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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.  

  

  


