Innovative Evidence for Infant Immunisation Practice
Background

In the United Kingdom over four million vaccinations are routinely administered each year to infants yet no evidence-based national policy statement existed for the practical aspects of immunisation. The immunisation handbook (the ‘Green Book’) is the main reference material used by nurses involved in delivering vaccines, but historically, this did not address the practical issues of administration (Department of Health, 1996). In the UK and internationally, contemporary practice included the use of various needle lengths combined with either the technique of stretching the skin taut or bunching up of the antero-lateral thigh muscle along with different angles of injection (45(, 60( or 90() (Diggle, 1999b). Although Diggle and Deeks had previously suggested that use of a longer needle for intramuscular injection could reduce the amount of post-injection discomfort experienced by 4-month old infants (Diggle, 1999a, Diggle and Deeks, 2000), this was considered insufficient evidence for making definitive national recommendations to immunisers (Royal College of Paediatrics and Child Health, 2002). 
As part of this PhD, a large randomised controlled trial was therefore undertaken to determine whether the same effects as those shown by Diggle (Diggle and Deeks, 2000) would be seen at the earlier immunisation ages of two and three months and whether reduced reactogenicity was related to a difference in needle gauge or length. More importantly, the study would determine whether needle size affects the immune response (immunogenicity) of the infant vaccines; this information would be crucial for making practical recommendations, as any benefits gained from a reduction in the injection site reactions experienced by infants would have to be balanced against any compromise of vaccine effectiveness. 
Aims

To compare the incidence of local and general reactions (reactogenicity) in infants at two, three, and four months of age following immunisation using three needles of varying diameter and length – a wide, long needle (23 gauge, 25 mm), a narrow, short needle (25 gauge, 16 mm), or a narrow, long needle (25 gauge, 25 mm). 
To assess immunogenicity after a primary course of immunisation with a combined diphtheria, pertussis, tetanus, and Haemophilus influenzae type b vaccine and a serogroup C meningococcal glycoconjugate vaccine. 
With these two aims, this trial would test whether immunogenicity using a wide, long needle was equivalent or superior to a narrow, short needle (a non-inferiority hypothesis) as, if the previously observed reduction in adverse events with the wider, longer needle was repeated (Diggle and Deeks, 2000), while achieving comparable immunogenicity, this would be sufficient to recommend best practice. At the same time, comparison between needles of the same length but different gauge would determine whether the variable of length or gauge was important for reducing reactogenicity. This large randomised controlled trial was therefore undertaken to provide original evidence for infant immunisation practice.  

Methods
Over a two year period, 696 healthy infants were recruited to the study within 18 general practices belonging to two primary care trusts. Following informed parental consent, the infants were randomly allocated to receive the combined diphtheria, tetanus, whole cell pertussis, and Haemophilus influenzae type b vaccine and a serogroup C meningococcal glycoconjugate vaccine, administered by a standardised injection technique using either a wide, long needle (23 gauge/0.6 mm diameter, 25 mm), a narrow, short needle (25 gauge/0.5 mm diameter, 16 mm), or a narrow, long needle (25 gauge, 25 mm). Parents (blinded outcome assessors) recorded local reactions for 3 days following each dose measuring the diameter of any redness, hardness, or swelling; the infant’s reactions to movement of the thigh or touch of the injection site (none, mild, moderate, or severe); temperature; use of analgesics; and general reactions. A venous blood sample was taken 28-42 days following administration of the third dose of vaccine for measurement of antibody concentrations. The use of blocked randomisation, comparison with a control group, standardisation of procedures and sample size calculation enhanced the rigour of the methodology.  
Results
Local reactions to diphtheria, tetanus, whole cell pertussis, H influenzae type b vaccinations decreased significantly with wide, long needles compared with narrow, short needles. At all three doses one less infant experienced local reactions at days 1, 2, or 3 for every six to eight vaccinated. Significantly fewer infants vaccinated with the long needle experienced severe local reactions. Immunogenicity of the vaccine antigens was higher in the sera of infants who received immunisation with a longer needle and the differences met the criteria of non-inferiority for MenC and diphtheria vaccine. Little difference was found between needles of the same length but different gauges in local reaction or immune response.
Discussion and conclusions
This large and innovative trial demonstrated that use of the longer needle for vaccine administration results in less pain and fewer local reactions for infants at each immunisation age. It also demonstrated that needle gauge is either not important or possibly that narrower needles are marginally better. Furthermore, it provided important evidence that immunisation with a longer 25mm needle does not compromise immunogenicity. These research findings have since contributed to healthcare policy and practice and the authors research findings are cited within national and international guidance documents advising nurses to use the 25mm needle for immunisation of infants (Department of Health, 2006, National Health and Medical Research Council, 2007).
The results of this study were disseminated widely through publication within the British Medical Journal (Diggle et al., 2006) and according to the McMaster Online Rating of Evidence, out of the approximate 50,000 articles per year that appear in more than 110 journals, this paper was the 4th most read and clinically relevant paediatric journal article from 2006. Extracts of this research have also since featured in Evidence Based Nursing and Evidence Based Medicine. In summary, this research set out to answer a clinical question and, through the testing of research hypotheses, has contributed to the evidence base underpinning immunisation; in so doing this research has influenced policy and changed practice amongst immunisers. 
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