection 
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Figure 2-12 Induration with erythema 

Induration of 60mm with erythema occurring in 48 year old female five hours post 
vaccination with trivalent influenza vaccine.  

 

Given the distinct clinical presentation of induration and swelling it is likely that they 

have different aetiologies. As discussed in 2.3.5.5 it is possible that cellular immunity 

plays a role in the aetiology of induration as opposed to only innate immunity.  

2.4.3.3 Summary of definitions for local reactions 

Ten years ago there were no internationally accepted standardised case definitions for 

AEFI. The establishment of The Brighton Collaboration in 1999 has resulted in 

definitions and guidelines for over 30 distinct AEFI. Local injection site reactions are the 

most common of all AEFI and of these pain, induration, swelling and erythema are 

most frequently reported. To date there are published guidelines for induration and 

swelling but not yet for pain or erythema. These are the four AEFI on which this thesis 

60mm 
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focuses on and they form the primary outcome measures for both phase two and 

phase three of this work. 
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2.5  Conclusions from the review of literature 

The existing literature on vaccine reactogenicity is limited and, until recently there have 

not been formally defined case definitions. Comparison of reactogenicity from trial to 

trial and vaccine to vaccine is not possible in most cases due to inconsistencies in data 

collection and reporting. There are very few trials which report any subgroup analyses 

for reactogenicity outcomes. 

2.5.1 Studies reporting factors associated with reactogenicity 

Of the factors noted to contribute to local vaccine reactions, some aspects of injection 

technique have modest to moderate levels of evidence to support their practice. There 

is evidence to support the administration of subunit vaccines into muscle, with a longer 

needle, rather than injecting into subcutaneous tissue. Also the practice of using a 90° 

angle is supported. There are still many variables that have no evidence at this time 

and it is not possible to conclude the best practice and combination of variables for 

injection technique that will minimise local reactions or pain on injection. 

 

Although data on race and ethnicity are routinely collected in vaccine clinical trials it is 

not usually included in the published literature. There is some evidence that there could 

be ethnic differences in the reporting of reactogenicity outcomes. 

 

Results by gender are also seldom reported. However limited evidence suggests 

sexually mature females are more likely to report local reactions than males and that 

androgens have some immunosuppressive properties while oestrogens are more 

immune-enhancing. 

2.5.2 Potential biological processes 

Most vaccines are inactivated or subunit vaccines and they contain an adjuvant 

(usually aluminium salts) to promote an effective immune response. These are the 

vaccines that tend to produce local vaccine reactions because live vaccines act 

systemically.  

 

The immunocompetence of muscle tissue is likely an important factor in the initiation 

of an innate immune response to a vaccine and modulation of the muscle 

immunobiology could occur through various types of exercise. A robust innate immune 

response initiated by the vaccine would be expected to result in inflammation at the 

injection site consisting of pain, induration, swelling and redness. Orchestrating this 
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process is a range of both pro and anti-inflammatory cytokines. These cytokines can 

also affect the perception of pain both directly and indirectly Emerging evidence 

supports the role of genetic polymorphisms, particularly for genes encoding cytokines, 

which contribute to vaccine reactogenicity. 

 

An area of research which has attracted a significant amount of attention over the past 

30 years of so has been the influences of stress on health and disease. Although 

there have been no studies published examining the influence of psychological stress 

on vaccine reactogenicity, it has been shown to modulate the immunogenicity to a 

number of vaccines. Given that stress can be immune-enhancing or 

immunosuppressive depending on the type and duration of the stressor, makes it 

difficult to predict whether local reactions would occur more or less in people who 

generally perceive they are stressed. It is possible less reactogenicity may be observed 

in those with chronic stress.  

 

Based on an exploration of the literature an initial model has been developed to 

include factors that may have an influence either negatively or positively on local 

injection site reactions following vaccination.  



121 

 

 

 

 

 

All of these factors can be explored using clinical trial data and a range of molecular 

immunology techniques and analyses. Although it would take many studies to fully 

delineate the aetiology and risk factors for local vaccine reactions examining existing 

data seems a good place to start. 

 

The structure of the following thesis sections is outlined in Figure 2-14. 

 

Mediated by 

inflammatory 

cytokines and  

pre-existing 

immunity 

 

Factors shown to increase 

local reactions 

Subcutaneous administration 

 

Factors that may be associated 

with incidence and intensity of 

local reactions 

Psychological stress 

Physical exercise 

Gender 

Ethnicity 

 

Factors shown to decrease 

local reactions 

Longer needles 

 

Figure 2-13 Model of factors that may be associated with injection site 
reactions based on existing literature 
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Three experimental approaches to evolve the model  

Secondary analysis 
- MeNZB

Methods

Results

Prospective study: 
FAR trial

Methods

Results

Emergent 
hypothesis and 

post hoc analsyses

Methods

Results

               Evolving model 

Figure 2-14 Structure of chapters three, four and five 
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CHAPTER 3. SECONDARY ANALYSIS OF THE NZ 

MENINGOCOCCAL B VACCINE SCHOOL-BASED CLINICAL 

TRIAL 

This chapter provides the methods for this part of the thesis. It gives a rationale for the 

approach and describes the process of the collection of the data on which these 

secondary analyses is performed. The structure and flow of this chapter is outlined in 

Figure 3-1. 

 

Figure 3-1 Outline of the structure and flow of chapter three 

 

3.1 Rationale 

In 2004 phase two clinical trials were conducted for the NZ tailor made meningococcal 

B vaccine developed to control an epidemic of Meningococcal disease. As group B 

polysaccharide antigen resembles human fetal neural tissue there is no polysaccharide 

vaccine against meningococcal disease caused by this group. The NZ epidemic was 

caused by a clone of type B (B:4:P1.7b,4), enabling the development of a vaccine 

based on the outer membrane protein (OMP). The vaccine was based on an existing 

group B OMP vaccine developed in Norway a decade earlier. A prototype NZ vaccine 

was developed in Norway and then manufactured for NZ by (then) Chiron. Following 

phase one trials in adults phase two clinical trials took place in south Auckland, the 

region of NZ where the rates of meningococcal disease cases were the highest. The 

Ch.3  Secondary 
analyses of MeNZB 

data

3.1 Rationale

3.2 Study design 
and data

3.3 Method for 
secondary 
analyses
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vaccine was demonstrated to have a good safety profile and elicit a four-fold rise in 

antibody in 74-96% of vaccinees (depending on age) after three doses.22 339-344 

 

The school-based trials upon which this secondary analysis is based were published in 

2007.339 The local data obtained from these trials provide an opportunity to start testing 

some of the research hypotheses. This study is a secondary analyses of existing data 

collected in 2004. The candidate had no involvement in the work conducted in 2004 

and accessed the clinical reports in 2007 to conduct this study.  

3.1.1 Aims and objectives 

The primary aim of this analysis is to evaluate existing clinical trial data to explore 

some of the factors that could be associated with local reactions to this OMV vaccine, 

specifically: 

 vaccine formulation 

 gender 

 ethnicity 

 Body Mass Index 

 health history (i.e. atopic, frequent infection) 

 pre-existing (baseline) antibody 

 socioeconomic status 

 age 

 vaccinator (a proxy for variation in injection technique). 

 

In addition, pain on injection is evaluated to examine any factors associated with acute 

perceived pain. 

 

Original Full Study Title:  

A Phase II, Single Centre, Randomised, Observer Blind Study to Evaluate the safety, 

reactogenicity and immunogenicity of a three-dose regimen of three different 

Meningococcal Serogroup B outer membrane vesicle (OMV) vaccines when 

administered to two cohorts of 8 to 12 year old healthy children. 

 

Sponsored by: New Zealand Ministry of Health and Chiron Vaccines, Siena, Italy 

Principal Investigator: Professor Diana Lennon, University of Auckland 
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3.2 Study design and data 

A Phase II, observer blind, randomised, controlled single centre trial in school children 

aged 8-12 years of a strain-specific meningococcal serogroup B OMV vaccine was 

performed with two cohorts of children; Cohort A and Cohort B recruited during the 

periods October – November 2002 and August – September 2003. Approval to conduct 

the trial was granted by the Auckland Ethics Committee. 

 

The findings from this study have been previously published.339 345 Study methods most 

relevant to this secondary analysis are presented blow. 

3.2.1 Study Population 

The eligible study population were children aged 8-12 years of age attending schools in 

Manurewa and Papakura in South Auckland, New Zealand. Forty two schools were 

invited to participate with 39 schools accepting.  

 

Cohort A 

Starting with the schools who had the most expressions of interest, 1182 respondents 

were contacted by telephone. Of these, 337 attended an enrolment appointment with 

302 satisfying the eligibility criteria and being enrolled during the period of October –

November 2002. 

 

Cohort A evaluated the immunogenicity and reactogenicity of the NZ meningococcal B 

vaccine (for the NZ epidemic) produced by the Norwegian National Institute of Public 

Health (NIPH). The comparison vaccine was a licensed group B meningococcal 

vaccine, produced from the Norwegian epidemic strain, called MenBvac also produced 

by NIPH. This provided bridging data. Serum bactericidal activity is known to correlate 

with protection against meningococcal disease. Therefore it is acceptable to 

demonstrate immunogenicity but not efficacy for meningococcal vaccines.346 

 

Children were randomised in a 4:1 ratio using a computer generated list to receive New 

Zealand strain vaccine or Norwegian MenBvac. 

 

Cohort B 

Fifteen hundred and eighteen respondents who were not recruited into Cohort A were 

contacted with 350 attending an enrolment appointment and 313 satisfying eligibility 

criteria and being enrolled during the period August – September 2003.  
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The Cohort B arm of the study evaluated and compared the NZ meningococcal B 

vaccine manufactured by the NIPH NIPH-MeNZB™ in Norway with an Italian 

manufactured MeNZB™, CV-MeNZB™. 

3.2.2 Recruitment 

Participation was invited via the distribution of an initial 10,500 flyers to Cohort A and a 

subsequent 4,500 flyers distributed to Cohort B. 

3.2.3 Informed consent 

Written informed consent was obtained from parents and legal guardians. Written 

assent was obtained from the children at the initial visit. 

3.2.4 Demographics 

Demographic information collected was date of birth, gender, weight and height. 

Ethnicity was self-determined and allowed for selection of one of the following: Asian, 

Black, Caucasian, Hispanic, Pacific Islander, Maori and Other (specify). 

3.2.5 Health Check 

Health information was collected by a paediatric trained clinician. Information on 

allergies, abnormalities, injuries, sexually transmitted diseases, major surgeries 

requiring in-patient hospitalisation or any other current diagnosis or condition.  

3.2.6 Eligibility/exclusion Criteria 

Inclusion criteria 

The inclusion criteria for the study are listed below: 

 able to provide written informed consent signed by their parents/legal guardians 

 able to give written assent prior to study entry and thereby indicate their 

willingness to participate in the trial 

 were school children from 8-12 years inclusive 

 were in good health as determined by: 

o medical history 

o physical examination 

o clinical judgment of the investigator. 

 were available for all the visits scheduled in the study. 
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Exclusion criteria 

Exclusion criteria are listed below: 

 unwilling or unable to give written informed assent and their parents/legal 

guardians written informed consent 

 had previously received meningococcal B vaccine, with the exception of 

vaccines administered according to this protocol 

 had had a previous disease caused by N. meningitides 

 had had household contact with and/or intimate exposure to an individual with 

culture or PCR proven N. meningititis serogroup B infection within the previous 

60 days 

 had either received of for whom there was intention to immunise with any other 

vaccines or investigational agents within 50 days prior to enrolment through to 

50 days following the last study vaccine administration with the exception of: 

o Influenza vaccines or post exposure tetanus vaccination 

o Routine vaccination with IPV, Td or MMR if they could not be delayed 

but only if given at least 3 weeks before or after the scheduled 

vaccination with the study vaccine 

 had a history of any anaphylactic shock, bronchospasm, urticaria or any other 

allergic reaction after previous vaccination or known hypersensitivity to any 

vaccine component 

 had experienced fever (>38.5degrees C) within past 3 days or were suffering 

from a present acute infectious disease 

 had experience significant acute or chronic infections requiring systemic 

antibiotic treatment within the past 14 days 

 had any present or suspected serious chronic disease such as  

 cardiac or autoimmune disease 

 Insulin dependent diabetes or progressive neurological disease or severe 

malnutrition 

 acute or progressive hepatic disease 

 acute or progressive renal disease 

 had leukaemia, lymphomas or neoplasm 

 had a known or suspected impairment of immune function or were receiving 

immunosuppressive therapy or had received immunosuppressive therapy 

including systemic steroids or ACTH or inhaled steroids in dosages which were 

associated with HPA axis suppression 
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 had received blood, blood products or a parenteral immunoglobulin preparation 

in the past 12 weeks 

 had a known bleed diathesis or any condition that may be associated with a 

prolonged bleeding time 

 had a history of a seizure disorder 

 had an inherited genetic anomaly e.g. Downs syndrome 

 were female and of a child bearing potential who were for the duration of the 

study unwilling to avoid becoming pregnant or did a pregnancy test in the event 

that this test was considered necessary by the investigator 

 were not available for all visits scheduled for the study period 

 had any condition which in the opinion of the investigator might interfere with 

the evaluation of the study objectives. 

 

Contraindications for the second or third dose 

There were two contraindications to receiving a subsequent dose of NZ meningococcal 

B vaccine in the trial: 

 development of any condition specified in the initial exclusion criteria cited 

above constituted a criterion for exclusion from receiving subsequent 

vaccination 

 any serious reaction related to the study vaccines which in the opinion of the 

investigator should alter the course of subsequent study constituted a criterion 

for exclusion from receiving subsequent vaccine. 

 

3.2.7 Vaccines and vaccine administration.  

Manufacture of the candidate vaccine was based on the Norwegian parent vaccine 

(B:15:P1.7,16; 44/76) but with the New Zealand strain (B:4:P1.7b,4; NZ98/254).16,17 

The NZ strain was isolated from a single case and prepared by fermented growth in a 

synthetic medium. The outer membrane vesicles were extracted using the detergent 

deoxycholate, separated by centrifugation and then adsorbed to aluminium 

hydroxide.342  
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Table 3-1 Formulation of the three meningococcal B OMV vaccines in trial  

  MenBvac NIPH -produced CV-produced

Component Function Quantity per dose 

OMV Antigen 25μg 25μg 25μg 

Aluminium hydroxide Adjuvant 1.65mg 1.65mg 1.65mg 

Sucrose Stabiliser 11.85mg 11.85mg nil 

Sodium Chloride Adjust tonicity nil nil 4.5mg 

Histadine pH buffering nil nil 5mM 

Water for injection Solvent Up to 0.5ml Up to 0.5ml Up to 0.5ml 

 

The vaccines were approved for use in this trial by the New Zealand Standing 

Committee on Therapeutic Trials. 

 

Participants received three doses with an interval of six weeks between each. An un-

blinded team member and vaccinator ensured the vaccines were administered 

intramuscularly in the deltoid of the non-dominant arm. 339 

 

Vaccine Administration 

Injection into the deltoid was administered using a 60-70 degree angle. Once in the 

muscle the plunger was withdrawn slightly (aspiration). The vaccine was injected at a 

slow even rate. The needle was removed quickly and pressure applied to the injection 

site. See Appendix 1 for standard operating procedures. 

 

3.2.8 Safety Surveillance – Reactogenicity data.  

Each child was observed for 30 minutes after vaccination.339 

 

All participants completed a diary following each vaccination to record local reactions, 

systemic reactions, body temperature and all adverse events for 7 days following 

vaccination. Diaries were reviewed by an investigator in the presence of the participant 

to validate the information recorded in the diary. 

 

Local and systemic reactions were recorded 6 hours after each vaccination and then 

daily for a further 6 days using an illustrated diary card. See Appendix 2 for participant 

held diary card.  
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Telephone interviews were conducted at 24–48 hours with clinical evaluation and 

collection of diary cards at 8–13 days after vaccination. Clinical advice was available 

for caregivers by means of 24-hour free telephone service. At each contact other signs 

and symptoms experienced post-vaccination and illnesses requiring physician review 

were noted and monitored until resolution.  

 

All participants receiving at least one vaccination were included in the safety analysis. 

 

Description of Diary Cards 

Diary cards were used by parents/caregivers to record reactions, health and analgesic 

use for seven days following vaccination. The diary card had a ruler at the top of the 

second page with which to measure local reactions. 

 

Erythema: Redness where the injection was given was measured in mm.  

Induration: A hard area where the injection was given was measured in mm. 

Swelling: Swelling where the injection was given was measured in mm 

Pain:   Pain where the injection was given was measured on a scale of 0-3. 

   0= Nothing has happened since the injection 

   1= Mild, still able to go to school and play 

   2= Moderate, difficult to do some things like play games 

   3= Severe, not able to play games or go to school 

Fever:  Temperature was recorded at the same time each day (i.e. after dinner) 

 

Other systemic reactions were also recorded. 

 

Day 1-2 Telephone Call 

Telephone contact was made by registered nurses to the parent/guardian to ensure the 

diary card was being completed, reinforce information given during the vaccination 

event, reassure the parent/guardian or participant if required, assess the clinical status 

of the participant and refer to a doctor if required. This also allowed the capture of data 

in the event of the diary becoming lost.  

 

Collection of Diary Cards 

A telephone call was made by project support workers in collaboration with registered 

nurses to the parent/guardian on day seven to remind them that the diaries would be 

collected on day 8 along with an examination of the participant.  
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Diary cards were collected from the children at school by the study nurses and a 

collection form completed. The term ‘Diary collection’ included checking the participant, 

collecting the diary and reviewing the data contained the diary card with the 

parent/guardian and participant for discrepancies or omissions. At the time of collection 

the children were examined for ongoing adverse events. Completed cards were 

reviewed by an investigator and reconciled. Inconsistencies and missing data were 

discussed with the parent/guardian. Verified data from each card were handwritten into 

a case report form and all pages checked by the study monitor for accuracy. Queries 

were forwarded to the investigator for resolution and then the master copy was sent to 

Biostatistics and Clinical Data Management (BCDM) at Chiron for double entry into a 

database with the carbon copy retained in the participant case report file. Inconsistent 

data detected by BCDM resulted in a data clarification form (DCF) being sent to the 

investigator who answered the query on a duplicate copy form. DCFs were reviewed by 

the study monitor and if satisfactory the master copy returned to BCDM and the carbon 

copy filed in the study participant case report file. (Personal communication Catherine 

Jackson, co-investigator) 

 

3.2.9 Serology 

Blood samples for the serological assays were collected before the first vaccination on 

day 1, at 4-6 weeks following the second vaccination and finally at 4 weeks after the 

third vaccination. Samples were stored at 2-8°C following centrifugation on the same 

day and couriered to the ESR in Wellington for subsequent analysis. Serum was stored 

at -75°C.342 

 

Samples were evaluated for bactericidal antibodies against the vaccine types of 

meningococci type B. These were measured by serum bactericidal assays (SBA) and 

further characterised using enzyme-linked immunosorbent assays (ELISA).342  
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3.3 Method for secondary analyses 

3.3.1 Ethical approval 

Ethical approval to conduct the secondary analyses was given by the Northern X 

Regional Ethics Committee in February 2007, letter attached in Appendix 3. 

3.3.2 Initial data entry and handling 

Data from the Clinical Reports of interest to this study was entered into a Microsoft 

Excel spread sheet. This was then exported into SAS Version 9.1 for analysis. 

 

Variables  

The variables uses in the secondary analyses were: 

 gender (M/F) 

 age (years) 

 vaccine group (NIPH-MeNZB™, CV-MeNZB™, MenBvac). 

 height (m) 

 weight (Kg) 

 allergic disease and health history (presence of absence of allergic disease, 

recurrent infections) 

 0= absence of any adverse health history that included infection and/or 

allergic disease 

 1= presence of a history of allergic disease; asthma, eczema or hay fever 

(primary code if at least 1 type of record) 

 2= presence of a history of recurrent infection 

 3= presence of a history of drug reactions 

 ethnicity (European, Maori, Pacific, Asian, Other) 

 pain on injection (none, mild, moderate, severe) 

 post injection pain (none, mild, moderate, severe) 

 erythema (mm) 

 induration (mm) 

 swelling (mm) 

 receipt of analgesia (y/n) 

 SBA  

 total IgG 

 vaccinator (1-8) 

 decile of school attended as proxy for SES. 
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3.3.3 Data analyses  

Most analysis for this retrospective study was performed using data collected following 

first dose for 554 participants who received the NZ strain vaccine. All analyses were 

carried out by the candidate. Joanna Stewart, Biostatistician in the Department of 

Epidemiology and Biostatistics provided guidance for the multivariable analysis. 

 

Analyses were performed using SAS v9.1 statistical software, SPSS PASW version 18 

and EpiInfo™ Version 3.3.2. Unless noted all statistical tests were two-tailed with a 5% 

significance level. 

3.3.3.1 Descriptive statistics 

Distributions, frequencies, means, medians standard deviations, 25th and 75th 

percentiles and highest and lowest 10 values between variables were initially examined 

using SAS Insight distribution and Microsoft Excel. Numerators are presented as ‘n’ 

and denominators as ‘N’. 

 

ANOVA was used to assess the mean differences in antibody titres between ethnic 

groups at baseline and post dose three. 

3.3.3.2 Analysis of primary outcomes 

Measures of pain and the continuous variables erythema, swelling and induration were 

initially dichotomised into present or absent (or in the case of pain 0-1 and 2-3) and 

associations with vaccine, ethnicity, gender, atopy, health history, age, decile and 

vaccinator examined using cross tabulations and differences tested using the Chi 

Square statistic.  

 

Correlations between baseline SBA, IgG and BMI and the local reactogenicity 

outcomes pain, erythema, induration and swelling at dose one and were conducted 

using Spearman’s rank correlations.  

 

Outcomes were used to inform a multivariable analysis. 

3.3.3.3 Multivariable analysis 

Factors associated with local reactions 

Multivariable analysis was conducted using ordinal logistic regression. Explanatory 

variables were vaccine, BMI, ethnicity, and vaccinator with each of the outcomes pain 
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on injection, pain following injection, erythema, induration and swelling. Pain and 

induration were reported as ordinal outcomes 0-3 and erythema and swelling as binary 

outcomes (present or absent) as their distribution did not satisfy the assumptions 

required for ordinal logistic regression. 
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CHAPTER 4. RESULTS FROM SECONDARY 

ANALYSES OF MENINGOCOCCAL B TRIAL DATA 

Aims of chapter 

The aims of this chapter are to report on the results of the analysis of data from the 

school based NZ meningococcal B vaccine clinical trials and determine whether any of 

these variables are associated with NZ meningococcal B vaccine reactogenicity. 

Chapter flow is outlined in Figure 4-1. 

 

 

Figure 4-1 Structure and flow of chapter four 

 

4.1 Sample population 

There were 615 participants in the school-based clinical trials and 608 who received at 

least one dose of vaccine. A total of 1779 doses were administered. There were 547 

children receiving the NZ vaccine and 61 receiving the Norwegian. The study cohorts 

and the vaccines administered to each are summarised in Table 4-1. 

  

Ch.4 Results from 
secondary analyses

4.1 Sample population

4.2 Results from 
univariable analyses

4.3 Results from 
multivariable analysis

4.4 Summary of results 
from secondary 

analyses
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Table 4-1 Study cohort and vaccines received 

Cohort Vaccine n % 

Cohort A NIPH-MeNZB™  237 39 

CV-MeNZB™  0 0 

MenBvac 61 10 

Cohort B NIPH-MeNZB™  62 10 

CV-MeNZB™  248 41 

MenBvac 0 0 

TOTAL  N=608 100 

 

The study population are summarised in Table 4-2. As there is no deprivation 

information for the individual participants, the socioeconomic deprivation decile of the 

school has been used as a proxy for individual socioeconomic status for the analysis. 

Decile one is the most deprived and decile 10 the least.347 School decile is reassessed 

on a five yearly basis following the national census of Population and Dwellings. The 

decile indicates to what extent the school draws its students from the most 

socioeconomically deprived communities.* Decile 1 schools are the 10% of schools 

with the highest proportion of students from low socio-economic communities and 

decile 10 are the 10% of schools with the lowest proportion of these students. While a 

school decile does not indicate the overall socioeconomic spread of the school, more 

children who come from high deprivation decile schools are, as individuals, likely to be 

from high deprivation backgrounds.  

                                                 
* Ministry of Education. How the decile is calculated. www.minedu.govt.nz  
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Table 4-2 Demographics of trial participants 

Ethnicity n % 

Caucasian 234 38 

Maori 169 27 

Pacific 172 28 

Asian 27 5 

Other 13 2 

Age n % 

8 years 111 18 

9 years 167 27 

10 years 166 27 

11 years 104 17 

12 years 67 11 

Socioeconomic 

Deprivation 

n % 

1 (Most Deprived) 199 32 

2 164 27 

3 79 13 

4 43 7 

5 0 0 

6 16 3 

7 69 11 

8 45 7 

9 0 0 

10 (Least Deprived) 0 0 

Gender n % 

Male 298 48 

Female 317 52 
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Vaccinators in the trial 

There were eight authorised vaccinators administering injections for the school-based 

trials. Vaccinator ‘5’ did not administer any vaccinations for dose one. The number of 

doses and percent of total doses are summarised in Table 4-3.  

 

Table 4-3 Vaccinators and number of doses administered 

Vaccinator Dose 1 Dose 2 Dose 3 Total 

1 109 79 98 286 (16%) 

2 176 127 92 395 (22%) 

3 80 83 54 217 (12%) 

4 5 83 110 198 (11%) 

5 - 21 9 30 (2%) 

6 44 77 112 233 (13%) 

7 66 47 3 116 (7%) 

8 128 73 103 304 (17%) 

TOTAL 608 590 581 1779 
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4.2 Injection pain and reactogenicity outcomes 

Pain was the most common local reaction reported and more likely to occur following 

dose one. Reactions are summarised in Table 4-4. The severity definitions are those 

used in the trial reporting. For erythema, swelling and induration any event under 

10mm in diameter was considered absent. 

 

Table 4-4 Summary of reactogenicity and severity for all doses, all vaccines as 
per trial definitions 

Event None  (%) Any (if ≥ 1) 

(%) 

Mild   (%) Moderate 

(%) 

Severe 

(%) 

Pain Dose 1 (N=608) 58 (9.4) 550 (90.6) 277 (45)  224 (36) 49 (8) 

Pain Dose 2 (N=593) 137 (22) 456 (78) 252 (41) 169 (28) 35 (6) 

Pain Dose 3 (N=581) 188 (31) 393 (69) 237 (39) 128 (21) 28 (5) 

 None (0-

9mm) 

Any Mild (10-

25mm) 

Mod (26-

50mm) 

Severe 

(>50mm)

Erythema Dose 1  356 (59) 85 (14) 59 (10) 15 (2) 11 (2) 

Erythema Dose 2 521 (88) 68 (11) 43 (7) 16 (3) 9 (2) 

Erythema Dose 3 546 (94) 36 (6) 23 (4) 11 (2) 2 (0) 

Swelling Dose 1 556 (91) 51 (8) 20 (3) 23 (4) 8 (1) 

Swelling Dose 2 554 (93) 38 (6) 20 (3) 12 (2) 6 (1) 

Swelling Dose 3 563 97) 18 (3) 10 (2) 4 (1) 4 (1) 

Induration Dose 1 536 (88) 72 (12) 36 (6) 30 (5) 6 (1) 

Induration Dose 2 

Induration Dose 3 

526 (89) 

547 (94) 

65 (11) 

124 (21) 

46 (8) 

20 (3) 

16 (3) 

12 (2) 

3 (1) 

4 (1) 

Definition of severity as per Hosking 2007.339 
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4.2.1 Factors associated with injection pain and reactogenicity following 

dose one 

As initial univariate analyses showed no evidence of an association of gender, age, 

socioeconomic status, baseline bactericidal antibody titre or total IgG with any of the 

outcome variables measuring reactogenicity these variables were not included in the 

multivariable analyses. 

 

4.2.2 Factors associated with pain on injection 

Pain on injection is the level of pain recorded at the time of injection and relates to 

the injection process, not reactogenicity. Vaccine formulation was statistically 

significantly associated with perceived pain on injection. Recipients of the NIPH NZ 

vaccine reported more pain on injection that the recipients of the CV NZ and MenBvac 

(p=0.01). Table 4-5 compares nil-mild pain with moderate-severe for each vaccine 

formulation. 

 

Table 4-5 Pain on injection and vaccine 

Vaccine Pain nil-mild (%) Pain mod-severe (%) 

CV NZ 166 (67) 82 (33) 

MenBvac 37 (61) 24 (39) 

NIPH NZA 129 (54) 108 (46) 

NIPH NZB 30 (48) 32 (52) 

 

The vaccinator administering the injection was significantly associated with the 

recording of pain on injection (p=0.0005). Moderate to severe pain ranged between 

29% and 52% depending on vaccinator (Table 4-6). 
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Table 4-6 Pain on injection and individual vaccinator 

Vaccinator Pain nil-mild (%) Pain mod-severe (%) 

1 76 (70) 33 (30) 

2 93 (53) 83 (47) 

3 45 (56) 35 (44) 

4 4 1 

5 - - 

6 21 (48) 23 (52) 

7 31 (47) 35 (53) 

8 92 (72) 36 (29) 

 

Ethnicity was associated with the reporting of pain in injection (p=0.03) with Asian most 

likely to report moderate to severe pain followed by Caucasian then Pacific and Maori 

(Table 4-7). 

 

Table 4-7 Pain on injection and ethnicity 

Ethnicity Pain nil-mild (%) Pain mod-severe (%) 

Caucasian 121 (53) 109 (47) 

Maori 113 (68) 54 (32) 

Pacific 106 (62) 66 (38) 

Asian 13 (48) 14 (52) 

Other 7 (70) 3 (30) 

 

 

BMI was weakly negatively correlated with injection pain (Pearson’s correlation 

coefficient -0.08 p=0.04). Vaccine was associated with pain on injection (p=<0.0001). 

Factors where an association was not shown were age, (p=0.41); decile groups 

(p=0.39); gender (p=0.89) or health history (p = 0.18). 

 

In the multivariable analysis three variables were associated with the perception of 

moderate to severe pain on injection. Ethnicity was significant (p=0.002) with Maori and 

Pacific children less likely to report pain than NZ European/other children (OR 0.5, CI 

0.3-0.7). Pain on injection varied by vaccinator (p=<0.0001) with a range of 28% - 53% 

reporting moderate severe pain depending on the vaccinator. Vaccine was associated 
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with pain on injection (p=<0.0001) with the CV-MeNZB vaccine less painful that the 

NIPH-MeNZB vaccine administered to cohort B, (OR 0.5 CI 0.3 – 0.87). BMI was not 

shown to be associated with moderate to severe pain on injection (p=0.43).  

 

4.2.3 Factors associated with injection site pain following injection 

Injection site pain was dichotomised into none (0) or mild (1) and moderate or severe 

(2 or 3). Ethnicity was associated with reporting of injection site pain (p=<0.0001) and 

ranged from 28% to 54%. Pacific children were less likely to report moderate or severe 

pain following injection (Table 4-8). 

 

Table 4-8 Injection site pain by ethnicity 

Ethnicity Pain nil-mild (%) Pain mod-severe (%) 

Caucasian 105 (46) 125 (54) 

Maori 84 (50) 83 (50) 

Pacific 123 (72) 49 (28) 

Asian 16 (60) 11 (40) 

Other 5 (50) 5 (50) 

 

There was a significant association between the vaccinator administering the injection 

and the recording of pain following injection (p= 0.005) and the range for reporting 

moderate to severe pain was 22% - 56% (see Table 4-9). 

 

Table 4-9 Injection site pain by vaccinator 

Vaccinator Pain nil-mild (%) Pain mod-severe (%) 

1 67 (78) 42 (22) 

2 84 (48) 92 (52) 

3 41 (50) 41 (50) 

4 4 1  

5 - - 

6 26 (59) 18 (41) 

7 29 (46) 37 (56) 

8 86 (67) 43 (33) 
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BMI was negatively correlated with pain after injection (Pearson’s correlation -0.172, 

p=<0.000).  

 

Vaccine (including MenBvac) had a tendency to be associated with injection site pain 

(p=0.08). There was less difference between the NZ strain vaccines (p=0.11). Factors 

that were not shown to be associated with pain following injection were decile of the 

school the participants attended (p= 0.12), age p=0.17); health history (p=0.23) or 

gender (p=0.61).  

 

Baseline SBA was not correlated with injection site pain following dose one 

(Spearman’s Rho -0.045, p=0.30) and neither was baseline IgG (Spearman’s Rho -

0.04, p=0.54). 

 

In the multivariable analysis, ethnicity (p=0.0004), was associated with reports of pain 

following injection. Pacific children were least likely to report pain followed by Asian, 

Maori and then NZ European children (OR 0.4 CI 0.3-0.7), differences between ethnic 

groups are presented in Figure 4-8. Additionally, vaccinator (p=0.007) and BMI 

(p=0.003) were also significantly associated with reports of pain in the seven days 

following injection. Those with lower BMI reported more pain. Because the direction of 

the relationship of BMI with pain was not what had been expected (those with lower 

BMI reported more pain) a separate analysis was run including the interaction of BMI 

with vaccinator to see if the effect was being caused by the behaviour of certain 

vaccinators. This interaction was significant (p=0.02). Examination of the effect of BMI 

for each vaccinator found the effect was in the direction of that seen combined in all but 

one vaccinator. Vaccine was not associated with pain following injection (p=0.52). 
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4.2.4 Factors associated with erythema following injection 

Vaccine was associated with erythema (p= 0.0005) with recipients of the CV NZ 

reporting most erythema. Ethnicity was associated with the reporting of any erythema 

(p=<0.0001) with Caucasian participants recording twice the rate (52%) of erythema as 

Pacific (28%), summarised in Table 4-10. BMI was weakly negatively correlated with 

erythema (Spearman’s Rho = -0.103, p=0.011). 

 

Table 4-10 Injection site erythema and ethnicity 

Ethnicity Erythema = 0mm (%) Erythema =>1mm (%) 

Caucasian 110 (48) 120 (52) 

Maori 98 (59) 69 (41) 

Pacific 124 (72) 48 (28) 

Asian 16 (62) 10 (38) 

Other 7 (70) 3 (30) 

 

Vaccinator was significantly associated with erythema (p=0.006) and reporting of any 

erythema ranged between 28% and 49% (see Table 4-11). 

. 

Table 4-11 Injection site erythema and vaccinator 

Vaccinator Erythema = 0 mm (%) Erythema = >1mm (%) 

1 65 (60) 44 (40) 

2 90 (51) 86 (49) 

3 41 (51) 39 (49) 

4 3 (60) 2 (40) 

5 - - 

6 31 (70) 13 (30) 

7 35 (53) 31 (47) 

8 91 (72) 36 (28) 

 

No association could be found between the recording of erythema following injection 

and gender (p=0.921) or age (p=0.39).  
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There was a weak negative correlation between baseline SBA and erythema following 

dose one (Spearman’s Rho --0.09, p=0.04). Baseline IgG and erythema were not 

correlated (Spearman’s Rho -0.08, p=0.23). See Figure 4-2 and Figure 4-3. 

 

 

Figure 4-2 Scatter plot of baseline SBA and erythema following dose one 
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Figure 4-3 Scatter plot of baseline IgG and erythema following dose one 

 

After the multivariable analysis an association with erythema was shown by ethnicity 

(p=0.007) with Pacific children less likely than Caucasian and other to have erythema 

(OR 0.4, CI 0.3-0.7). Vaccinator was also associated with erythema (p=0.002). BMI 

(p=0.28) nor vaccine could be shown to be associated with erythema in the 

multivariable analysis (p=0.41).  

 

4.2.5 Factors associated with injection site swelling  

Vaccinator was associated with injection site swelling (p= 0.04) and reporting of any 

swelling ranged from 7% to 24%, see Table 4-12. 
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Table 4-12 Injection site swelling and vaccinator 

Vaccinator Swelling = 0 mm (%) Swelling >1 mm (%) 

1 95 (87) 14 (13) 

2 141 (80) 35 (20) 

3 60 (76) 19 (24) 

4 5 (100) 0 (0) 

5 - - 

6 37 (84) 7 (16) 

7 53 (80) 13 (20) 

8 117 (91) 11(7) 

 

There was a tendency for ethnicity to be associated with swelling (p=0.07). 

Variables not found to be associated with swelling were: Vaccine (p= 0.44); age 

(p=0.67); gender (p= 0.77), and health history (p = 0.07).  

 

Baseline SBA was not correlated with swelling following dose one (Spearman’s Rho --

0.05, p=0.24) and neither was baseline IgG (Spearman’s Rho -0.06, p=0.34). See 

Figure 4-4 and Figure 4-5. 
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Figure 4-4 Scatter plot of baseline SBA and swelling following dose one 
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Figure 4-5 Scatter plot of baseline IgG and swelling following dose one 

 

Following the multivariable analysis there was evidence of an association of vaccinator 

(p=0.01) with recording of swelling following injection. There was also some possible 

indication of an association of ethnicity (p=0.11) and BMI (p=0.12) with swelling (Asians 

reported the highest rates (OR 2.45, CI 0.94 – 6.40), Pacific the lowest (OR 0.77, CI 

0.40 – 1.50) and those with a lower BMI tended to report more swelling (OR 0.97, 0.92 

– 1.03). Vaccine was not shown to be associated with swelling (p=0.27).  

 

4.2.6 Factors associated with injection site induration  

Vaccinator was associated with injection site induration p=0.03) and reported 

induration of grater or equal to 10mm ranged from 17% to 36% depending on 

vaccinator (see Table 4-13). 
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Table 4-13 Injection site induration and vaccinator 

Vaccinator Induration 0-9mm (%) Induration ≥10mm (%) 

1 75 (69) 34 (31) 

2 122 (70) 54 (30) 

3 51 (64) 29 (36) 

4 2  3  

5 - - 

6 33 (75) 11 (25) 

7 45 (68) 21 (32) 

8 106 (83) 22 (17) 

 

 

Baseline SBA was not correlated with induration following dose one (Spearman’s Rho -

-0.001, p=0.98), There was a non-significant trend for baseline IgG to be correlated 

with induration (Spearman’s Rho -0.10, p=0.09). See Figure 4-6 and Figure 4-7. 

 

 

Figure 4-6 Scatter plot of baseline SBA and induration following dose one 
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Figure 4-7 Scatter plot of baseline IgG and swelling following dose one 

 

The following variables were not found to be associated with injection site induration: 

Vaccine (p=0.9), gender (p=0.11); health history (p= 0.09); age p= 0.23); ethnicity 

(p=0.4); or BMI (Spearman’s Rho = -0.05, p=0.26). 

 

Following the multivariable analysis BMI (p=0.29), and vaccine (p=0.8) could not be 

shown to be associated with induration and there was only very weak evidence of a 

possible association of vaccinator (p=0.13) and ethnicity (p=0.10) with Asian having the 

highest (OR 1.94, CI 0.83 – 4.51) and Pacific the lowest (OR 0.85, CI 0.50 - 1.45).  
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4.2.7 Baseline antibody and ethnicity 

As Pacific children are at higher risk for meningococcal disease, possibly due to 

increased risk factors or exposure,348 they may be more likely to have pre-existing 

antibody. Table 4-14 summarises the pre and post vaccination antibody titres. Antibody 

measured after the third dose of vaccine is similar across all ethnic groups; the ethnic 

differences have gone.  

 

Table 4-14 Mean logged total IgG and SBA antibody titres by ethnicity at baseline 
and post dose three 

 N Mean Std. Deviation Std. Error 

LogSBA1 NZ European 208 .0499 .27989 .01941 

Maori 151 .2818 .56681 .04613 

Pacific 151 .2723 .62910 .05120 

Asian 22 .0217 .10172 .02169 

Other 9 .1768 .53035 .17678 

Total 541 .1776 .49658 .02135 

LogELISA1 NZ European 66 .5709 .56809 .06993 

Maori 80 .9060 .56880 .06359 

Pacific 100 .9426 .54861 .05486 

Asian 8 .9801 .46547 .16457 

Other 4 .4498 .52133 .26067 

Total 258 .8297 .57707 .03593 

LogSBA3 NZ European 199 1.3136 .52312 .03708 

Maori 140 1.4210 .73220 .06188 

Pacific 143 1.4044 .78533 .06567 

Asian 22 1.3941 .54765 .11676 

Other 9 1.2428 .66717 .22239 

Total 513 1.3704 .66653 .02943 

LogELISA3 NZ European 199 2.0621 .09996 .00709 

Maori 140 2.0442 .11037 .00933 

Pacific 143 2.0364 .13829 .01156 

Asian 23 2.0552 .08894 .01855 

Other 9 2.0174 .06487 .02162 

Total 514 2.0490 .11398 .00503 

P=<0.0001 

P=<0.0001 

P=0.56 

P=0.25 
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Table 4-15 Odds Ratios for variables associated with the reporting of pain on injection, pain following injection and erythema 
following dose one of NZ meningococcal B vaccine 

Variable Pain on injection Pain following injection Local erythema 

 Odds Ratio (95% CI) P value Odds Ratio (95% 

CI) 

P value Odds Ratio (95% CI) P value 

Caucasian/Other 1.0 0.0024 1.0 0.0004 1.0 0.007 

Asian  0.7 (0.3-1.7) 0.7 (0.3 - 1.6) 0.6 (0.2 – 1.4) 

Maori 0.5 (0.3 – 0.7) 0.9 (0.6 – 1.4) 0.6 (0.4 – 1.0) 

Pacific Island 0.5 (0.3 – 0.8) 0.4 (0.3 - 0.7) 0.4 (0.3 – 0.7) 

Vaccinator 8 1.0 <0.0001 1.0 0.007 1.0 0.002 

Vaccinator 7 3.9 (2.1 – 7.4) 2.6 (1.4 – 5.0) 5.4 (2.7 – 10.8) 

Vaccinator 6 5.4 (2.6 – 11.4) 1.6 (0.8 – 3.5) 1.8 (0.8 – 4.1) 

Vaccinator 4 1.5 (0.2 – 9.7) 0.3 (0.15 – 2.1) 2.4 (0.335 – 18.2) 

Vaccinator 3 8.6 (3.6 – 20.5) 1.8 (0.7 - 4.2) 3.1 (1.2 – 7.8) 

Vaccinator 2 6.6 (3.4 – 12.8) 1.7 (0.9 – 3.3) 2.7 (1.3 – 5.6) 

Vaccinator 1 4.7 (2.1 – 10.9) 0.97 (0.4 – 2.2) 2.1 (0.9 – 5.0) 

Norwegian produced vaccine 

cohort B 

1.0 <0.0001 1.0 0.52 1.0 0.4 

Norwegian produced vaccine 

cohort A 

2.5 (1.2 – 5.3) 0.7 (0.3 – 1.5) 0.9 (0.4 – 2.1) 

Italian produced vaccine 0.5 (0.3 – 0.87) 1.0 (0.6 – 1.7) 1.3 (0.7 – 2.4) 

BMI1 Mass(Kg) / Height (m)2 0.9 (0.89 - 0.97) 0.43 0.9 (0.89 – 0.98) 0.003 1.0 (0.9 – 1.0) 0.3 
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Variable Injection site swelling Injection site induration 

 Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value 

Caucasian/Other 1.0 0.11 1.0 0.10 

Asian  2.45 (0.94 – 6.40) 1.94 (0.83 – 4.51) 

Maori 1.33 (0.76 – 2.34) 1.45 (0.90 – 2.26) 

Pacific Island 0.77 (0.40 – 1.50) 0.85 (0.50 – 1.45) 

Vaccinator 8 1.0 0.02 1.0 0.13 

Vaccinator 7 3.26 (1.26 – 8.44) 2.71 (1.27 – 5.78) 

Vaccinator 6 2.64 (0.88 – 7.90) 1.67 (0.67 – 4.17) 

Vaccinator 4   

Vaccinator 3 6.05 (1.82 – 20.04) 2.40 (0.86 - 6.55) 

Vaccinator 2 3.52 – 1.35 – 9.15) 1.60 (0.071 – 3.62) 

Vaccinator 1 2.37 (0.70 – 8.00) 1.70 (0.63 – 4.47) 

Norwegian produced vaccine cohort B 1.0 0.27 1.0 0.82 

Norwegian produced vaccine cohort A 2.43 (0.83 – 7.08) 0.97 (0.40 – 2.37) 

Italian produced vaccine 1.55 (0.68 – 3.52) 1.16 (0.63-2.13) 

BMI1 Mass(Kg) / Height (m)2  0.12 0.97 ( 0.92 – 1.03) 0.30 
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Figure 4-8 Summary of ethnicity and reactogenicity results from univariable 
analysis 

 

 

4.3 Consideration of findings from secondary analysis of 

meningococcal B trial data 

Two factors were consistently associated with injection site reactions. Pacific ethnicity 

seemed to be the strongest ethnic factor in all significant findings however how much of 

this observation is related to psychosocial factors and how much is related to 

biophysical factors cannot be determined. Given the significant differences observed in 

this study it seems like an important variable to report on in terms of reactogenicity. 

 

Vaccinator was also an important variable associated with injection site reactions. All 

vaccinators were instructed on the same injection technique however clearly in practice 

there was considerable variation in the administration of this vaccine during the trial.  

 

Given the results from these secondary analyses the model proposed at the end of 

section two could be revised to include the findings Figure 4-9.  
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Figure 4-9 Revised model of factors associated with injection site reactions 



157 

 

CHAPTER 5. FACTORS ASSOCIATED WITH 
REACTOGENICITY - THE FAR TRIAL 

Individual factors associated with local vaccine reactogenicity following administration 

of quadrivalent human papillomavirus vaccine – a randomised crossover trial in women 

aged 14 – 45 and men aged 14 – 26 years. 

 

Based on the results of both the review of literature and the analysis of the NZ 

meningococcal B vaccine clinical trial data a prospective study was designed to further 

explore the most significant factors found to be associated with reactogenicity to the 

Meningococcal B vaccines as well as other factors not captured during the clinical 

trials. Given the finding in the retrospective study that vaccinator was associated with 

local reactions injection technique seemed important to consider not only in terms of 

reactogenicity but also pain on injection.  

 

The structure and flow of this chapter are outline in Figure 5-1 on page 158. 
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Figure 5-1 Structure and flow of chapter five, methods for the FAR trial 

 

5.1 Rationale for approach for the FAR trial 
Findings from the literature review supported the hypothesis that local vaccine 

reactions are a result of acute inflammation, inflammation is modulated by various 

stressors and that these are mediated by a variety of inflammatory cytokines. The 

analysis of the NZ meningococcal B vaccine data found that ethnicity and vaccinator 
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were associated with local reactogenicity. This trial was designed to capture as many 

of these variables as possible.  

 

Further exploration of this topic required a study population who were able to report on 

their health and perceived stress, willing and able to provide a blood sample and easily 

accessible. In addition a vaccine that was relatively generalisable in terms of form and 

function, and could provide benefit to the participants was required. Vaccine options 

were diphtheria-tetanus-pertussis (dTaP), influenza vaccine, human papillomavirus 

(HPV) vaccine, conjugate meningococcal, polysaccharide pneumococcal or 

meningococcal vaccines. As local reactions were the outcome, the vaccine of choice 

needed to produce a relatively high rate of local reactions. 

 

Polysaccharide vaccines do not interact with the immune system in the same way that 

protein based vaccines do. They are not taken up at the injection site by antigen-

presenting cells and they do not induce immune memory, therefore they are less 

generalisable than a protein vaccine. 

 

Influenza vaccines change seasonally therefore data collection would have needed to 

occur in a very small timeframe (influenza season generally runs from April – July). 

This would not have been logistically feasible to administer. In addition, the influenza 

vaccines used in NZ do not contain an adjuvant as do many other protein vaccines. 

 

The adult diphtheria-tetanus-pertussis vaccine is an adjuvanted protein vaccine given 

to older children and adults. The target study population could have been adults who 

were due a tetanus booster or who desired protection against pertussis. Recent offers 

by district health boards to provide free Boostrix® vaccine to their staff received very 

poor uptake, therefore it was considered likely that recruitment would be difficult. In 

addition, local reactions to tetanus-diphtheria containing vaccines are influenced by 

previous vaccination history. 

 

The recently licensed and high profile quadrivalent human papillomavirus vaccine 

appeared to provide an opportunity to attract participants to this study. It is an 

adjuvanted protein based vaccine and induces local reactions in over 80% of vaccinees 

(mostly mild). A decision was made to use this vaccine as it appeared to fulfil all 

criteria. At the time of study commencement the target population were girls aged 16 – 

20 years of age who were eligible to receive the vaccine free under the National 

Immunisation Programme. At the time data from the National Immunisation Register 
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indicated only around 40% of eligible young women had received this vaccine leaving a 

large population from whom to recruit. 

 

5.2 Aim, hypotheses and objectives of the FAR trial 

5.2.1 Aim 

The aim of this study was to determine characteristics of vaccination technique and 

individual vaccinees which are associated with frequency and severity of local 

reactogenicity following immunisation with quadrivalent human papillomavirus vaccine 

(Gardasil®). 

5.2.2 Hypotheses 

The hypotheses of this study were that: 

1. Vaccine technique affects the perception of pain on injection. 

2. Vaccine technique affects the rates and intensity of local vaccine reactions. 

3. Perceived stress is associated with rates and intensity of local vaccine reactions 

and perceived pain on injection. 

4. Inflammatory cytokines are associated with the presence of local vaccine 

reactions. 

5. There are ethnic differences in reporting of local vaccine reactions. 

5.2.3 Primary objectives 

The primary objectives of this trial were: 

 to trial three different injection techniques & determine whether there are 

differences in perceived injection pain between the techniques 

 to examine if psychosocial and stress factors and physical exercise are 

associated with reported reactogenicity following immunisation (e.g. local pain, 

erythema)  

 to collect blood samples and determine if there are associations between the 

levels of inflammatory cytokines and reported reactogenicity. 

5.2.4 Secondary objectives 

The secondary objectives were: 

 to assess associations between serum levels of cytokines and perceived stress 

and social support 

Hilary Butler
Highlight

Hilary Butler
Highlight



161 

 

 to assess associations between health history and serum levels of cytokines. 

5.2.5 Study design 

The initial study design was a randomised controlled trial (RCT) of three different 

intramuscular injection techniques. This design was subsequently changed to a 

crossover design after initial data collection had commenced due to recruitment 

limitations.  

5.3 Study population and sample 

The initial study population was young women aged between 16 and 20 years who 

agreed to participate in the study and who were eligible for free HPV vaccine.

 

Initial Inclusion criteria: Young woman aged between 16 and 20 years eligible for 

free vaccine.  

 
Exclusion criteria: Contraindication to receiving the vaccine, at all unwell on the day 

of vaccination, without a regular telephone or who do not speak English. 

 

Following failure to recruit sufficient participants to the study the population and 

eligibility criteria were reconsidered. One of the factors that may have contributed to the 

low uptake into the study was the fact that vaccine coverage among this population 

was subsequently found to be much higher than reported (unpublished data). 

 

To overcome recruitment challenges the eligibility criteria was first expanded to include 

women aged 14 – 26 years (in line with the licensure restriction at the time) then later 

further expanded to include women aged 14 – 45 years and men aged 14 – 26 years 

as the licensure was extended based on emerging clinical data. For those participants 

ineligible to receive the vaccine free under the National Programme we were able to 

offer significantly subsidised doses to study participants. 

5.4 Data collection and measurement tools 

5.4.1 Health and demographics 

The primary participant questionnaire collected basic demographic information 

including contact details, ethnicity data and weight and height. A brief history of health 

was collected focussing on allergic disease and recurrent infections, current health 

status, recent use of antihistamine and/or anti-inflammatory medication was recorded 

Hilary Butler
Highlight

Hilary Butler
Highlight

Hilary Butler
Highlight

Hilary Butler
Sticky Note
Is that allowed in terms of trial ethics?

Hilary Butler
Highlight

Hilary Butler
Highlight



162 

 

and whether or not exercise had occurred recently and its nature i.e. weight training or 

aerobic activity (see Appendix 4). For female participants details about menstrual cycle 

and contraception were collected.  

 

Ethnicity 

The ethnicity options provided in the demographics questionnaire allowed for level two 

prioritisation coding and were derived from the NZ census questionnaire. Ethnicity was 

later aggregated to level one coding for analysis.  

5.4.2 Perceived Stress Scale 

Perceived stress was measured using a 10 Item Perceived Stress Scale (PSS)222 

which included a Single Item Social Support (SISS) question. The perceived stress 

scale asks about feelings and thoughts during the last month and how often these 

occurred, and the single item social support question asks about the numbers of 

people that can be counted on in times of trouble or difficulty Appendix 5. 

5.4.3 Diary card - reactogenicity 

Reactogenicity was recorded by the participant in a 7-day participant held diary 

(Appendix 6).  

 

Pain was recorded as: 

 0 - no pain  

 1 – mild, still able to move arm normally 

 2 – moderate, hurts to move arm normally 

 3 – severe, unable to move arm 

Erythema, swelling and induration where the injection was given were recorded in 

millimetres. Participants were given a measurement tool with dots representing 

diameter in millimetres printed onto clear acetate. This allowed them to place the 

acetate over the reaction and record the size of the smallest dot which covered the 

area. 

 

Induration was described as a “hard area (lump) where injection given”. Participants 

who reported swelling or ‘hard lump’ were followed up by telephone to help further 

classify the reaction according to the Brighton Collaboration definitions. They were 

interviewed as per the algorithm in Figure 5-2. Diagnoses other that induration and 
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swelling, such as nodule, abscess or cellulitis, were considered unlikely to occur during 

the study as they are relatively rare events. However consideration was given to each 

induration/swelling case to exclude such differential diagnoses. A medical practitioner 

contacted the participants who had reported induration and/or swelling to verify the 

definition. 

 

 

Figure 5-2 Algorithm for differentiating induration from swelling 

 

5.4.4 Perceived pain on injection 

The perceived pain caused by the injection was measured on a pictorial (visual) 

analogue 0 – 10 scale. The scale had coloured faces depicting happy through to very 

unhappy, words describing no pain through to worst possible pain and 0 through to 10 

and yellow through to red. Participants were asked by the researcher to circle the point 

on the scale that best described their perception of pain during the injection procedure. 

See Appendix 7 for visual analogue pain scale. 

5.5 Study materials 

5.5.1 Vaccine 

The vaccine was the Merck Sharp and Dohme quadrivalent human papillomavirus 

(HPV) vaccine Gardasil®. This is a recombinant viral-like particle (VLP) vaccine 

adjuvanted with aluminium salts. A single dose is 0.5mL. See Table 5-1 for a summary 

of vaccine ingredients. 

 

Measured 
enlargement of 
injected site or 

visible enlargement 
of injected limb

Palpable (borders) 
thickening, firmness 

or hardening?
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Affected area 
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proximal to injection 
site
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No 
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Table 5-1 Gardasil® vaccine components 

Component  Quantity  Function  

HPV 6 L1 protein 

HPV 11 L1 protein 

HPV 16 L1 protein 

HPV 18 L1 protein  

20 µg 

40 µg 

40 µg 

20 µg  

Antigen 

Antigen 

Antigen 

Antigen  

Aluminium 

(as aluminium hydroxyphosphate 

sulphate)  

225 µg  Adjuvant  

Sodium chloride 

L-histidine  

Polysorbate 80 

Sodium borate 

Water  

9.56mg 

0.78mg 

50 µg 

35 µg  

Control osmolarity 

Buffer 

Stability 

Residual from adjuvant 

For injection  

 

5.5.2 Needles 

The needles used to administer the vaccine in the study were 23g 1TW (0.6mm x 

25mm) BD PrecisionGlide™ needles.  

5.5.3 Vaccine handling 

The vaccine was stored in a Rolex LEC PE902 vaccine fridge at between 2 - 8ºC 

according to New Zealand National Cold Chain Standards*. It was removed from 

storage within 5 – 10 minutes prior to administration. To ensure that antigen was 

suspended the syringe was inverted three times. Air was not expelled from the syringe. 

5.5.4 Vaccinators 

There were ten experienced authorised vaccinators administering the vaccine. All were 

registered nurses or general practitioners. All had attended training sessions on the 

three techniques being used for this study and were confident in using all of them. They 

were also briefed on all of the trial protocols. 

                                                 
* Vaccine Storage and Distribution National Standards. Immunisation Advisory Centre. University of 
Auckland 2002.  
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5.5.5 Vaccine administration 

Informed consent, including assessment for contraindications to receiving the vaccine, 

was delivered by the vaccinator and gained verbally. Participants were asked if they 

had ever had a reaction to a vaccine before and told that they would need to wait for 20 

minutes after the injection. Female participants were asked if there was any possibility 

that they could be pregnant.  

 

In order to standardise the location of the deltoid position the vaccinators located the 

shoulder and equal distance from the under arm. The vaccine was administered into 

the non- dominant arm in the centre of these two points (see Figure 5-3). 

 

Figure 5-3 Locating the site for injection  

 

The vaccines were administrated intramuscularly to the deltoid at a 90º angle using 

one of three commonly used techniques. These techniques do not differ from standard 

treatment procedures used internationally (see Figure 5-4).  

 

After location of the injection site the vaccine was administered using one of the three 

following methods: 
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1. Fast without aspiration – administration into the deltoid at 90º. This involves a 

rapid plunge, no aspiration*, and withdrawal of the needle following 

immunisation lasting less that 1 second.  

2. Slow with aspiration – administration into the deltoid at 90º. This involves a slow 

plunge, aspiration, and slow withdrawal of the needle following immunisation 

over a period lasting 5-10 seconds.  

3. Slow without aspiration - administration into the deltoid at 90º. This involves a 

slow plunge, no aspiration, and slow withdrawal of the needle following 

immunisation over a period lasting 5-10 seconds.  

These techniques were chosen based on 1) evidence for a 90° angle reviewed in 

2.2.1.2; 2) best local practice for location of deltoid; 3) the Ipp study of technique ‘A’ 

and ‘C’ that found ‘A’ less painful in infants but was unable to determine whether or not 

the difference was due to speed or aspiration. 

 

 

Figure 5-4 Illustrating the angle and site of injection 

                                                 
* Aspiration is the drawing back of the plunger prior to depression. A flashback of blood 
indicates a vein has been entered and normal practice would be to remove the needle 
and administer in different location. 
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5.6 Serology – procedures and materials 

5.6.1 Blood sample and equipment 

Participants provided a blood sample the day following vaccination.  

Blood was collected in a 8.5mL BD Vacutainer® SST™II Advance Ref 367958 using 

21 gauge 25mm long needles (0.8 x 25mm) BD Vacutainer PrecisionGlide™. The 

study nurses, doctors or investigator made up to two attempts to collect the blood. If 

unsuccessful they were able to call on a more experienced phlebotomist and/or utilise 

a winged infusion set. 

5.6.2 Blood handling and serum separation 

Blood samples were allowed to clot for a minimum of 15 minutes at room temperature. 

They were then spun in an Eppindorf centrifuge 5810R series at 3000 rpm for 10 

minutes. Serum was drawn off and pipetted into three 1.5ml Nunc tubes for storage at -

80ºC. Samples were labelled with an adhesive barcode. This was undertaken by HPH 

(the candidate) and TP (the researcher). 

5.6.3 Cytokine detection 

Samples were transported by HPH and TP to University of Otago’s Department of 

Pathology in Dunedin where they were thawed at room temperature then re-spun 

before use. The assays were conducted by Simon Pelham and Helen More under the 

supervision of Immunologist Dr Sarah Young. HPH and TP were present as observers. 

The choice of cytokines was made based on assay kit availability. The cytokines 

measured in this study are standard with the 27-plex assay kit that was used. It cost 

little more to measure this large number than to measure only a few. 
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Overview of assay 

The levels of twenty-seven serum cytokine levels were measured using the Bio-Plex 

Pro Human Cytokine 27-plex Assay, which is a suspension bead array. This 

technology allows the simultaneous detection of multiple target proteins in a single 

sample. There are up to 100 colour coded beads available that can in turn be 

conjugated (joined) to a specific molecule (reactant). Each reactant is specific for a 

target molecule.  

 

Antibody specific to a particular cytokine is covalently bonded to colour-coded 

polystyrene beads 5.6µm in diameter as depicted in Figure 5-5. 

 

 

 

 

 

 

 

To this antibody-bead combination is added a sample containing an unknown quantity 

of cytokine (or alternatively a known quantity to determine the standard), Figure 5-6 .  

 

 

 

 

 

 

Then an antibody that has been coupled with biotin (biotinylated) that is specific for a 

different epitope on the same cytokine is added to the beads (Figure 5-7). 

 

 

 

 

 

 

 

Bead 

Antibody 

Figure 5-5 Antibody covalently bonded to colour-coded bead 

Figure 5-6 Unknown quantity of cytokine or standard 

Figure 5-7 Biotinylated antibody specific to bead 
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The combination of cytokines, beaded antibodies and biotinylated antibodies form a 

complex (Figure 5-7).  

 

 

 

 

 

 

 

 

 

 

The addition of streptavidin-phycerythrin (streptavidin-PE) which has high avidity to 

biotin enables the antibody combination to be detected. The plates are then inserted 

into the Bio-Plex suspension array system. The contents of each well are identified and 

quantitated simultaneously based on the bead colour and relative fluorescence. The 

Bio-Plex Manager software calculates the unknown quantities using a standard curve 

determined by the recombinant cytokine standards supplied.  

 

The target cytokines measured in this assay were: 

1. IL-1β  Interleukin 1 beta 
2. IL-1ra  Interleukin 1 receptor agonist 
3. IL-2  Interleukin 2 
4. IL-4  Interleukin 4 
5. IL-5  Interleukin 5 
6. IL-6  Interleukin 6 
7. IL-7  Interleukin 7 
8. IL-8  Interleukin 8 
9. IL-9  Interleukin 9 
10. IL-10  Interleukin 10 
11. IL-12  Interleukin 12 
12. IL-13  Interleukin 13  
13. IL-15  Interleukin 15 
14. IL-17  Interleukin 
15. Eotaxin Eotaxin 
16. Basic FGF Basic fibroblast growth factor 
17. G-CSF  Granulocyte colony stimulating factor 
18. GM-CSF Granulocyte macrophage colony stimulating factor 
19. IFN-γ  Interferon gamma 
20. IP-10  Interferon gamma induced protein 10 
21. MCP-1  Monocyte chemotactic protein 1 

 

Target cytokine 

Bead 

Biotin

Figure 5-8 Relationship between target protein, antibodies, polystyrene 
bead and biotin 
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22. MIP-1α  Macrophage inflammatory protein 1 alpha 
23. MIP-1β  Macrophage inflammatory protein 1 alpha 
24. PDGF-BB Platelet derived growth factor BB 
25. RANTES Regulated upon activation normal T-cell expressed and secreted 
26. TNF-α  Tumour necrosis factor alpha 
27. VEGF   Vascular endothelial growth factor 

 

Assay Procedure 

The procedure was undertaken according to the user instruction manual provided with 

the assay kit which included coupled magnetic beads, detection antibodies, standards 

reagents and diluents for detecting 27 human cytokines. Below is an overview of the 

procedure. 

 

One and a half 96-well plates were first saturated with 100µl of assay buffer and 

excess removed by vacuum filtration. Fifty µl of the solution containing the beads 

conjugated with antibody to each of the 27 cytokines (multi bead working solution) was 

added to each well. The buffer was removed by vacuum filtration. 100µl of wash buffer 

was then added and removed by vacuum and this step repeated. Following this 50µl of 

the diluted standards and 50µl of the undiluted samples were added per well. The 

plates were then covered with sealing tape and aluminium foil and agitated at 1100rpm 

for 30 seconds then 300rpm for 30 minutes at room temperature.  

 

After incubation the sealing tapes were removed and the buffer removed by vacuum 

filtration. The wells were then washed three times with 100µl of wash buffer and blotted 

with a paper towel to prevent cross contamination. 

 

0.5µl of biotinylated antibodies were added to each well. The plates were covered with 

sealing tape and aluminium foil, agitated for 30 seconds at 1100rpm then 30 minutes at 

300rpm at room temperature. The plates were drained the wells washed 3 times with 

100µl of wash buffer which was removed each time. 

 

50 µg of 1 x streptavidin-PE was added to each well. The plates were covered with 

sealing tape and aluminium foil, agitated for 30 seconds at 1100rpm then 10 minutes at 

300rpm at room temperature. The buffer was removed by vacuum filtration and the 

wells washed three times with 100µl of wash buffer which was removed each time. 
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The beads were then resuspended by adding 100µl of assay buffer into each well, 

sealed and shaken at 1100rpm for 30 seconds, 

 

The plates were placed into the Bio-Plex plate reader and the concentration of each 

cytokine (pg/ml) calculated from the standard curves generated. The data generated 

were then copied into Microsoft Excel for storage and later access for analysis. 

 

5.7 Study procedures 

5.7.1 Study organisation 

The candidate (HPH) was the principal investigator. A researcher (TP) was employed 

on an hourly basis to assist in the day-to-day coordination of participants, appointments 

and data collection. Three vaccinators were general practitioners employed at the 

Immunisation Advisory Centre, six were registered nurses employed at the 

Immunisation Advisory Centre and one was the practice nurse at the University of 

Auckland’s Tamaki Campus student health centre. Blood was collected by the 

vaccinating staff as well as by the researcher and candidate. The blood samples were 

processed by the researcher and the candidate. 

5.7.2 Study location and facilities 

The study was conducted from the clinics at the School of Population Health in Glenn 

Innes, Auckland. Two health clinic rooms were available which included vaccine 

storage facilities. These rooms were used for the vaccination sessions and the blood 

collection.  

 

Processing and storage of the blood samples was conducted at the School of 

Population Health from September 2009 to December 2010. 

5.7.3 Recruitment 

Participants were alerted to the study and invited to participate via multi faceted 

approach. Initially the primary focus was on undergraduate tertiary students. 

 

Tertiary institutions and training institutions 
At the University of Auckland emails about the study were sent to the Faculty of 

Medical and Health Sciences junk mail list and undergraduate students at the Tamaki 

Campus. Additional emails were sent to all University of Auckland undergraduates. 
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Posters were placed in the student cafeteria and student centre and information booths 

were held on University Orientation days at Tamaki, City, Epsom and Grafton 

campuses (Appendix 8). 

 

Other tertiary institutions 

Information booths were held on campus during open days at Auckland University of 

Technology and Massey University Albany campuses and meetings were held with 

health clinical staff at these institutions. Additionally Seville Hairdressing school was 

approached. 

 

Secondary schools 

Several secondary schools were approached including Diocesan School for Girls and 

local secondary schools Selwyn College and Tamaki College.  

 

Local business and other organisations 

Posters were placed in a range of local businesses that have high numbers of young 

employees including local supermarkets and shopping malls. Organisations directly 

approached included: The New Zealand Prostitutes Collective, Gladstone Sexual 

Health Clinic (Parnell), Eden Campus – Education unit for teenage mothers, Young 

Parent Project Grey Lynn and Family Planning NZ. 

 

Local media 

An article was solicited and published in the local newspaper about issues around the 

School Based HPV programme. It mentioned the study. This article was then posted on 

a range of websites including Stuff.co.nz, Post Primary Teachers Association and 

Family First for positive parenting. 

 

Web based advertising 

Recruitment advertisements were placed on a number of websites including The 

Immunisation Advisory Centre website, Girlfriend magazine, Silver Ribbon Foundation 

(Support site for women with gynaecological cancers) and Get Participants (Scientific 

community connecting participants and researchers) see Appendix 9 and Appendix 10. 

 

5.7.4 Randomisation 

A list of random numbers was generated using the random number generator function 

in MS Excel and these were associated with one of the three injection techniques (‘A’, 
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‘B’ or ‘C’). Following initial contact participants were given an appointment time. At this 

stage they were assigned the next available random number and associated injection 

technique. For subsequent doses they were vaccinated using the injection technique 

that followed alphabetically and if they initially received ‘C’ they then received ‘A’. 

 

Visit one: Questionnaires and vaccination session 

Participants were greeted by one of the study staff on arrival and the study was 

explained and written informed consent was obtained. The questionnaire on 

demographics and health history as well as the PPS questionnaire were administered 

at this time. Once documentation was completed the participant was taken to the clinic 

room. The nurse vaccinator checked for contraindications for receiving the vaccine and 

administered the vaccine. After vaccination the participant was taken to the clinic 

waiting area for 20 minutes. At this time an appointment time was made for collection 

of the blood sample the next day and participants were asked about their perception of 

injection pain using the visual analogue pain scale. 

 

Visit two: Blood sample collection 

At the second visit participants were taken to the clinic room and the blood sample was 

taken. Up to two attempts were made to find a vein after which the attempt was 

abandoned.  

5.7.5 Additional participant follow up 

Participants were reminded about filling out their diary and sending back via text 

message and/or email. If they provided details of their general practitioner then a letter 

was sent to the general practice advising that their patient had received the 

quadrivalent human papillomavirus vaccine. The National Immunisation Register was 

notified manually. Participants were reminded about the second and third dose of 

vaccine via text message and/or email. Participants were also followed up if they 

experienced induration or swelling so that a diagnosis could be more reliably ascribed. 

 

5.7.6 Study documentation, laboratory documentation and log 

There were at least three points of identification on all study documentation and 

samples. Unique study identification number, participant name, participant date of birth, 

date and bar code. 

 



174 

 

A clinic book documented date, participant name, participant study number, time, 

vaccinator and a booking for the blood test. The laboratory book contained date, 

participant number, time of blood draw, name of nurse drawing blood, time in fridge if 

applicable, time sample placed in freezer and barcode. 

 

5.7.7 Data entry and management 

An access database was developed to record all data variables and to manage 

participant flow through the study. Separate but linked tables were set up for participant 

demographics, diary information, visual pain scale, Perceived Stress questionnaire and 

results from cytokine assays. Additionally participant progress was diarised and 

reminders were generated using preferences recorded by participants. These were by 

email, text message or phone call. 

 

The database was also used to monitor return of diaries and to manage invoicing for 

payment where participants were not eligible for free vaccine. 

 

A document list was developed to track all documentation for each dose of vaccine and 

a double check was conducted for each participant file.  

 

Data was double entered for validation. Variables which were re-coded are presented 

in Table 5-2.  
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Table 5-2 Variables which were re-coded for analysis 

Variable Re-coded to 

Participant number Subject number 

Ethnicity NZ European =1, Maori = 2, Pacific = 3, 

Asian = 4 and Other = 5 

Gender Female = 1, Male = 2 

BMI [New variable] Calculated from height (cm), weight (kg) 

Asthma Present = 1, absent = 0 

Eczema Present = 1, absent = 0 

Hay fever Present = 1, absent = 0 

Atopy score [New variable] Calculated from above by adding each. 

Injection technique ‘A’, ‘B’ or ‘C’ 1,2 and 3 

Vaccinator [name] 1, 2, 3....10 

Single Item Social Support (SISS) 0 = 0, 1=1, 2 – 5 =2, 6 - 9 =3, 10 or more 

= 4 

Exercise day of vaccine Yes=1, no=0 

Aerobic exercise Yes=1, no=0 

Resistance training Yes=1, no=0 

 

5.7.8 Consultation with Maori 

The candidate consulted with the Office of the Tumuaki at the Faculty of Medical and 

Health Sciences, University of Auckland about the trial and ethical application. There 

were no issues with regard to the proposed study and support was provided. (Appendix 

11). 

5.7.9 Ethical approval 

Ethical approval was sought in December 2008 from the Northern X Regional Ethics 

Committee (NTX/09/02/0010) and approved in February 2009. Changes to the study 

inclusion criteria were approved in August 2009 (Appendix 12). 

 

5.8 Sample Size 

Initially a sample of 150 per vaccine technique group (450) was required to have 80% 

power to detect a difference at the 5% level of significance if the % of outcome variable 

in the groups were as different as 40 & 25, 30 & 16, 20 & 9 or 15 and 5.  
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It became apparent that this sample size would not be reached despite considerable 

efforts made to recruit. 

 

It was therefore decided that rather than focussing on 150 events for each vaccine 

administration technique, effort would be placed on collecting data for all three doses 

for as many participants as possible, accepting that there may be insufficient power to 

detect differences between injection techniques and insufficient time to collect three 

doses for each participant. 

 

The aim was therefore changed to collect from as many participants as could be 

recruited before the study closed off in December 2010: 

 Reactogenicity data for each dose 

 Perceived stress data for each dose 

 Pain on injection for each dose 

 Blood samples following dose 1 only 

As the study recruitment was changed after data collection had commenced there are 

incomplete data for some participants, particularly for dose two. 

5.9 Statistical analyses and presentation  
All analyses were carried out by the candidate except for the logistic regression with 

repeated measures which was undertaken by Joanna Stewart, Biostatistician in the 

Department of Epidemiology and Biostatistics. All analyses were performed using, 

SPSS PASW Statistics18 or SAS version 9.1. Unless noted all statistical tests were 

two-tailed with a 5% significance level. 

 

5.9.1 Analysis of primary outcomes 

In order to examine the effect of technique, stress, social support, ethnicity, gender, 

exercise, and atopy on reactogenicity a generalised linear mixed model was fitted for 

each measure of reactogenicity. The reactogenicity measure (pain, induration, 

erythema or swelling) for each dose was the repeated outcome with explanatory 

variables of dose, technique, gender, ethnicity (European/Other, Maori/Pacific, Asian), 

social support, stress, exercise, age, atopy and pain on injection as explanatory 

variables and subject as a random effect. The outcome measures for each dose were 

coded as present at some time over the seven days of the diary, or absent. The 
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analysis was also run for the outcome of pain on injection with present being a pain 

score of greater than 3/10. 

 

Descriptive case studies of the participants who had the most severe reactions are 

presented with demographic characteristics, perceived stress and social support 

scores and cytokine profiles for 11 key cytokines.  

 

In order to look at the effect of groups of cytokines at the first dose an ordinal logistic 

regression was run for each reactogenicity outcome, including the cytokines of interest 

as explanatory variables, and examining the combined effect of the cytokine groups of 

interest. The maximum measures of each of the reactogenicity measures from the first 

2 days of the diary was coded into the 3 ordinal values of a score of 0, >0 and ≤1, >1. 

 

The cytokines were grouped into the following: 

 Innate pro-inflammatory cytokines IL-1b, IL-6, TNF-a and IL-12 

 The Th1 cytokines IL-2, TNF-a and IFN-g 

 The Th-2 cytokines IL-4, IL-5, IL-10, IL-9, IL-13 

 

5.9.2 Cytokine presentation and sub analysis 

As all cytokine concentrations were negatively skewed they were square root 

transformed. Box plots for 14 key pro-inflammatory, Th1 and Th2 cytokines are 

presented in Appendix 13. Two of the 27 cytokines were not included in any further 

analyses as there were nil readings for all participants. These were Basic FGF and 

GM-CSF. 

 

In order to look at the effect of groups of cytokines at the first dose an ordinal logistic 

regression was run for each reactogenicity outcome (pain, erythema, induration and 

swelling), including the cytokines of interest as explanatory variables and examining 

the combined effect of the cytokine groups. The maximum measures of each of the 

reactogenicity measures from the first two days of the diary were coded into the three 

ordinal values of 0, >0 and </=1 and >1. 

 

Group one were innate pro-inflammatory cytokines IL-1, IL-6, TNF-α and IL-12 

Group two were the Th1 cytokines IL-2, TNF-α and IFN-γ 

Group three were the Th2 cytokines IL-4, IL-5, IL-9, IL-13 
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As cytokines are associated with atopy, exercise, gender and social support the 

analysis was also run to include these as explanatory variables.  

  

Cytokines are proposed mediators of local reactions in this thesis. Because the 

explanatory variables in the study have been associated with variations in cytokine 

profiles such as Th1, Th2 or pro/anti-inflammatory cytokines, they were screened for 

significant correlations. Given the number of cytokines and chance of a type 1 error a 

significance level of 0.01 was chosen for interpretation in the discussion. 

 

To explore the relationship between cytokines and other explanatory variables an 

ordinal logistic regression was run with perceived stress, social support, exercise and 

atopy as explanatory variables. Gender and ethnicity were also included to remove any 

confounding from these variables however their results were not examined. 

  



179 

 

CHAPTER 6.  RESULTS FROM THE FAR TRIAL 

6.1 Aims of chapter 

The aims of this chapter are to describe the participants and the data, report on the 

results of the analysis of data from the FAR trial and determine whether any of the 

variables are associated with local reactogenicity following administration of a 

recombinant subunit vaccine (quadrivalent human papillomavirus). 

The part of this chapter contains a description of the study population and the 

explanatory variables. This is followed by the analysis of the primary outcomes of pain 

on injection and local reactions. The secondary analyses presents associations 

between the explanatory variables and finally descriptions of individual cases are 

presented. 

 

Figure 6-1 Structure and flow of chapter six, results from the FAR trial 

Ch.6 Results from 
the FAR trial

6.1 Aims of 
chapter

6.2 Participant 
recruitment and 

flow

6.3 Baseline data

6.4 Numbers 
analysed

6.5 Primary 
outcomes

6.6 Secondary 
outcomes

6.7 Case studies
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6.2 Participant recruitment and flow 

6.2.1 Participant recruitment and retention 

There were many strategies employed to recruit participants and advertising efforts 

were broad. Recruitment notices went out to a range of organisations including:  

Orientation day at City campus  

Orientation day at Tamaki campus 

Advert to Craccum student magazine 

Hand out of flyers 

Posters in Student lounge 

Poster in Student Health 

Invitation to Massey Albany Campus 

Invitation to AUT Campus 

Invitation to NZ Navy 

Online Advert with Girlfriend magazine 

Online Advert with Silver Ribbon Foundation 

Invited Rainbow Youth 

Posters at YMCA Mt Wellington 

Registered with Get Participants 

Invited Sexual Health Clinics 

Email to Young Parent Project 

Email to Eden Campus for Teen unit 

Email invitation to surrounding schools 

Contacted East and Bays Courier 

Email to Staff and students at Tamaki Campus 

 

One hundred and fifty three females aged 14-45 and seven males aged 14-26 

responded to the advertisements for participants, were enrolled in the study and 

randomised. 

 

Age eligible participants were recruited from 01/10/2009 to 31/5/2011. Participants 

attended the clinic for dose one (day 0) and a blood test (day 1). Dose two was 

scheduled approximately two months later and dose three at least four months after 

dose two. There was flexibility regarding the timing of doses providing the spacing was, 

at minimum, according to the accelerated schedule where a minimum of 4 months 

must lapse between the first and 3rd doses or (preferably) a minimum of four months 
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between dose two and three to allow time for affinity maturation and boosting of 

immune memory.  

 

At the time of this analysis, the total follow-up included 91% of the total number of 

participant doses expected at the end of the study (expected to be 310). 

Increasing challenges accessing authorised vaccinators and use of clinic space also 

precluded collecting data for the final doses in time for this thesis. 
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6.2.2 Participant flow 

 

*

Figure 6-2 FAR trial participant flow diagram 

One hundred and thirteen participants attended the first visit and completed dose 
one. Seventeen participants withdrew after dose one and six participants have not 
completed their second dose. Five participants withdrew after dose two and 11 
have not completed their third dose. 
 

                                                 
* TC = to complete 

Recruited and randomised 160
'A'=46, 'B'=60, 'C' = 54

Received Dose 1 'A' 32 
(70%), returned diary  

32 (100%)

Received Dose 2 
'B'=23, returned diary 

18/18 (100%) 
(5 not requested)

Received Dose 3 
'C'=21, returned diaries 

19/20 (90%), 

Withdrew 1,  TC 1

Withdrew 6,  TC1 5

Received Dose 1 'B' 47 
(758), returned diary, 

46 (98%)

Received Dose 2 
'C'=33, 'A'=6,  returned 

diary 17/19  (89%) 
(20 not requested)

Received Dose 3 'A' 
=30, 'C'=4 returned 
diary 30/34 (88%)

Withdrew 1,  TC 4

Withdrew 7,  TC 1

Received Dose 1 'C' 34 
(63%), returned diary 

34 (100%)

Received Dose 2 
'A'=23, 'B'=7, returned 

diary  17/ 19 (88%) 
(11 not requested)

Received Dose 3 "B'= 
16, 'A'= 5, 

returned diary 20/21 
(95%)

Withdrew 3,  TC 6

Withdrew 4,  TC 0

Withdrew prior to first 
visit 45, TC=2

113 Dose 1  

 

 

 

 

 

92 Dose 2 

 

 

 

 

 

76 Dose 3 
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There were 160 individuals recruited and randomised. Overall 113 (71%) of these 

attended the first visit and completed the questionnaires and received dose 1 of 

vaccine. The numbers completed each dose and technique are summarised in Table 

6-1. There were 17 withdrawals after the completion of the first dose. The reasons for 

this were: 

 difficulty accessing the clinic location, particularly for students who moved from 

Auckland. N=7 (003, 004, 005, 055, 070, 143, 145) 

 return to School Based Programme n=4, (011, 012, 013, 140) 

 cost of the vaccine for those who were not eligible under the funded programme 

n=6 (024, 025, 045, 066, 083, 130). 

 

Table 6-1 Summary of numbers for each injection technique and dose 

 Dose 1 Dose 2 Dose 3 TOTAL 

Technique ‘A’ 32 29 35 96 

Technique ‘B’ 47 30 16 93 

Technique ‘C’ 34 33 25 92 

TOTAL 113 92 76 281 

 

There were no withdrawals due to adverse reactions to the vaccine. One participant did 

not return due to the pain on injection and an associated vasovagal response. Not all 

participants were asked to complete diaries for dose two and three. This was because 

the decision to collect data across three doses was made after the commencement of 

the study and was delayed while ethical approval was obtained. The denominator for 

diaries returned is based on those who were provided with a diary and asked to 

complete it. 
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6.3 Baseline data 

6.3.1 Participant demographics 

Baseline demographics were collected on the day of the first dose for each participant 

and are summarised in Table 6-2. The mean age was 22 years and six months (SD 

5.2) and most (95%) were female. All but 11 participants identified their primary 

ethnicity as NZ European (n=71) or Asian (n=31). The mean BMI was 23 (SD 3.9) with 

22 (19.5%) participants reporting a history of asthma, 17 (15%) a history of Eczema 

and 48 (42.5%) a history of hay fever. Exercise of some type was undertaken by 21 

(18.6%) participants on the day of vaccination with dose one. 

  

Table 6-2 Baseline characteristics of study participants 

Variable N = 113   

Age (years) Mean 22.7, Median 22, SD 

5.2 

Range 14-46 

Gender (female) 107 (95%)  

Ethnicity n % 

NZ European 71  63% 

Maori 5  4% 

Pacific Is. 3  3% 

Asian 31  27% 

Other 3  3% 

Health history   

BMI Mean 23, Median 22, SD 3.9 Range 17-43 

Asthma 22  20% 

Eczema 17 15% 

Hay fever 48 43% 

Exercised on day of vaccine 21  19% 

 

Table 6-3 shows the demographics of participants in each of the three technique 

groups.   
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Table 6-3 Characteristics of participants in each technique group, as originally 
allocated 

Variable Technique ‘A’ 

N=32 

Technique ‘B’ 

N=47 

Technique ‘C’ 

N=34 

Mean age (years) 23.1 23.1 21.7 

Gender (female) 30 (94%) 45 (96%) 32 (94%) 

Ethnicity    

NZ European 20 (63%) 26 (55%) 24 (74%) 

Maori 2 (6%) 2 (4%) 1 (3%) 

Pacific Is. 0 (0%) 3 (6%) 0 (0%) 

Asian 10 (31% 13 (28%) 8 (24%) 

Other 0 (0%) 3(6%) 0 (0%) 

Health history    

BMI 24.2 22.4 22.9 

Asthma 9 (28%) 5(11%) 8 (24%) 

Eczema 8 (25%) 7 (15%) 2 (6%) 

Hay fever 14 (44%) 17 (36% 17 (50%) 

Exercised on day of vaccine 6 (19%) 10 (21%) 5 (15%) 
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6.3.2 Vaccinators 

There were ten vaccinators used in the study, each of who vaccinated variable 

numbers of participants and shown in Table 4-3.  

 

Table 6-4 Distribution of vaccine doses per vaccinator 

Vaccinator 
Dose one 

administrations 

Dose two 

administrations

Dose three 

administrations 

Total 

number 

vaccinations 

administered

1 15 13 4 32 

2 4 3 7 14 

3 9 11 16 36 

4 18 10 5 33 

5 16 5 5 26 

6 36 31 23 90 

7 2 0 0 2 

8 2 1 0 3 

9 0 7 7 14 

10 11 11 10 32 
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6.3.3 Perceived Stress Scale 

The 10 Item Perceived Stress Scale (PSS) was completed by all 113 participants prior 

to the first dose of vaccine, 44/92 participants prior to dose two and 73/76 participants 

prior to dose three (a total of 230 doses). The range was 5-30. Distribution of scores at 

dose one are presented in Figure 6-3.  

 

 

Figure 6-3 Distribution of perceived stress scores at dose one 
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6.3.4 Single Item Social Support 

The SISS (How many people do you have near that you can readily count on for real 

help in times of trouble or difficulty, such as sickness, family troubles, school or work 

problems?) was scored as follows: 0 = 0, 1 = 1, 2-5 = 2, 6-9 = 3 and 10 or more = 4. 

The distribution of scores at dose one are summarised in Figure 6-4. 

 

Figure 6-4 Distribution of social support scores at dose one 
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6.3.5 Numbers analysed 

Because the decision to extend the study to include all doses was made part way 

through data collection, there are incomplete data for most participants. Some 

participants had not returned their diaries at the time of this analysis. The numbers 

available for each measurement tool are noted below: 

 demographic data n=113 

 injection pain = n=243/281 doses 

o dose one injection pain n=113/113 

o dose two injection pain n=57/92  

o dose three injection pain n=73/76 

 diary of reactogenicity n= 231 

o dose one diary n=112/113 

o dose two diary n= 51/82 

o dose three diary = 68/76 

 perceived stress and social support n=230 

o dose one perceived stress scale and single item social support 

n=113/113 

o dose two perceived stress scale and single item social support n=44/92 

o dose three perceived stress scale and single item social support 

n=73/76 

 blood sample and analysis n=109/113. 
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6.4 Primary Outcomes 

6.4.1 Factors associated with perceived pain on Injection  

Pain on injection was reported on a visual analogue scale (Appendix 7) from nil to 

worst pain imaginable (0-10). The mean was 3.8/10 (95% CI 3.5 – 4.1) and median 

4/10. The distribution of scores is presented in Figure 6-5. No one scored over an 8/10. 

 

 
Figure 6-5 Distribution of pain on injection scores at dose one 

 

6.4.1.1 Observations during vaccination session 

Anatomical variation in administration 
During the vaccination session the researcher (TP) noted the descriptions of vaccine 

pain and sensation made by the participants. She noted that on occasion the 

vaccinator administered the injection at a site higher than the proscribed location and 

that this appeared to result in more perceived pain. The cases where the injection 

appeared to have been administered closer than usual to the acromium are noted 

below, most reported pain significantly higher than the mean. 

 Participant #069, dose one scored 7/10. She noted unexpected level of pain, 

could feel very sharp pain throughout and her arm felt paralysed. During the 20 
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minute wait post injection her arm went numb. After a week (post diary) she 

noted new pain which felt ‘stiff’ and ‘weak’ making lifting difficult. There was 

pain localised at the site of injection but no associated induration or erythema. 

Another factor of note was a high PSS score of 28 (which had reduced to 16 for 

dose three). 

 Participant #101, dose two scored 5/10. She noted muscle tightening and pain 

increased after the needle came out, then dropped followed by numbness. PSS 

was 14 

 Participant # 016, dose three scored 8/10. (Dose one had been 4/10) She noted 

rapid increase of pain during injection as if needle digging deeper into arm, 

followed by ache. PSS score of 20. 

 Participant #115, dose three scored 9/10. Immediate heavy arm, intense 

localised pain, could not feel vaccine go in followed by a light sensation. Arm 

went heavy and tingly. Prior two doses pain scores were 3 and 2. 

 Participant #113 (male), dose two scored 3/10 (previous score <1/10). Felt like 

hit in arm, with sensation of ‘pushing’ then pain subsided over time. 

 Participant #097, dose two score 6/10 (first dose 5/10). Felt three inch band of 

tightness around arm. Took around 10 mins for arm to feel ‘normal’. After 

around two weeks the local area was painful like a tight sore muscle for around 

a week. She developed a palm-sized swelling on day 7. 

Vasovagal syncope 
Seven participants became faint after receiving their injection. Factors associated with 

becoming dizzy after injection administration are not clear. In some cases the injection 

had been unexpectedly painful. Stress does not appear to be a factor as none of these 

participants had a score of greater than 19 on the PSS. 
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6.4.1.2 Variables associated with perceived pain on injection 

Findings from logistic regression with repeated measures for all doses are presented in 

Table 6-5. Although pain on injection ranged from no pain at all to 8/10 there were no 

explanatory variables found to be associated with this variance.  

 

Table 6-5 Variables and their associations with perceived pain on injection 

Variable Odds ratio 

 

(95% CI) P-value 

Dose   0.13 

(Dose 1 versus 3) 0.58  0.29 - 1.14  

(Dose 2 versus 3) 0.97  0.42 - 2.25 

Technique   0.66 

‘A’ versus ’C’ 1.36  0.70 – 2.62  

‘B’ versus ’C’ 1.14  0.59 - 2.20 

Ethnicity   0.32 

(NZ European and Other versus 

Asian) 

0.55 0.25 – 1.23  

(Pacific/Maori versus Asian) 0.51 0.13 – 2.0 

Gender (F/M) 1.86 0.61 – 5.65 0.27 

Exercise (no/yes) 0.57 0.24 – 1.34 0.20 

Atopy score 1.06* 0.73 – 1.54 0.76 

Perceived stress 1.031 0.98 – 1.09 0.30 

Social support 1.061 0.74 – 1.52 0.75 

 

 

  

                                                 
* Continuous variables are assessed as one unit offsets from the mean 
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6.4.2 Factors associated with reactogenicity 

As previously reported diaries were collected for 112 of the 113 first doses, 51/82 for 

the second doses and 68/76 for the third doses. Local reactions for all doses are 

summarised in Table 6-6. The distribution of reactions for dose one are described and 

then all doses are included in the regression analyses. 

 

Pain following injection was reported at similar rates for dose one and two but a higher 

percentage of participants reported pain after dose three. Only two participants 

reported pain that interfered with the movement of their arm. For erythema the rates 

were less for dose one than for doses two and three. There were four cases of 

erythema greater than 5mm. The rates of swelling decreased from dose one with lower 

rates after doses two and three with six cases of swelling greater than 5mm. Induration 

had the highest rates of reporting following dose two and seven participants reported 

induration greater than 5mm. 

 

Table 6-6 Summary of local reactions present on day one for all doses 

Present on 

day 1 

Dose 

1 

n=112 

% 

Dose 

2 

n=49 

% 

Dose 

3 

n=64 

% 
Total 

N=225 

Pain (any) 71 63% 34 69% 51 80% 156 (69%) 

Pain = 2 (mod) 25 5.8% 10 23% 16 25% 51 (23%) 

Pain = 3 (sev) 1 0.2% 1 2% 0 0% 2 (1%) 

Erythema (any) 15 13% 24 49% 33 44% 72 (32%) 

Erythema ≥ 

2mm 

9 8% 12 24% 12 19% 33 (15%) 

Erythema 

>5mm 

1 0.9% 1 2% 2 3% 4 (2%) 

Induration (any) 21 19% 7 14% 18 28% 46 (20%) 

Induration ≥ 

2mm 

17 15% 2 4% 9 14% 28 (12%) 

Induration ≥ 

5mm 

4 3.6% 0 0% 3 4.7% 7 (3%) 

Swelling (any) 19 17% 6 12% 12 19% 37 (16%) 

Swelling ≥ 2mm 13 12% 1 2% 5 8% 19 (8%) 

Swelling >5mm 4 3.6% 0 0% 2 3% 6 (3%) 
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6.4.2.1 Evaluation of pain following injection 

Pain peaked on the day of injection with a mean of 0.87. The mean pain on day two 

was 0.44. The distribution of pain scores are presented in Figure 6-5. Seventy five 

percent of participants reported either no pain or mild pain. One participant of the 112 

who returned diaries following dose one reported pain severe enough to affect 

movement of their arm.  

 

 

Figure 6-6 Distribution of injection site pain scores following dose one 

 

The results of the multivariable analysis with odds ratios are presented in Table 6-7. 

There was a tendency for pain to increase over doses. Females reported more pain 

than males following injection. There was a trend to more pain if exercise had not 

occurred prior to vaccination on dose one and perceived stress had some association 

with reported pain. 
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Table 6-7 Results from generalised linear mixed model evaluating factors 
associated with injection site pain  

Variable Odds ratio (95% CI) P-value 

Dose   0.06 

Dose 1 v. 3 0.37 0.16 – 0.84  

Dose 2 v. 3 0.68 0.28 – 1.65 

Technique   0.71 

‘A’ v. ’C’ 1.26 0.57 – 2.76  

‘B’ v. ’C’ 1.40 0.63 – 3.00 

Ethnicity   0.85 

NZ European and Other v. 

Asian 

0.81 0.34 – 1.94  

Pacific/Maori v. Asian 1.03 0.24 – 4.45 

Gender (F/M) 3.15 0.85 – 11.62 0.08 

Exercise (no/yes) 0.40 0.14 – 1.11 0.08 

Atopy score*  1.77 0.61 – 1.42 0.75 

Age1 1.03 0.96 – 1.11 0.41 

Perceived stress1 1.06 0.99 – 1.14 0.07 

Social support1 0.86 0.56 – 1.31 0.47 

 

  

                                                 
* Continuous variables are assessed as one unit offsets from the mean 
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6.4.2.2 Evaluation of erythema following injection 

The mean measurement for erythema was 0.97mm (95% CI 0.7 – 1.3). Erythema 

peaked on day one following injection. The mean erythema on day two was 0.41mm. 

Measurements for erythema following the first dose ranged from nil – 12mm. If 

erythema was present it was almost always less than 4mm. The distribution of 

measurements are summarised in Figure 6-7. 

 

 

Figure 6-7 Distribution of erythema measurements following dose one 

 

The results of the multivariable analysis with odds ratios are presented in Table 6-8.  

There was a tendency for female gender to be associated with more erythema but no 

variables reached less than a 0.1 level of significance. 
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Table 6-8 Results from generalised linear mixed model evaluating factors 
associated with injection site erythema  

Variable Odds ratio (95% CI) P-value 

Dose   0.64 

Dose 1 v. 3 1.21 0.64 – 2.30  

Dose 2 v.3 1.44 0.67 – 3.09 

Technique   0.11 

‘A’ v. ’C’ 1.89 0.98 – 3.66  

‘B’ v. ’C’ 1.82 0.93 – 3.54 

Ethnicity   0.23 

NZ European and Other v. 

Asian 

0.58 0.25 – 1.32  

Pacific/Maori v. Asian 0.31 0.07 – 1.38 

Gender (F/M) 4.40 0.77 – 25.15 0.09 

Exercise (no/yes) 1.08 0.44 – 2.65 0.86 

Atopy score*  0.96 0.63 – 1.45 0.84 

Age 0.99 0.93 – 1.07 0.92 

Perceived stress 0.99 0.93 – 1.04 0.61 

Social support 0.78 0.51 – 1.15 0.20 

 

  

                                                 
* Continuous variables are assessed as one unit offsets against the mean. 
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6.4.2.3 Evaluation of swelling following injection 

The mean measurement for swelling on day one following injection was of 0.91mm 

(95% CI 0.22 – 1.6). Swelling peaked on day one following injection. The mean 

swelling on day two was 0.2mm. Measurements of swelling ranged from nil to 26mm. 

When swelling was present it was almost always less than 5mm. The distribution of 

measurements for day one, dose one swelling are presented in Figure 6-8. 

 

 

Figure 6-8 Distribution of swelling measurements following dose one 

  

The results of the multivariable analysis with odds ratios are presented in Table 6-9. 

Gender was excluded as there were no cases of swelling occurring in male 

participants. No other variables could be found to be associated with injection site 

swelling. 
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Table 6-9 Results from generalised linear mixed model evaluating factors 
associated with injection site swelling 

Variable Odds ratio 

 

(95% CI) P-value 

Dose   0.63 

Dose 1 v. 3 0.83 0.35 – 2.00  

Dose 2 v. 3 0.60 0.21 – 1.73 

Technique   0.98 

‘A’ v.’C’ 1.10 0.44 – 2.70  

‘B’ v.’C’ 1.10 0.43 – 2.75 

Ethnicity   0.24 

NZ European and Other v. 

Asian 

0.83 0.20 – 1.17  

Pacific/Maori v. Asian 0.41 0.07 – 2.41 

Age 1.07 0.99 – 1.15 0.11 

Exercise 0.67 0.25 – 1.80 0.42 

Atopy score 0.98 0.59 – 1.60 0.92 

Perceived stress 1.02 0.95 – 1.10 0.63 

Social support 1.50 0.91 – 2.44 0.11 

 

 

  



200 

 

6.4.2.4 Evaluation of induration following injection 

The mean measurement for induration on day one was 0.77mm (95% CI 0.25 – 1.3).  

Induration peaked on day one following injection and the mean measurement on day 

two was 0.16mm. Measurements of induration following injection ranged from nil to 

26mm. When induration was present it was almost always less than 5mm. The 

distribution of induration measurements on day one are presented in Figure 6-7. 

 

 

Figure 6-9 Distribution of induration measurements following dose one 

 

The results of the multivariable analysis with odds ratios are presented in Table 6-10. 

Gender was excluded as there were no cases of induration in male participants. No 

other variables could be found to be associated with injection site induration. 
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Table 6-10 Results from generalised linear mixed model evaluating factors 
associated with injection site induration 

Variable Odds ratio 

 

(95% CI) P-value 

Dose   0.22 

Dose 1 v. 3 0.57 0.25 – 1.27  

Dose 2 v. 3 0.45 0.16 – 1.24 

Technique   0.55 

‘A’ v.’C’ 1.50 0.60 – 3.65  

‘B’ v.’C’ 1.63 0.65 – 4.06 

Ethnicity   0.37 

NZ European and Other v. 

Asian 

0.67 0.28 – 1.54  

Pacific/Maori v. Asian 0.23 0.02 – 2.46 

Age 1.05 0.98 – 1.13 0.17 

Exercise (no/yes) 0.58 0.23 – 1.45 0.24 

Atopy score 1.00 0.60 – 1.52 0.85 

Perceived stress 1.03 0.96 – 1.10 0.42 

Social support 0.82 0.50 – 1.35 0.43 
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6.4.2.5 Cytokines and local reactions 

Blood samples were available for 109 participants. Initially Spearman’s rank 

correlations were used to assess each cytokine with local reactions occurring on day 

two, the day of blood collection. No cytokines reached the 0.01 level of significance. 

Those with the strongest correlations are listed in Table 6-11. IL-13, IL-6 and IFN-γ 

were correlated with pain following injection; IL-4 and IL-15 were correlated with 

erythema and IL-12 with swelling. All correlations are presented in Appendix 14. 

 

Table 6-11 Day two reactogenicity outcomes and correlations with cytokines 

Day two outcome Cytokine Correlation and 
significance 

Pain IL-13 Spearman’s Rho = -0.2, 

p=0.04 

Pain IL-6 Spearman’s Rho = 0.2, 

p=0.04 

Pain IFN-γ Spearman’s Rho = 0.18, 

p=0.07 

Erythema IL-4 Spearman’s Rho = 0.22, 

p=0.02 

Erythema IL-15 Spearman’s Rho = 0.22, 

p=0.03 

Swelling IL-12 Spearman’s Rho = 0.21, 

p=0.03 

 

 

The results from the ordinal regression for key cytokine groups and associations with 

each reactogenicity outcome (see 5.9.2 for method) are presented in Table 6-12. No 

group could be shown to be associated with any of the reactogenicity outcomes 
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Table 6-12 Results of ordinal regression for functional cytokine groups 

Outcome variable  p-value 

Pain 
Group one cytokines* 0.41 

Group two cytokines† 0.23 

Group three cytokines‡ 0.73 

Erythema Group one cytokines 0.43 

Group two cytokines 0.13 

Group three cytokines 0.33 

Swelling Group one cytokines 0.49 

Group two cytokines 0.47 

Group three cytokines 0.79 

Induration Group one cytokines 0.82 

Group two cytokines 0.38 

Group three cytokines 0.97 

 

  

                                                 
* Group one cytokines are pro-inflammatory cytokines  IL-1, IL-6, TNF-α and IL-12 
† Group two cytokines are Th1 cytokines IL-2, TNF-α and IFN-γ 
‡ Group three cytokines areTh2 cytokines  IL-4, IL-5, IL-9 and IL-13 
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6.4.2.6 Cytokines and results from multiple logistic regression  

After controlling for exercise, atopy, perceived stress, social support and gender there 

were still no cytokine groups that could be shown to be associated with any of the 

reactogenicity outcomes. 

 

Table 6-13 Results of multiple logistic regression for functional cytokine groups 

Outcome variable  p-value 

Pain 
Group one cytokines* 0.27 

Group two cytokines† 0.13 

Group three cytokines‡ 0.67 

Erythema Group one cytokines 0.51 

Group two cytokines 0.17 

Group three cytokines 0.36 

Swelling Group one cytokines 0.44 

Group two cytokines 0.39 

Group three cytokines 0.81 

Induration Group one cytokines 0.81 

Group two cytokines 0.16 

Group three cytokines 0.91 

  

                                                 
* Group one cytokines are pro-inflammatory cytokines  IL-1, IL-6, TNF-α and IL-12 
† Group two cytokines are Th1 cytokines IL-2, TNF-α and IFN-γ 
‡ Group three cytokines areTh2 cytokines  IL-4, IL-5, IL-9 and IL-13 
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6.4.3 Individual case studies - reactogenicity 

Case studies for the participants who had the most severe local reactions in the study 

are presented below. Cytokine profiles showing where the participant fell in terms of 

percentage for each of the 11 key cytokines represented in the groups previously 

identified in section 6.4.2.5. In all except one case, where blood was available, the 

cytokines are elevated relative to the rest of the participants. It is expected that by 

chance some of these cytokines would fall into the 80th and 90th percentiles. 

 

6.4.3.1 Cases where severe pain was reported 

Only two participants (#115 and #071) reported severe pain (3/3) following any dose. 

Both cases were healthy. The cytokine profile for participant #115 is provided in Figure 

6-10. 

 

Participant #115 reported severe pain 

present on day one dose one, having 

subsided by day 2.  

 

Twenty one year old European female. 

BMI 23. No history of atopy or other health 

problems. No medication. Had not 

exercised on day of vaccination. 

Perceived stress score 13 (study range 5-

30), single item social support 10 or more. 

Cytokine profile indicated pro-

inflammatory cytokine IL-1 over 90th 

percentile and Th2 cytokines IL-5, IL-10 

and IL-13 in the 90th percentiles. IFN-γ 

was in 1st percentile. 

Participant #071 reported severe pain 

following dose two persisting through day 

one, two and three then subsiding to mild 

pain for the duration of the week. 

 

Twenty three year old Chinese female. 

BMI 20. No history of atopy. No 

medication. Had not exercised on day of 

vaccination. Perceived stress scale score 

17, single item social support 2-5. As dose 

two there is no blood sample 
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Figure 6-10 Cytokine profile participant #115 after severe pain post dose one 
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6.4.3.2 Case reports of erythema greater or equal to 20mm 

There was one case of erythema 20mm or greater.  

 

Participant #154 reported 25mm erythema 

commencing on day three/dose one and 

persisting as 25mm for day four, reducing 

to 20mm for days five, six and seven. 

There was no associated induration or 

swelling.  

 

Twenty three year old Sri Lankan female. 

BMI 21. History of asthma, eczema and 

hay fever. No other significant illness or 

medications. Had not exercised on day of 

vaccination. Perceived stress score 21, 

single item social support 6-9. Pro-

inflammatory cytokines IL-1, IL-6 over 80th 

percentile, Th1 cytokine IFN-γ over 95th 

percentile and Th2 cytokines IL-4, IL-5, IL-

10, IL-9 and IL-13 all over 65th percentile. 

IL-12 and IL-2 were below detection. (see 

Figure 6-11) 

 

 

 

 

 

 

Figure 6-11 Cytokine profile participant #154 after 25mm erythema post dose one 
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6.4.3.3 Case reports of induration greater or equal to 20mm 

There was one case that reported induration equal to or greater than 20mm. 

 

Participant #026 report 25mm induration 

on day one/dose one which had resolved 

by day two. 

 

Twenty four year old Chinese female. BMI 

22. History of hay fever. No other 

illnesses. No medication. Had not 

exercised on day of vaccination. Th2 

cytokines IL-4, IL-10 in 90th percentile 

(See Figure 6-12). 

 

 

 

 

 

Figure 6-12 Cytokine profile participant #026 after 25mm induration post dose 
one 
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6.4.3.4 Case reports of swelling greater or equal to 20mm 

There were two cases reporting swelling equal to or greater than 20mm: 

Participant #102 reported 20mm swelling 

on day one dose one and 10mm on day 

two. 

 

Thirty one year old European female. BMI 

25. History of asthma within week of first 

vaccination, (medication?) No other 

history of illness. Had not exercised on 

day of vaccination. Cytokines IL-2, IL-9 

and IL-13 in 1st percentile. (see Figure 

6-13). 

Participant #110 reported 25mm swelling 

on day one, dose one. 

 

Twenty five year old European female. 

BMI 22. No history of atopy of illness. No 

medication. Had not exercised on day of 

vaccination. Pro-inflammatory IL-6 and 

TNF-α over 70th percentile and IL-9 80th 

centile (see Figure 6-14). 

 

 

 

 

 

 

Figure 6-13 Cytokine profile for participant #102 after reporting 20mm erythema 
post dose one 
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Figure 6-14 Cytokine profile for participant #110 after 25mm swelling post dose 
one 
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6.5 Secondary outcomes from the FAR trial 

6.5.1 Cytokines and associations with other explanatory variables 

6.5.1.1 Perceived stress and cytokines 

IL-15 was the only cytokine associated with perceived stress (OR 0.94 CI 0.88 – 0.99) 

p= 0.04. However it did not reach the 0.01 level of significant set for this analysis. See 

Appendix 15 for a table of perceived stress and all cytokines. 

6.5.1.2 Social support and cytokines 

There were two cytokines associated with social support at less than the 0.01 level of 

significance and were six others that reached equal or less than the 0.05 level of 

significance. These eight cytokines and their odds rations are presented in Table 6-14. 

A complete table of associations between cytokines and social support is presented in 

Appendix 16. 

 

Table 6-14 Associations between individual cytokines and social support 

 

  

Cytokine Odds Ratio 95% CI p-value 

G-CSF 0.65 0.43 – 0.98 0.04 

IL-1b 0.61 0.40 – 0.93 0.02 

IL-8 0.64 0.42 – 0.96 0.03 

IL-9 0.53 0.34 – 0.81 0.004 

IL-10 0.54 0.35 – 0.82 0.004 

IL-13 0.62 0.41 – 0.95 0.03 

IP-10 0.66 0.44 – 1.01 0.05 

MIP-1b 0.67 0.44 – 1.01 0.05 
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6.5.1.3 Exercise and cytokines 

There was one cytokine that reached the 0.01 level of significance (IL-6) and two that 

reached the 0.05 level of significance presented in Table 6-15. See Appendix 17 for a 

table of exercise and correlations with all cytokines. 

 

Table 6-15 Associations between individual cytokines and exercise 

 

6.5.1.4 Atopy and cytokines 

There were five cytokines associated with atopy score at the 0.01 level of significance 

or less and a further four that were positively associated at the 0.05 level or less. These 

nine cytokines are presented in see Table 6-16 and a table of all association can be 

found in Appendix 18 ). 

 

Table 6-16 Correlations between individual cytokines and atopic score 

 

  

Cytokine Odds Ratio 95% CI p-value 

IFN-g 0.37 0.15 – 0.91 0.03 

IL-6  0.29 0.11 – 0.71 0.007 

IL-12 0.34 0.13 – 0.86 0.02 

Cytokine Odds Ratio 95% CI p-value 

G-CSF 0.56 0.38 – 0.84 0.005 

IFN-g 0.41 0.27 – 0.62 <0.0001 

 IL-4 0.63 0.42 – 0.93 0.02 

IL-5  0.61 0.41 – 0.90 0.01 

IL-6  0.53 0.35 – 0.78 0.002 

IL-7  0.60 0.40 – 0.88 0.009 

IL-9  0.67 0.45 – 1.00 0.05 

IL-10  0.66 0.45 – 0.98 0.04 

MCP-1 0.63 0.42 – 0.93 0.02 
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6.6 Summary of the findings from the FAR trial 

Pain on injection 

The three FAR trial injection techniques were carefully controlled and there was no 

difference in the perceived pain on injection between them. Despite this the visual 

analogue pain scores ranged across the scale suggesting there must still be other 

factors contributing to this variation. No factors could be found to be associated with 

perceived pain on injection. 

 

Injection site reactions 

Of all the variables explored in the FAR trial only gender, exercise and perceived stress 

were found to have weak associations with injection site pain. In addition there were six 

individual cytokines that had weak correlations however the three key groups of 

cytokines were not associated with any reactions. 

 

The finding that health history, such as atopy, did not appear to have any effect on 

reactions supports that local reactions are not related to immune pathology. 

  



214 

 

CHAPTER 7. IS THERE A RELATIONSHIP BETWEEN LOCAL 
REACTIONS AND IMMUNOGENICITY? 

Based on the results from both the retrospective NZ meningococcal B vaccine study 

and prospective (FAR Trial) studies it appeared that reactogenicity was not associated 

with poor health or perceived stress. If reactogenicity was therefore a function of a 

healthy innate immune response perhaps a more vigorous local vaccine reaction (such 

as was observed in these studies) may predict a better immune response. If so it could 

be a hypothesis that higher antibody titres may be observed in individuals who have a 

more robust local reaction. Correlational analysis of reactogenicity outcomes indicate 

that pain, erythema, swelling and induration are all correlated with each other 

(Appendix 19) therefore assessing the outcomes as a group may also be valuable. The 

structure of this chapter is outlined in Figure 7-1. 

 

 
 

Figure 7-1 Structure and flow of chapter seven, do local reactions enhance 
immunogenicity? 

Ch.7 Do local 
reactions enhance 
immunogenicity?

7.1 Aims and 
objectives

7.2 Study design 
and data
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of findings
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7.1 Aims and objectives 

Using the MeNZB™ clinical trial data base developed for the secondary analysis 

described in Chapter 3, this analysis aimed to test the association between local 

injection site reactions occurring immediately following the first dose of meningococcal 

B vaccine with total IgG and with SBA titres measured 12-14 weeks later. There were 

two primary objectives: 

1. Test the association between each reactogenicity outcome pain, erythema, 

swelling and induration and total IgG and SBA. 

2. Test the association between the reactogenicity outcomes as a group and total 

IgG and SBA 

 

7.2 Study design and data 

A retrospective analysis of the phase two clinical trial data for the New Zealand tailor 

made meningococcal B OMP vaccine in children aged eight to twelve years. The 

methods for database creation and variables are described in detail in Chapter 3. The 

data used for this study include the 554 participants who received the NZ strain 

vaccine.  

 

7.3 Data analysis 

Using multiple linear regression with logged SBA* or total IgG† as the dependent 

variable and the local reactions pain, erythema, swelling and induration as the 

explanatory factors the NZ meningococcal B vaccine data was examined to see if local 

reactions following dose one had an affect on either total antibody or SBA measured 

12-14 weeks later and 18 weeks later. The timing of the antibody measurements and 

the vaccinations are presented in Figure 7-2. 

 

  

                                                 
* SBA is a measure of protection against meningococcal disease. 
† IgG is a measure of immune response. 
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7.4 Results 

Individual reactogenicity outcomes 

Individual reactogenicity outcomes (pain, erythema, induration or swelling) present on 

day one following dose one predicted total IgG measured 12 weeks later: pain 

(p=0.016), swelling (p=0.01), erythema (p=0.01) and induration (p=0.08).  

 

These reactogenicity outcomes did not generally predict SBA titres as strongly: Pain 

(p=0.06), erythema (p=0.3), swelling (p=0.3) and induration (p=0.09).  

 

Combined reactogenicity outcomes 

There was an overall affect on total IgG measured at 12-14 weeks of the combined 

local reactions pain, erythema, induration and swelling (p=0.009). 

 

The combined reactions were not predictive of SBA (p=0.17). 

 

Final antibody outcomes 

There was no effect of the combined local reactions occurring following the first dose 

on post dose three total IgG (p=0.45) or post dose three SBA (p=0.9) measured 18 

weeks after dose one. 

 

Blood 
1

Dose 2

Blood 
2 

Dose 3

Blood 
3

Dose 1

     (Day 0)      (Week 6)    (Week 12-14)    (Week 18) 

Figure 7-2 Timing of blood tests and administration of vaccine doses during 
the MeNZB™ trials 

 



217 

 

7.5 Consideration of findings 
There appears to be an association between reactogenicity and antibody response to 

this OMP vaccine. This supports the role of a robust innate immune response in the 

development of adaptive immunity. There may be a range of confounders that have not 

been considered here such as the role of baseline antibody, however in the earlier 

analysis no association could be found with this and reactogenicity.  

 

As demonstrated in this thesis there are a range of factors that contribute to local 

injection site reactions including vaccinator/technique and ethnicity. These 

contributions all contribute in a complex way to achieving adaptive immunity. Further 

research in this area is needed to build on this study.  
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CHAPTER 8. DISCUSSION 

Introduction 

The research hypothesis was that there are identifiable host and environment factors 

associated with local injection site reactions. 

 

In order to explore this issue the literature was searched for factors already identified 

as contributing to reactogenicity and factors that may be likely to contribute. Existing 

data indicated that subcutaneous administration of adjuvanted vaccines appeared to 

increase reactogenicity while the use of longer needles appeared to reduce 

reactogenicity. In addition a range of factors seemed good candidates for contributing 

in either a positive or negative way to local reactions. These were psychological and 

physical stressors, gender, ethnicity, injection technique, vaccine formulation and a 

range of circulating molecules including antibody and inflammatory cytokines. From this 

a model was developed to include these as well as atopy due its immunological basis. 

 

Secondly, a secondary analysis of a dataset from a vaccine clinical trial was 

conducted. Available variables from the original model were ethnicity, vaccinator as a 

proxy for injection technique, gender and pre-existing antibody. In addition the school 

decile (a proxy for socioeconomic status) and age were available so these were also 

included for analysis. Perceived pain scores for injection pain had been collected in the 

study therefore these could be examined in association with the other variables.  

 

Thirdly a prospective study was developed in an attempt to capture as many of the 

most likely candidate variables as possible. These included measure of stress, 

exercise, health history, ethnicity, gender and inflammatory cytokines. In addition, in 

order to tease out the important aspects of injection technique the participants were 

randomised to receive three different techniques.  

 

 In this section the key findings from both the secondary analysis of the NZ 

meningococcal B vaccine trial data and the FAR trial are summarised to support of 

refute the hypothesis and strengths and limitations of the trial examined. The findings in 

relation to existing literature are presented along with a discussion of the potential 

reasons for the study results. Finally the clinical implications of the studies are 
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considered and recommendations for clinical practice and future research are made. 

The structure and flow of this chapter is outlined in Figure 8-1. 

 

Figure 8-1 Structure and flow of chapter eight, thesis discussion 

 

8.1 Synopsis of key findings from NZ meningococcal B vaccine 

study and FAR trial 

 

The key findings from the secondary analysis of the NZ meningococcal B vaccine data 

were that: 

 vaccinator was the variable that had the largest effect on the reactogenicity 

outcomes injection site pain, erythema and induration  

 ethnicity had an important effect on the reactogenicity outcomes injection site 

pain and erythema  

 BMI was associated with reactogenicity pain  
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 although baseline antibody was not found to effect reactogenicity, injection site 

reactogenicity following dose one did have an effect on antibody levels 

measured after dose two.  

 vaccinator had the largest effect on the perception of pain on injection  

 vaccine formulation and then ethnicity effected the perception of pain on 

injection 

 

 

The key findings from the FAR trial were that: 

 no effect of three different injection techniques on reactogenicity could be 

shown 

 females tended to experience more reactogenicity than males 

 perceived stress, social support and atopy were not shown to effect any 

reactogenicity outcomes and there was little effect of exercise.  

 no cytokine functional groups could be shown to be associated with 

reactogenicity outcomes and there was little more correlation between 

individual cytokines and reactogenicity than could be expected by chance.  

 no variables in the study had an effect on the variation in perceived pain on 

injection. Case by case data indicated that anatomical site of injection could 

play a role 
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8.2 Strengths and limitations of this thesis 

This thesis has had the benefit of data from two clinical trials using different vaccines in 

different populations.  

 

8.2.1 Strengths and limitations of NZ meningococcal B vaccine analyses 

 

Strengths  

The NZ meningococcal B vaccine data set was obtained under rigorous clinical trial 

conditions and included over 600 participants aged eight to 12 years, most receiving 

three doses of vaccine and that data has been extensively published for this and other 

age groups.339-342 345   

 

Randomisation serves to create groups that are similar to samples for the same 

population and with large enough numbers recruited any differences in extraneous 

variables are minimised. Even so, randomised groups will not be perfectly alike and 

small differences are still likely.349 The NZ meningococcal B vaccine trials were 

randomised at a 4:1 ratio from a computer generated list to receive either the New 

Zealand vaccine or the Norwegian. Differences in the response to this vaccine were not 

explained by any demographics and results of analysis by both intention to treat and 

per-protocol were similar. There were few withdrawals from the trial with only 39 not 

completing all three doses.340 

 

Attrition bias arises when each treatment group experiences differential rates of loss. In 

the NZ meningococcal B vaccine trials attrition rates were comparable across all 

groups. All the trials were intention to treat and per protocol, the intention to treat 

analysis revealed little difference.340 

 

Recall bias is error due to between group differences in the recall of information or 

events and particularly relevant for self-reported data.350 Other than health history data 

there was little information collected during the NZ meningococcal B vaccine trial that 

was subject to recall bias 

 

Limitations 

One of the limitations of the NZ meningococcal B vaccine study is in the way ethnicity 

data were requested. The demographic questionnaire did not seek ethnicity information 
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in a way that was consistent with Statistics NZ or the Ministry of Health. While the 

population of NZ is largely made up from people of European, Maori, Pacific and Asian 

descent, the ethnicity question (as required by the vaccine manufacturer) asked for 

Asian, Black, Caucasian and Hispanic first followed by Pacific Islander, Maori and 

Other. Another difference in this data collection is that the NZ meningococcal B vaccine 

questionnaire only allowed for a single choice to be made rather than as many as 

applied to the participant. This prohibited the breakdown of Pacific participants into 

level two ethnic groups and subsequent sub-analysis. 

 

8.2.2 Strengths and limitations of the FAR trial 

 

Strengths 

In the FAR trial participants were randomised at entry according to computer generated 

list to received injection technique ‘A’, ‘B’ or ‘C’. There were differences in baseline 

characteristics between the initial three injection technique groups, such as ethnicity 

and history of atopic diseases although as the participants were crossed over to 

receive all three injection techniques this should have largely been cancelled out. 

 

Almost all FAR trial withdrawals occurred after randomisation and prior to dose one. 

The cross over design ensured the minimisation of any attrition bias due to these 

withdrawals. 

 

Only the health history information in the FAR trial relied on participant recall. The 

perceived stress, social support, perceived pain on injection and participant held diaries 

all relied on real time data collection. 

 

Other than contraindications to receiving the Gardasil vaccine there were no exclusions 

of participants and the crossover study design allowed for the same participants 

received the same vaccine via three different techniques serving as their own controls. 

The head-to-head comparison of three commonly used injection techniques in the 

same participant group makes the findings clinically and widely relevant to vaccination 

practice. 
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Limitations  
Low recruitment rate 
Although comparable in size to other studies exploring injection technique,112 115 and 

stress and cytokines,188 265 351 the FAR trial did not meet its original recruitment target of 

450 participants. The reason for the challenges in recruiting to the study are unknown 

as there was considerable benefit to participants for taking part, particularly the offer of 

the vaccine at around half the normal cost and gifts to compensate for time. It is 

possible that the higher than estimated vaccine uptake rate in the region contributed 

leaving fewer potential participants.  

 

When it became apparent, despite considerable effort and extension of the recruitment 

period, that recruitment of 450 participants would be impossible the study design was 

changed to a crossover study and data collection extended to acquire pain on injection, 

perceived stress and reactogenicity data following all three doses. In spite of this the 

269 doses over only 113 individuals is well short of the planned 450 doses. The 

reduction in planned sample size certainly reduces the power of the study significantly 

and potentially excludes the ability to detect some effects. However the study was 

powered based on detecting differences in outcomes between injection techniques and 

although given larger numbers this may have been possible the clinical relevance of 

such a difference becomes less important.  

 
Preponderance of females 
Only females eligible to receive Gardasil vaccine freely as part of the National 

Immunisation Programme were initially sought for the study. Once it became evident 

that most girls in the Auckland region fulfilling this criteria had already received their 

vaccinations (unpublished data) the study was extended to women up to 45 years and 

males up to 26 years which coincided with the extension of licensure in NZ or (in the 

case of males) the United States. Despite this, only seven males enrolled in the study 

limiting the ability to generalise to both genders. 

 

Lack of ethnic diversity 
There were only two ethnic groups represented in the FAR trial with sufficient numbers 

to conduct comparative analysis therefore the significant findings from the NZ 

meningococcal B vaccine analysis on ethnic differences could not be explored further 

for Maori and Pacific groups. 
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Timing and lack of baseline cytokine measures 
Only a single blood sample was taken. The absence of a baseline measure precludes 

any within-individual changes. It cannot be determined if there were any changes in 

cytokine levels as a result of the administration of the vaccine or if these were base-line 

levels. In addition, blood samples were taken on day two, the day following vaccine 

administration, as it was thought local reactions would peak on this day. Injection site 

reactogenicity is not reported in a way that clarifies the peak time of reactions therefore 

this was an educated guess. Reactions actually peaked on the day of vaccination. It is 

possible that any elevations in cytokine levels may have waned by day two. Also, as 

many cytokines have localised activity it is possible that increased activity is not 

captured systemically. The fact that atopic score was associated with a range of 

cytokines supported that the assays were conducted successfully. 

 

External validity 
The generalisability of the FAR trial is limited by the age, gender and ethnic make-up of 

the participants and is unlikely to represent the general population for all vaccines.  

 

8.3 Comparison and consistency with relevant findings from other 
published studies  

The hypothesis that there may be associated factors which lead to individuals 

experiencing vaccine reactogenicity has had little attention in favour of monitoring and 

reporting on more clinically important vaccine safety issues among populations, one of 

the cornerstones of modern vaccinology and an area of growing global collaboration.31 

352 While it is known that factors such as age, gender, ethnicity and vaccine formulation 

can influence immunogenicity, the contribution of such factors to reactogenicity mostly 

is unexplored.  

 

The following discussion will first focus on perceived pain on injection then injection site 

reactogenicity as outlined in Figure 8-2. 
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Figure 8-2 Outline of discussion on factors associated with perceived pain on 
injection and injection site reactogenicity 
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8.3.1 Perceived pain on injection 

Both the NZ meningococcal B vaccine analysis and the FAR trial found identifiable 

factors associated with the perception of pain on injection.  

 

Vaccinator and injection technique 

The minimisation of injection pain during intramuscular vaccinations has concentrated 

on a range of interventions such as distraction techniques, local anaesthesia, order of 

vaccine administration, and anatomic location.353 

 

Vaccinator is clearly a proxy for injection technique and there have been a range of 

injection administration techniques associated with reactogenicity.354 In the NZ 

meningococcal B vaccine trial all vaccinators were briefed on injection technique. 

Despite this it is possible that there was considerable variation with some vaccinators 

reverting to their own familiar or preferred technique. The technique chosen for the 

trials was that described in the New Zealand Immunisation Handbook8 which 

recommended a 60-70 degree angle of injection with controlled release.  

 

There is only one published trial evaluating injection technique and pain on injection 

and this was an RCT in 113 infants receiving DTaP-Hib vaccinations allocated to one 

of two techniques (the same as ‘A’ and ‘C’). The study found that the rapid technique 

was significantly less painful that the slow with aspiration technique in infants receiving 

DTaP-Hib vaccine. The mean scores for the Modified Behaviour Pain Scale used in the 

study (95% confidence interval (CI) were higher (p<0.001) for the slow with aspiration 

group compared to the rapid technique group, 5.6 (5 to 6.3) vs. 3.3 (2.6 to 3.9), there 

were also significant differences between the groups in terms of infant crying, parental 

and paediatrician visual analogue scales.115  Despite the lack of evidence for other 

vaccines, populations and settings, reviews of evidence over the past two years have 

been quick to generalise these findings.355  

 

In contrast to this study the FAR trial found no difference between these two 

techniques as well as a third technique ‘B’ which was slow but with no aspiration. 

These two studies suggest that caution should be exercised when generalising the 

findings to other population groups and for different vaccines. Whether the disparate 

findings between the studies are due to the vaccine formulation or the age or 

anatomical site on injection will need to be explored. 
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It will be difficult to conduct further intervention studies using alternative variations in 

injection technique to clarify which aspects of injection technique result in more pain. 

To do so would entail the deliberate use of aspects of technique already demonstrated 

to be less than optimal such as angle of injection or injection into locations known to be 

close to anatomical sites that may be subject to injury.  

 

A study in four month old infants evaluating pain response on injection administration 

into either the deltoid compared with the vastus lateralis found no difference in initial 

pain response. However those vaccinated into the deltoid cried for longer afterwards. 

The use of the deltoid in infants so young is not common practice nor recommended 

due to the lack of deltoid mass making the findings from this study limited in their 

generalisability.356 

 

It is possible that the site of injection is a variable that has contributed to variations in 

pain. 

 

Underlying anatomy of the injection site 

There is little literature about the awareness and practices of health practitioners on the 

anatomy of the deltoid. A study among Irish general practitioners and practice nurses 

found awareness of the structures at risk for damage by intramuscular injections into 

the deltoid was very poor in both groups.357  

 

Figure 8-3 shows the local of the nerves potentially involved in administration of 

vaccine into the deltoid muscle. The axillary nerve branches in the posterior region of 

the deltoid. 
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Figure 8-3 Suprascapular and axillary nerves of right side, seen from behind. 

This image is in the public domain because its copyright has expired. This applies 
worldwide. Grey’s anatomy 
 

There is individual variation in the position of the axillary nerve in the deltoid muscle. 

The minimal distance from the mid-middle portion of the deltoid to the axillary nerve is 

2cm and the distance from the upper deltoid to the nerve can be less than 4cm (in 

adults). The shorter the deltoid length the closer the nerve to the upper boarder of the 

muscle.358 359 A review of the anatomy in view of injury to the axillary nerve 

recommended that IM deltoid injections should be given 5cm from the lateral edge of 

the acromium to minimise risk to the axillary nerve with a distal injection and to the sub-

deltoid bursa with a proximal injection.360 Another consideration if an injection is 

administered too posterior is the location of the radial nerve. 
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Figure 8-4 Locating the site for injection and location of the axillary nerve  

The branching of the axillary nerve underlies the area within the circle. 
 

Clinical observations made during the FAR trial noted that on the occasions the 

vaccinator injected particularly close to the acromium the pain scores tended to be 

higher. Neither the NZ meningococcal B vaccine nor FAR trial found any associations 

between pain on injection and gender, BMI, age, decile, perceived stress or social 

support.  

 

Together with the relatively modest relationship with ethnicity and lack of relationship 

with controlled injection technique it seems likely that the perceived pain on injection 

may be at least partly explained by mechanical processes, possibly due to the 

proximity of the injection to local nerves. 

 

Vaccinators in NZ are trained according to National Standards during two day courses 

delivered regionally by two organisations. The National Standards are based largely on 

the National Immunisation Handbook.8 

 

The 2006 NZ Immunisation Handbook depicts the recommended location for 

intramuscular injection administration into the deltoid (Figure 8-5). Although the 

Approximate location 

of the underlying 

axillary nerve, posterior 

to the midpoint 

5cm 
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diagram shows a central point for administration it does not clear about the distance 

from the acromium but rather the line from the axilla. The associated instructions state: 

“Find the acromium process, find the deltoid tuberosity in line with the axilla, draw an 

imaginary triangle pointing downwards from the acromium”. 

 

 

Figure 8-5 Locating the deltoid region or IM injection in the 2006 NZ 
Immunisation Handbook 

The 2006 NZ Immunisation Handbook and National Vaccinator Training Standards 
instruct the location of injection to be the centre of the triangle or the point half 
way between the two markers. 
 

In the updated 2011 Immunisation Handbook the diagram is less detailed and arguably 

more anatomically confusing (see Figure 8-6). The instructions remain the same 

however the injection point in the drawing is not in line with the axilla.  

 

Given the ambiguity of the NZ national standards of instruction on administering 

intramuscular vaccinations into the deltoid and the lack of knowledge about the 

underlying anatomy it is likely that there is a range of practices when it comes to 

locating the correct site for IM injection into the deltoid. 
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Figure 8-6 Locating the deltoid region or IM injection in the 2011 NZ 
Immunisation Handbook 

 

Ethnicity 

Ethnicity was associated with differences in perceived pain on injection in the NZ 

meningococcal B vaccine study. Both studies included participants of European and 

Asian descent. The differences in mean pain score overall were relatively modest. 

Maori and Pacific reported the least pain on injection in the NZ meningococcal B 

vaccine trials and Asian and European the most. In the FAR trial there appeared to be 

less pain in European compared with Asian however this did not reach significance. 

Overall the studies suggest a modest difference in the perception of pain on injection 

between the ethnic groups.  

 

Ethnicity and race have been identified as factors contributing to individual variability in 

the experience of pain.361 Race generally refers to ancestral biological predisposition 

whereas ethnicity tends to focus on behaviour and culture as well as biology. The 

distinction becomes important when evaluating pain according to the biopsychosocial 

model of pain which postulates that pain is a product of biological, psychological and 

social interactions.207 When considering the contribution of ethnicity to pain on injection 

scores (which was modest) compared with the far more significant contribution of 

ethnicity to pain following injection scores it supports a greater biological contribution 

as opposed to psychosocial in this case. If ethnic diversity in the perception of pain was 
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purely psychosocial then the perceived pain profiles (in terms of which ethnicity felt 

most/least pain) for each ethnicity should have been consistent for both pain on 

injection and pain following injection. This was not observed in the NZ meningococcal 

B vaccine study. 

 

8.3.2 Reactogenicity 

The incidence and severity of local reactions in the FAR trial appear to be much lower 

than those recorded in the pivotal clinical trials for the HPV vaccines.362 In the Gardasil 

trials among females aged 9 - 23 years 83.9% of participants reported pain following 

injection, 2.8% severe while the FAR trial only 65% of participants reported any pain of 

which 0.5% was severe (unable to move arm).  

 

Intensity of swelling (induration and swelling are both reported as swelling) in the 

quadrivalent human papillomavirus trials were measured in inches and not comparable 

to the FAR trial data. Mild was considered 0 - ≤1 inch, moderate >1 - ≤2 inches and 

severe >2 inches. These were reported with mild-moderate combined as one (up to 2 

inches). However it would appear that the FAR trial reported lower overall 

reactogenicity to that reported by the quadrivalent human papillomavirus clinical trials. 

There were no FAR trial participants who recorded local reactions greater than 25.4mm 

(one inch) for any dose.362  

8.3.2.1 Vaccinator and injection technique 

Over the past few years a number of general aspects of intramuscular injection 

technique and vaccine reactogenicity have been delineated. It is widely accepted that 

administration into muscle results in fewer local reactions that subcutaneous 

administration354 and formulation is a factor. In terms of injection technique a single trial 

suggests that a 90° angle results in less local reactogenicity.112 However the variables 

aspiration, speed of injection, age/size of vaccinee and nurse experience currently 

have no evidence for an association.354  

 

The analysis of the NZ meningococcal B vaccine school-based data revealed the 

vaccinator to be significantly associated with reactogenicity. Vaccinator is a proxy for 

injection technique and of the seven vaccinators in that study, one individual vaccinator 

was associated with significantly lower and another with significantly greater 

reactogenicity, the aspect of technique that contributed to this is unknown. It is possible 

the reactions were due to inflammation from mechanical injury.  
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There were no associations between vaccinator and reactogenicity outcomes in the 

FAR trial. While in the NZ meningococcal B vaccine trials the vaccinators were 

instructed to vaccinate using a 60-70° angle, slow injection and aspiration, the FAR trial 

vaccinators all used a 90° angle. In addition, the FAR trial vaccinators were all 

observed for correct injection technique while vaccinating, whereas the NZ 

meningococcal B vaccine trial vaccinators were observed for administration of correctly 

assigned vaccine. Cases where administration appeared less consistent are presented 

in 4.2.2.  

 

Current evidence shows that the 60-70 degree angle can result in greater 

reactogenicity and that aspiration may make the injection more painful.115 Although 

administration technique appears important, the vital aspects cannot be determined 

from this analysis. 

8.3.2.2 Injection pain and reactogenicity 

Pain on injection had an affect on post injection site pain (i.e. reactogenicity) for the NZ 

meningococcal B vaccine analysis. The possibilities for an association between pain on 

injection and pain following injection are 1) the individual’s susceptibility to pain in 

terms of physical and/or psychosocial features , 2) mechanical injury or 3) social 

contagion where the vaccinees were more likely to report pain after more exposure to 

their friends and peers who were reporting pain. This has been observed on a grander 

scale with a mass psychogenic response resulting in syncope during school based 

HPV vaccination in Melbourne.363 It is not possible to evaluate the reasons for this 

observation here any further. One argument against the possibility of individual 

perception of pain is that there does not appear to be consistency in reporting of pain in 

individuals for different doses; in fact some participants in the FAR trial reported pain 

rating ranging from one to eight out of ten for different doses. It seems likely that pain 

on injection and pain following injection have different aetiologies with one being purely 

mechanical and the other inflammatory. 

 

8.3.2.3 Gender and reactogenicity 

Gender was not associated with reactogenicity following administration of the NZ 

meningococcal B vaccine OMV vaccine in a school aged pre-pubescent group of 

children aged eight to 12 years. In the limited literature that reports reactogenicity by 
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gender there are more reports of pain, redness, itching, fever and other local and 

systemic reactions occurring in females.87 175 177 181-184 Many of these reports are in 

adults rather than children and additionally did not control for other potentially 

confounding lifestyle factors such as stress. However, epidemiological data 

consistently shows sex differences in the prevalence of many types of pain, although 

these differences are most notable in middle age.361  

 

Studies of intramuscular subunit and inactivated vaccines (not live) administered to 

children and adolescents that report on gender differences in reactogenicity are few, 

particularly those conducted in children. In a study of diphtheria-tetanus boosters in 10 

year old Swedish children girls reported significantly more pain than boys at the time of 

injection and during the following week. In addition girls also reported significantly more 

itching and redness.87 

 

Reactogenicity of acellular and whole-cell pertussis vaccines was assessed in infants. 

There were no differences in reactogenicity between the genders for either vaccine 

except redness at the injection site, which was slightly more frequent in girls receiving 

acellular vaccine.198 

 

Because gender is routinely collected during clinical studies it is possible that the lack 

of comparative reports including gender among infants and children may be due to a 

publication bias of negative results. The NZ meningococcal B vaccine analysis found 

no difference in reporting of reactogenicity between the genders. It is possible the 

observed differences occurring in older age groups (summarised in section 2.3.2) are 

result of sexual maturation and therefore not observed as readily prior to puberty. 

 

In contrast to the findings from the NZ meningococcal B vaccine analysis and despite 

the very small number of males (7/113), the FAR trial found a difference in the pain 

scores following injection (but not at the time of injection) between males and females 

which is in line with the lower reactogenicity in males reported from the clinical trials for 

this age group (see 2.3.2.5 for a summary).  

 

Most relevant to the FAR trial, are the published clinical trials of quadrivalent human 

papillomavirus vaccine in girls and boys aged 10 – 15 years. Although reactions are not 

reported in detail, injection site reactions occurred more frequently in girls compared 

with boys (62% compared with 55% for first dose). Women (16 – 23 years) had higher 
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reporting on injection site reaction than girls (67%). This pattern was consistent across 

all doses.177  

 

If local reactions are a product of innate immune activation then the lower 

reactogenicity reported by sexually mature men and adolescent boys is consistent with 

the immune modulating effects of sex hormones. Generally oestrogens appear to 

enhance immunity, including innate immunity while the androgens, including 

testosterone, tend to be suppressive.364 365 

8.3.2.4 Ethnicity and reactogenicity 

Much of the existing research exploring ethnic and racial differences in pain perception 

has focussed on African Americans and Caucasians. One analysis found that 

European ethnicity was a risk factor for pain, erythema and induration (but not swelling) 

following immunisation. There were very few participants in this study identified as 

‘other’ therefore comparative analysis was not possible.200  

 

Pacific ethnicity and reactogenicity 

Pain is a subjective measurement and there is some anecdote from NZ health 

professionals who perceive Pacific children to be very stoic, with a high tolerance for 

expression of pain. There is also the perception that a darker skin colour masks any 

redness, possibly reducing the reporting of erythema. However induration and swelling 

are less subjective and can be felt and measured. This suggests that Pacific children 

genuinely had fewer local reactions than the other groups. However reactogenicity was 

self-reported by the participant or their parent so some differential in reporting could 

exist. In New Zealand, literacy is lower in Pacific adults than Maori and NZ European 

adults which also may have had an effect on the accuracy of a written diary of 

reactions.366 

 

Another explanation for the lower rates of reactions in Pacific children is that they may 

mount a more modest inflammatory response to vaccination (at least to the NZ 

meningococcal B vaccine). The NZ meningococcal B vaccine study found little 

difference in perception of injection pain between ethnic groups but there were 

significant differences between ethnic groups in perceived pain following injection. 

Perhaps consistent with these findings are those from a study exploring appendicitis in 

South Auckland.367 Contrary to the belief that the more severe illness observed in Maori 

and Pacific are due to either differences in incidence or differences in delay of 
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presentation, this study showed both incidence and time to presentation to be the same 

across ethnic groups (Maori, Pacific, European, other including Asian).367 Genetic 

factors have previously been shown to influence the progression of appendicitis, in 

particular a polymorphism in the IL-6 gene, an important pro-inflammatory cytokine.368 

The study also found polymorphisms in IL-1b and TNF-α genes, also important pro-

inflammatory cytokines. 

 

Although published data on Polynesians (Maori and Pacific) are lacking and studies 

tend to be disease-specific, a number of studies have found polymorphisms in 

important inflammatory cytokine genes between ethnic groups and these 

polymorphisms are associated with incidence and severity of a range of diseases.369 

 

Another consideration is that although baseline antibody was significantly higher 

among Pacific children in the NZ meningococcal B vaccine analysis, they finished the 

three doses of vaccine with the same mean titres in the school trial analysed here as 

the other ethnicities. Assuming that these higher baseline antibody titres were 

indicative of more immune memory, they failed to benefit from the immunological 

boosting provided by the vaccine, perhaps benefiting less (immunologically) from the 

vaccine. This is an area that may be worthy of further research. 

 

8.3.2.5 Perceived stress and social support 

It is well established that that various health and immune variables are modulated by 

various stressors. In keeping with the theory that a robust innate immune response to a 

vaccine is more likely in a person with an optimally functioning immune system there 

seems no reason to expect increased reactogenicity in people who are chronically 

stressed.  

 

The buffering effect of social support 

It has long been recognised that social relationships are related to health outcomes 

such as cardiovascular disease and both morbidity and mortally are higher in socially 

isolated individuals.370 Aside from promoting positive psychological states, social 

support is thought to provide a buffer against stress by promoting less threatening 

interpretations of adverse life events.371 The stress buffering model predicts that  

 



237 

 

“social support is beneficial for those suffering adversity but does not play a role in 

health for those without highly stressful demands” 371 

 

Social support has been demonstrated to influence inflammation with IL-6 and CRP 

inversely associated with higher social integration but not stress. The effect on 

inflammation has been observed at the level of gene expression where socially isolated 

individuals under-expressed genes for anti-inflammatory factors and over expressed 

pro-inflammatory related genes.372 While there a few human studies examining social 

support and cytokines, there are some indirect data suggesting the important role of 

social integration has on the disease mechanism. DNA microarray analysis exploring 

the pathways that link close personal relationships to inflammatory responses identified 

209 genes differentially expressed in circulating leukocytes from 14 lonely and non-

lonely individuals. Of the genes evaluated in this study two products were also 

assessed in the FAR trial (IL-1b and IL-8). These two inflammatory cytokines were 

found to be over-expressed in less socially supported individuals. In the FAR trial 

serum levels of IL-1b and IL-8 were slightly higher in participants with more social 

support. The microarray study found IL-10RA (an agonist to IL-10) over expressed in 

individuals with less social support. The FAR trial found IL-10 to be higher in those with 

more social support.  

 

The lack of associations between stress and social support with reactogenicity 

outcomes is consistent with the social support buffering model.  

 

Stress has been associated with reduced immunogenicity to some vaccines in a variety 

of settings (see section 2.3.4) and perhaps intuitively one would expect increased local 

reactogenicity under conditions of chronic stress. However this is inconsistent with an 

optimal immune response to a vaccine that involves a vigorous and robust innate 

immune response, initiating at the site of injection. It is this type of response that new 

adjuvants target and indeed the more effective adjuvants induce more local reactions 

than traditional adjuvants (see 2.1.2.7 for summary) therefore a local reaction is more 

likely indicative of a robust immune response and possibly predicative of a higher 

antibody response.  

 

Social support, cytokines and health 

Supportive of the role of social support in immunity were the associations between a 

range of cytokines and social support. The presumed relative health of the FAR trial 

study population probably ensured that the baseline cytokines were within normal 
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ranges (with the exception of a few cases) therefore the higher levels of some 

cytokines in more socially supported participants could be indicative not of pathology 

but of a healthy immune system. The higher levels of these cytokines in individuals with 

more social support may indicate a more robust innate immune response to the 

vaccine however the limitations in obtaining blood samples on the day of peak 

reactions and the weak associations between reactogenicity and cytokines preclude 

any further consideration here.  

 

8.3.2.6 Cytokines, antibody and reactogenicity 

Cytokines 

There were no cytokines in the FAR trial associated with local reactions to the 0.01 

level of significance or less and none of the three key functional groups could be shown 

to be associated with the reaction outcomes. It is possible that because the blood was 

collected on day two following injection rather than several hours after the injection that 

any associations were missed. It was unknown at the time of study design that the 

peak period for the local reactions following the quadrivalent human papillomavirus 

vaccine were on the same day as vaccination and had largely waned by the second 

day. 

 

Pre-existing antibody 

The pertussis vaccines have a well-known propensity for causing extensive local 

reactions characterised by widespread erythema and swelling (often mistaken for 

cellulitis). The reactions usually have an onset within 24 hours of injection, are not 

generally associated with pain and resolve within four days. Pre-existing antibody 

levels do not appear to be in anyway predictive of these enigmatic reactions. In 

addition children with a history of extensive local reactions do not appear to have 

higher levels of antibody.373 It appears that children primed with acellular pertussis 

vaccines rather than whole cell are more likely to experience the large reactions. Some 

evidence suggests this may be due to Th2-polorised vaccine-specific cytokine 

responses evidenced by tetanus toxoid specific IL-5, IL-6 and IL-13 responses at the 

time of boosting. Although this was more likely in children who are intrinsically high Th2 

responders there was no association with atopy. The time course of the reactions was 

consistent with a delayed-type hypersensitivity and a cellular immune response.374  
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In the NZ meningococcal B vaccine study the pre-existing presence antibody prior to 

dose one was not correlated with local reactions except for weak trends for erythema 

and induration. This suggests generally local reactions to this vaccine are not mediated 

by pre-existing antibody. The association with induration is indirectly supportive of the 

speculation that this particular reaction has a cellular immune related aetiology. As 

discussed in 2.3.5.5, induration appears more characteristic of a granulomatous 

reaction characterised by a delayed hypersensitivity reaction requiring T-helper cells. It 

is possible that the pre-existing antibody was an indirect correlate of cellular immunity 

and that existing specific immunity played a role in induration.  

 

In contrast to the generally negative finding on pre-existing antibody and local 

reactions, a re-examination of the data to test for a reverse effect – are local reactions 

associated with an enhanced antibody response? – found that indeed there was a 

significant effect of local reactions after dose one on antibody titre measured at the 

next time point 10-12 weeks later. Although there may be other confounders such as 

some effect of baseline antibody this is consistent with the role of a robust innate 

inflammatory response and the development of adaptive immunity following 

vaccination.141 269  

 

Another consideration is that had the dosing schedule for NZ meningococcal B vaccine 

been optimised for maximum immunogenicity, i.e. doses spread over six months with 

the third acting as a booster, and then any immunological benefits from a robust innate 

immune response to the first dose/s may have been evident. As there was insufficient 

time allowed between the three doses there would not have been affinity maturation or 

development of memory and therefore no boosting by dose three.375 

 

Although the FAR trial did not measure antibody against HPV at any time point, there 

was no correlation between age and local reactions. Risk for exposure to HPV viruses 

is strongly correlated with increasing age. As the FAR trial had participants ranging in 

age from 14 to 45 years, the risk for exposure to HPV viruses would be wide. The lack 

of any association between local reaction and age do not support a role for adaptive 

immunity in local reaction to the quadrivalent human papillomavirus vaccine although it 

is possible that the sample size was too small to observe any associations. 

 

Although there is a tendency for reactions to increase over the course of a series of 

vaccinations (i.e. from dose one to dose three) it may be in part due to a local 

sensitisation, perhaps to the adjuvant in the vaccine, as opposed to antigen specific 
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antibody. People often receive a series of three doses of vaccine over the course of 

five to six months into the same general anatomical site. The patterns of rates of 

events over successive doses is an area that could be explored further. 

 

Exercise and local reactions 

Exercise has been shown to have an adjuvant effect on the immune response to 

vaccination.135 188 265 270 There are no published studies exploring the effect of exercise 

on reactogenicity. To see if routine exercise had any effect on local reactions the FAR 

trial asked participants about exercise and whether it was cardiac and/or resistance 

training on the day of the first dose of vaccine. Only a small number of FAR trial 

participants had taken exercise on the day of vaccination, limiting the results. There 

was no statistically significant association found between reactogenicity and exercise 

although there was a trend for those who had exercised to report more pain following 

injection. IL-6 was associated with exercise in the FAR trial despite the small sample 

size. 

 

A proposed mechanism for the observed adjuvant effect of eccentric exercise is the 

inflammatory conditions induced by muscle damage141 and this differs according to 

whether or not the individual is accustomed or unaccustomed to the particular 

exercise.376 Markers of muscle damage from exercise have been correlated with cell 

mediated response to influenza vaccine135 and this adjuvant effect of exercise appears 

most pronounced when the immune response to the vaccine is relatively poor either 

due to a poorly immunogenic vaccine or a weaker immune system such as is observed 

in the elderly.269 271 The number of FAR trial participants who had engaged in any form 

of resistance training was only four. It is possible that had there been more participants 

who had undertaken resistance training a positive result may have been found as, 

unlike trivalent seasonal influenza vaccine, the quadrivalent human papillomavirus 

vaccine is highly immunogenic in virtually all recipients.177 

 

8.3.2.7 Factors not shown to be associated with reactogenicity 

Body mass index 

Previous studies have suggested that larger infants and young children are more likely 

to have local reactions from acellular pertussis vaccines, possibly due to inadvertent 

subcutaneous administration.354 Correlations between BMI and reactogenicity 

outcomes in the NZ meningococcal B vaccine analysis actually indicated an inverse 
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correlation between BMI and all reactogenicity measurements. However when 

vaccinator was controlled for this association did not remain, suggesting vaccinator and 

injection technique were responsible for this observation. Possible reasons for this 

unexpected result may be because the vaccinators had concerns about injecting too 

deeply in a slim child, risking hitting bone and as a consequence inadvertently injected 

subcutaneously. This inverse relationship was seen in those vaccinated by all but one 

of the seven vaccinators used in the study, implying it is modifiable. The lack of 

association between BMI and reactogenicity in the FAR trial supports this idea that it 

may be vaccinator modifications to technique in a larger or smaller person and 

inadvertent administration of the vaccine into subcutaneous tissue.  

 

Age 

Data from the NZ meningococcal B vaccine study showed no linear trend for age and 

reactogenicity in either direction. Age related differences have been observed in 

reports of vaccine reactogenicity. However generally this is between significantly 

different age groups such as infants and adults. The age band for participants in this 

trial was narrow at only eight to 12 years. Comparison of local reactogenicity for the NZ 

meningococcal B vaccine between age groups shows that tenderness and pain in 

infants occurs in around 70-76% vaccinees.340 Injection site pain increases with age, 

however there does not appear to be any pattern to other local reactions with this 

vaccine.345 

 

Differences are not directly comparable because criteria for injection site reactions vary 

for each publication. Measurements of induration, erythema and swelling under 10mm 

in infants and school aged children are considered ‘absent’.339 340 Reactions in adults 

and school aged children are presented over all doses and for adults they are only 

noted as present or absent339 342 making it impossible to compare reactogenicity for this 

vaccine by age. A paper summarising the NZ meningococcal B vaccine 

immunogenicity and reactogenicity across all age groups reports reactions by the 

percentage of doses given for each age group (infants, toddlers, children and adults). 

Generally there does not appear to be any consistency between age and local 

reactions. However the paper notes that the reporting methods for each study differed, 

as observed above.345 This effectively renders any interpretation about age and 

reactogenicity meaningless. 

 

The FAR trial found no correlations between age and reactogenicity outcomes and the 

age band was relatively wide, including adolescents from 14 through to women aged 
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45 years. As with the published literature on NZ meningococcal B vaccine, variability in 

reactogenicity to HPV vaccine by age is difficult to evaluate as the methods of reporting 

and definition vary. Data for 9-26 year olds females does not define local reactions 

other than present or absent and does not report on any cut-off used to define ‘present 

or absent’.377 Data for women aged 16-23 only report injection site reactions as a whole 

with no breakdown of pain, erythema, induration or swelling.378 Data for women aged 

15 – 26 years amalgamate reactions into injection site event and/or pain.379 Finally data 

for women aged 16-24 reported only presence or absence.196 Therefore it is not 

possible to evaluate the FAR trial findings on age with other studies using the same 

vaccine. 

 

Atopy 

A history of allergic disease (asthma, eczema or hay fever) was not associated with 

local reactions in either the NZ meningococcal B vaccine analysis or the FAR trial. 

Other than allergic reactions to vaccine components (such as egg protein or gelatine) 

there does not appear to be any literature evaluating risk for vaccine local reactions 

and history of atopic disease other than the attempts to characterise mechanisms for 

the extensive local reactions following acellular pertussis vaccines described 

previously. As pre-existing antibody (IgE in particular) has not been shown to be a risk 

factor for local vaccine reactions it seems unlikely that atopy plays a role in the 

aetiology of local reactions. 

 

8.3.3 Revised model 

Based on the findings from the literature review, the MeNZB study and the FAR trial the 

model has been revised (Figure 8-7). 
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Factors that are unlikely to 

have an association with 

reactogenicity 

Pre-existing antibody 
Socioeconomic status 

Atopy 
Age (excluding extremes of life) 

BMI (excluding extremes) 
Psychological stress 

Possibly 

mediated by 

inflammatory 

cytokines 

including 

IL-6 

IFN-g 

IL-13 

IL-4 

IL-15 

IL-12 

 

Factors shown to 

increase local reactions 

Subcutaneous 

administration 

[?] Injection technique 

Factors that may be 

associated with incidence and 

intensity of local reactions 

Physical exercise 

Gender 

Exercise 

 

 

Factors shown to 

decrease local reactions 

Longer needles 

Pacific ethnicity 

Figure 8-7 Model of factors that may be associated with vaccine injection 
site reactions 
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CHAPTER 9. CONCLUSIONS 

9.1 General conclusions 
While there is a large amount of population-based data on the general safety of 

vaccines and the incidence of injection site reactions in a population, there is very little 

known about why one individual experiences an injection site reaction when others 

don’t. Therefore, it is very difficult to advise or to explain to individuals as to why they 

may have reactions that are different from others around them. 

 

The primary aim of this thesis was to determine if there are measurable and 

quantifiable factors that are associated with local injection site reactions for an 

individual following immunisation. Overall the thesis has found that there are indeed 

measurable, quantifiable factors associated with local vaccine injection site reactions 

and further studies will be able to delineate these further. 

 

There are aspects of the FAR trial that could have been done differently. The blood 

samples were taken on day two to coincide with peak reactions. However these 

occurred on day one therefore any elevated levels of cytokines may have returned to 

baseline. More information could have been collected about exercise behaviour, in 

particular how often exercise was undertaken and the usual duration and nature of the 

exercise. The methodology and inclusion criteria for the FAR trial changed several 

times and this resulted in failure to collect data for all doses for all participants. In 

hindsight the study should have been originally designed to capture data for all three 

doses. However the finding that the three injection techniques were equivalent in their 

reactogenicity and pain on injection profiles is important, as it appears that the 

reactogenicity reported in the FAR trial was less than the original clinical trial. This 

suggests that these techniques are relatively good from a reactogenicity perspective. 

 

Injection technique 
The most significant finding was that injection technique affected both perception of 

pain on injection and local reactions. The FAR trial demonstrated that carefully 

controlled injection technique results in less pain on injection and fewer local reactions 

following the vaccination. Within the boundaries of accepted best practice of a 90° 

angle delivered intramuscularly, no one technique was superior to another. Therefore it 

Hilary Butler
Highlight

Hilary Butler
Highlight
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is most likely that the increased rate of reactions observed after injections administered 

by particular vaccinators in the NZ meningococcal B vaccine study are more likely to be 

due to mechanical injury from the anatomical position into which the vaccine was given 

rather than the innate immune response to the vaccine alone.  

 

The three injection techniques used in the FAR trial were equivalent in terms of 

injection pain and reactogenicity, therefore any particular aspects of technique that can 

result in increased pain has yet to be identified empirically. The observation that 

variation in anatomical location appeared to be related to increased pain and the 

location of underlying nerves lend weight to the site of injection as a potential candidate 

for this variation.  

 

These findings have important implications for vaccinator education. It should be 

reassuring that technique does not appear to be the most important issue so long as it 

is within the parameters of delivering an intramuscular injection correctly (i.e. 90° 

angle). This research would furthermore suggest that training needs to move away 

from a focus on optimal injection technique to more of a focus on defining the optimal 

anatomical site for better positioning of the delivery of vaccine. 

 

Ethnicity 

From the NZ meningococcal B vaccine study, ethnicity was shown to be a significant 

factor in reactogenicity, even after controlling for other variables such as BMI. Pacific 

children reported fewer local reactions. It is unclear as to why Pacific ethnicity reported 

fewer local reactions and there may be a range of factors, most likely genetic, that 

underlie the differences in local reactogenicity between ethnic groups. The reasons for 

this could not be explored further in the thesis but the response to vaccination both in 

terms of reactogenicity and immunogenicity by the Polynesian population is an area for 

further exploration.  

 

Gender 

The existing literature predicted that local reactions may be more likely in women due 

to the different influence of oestrogen and testosterone. The NZ meningococcal B 

vaccine study showed no differences in gender with children aged eight – 12 years. 

The failure to observe any gender difference in the NZ meningococcal B vaccine study 

may be due to the pre-pubescent age of the participants. In contrast the FAR trial, 

while having very low numbers of male participants, did show a difference with males 

having a lower rate of reactions. This finding supports the current literature. 
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Conclusions from negative findings 

There were no significant findings from either study to support an influence of 

perceived stress on increasing or decreasing local reactions. While stress is known to 

have significant effects on many aspects of the immune system the studies here 

suggest that perceived stress, such as was measured here, is not a significant 

predictor of reactogenicity. As ‘stress’ is a complex issue with both acute and chronic 

stress affecting immune systems in mixed ways these results are likely to be limited by 

the measurement used. However it is still an important finding to be aware that 

perception of stress does not appear to be related to the reactogenicity outcome of the 

vaccination in a young and healthy population such as this and cannot therefore be 

used as an explanation for an individual’s local reactions. 

 

Economic deprivation in the MeNZB study was also not associated with local reactions 

although other related effects such as literacy were not able to be explored. 

 

General health and atopy did not have any effect on local reactions in either study. In 

contrast the individual case studies of the largest reactions noted in the FAR trial all 

occurred in relatively healthy individuals. 

 

Together these factors all support that local injection site reactions following 

vaccination do not appear to be related to underlying chronic illness or psychological 

issues. They appear instead to be a natural response produced by a robust innate 

immune response to the vaccine. The fact that the presence of local reactions were 

associated with a positive effect on antibody production further supports this 

conclusion. Hence the characterisation of local reactogenicity as being an ‘adverse 

event’ is neither accurate nor useful as a message.  

 

9.2 Clinical implications 

There are some important clinical implications arising from this research. 

 

It is clear that injection technique plays an important role in both the perceived pain on 

injection and local reactions. There are two potential factors associated with variation in 

these outcomes. One is inconsistency in the anatomical location, possibly resulting in 

injecting very close to or directly on to underlying nerves. The other is inadvertent 
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subcutaneous administration perhaps due to failure to correctly assess the vaccinee in 

terms of body mass. 

 

Local injection site reactions (as reported in these studies) appear to be related to an 

(assumed), well-functioning immune system in this trial of healthy people. They also 

potentially result in greater immunogenicity.  

 

9.3 Research implications and recommendations 

The effect of vaccinator has the potential to influence the reactogenicity outcomes of 

vaccine clinical trials as it did in the NZ meningococcal B trials. This is an area that 

needs to be considered for any vaccine trial along with strategies to prevent variation in 

practice with careful consideration given to the parameters of standard operating 

procedures. In addition, reporting of vaccine clinical trial data should include sub-

analysis by both ethnicity and gender.  

 

Further research into anatomical site on vaccination into the deltoid region would be 

helpful to advance the issues around location to the axillary nerve innervation. An 

observational study may be appropriate. 

 

Studies using the three injection techniques used in the FAR trial need to repeated 

using different vaccines and younger age groups for the findings to be more 

generalisable. 

 

The low rates of reactogenicity in Pacific children along with the smaller increase in 

mean antibody titre following the meningococcal B vaccine compared with other 

ethnicities raises the issue of non-inferior immune responses to other vaccine. Further 

exploration of vaccine responses in Polynesian population should be further explored. 

 

9.4 Policy implications and recommendations 

Recommendations for the administration of intramuscular injection in the NZ National 

vaccinator training standards needs to be addressed to ensure they reflect current best 

evidence. Diagrams of anatomical site for injection should be replaced with clear and 

anatomically correct images including photographs along with information on the 
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underlying nerves. Also, the standards could further reinforce the importance of using a 

long needle (25mm) with 90° angle of injection to ensure intramuscular delivery. 

 

The three injection techniques used in the FAR trial can all be recommended as 

acceptable for use in adolescents and adults for administration of the quadrivalent HPV 

vaccine and instruction on their use could be incorporated into the school-based HPV 

immunisation programme. 

 

The findings will be useful in providing reassurance to parents and health professionals 

that local reactions of the nature observed in these studies, are indicative of a healthy 

and robust immune response and provide a positive sign that the vaccine is working 

with the individual, and not a negative outcome. While these reactions should be 

acknowledged to be at times uncomfortable and inconvenient, the overall message is 

that they are likely to be a sign of an effective response to the vaccine. This can be 

used as a positive message to be included in education programmes such as 

vaccinator training and continuing medical education to enable then to have confident 

one on one conversation’s with vaccinees and parents. Changing the commonly used 

language that relates these reactions to ‘adverse’ reactions to a more positive message 

could improve confidence in immunisation. 

 

In summary this thesis has demonstrated that there are factors that can affect both 

reactogenoicity and pain on injection. 
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CHAPTER 10. APPENDICES 

Appendix 1 Standard operating procedures for vaccine administration for the NZ 
meningococcal B vaccine clinical trial 



250 

 

 

  



251 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Appendix 2 Participant held diary card for MeNZB™ clinical trial 
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Appendix 3 Ethical approval to conduct secondary analyses of MeNZB trial data 
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Appendix 4 FAR trial participant demographic questionnaire 
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Appendix 5 Perceived Stress Scale (PSS) and Single Item Social Support (SISS) 
question 
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Appendix 6 FAR trial participant held diary card 
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Appendix 7 FAR trial Visual Analogue of Pain Perception 
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Appendix 8 Far trial recruitment poster 
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Appendix 9 Recruitment advertisement on Sliver ribbon website  
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Appendix 10 Recruitment advertisement on Get Participants website 
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Appendix 13 Box plots of 14 key cytokines 
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Appendix 14 Day two local reactions and correlations with cytokines 

Cytokine 
Day 2 pain 

Spearman’s Rho 
P-value 

Day 2 erythema 
Spearman’s Rhos 

P-value 
Day 2 induration 
Spearman’s’ Rho 

P-value 
Day 2 Swelling 

Spearman’s Rho 
P-value 

Eotaxin -0.137  0.081 -0.007 0.473 -0.040 0.342 --0.060 0.269 

G-CSF -0.089 0.183 0.050 0.306 -0.198 0.021* -0.175 0.036* 

IL-10 -0.041 0.339 0.086 0.191 -0.006 0.475 -0.031 0.376 

IL-12 -0.082 0.205 0.111 0.130 0.036 0.360 -0.113 0.127 

IL-13 -0.199 0.021* -0.022 0.411 -0.117 0.118 -0.126 0.100 

IL-15 0.120 0.109 0.243 0.006** 0.100 0.153 -0.021 0.415 

IL-17 -0.143 0.072 -0.020 0.419 -0.063 0.260 -0.072 0.232 

IL-1b -0.130 0.091 0.036 0.358 -0.077 0.216 -0.118 0.114 

IL-1ra -0.147 0.066 0.134 0.086 -0.078 0.213 0.002 0.491 

IL-2 -0.169 0.042* 0.074 0.227 -0.183 0.031* -0.249 0.005** 
IL-4 -0.167 0.044* 0.207 0.017* 0.108 0.136 0.130 0.093 

IL-5 -0.163 0.047* 0.032 0.373 0.006 0.476 -0.010 0.458 

IL-6 -0.203 0.018* 0.170 0.040* 0.033 0.369 -0.082 0.202 

IL-7 -0.111 0.128 0.127 0.098 0.058 0.277 0.139 0.077 

IL-8 -0.024 0.403 0.074 0.038* 0.032 0.373 0.019 0.425 

IL-9 -0.210 0.016* -0.002 0.494 -0.044 0.327 -0.110 0.132 

INF-g -0.202 0.019* 0.029 0.184 -0.071 0.235 -0.091 0.176 

IP-10 -0.065 0.255 0.170 0.041* -0.045 0.324 -0.009 0.463 

MCP-1 -0.088 0.188 -0.066 0.252 -0.072 0.234 0.027 0.394 

MIP-1b -0.127 0.098 0.070 0.238 -0.108 0.135 -0.118 0.115 
PDGF -0.008 0.469 0.124 0.104 0.070 0.239 -0.072 0.231 

RANTES 0.030 0.383 0.086 0.192 0.141 0.076 0.008 0.470 

TNF-a -0.092 0.175 0.138 0.079 -0.025 0.401 -0.132 0.089 

VEGF -0.089 0.184 -0.012 0.451 -0.042 0.335 -0.111 0.131 
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Appendix 15 Perceived stress score and associations with cytokines 

Cytokine Odds Ratio 95% CI P-value 

Eotaxin     

G-CSF 0.98 0.93 – 1.04 0.60 

IFN-g 1.00 0.94 – 1.06 0.98 

IL-1b 1.00 0.94 – 1.06 0.93 

IL-1ra 0.98 0.92 – 1.04 0.46 

IL-2 0.98 0.91 – 1.04 0.46 

 IL-4 1.00 0.94 – 1.06 0.93 

IL-5  0.95 0.89 – 1.00 0.09 

IL-6  0.98 0.92 – 1.04 0.52 

IL-7  0.98 0.92 – 1.04 0.47 

IL-8 1.00 0.94 – 1.06 0.91 

IL-9  0.99 0.93 – 1.05 0.65 

IL-10  0.96 0.91 – 1.02 0.23 

IL-12 0.97 0.91 – 1.03 0.30 

IL-13 0.97 0.91 – 1.03 0.32 

IL-15 0.94 0.88 – 1.00 0.04 

IL-17 0.97 0.91 – 1.02 0.24 

IP-10   0.41 

MCP-1 0.95 0.89 – 1.01 0.09 

MIP-1b 0.97 0.92 – 1.03 0.38 

PDGF 0.96 0.90 – 1.01 0.13 

RANTES 0.97 0.91 – 1.03 0.27 

TNF-a 0.98 0.92 – 1.04 0.42 

VEGF 0.96 0.91 – 1.02 0.23 
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Appendix 16 Social support and associations with cytokines 

 

 

 

  

Cytokine Odds Ratio 95% CI P-value 

Eotaxin     

G-CSF 0.65 0.43 – 0.98 0.04 

IFN-g 0.74 0.50 – 1.12 0.15 

IL-1b 0.61 0.40 – 0.93 0.02 

IL-1ra 0.86 0.57 – 1.29 0.46 

IL-2 0.93 0.60 – 1.50 0.75 

 IL-4 0.97 0.64 – 1.45 0.87 

IL-5  0.77 0.51 – 1.20 0.21 

IL-6  0.78 0.51 – 1.17 0.22 

IL-7  1.16 0.77 – 1.75 0.47 

IL-8 0.64 0.42 – 0.96 0.03 

IL-9  0.53 0.34 – 0.81 0.004 

IL-10  0.54 0.35 – 0.82 0.004 

IL-12 0.88 0.58 – 1.34 0.56 

IL-13 0.62 0.41 – 0.95 0.03 

IL-15 1.10 0.72 – 1.70 0.66 

IL-17 0.67 0.44 – 1.02 0.06 

IP-10   0.05 

MCP-1 0.83 0.55 – 1.25 0.37 

MIP-1b 0.67 0.44 – 1.01 0.05 

PDGF 0.86 0.57 – 1.29 0.45 

RANTES 0.73 0.49 – 1.11 0.14 

TNF-a 1.09 0.71 – 1.66 0.71 

VEGF 0.86 0.57 – 1.30 0.47 
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Appendix 17 Exercise and associations with cytokines 

 

 

  

Cytokine Odds Ratio 95% CI P-value 

Eotaxin     

G-CSF 1.26 0.52 – 3.04 0.61 

IFN-g 0.37 0.15 – 0.91 0.03 

IL-1b 0.50 0.21 – 1.22 0.13 

IL-1ra 0.94 0.39 – 2.28 0.90 

IL-2 0.56 0.19 – 1.62 0.28 

 IL-4 0.69 0.28 – 1.67 0.41 

IL-5  0.44 0.18 – 1.07 0.07 

IL-6  0.29 0.11 – 0.71 0.007 

IL-7  0.87 0.36 – 2.12 0.76 

IL-8 0.75 0.31 – 1.80 0.52 

IL-9  0.45 0.19 – 1.23 0.13 

IL-10  0.80 0.33 – 1.95 0.62 

IL-12 0.34 0.13 – 0.86 0.02 

IL-13 0.63 0.25 – 1.59 0.33 

IL-15 0.71 0.28 – 1.80 0.47 

IL-17 0.61 0.25 – 1.50 0.28 

IP-10 1.91 0.79 – 4.65 0.15 

MCP-1 1.10 0.46 – 2.68 0.82 

MIP-1b 0.75 0.31 – 1.83 0.53 

PDGF 0.73 0.30 – 1.77 0.49 

RANTES 0.66 0.27 – 1.61 0.36 

TNF-a 0.42 0.16 – 1.12 0.08 

VEGF 0.54 0.22 – 1.32 0.18 
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Appendix 18 Atopic score and associations with cytokines 

  

Cytokine Odds Ratio 95% CI P-value 

Eotaxin     

G-CSF 0.56 0.38 – 0.84 0.005 

IFN-g 0.41 0.27 – 0.62 <0.0001 

IL-1b 0.71 0.48 – 1.04 0.08 

IL-1ra 0.73 0.50 – 1.07 0.11 

IL-2 0.91 0.60 – 1.40 0.67 

 IL-4 0.63 0.42 – 0.93 0.02 

IL-5  0.61 0.41 – 0.90 0.01 

IL-6  0.53 0.35 – 0.78 0.002 

IL-7  0.60 0.40 – 0.88 0.009 

IL-8 0.85 0.58 – 1.25 0.40 

IL-9  0.67 0.45 – 1.00 0.05 

IL-10  0.66 0.45 – 0.98 0.04 

IL-12 0.76 0.51 – 1.13 0.17 

IL-13 0.72 0.48 – 1.06 0.10 

IL-15 1.20 0.79 – 1.74 0.45 

IL-17 0.96 0.65 – 1.41 0.81 

IP-10   0.31 

MCP-1 0.63 0.42 – 0.93 0.02 

MIP-1b 0.72 0.49 – 1.06 0.10 

PDGF 1.06 0.72 – 1.55 0.78 

RANTES 1.07 0.73 – 1.58 0.72 

TNF-a 0.72 0.47 – 1.08 0.11 

VEGF 0.79 0.54 – 1.17 0.24 
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Appendix 19 Correlations of reactogenicity outcomes for MeNZB and FAR trials 

Correlations for reactogenicity outcomes from MeNZB analysis 

 pain1 erythema1 swelling1 induration1

Spearman's 

rho 

pain1 Correlation 

Coefficient 

1.000 .199** .119** .131**

Sig. (1-tailed) . .000 .003 .001

N 547 547 546 547

erythema1 Correlation 

Coefficient 

.199** 1.000 .353** .307**

Sig. (1-tailed) .000 . .000 .000

N 547 547 546 547

swelling1 Correlation 

Coefficient 

.119** .353** 1.000 .355**

Sig. (1-tailed) .003 .000 . .000

N 546 546 547 546

induration1 Correlation 

Coefficient 

.131** .307** .355** 1.000

Sig. (1-tailed) .001 .000 .000 .

N 547 547 546 547

**. Correlation is significant at the 0.01 level (1-tailed). 

 
 

Correlations for reactogenicity outcomes from FAR trial 

 Pain1 day1 Ind1 Day1 Ery1 Day1 Swe1 Day1

Spearman's rho Pain1 day1 Correlation Coefficient 1.000 .168* .267** .145

Sig. (1-tailed) . .039 .002 .063

N 112 112 112 112

Ind1 Day1 Correlation Coefficient .168* 1.000 .368** .455**

Sig. (1-tailed) .039 . .000 .000

N 112 112 112 112

Ery1 Day1 Correlation Coefficient .267** .368** 1.000 .419**

Sig. (1-tailed) .002 .000 . .000

N 112 112 112 112

Swe1 Day1 Correlation Coefficient .145 .455** .419** 1.000

Sig. (1-tailed) .063 .000 .000 .

N 112 112 112 112

*. Correlation is significant at the 0.05 level (1-tailed). 

**. Correlation is significant at the 0.01 level (1-tailed). 
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