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1. SYNOPSIS

	Study Title
	Effect of adjunct high-dose vitamin D on community acquired pneumonia in hospitalised adults – a randomised controlled trial


	UTN
	U1111-1140-2885

	ANZCTR No.
	ACTRN12613000582752

	Trial Design
	Randomised, double blind, placebo-controlled trial

	Trial Participants
	Adults aged ≥ 18 years old, hospitalised with a confirmed radiological diagnosis of community acquired pneumonia


	Planned Sample Size
	up to 400

	Follow-up duration
	6 weeks post-study treatment

	Planned Trial Period
	June 2013-December 2014

	Primary Objective
	To determine whether providing a single high-dose bolus of vitamin D as an adjunct treatment in adults hospitalised with community acquired pneumonia improves the resolution of pulmonary inflammatory infiltrate on chest x-ray compared with placebo.


	Secondary Objectives



	To determine whether providing a single high-dose bolus of vitamin D as an adjunct treatment in adults hospitalised with community acquired pneumonia improves patient outcomes compared with placebo.

	Primary Endpoint
	The resolution of pulmonary inflammatory infiltrate on a follow-up chest radiograph 6 weeks after taking study treatment.


	Secondary Endpoints
	Patient Outcome measures: Length of hospital stay; in hospital mortality; intensive care unit admission rates; amount and duration of antimicrobial therapy; rates of relapse and readmission to hospital after discharge; 6 week post-study treatment mortality rates; 12 month mortality rates; resolution of symptoms and return to normal activity based on participant questionnaire at 6 weeks post-study treatment. 


	Investigational Medicinal Products
	Vitamin D3

	Form
	Tablet

	Dose
	A single 200,000 IU, dose within 48 hours of admission to hospital with a confirmed radiological diagnosis of community acquired pneumonia.


	Route
	Oral





2. BACKGROUND
2.1. 	Community Acquired Pneumonia
2.1.1. 	Epidemiology of Community Acquired Pneumonia
Community acquired pneumonia (CAP) is an infection of the lower respiratory tract that is acquired outside of hospitals or extended-care facilities. Pneumonia is largely caused by bacteria, particularly Streptococcus pneumoniae, which is the major cause of severe CAP and death. It globally accounts for about two-thirds of CAP cases where an aetiological diagnosis is made1. Other relatively common causes of CAP include bacteria, such as, Mycoplasma pneumoniae, Haemophilus influenza, Legionella spp., Chlamydia pneumoniae and Staphylococcus aureus and viruses, such as, influenza A and parainfluenza viruses. However the order of importance of each pathogen depends on the location and population studied. In New Zealand, S. pneumoniae, M. pneumoniae, Legionella spp and H. influenzae are the most commonly identified pathogens in adult CAP2,3. 
Pneumonia affects all age groups however it is a significant cause of mortality in children and older people. In New Zealand, pneumonia is three times more prevalent in Māori than non-Māori4. Māori men between the ages of 54-65 years have a mortality rate six times higher than non-Māori, while Māori women aged 65 years and older are three times more likely to be hospitalised5. Generally, peak incidence occurs in the winter months, with the exception of pneumonia caused by Legionella spp, whose incidence in New Zealand peaks over the spring/summer months; a reflection of the fact that one of the most common sources of infection is from compost and potting mixes. 

2.1.2. 	Clinical and Economic Importance of Community Acquired Pneumonia
CAP is a major cause of morbidity and mortality in New Zealand and worldwide. In the United States, pneumonia remains the seventh leading cause of death, with 4-5 million cases of CAP estimated to occur annually, and of these, 25% require hospitalisation6. In 2001, the annual cost of CAP in the US was estimated at $8.5 billion6. In New Zealand, CAP is the most common cause of admission to hospital for adults and has a reported mortality rate of between 6.5-8%2-4, 7,8. In 2003, the estimated incidence rate of CAP in adult New Zealanders was 859 episodes per 100,000 people per year and the cost of treatment and in lost productivity as a result of the disease was valued at $63 million annually9. 
Pneumococcal vaccination is recommended for the elderly and those who are immunocompromised or with chronic disease. The pneumococcal vaccine has been shown to be 60-70% effective in immunocompromised patients10. In addition, pneumococcal vaccination has been associated with reduced virus-associated pneumonia in children11,12. Despite this, pneumococcal vaccination is uncommon in New Zealand3,4. Immunization against influenza can also play an important role in preventing CAP. There is an abundance of evidence supporting the important interaction between respiratory viruses and bacterial pathogens in the pathogenesis of pneumonia13. In particular there is a temporal relationship between the incidence of CAP and the circulation of influenza and respiratory syncytial viruses14. The adherence of S. pneumoniae to human tracheal epithelial cells is higher in the presence of rhinovirus15, and influenza virus infection predisposes to adherence, invasion, and induction of disease by S. pneumoniae13. In a study of adult CAP in Christchurch, the combination of infection with both rhinovirus and S. pneumoniae was independently associated with severe disease (OR 10.0, 95%CI 1.3-75.3)1. 
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[bookmark: _Toc252914892]2.2.1.	 Vitamin D Metabolism 
Vitamin D enters our bodies in two forms: either as ergocalciferol (vitamin D2) from plant foods, or cholecalciferol (vitamin D3) from sun exposure or consumption of animal foods16.  Vitamin D3 is synthesized in the skin by ultraviolet (UV) B radiation from the sun activating its precursor 7-dehydrocholesterol16. For most people, vitamin D status is determined by UVB exposure, which varies according to season at higher latitudes (e.g., more than 35° North or 35° South). Regardless of the source, vitamin D then circulates in the blood to the liver where it is converted to its main form, 25-hydroxyvitamin D (25OHD), which has blood levels about 1000 times higher than the most active metabolite, 1,25-dihydroxyvitamin D (1,25-(OH)2D). 

[bookmark: _Toc252914893]2.2.2. 	25OHD Levels Required for Optimum Health
Vitamin D status is determined by the measurement of serum 25OHD level. Currently, there is no international consensus regarding what concentration of circulating 25OHD constitutes vitamin D deficiency, and has been a matter of debate for over a decade. Some consider that levels > 75 nmol/L define sufficiency, while others consider 50nmol/L a sufficient level.  A recent and controversial report from the Institute of Medicine (IOM) concluded for extra-skeletal outcomes, such as, cancer, cardiovascular disease, diabetes and autoimmune disorders, there was insufficient evidence to show that vitamin D impacted on disease outcome and that 25OHD concentrations of 50 nmol/L were sufficient to maintain the skeletal health of at least 97.5% of the North American population17. This is in contrast however to numerous epidemiological studies that suggest that serum 25OHD levels should be 75-100 nmol/L for optimum health. Such studies have observed that the risk of a range of diseases or markers – including bone mineral density, hip fracture, muscle strength, periodontal disease, diabetes, hypertension, coronary heart disease, lung function, colon and breast cancer, and all-cause mortality – is lowest at 25OHD levels >75 nmol/L18-27. 

2.2.3.	Vitamin D Levels and New Zealand
Even if the 50 nmol/L cut-off is used to define sufficiency, low vitamin D levels are common world-wide28. Vitamin D levels in the New Zealand general population are, on average, lower than at similar latitudes elsewhere in the world. Results from the 2008 New Zealand Adult National Nutritional survey show that just over 27.1% of the population (25.2% men and 28.5% women) have insufficient levels (<50 nmol/L) and nearly 5% are frankly deficient (<25 nmol/L). 25OHD levels are lower in Māori (33.7% insufficient, 6% deficient) and Pacific People (46.6% insufficient, 10.5% deficient) than other ethnic groups. Pacific women have the worst vitamin D status with a reported mean 25OHD concentration of 46.0 nmol/L and over half (53.2%) have insufficient levels. For all adults, mean 25OHD levels are lower in the Southern region compared with Northern or Central parts of New Zealand throughout the year. This is most pronounced over the late winter and early spring months (August-October), where mean levels are 45.5 nmol/L for the Southern region compared with 56.1 nmol/L and 50.5 nmol/L in Northern and Central regions respectively29.  A Christchurch study demonstrated that most, if not all, of 201 apparently healthy adults randomly selected from the electoral roll did not have adequate circulating 25OHD at some time in the year. Even in February, when UVB exposure is high, only 12% had plasma levels >80 nmol/L30. Similarly, a study of over 400 adult CAP patients admitted to either Christchurch (n=300) or Waikato Hospitals (n=123) were found to have median 25OHD levels of 30 nmol/L (28 nmol/L for Christchurch patients and 34 nmol/L for Waikato patients) and 26% exhibited severe deficiency with levels ≤ 20 nmol/L (unpublished).
The most likely explanation for the lower than expected vitamin D status in New Zealand is the Cancer Society’s longstanding and widely-accepted advice to avoid sun exposure to prevent skin cancer. With one of the highest malignant melanoma rates in the world31, New Zealanders are very aware of sunlight exposure. The food supply in New Zealand is also minimally fortified with vitamin D, compared to other countries such as the USA32. Vitamin D supplements in New Zealand are mainly available in small doses (mostly 100 IU multivitamin tablets) which only increase serum 25OHD levels by 1-2 nmol/L33.Thus, current over-the-counter oral sources of vitamin D available to the general population in New Zealand are only able to increase serum 25OHD by very small amounts.

2.2.4.	Vitamin D Supplementation, Dosing Regimes and Absorption
The purpose of the current IOM recommendations for the daily intake of vitamin D are to maintain skeletal health by preventing rickets/osteomalacia in the general, healthy population and aim to keep circulating 25OHD levels at or above 50 nmol/L. Recommended doses are 600 IU per day for those aged between 1 and 70 years of age and 800 IU for those aged over 70 years17. However, much higher doses are required to achieve the vitamin D levels considered, at least by some, to be optimal (i.e. >75-100 nmol/L). For example, to raise serum 25OHD from 50 to 80 nmol/L requires an additional 1700 IU of vitamin D3 per day34, while a dose of 4000 IU vitamin D3 per day is required to raise serum 25OHD levels of some individuals to 100 nmol/L35. In addition, higher doses are likely to be required for those people with chronic illnesses; kidney disease, liver disease, Crohn’s disease or other diseases associated with malabsorption of nutrients. In these instances, uncertainty exists on the dosage and regime that should be used. 
Since the 1930’s it has been assumed that vitamin D2 and vitamin D3 have the same efficacy in raising 25OHD concentrations, but recent data has questioned the validity of this assumption. Of the limited evidence currently available, it appears that vitamin D2 is less efficacious than vitamin D3 when given in large monthly or single bolus doses36-38, yet when either form of the vitamin is given in smaller daily doses, circulating 25OHD levels increase to the same degree36. Studies have shown that following a single large bolus dose (50,000, 100,000 or 300,000 IU) of either vitamin D2 or D3 there is a similar rapid and significant rise in 25OHD concentrations over the first 3 days, indicating equivalent absorption. After which, 25OHD levels continue to rise following vitamin D3 supplementation, peaking between 7 and 14 days before declining, with it taking >60 days for 25OHD levels to return to pre-supplementation levels37,39. However, following vitamin D2 supplementation, 25OHD concentrations fall rapidly after 3 days and are not significantly different from pre-supplementation levels at 14 days36-38. The same pattern is observed when vitamin D2 or D3 is provided intramuscularly, with a single large dose of vitamin D3 being almost twice as potent as D2, however, the rise in 25OHD concentrations is far greater for both forms of the vitamin when given orally38. 
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[bookmark: _Toc252914897]2.3.1. 	Vitamin D Activates Cathelicidin Production and Suppresses Inflammation in Respiratory Infections  
Recently, vitamin D has been shown to have an important role in the innate immune system, which prevents infection without the need for immunological memory from previous exposure to the pathogen40. Innate immunity includes the production of antimicrobial peptides that are capable of killing viruses, bacteria and other organisms41,42. These peptides are produced on epithelial surfaces and within circulating white blood cells. Examples include human -defensins 2 and 3 and cathelicidin (also known as hCAP-18 and LL-37)42. The peptides are produced through the effect of Toll like receptors, on the surface of macrophages and monocytes, causing cell activation when they recognize molecules derived from pathogens42,43. This activation results in expression of the genes that code for the vitamin D receptor, and for the 1α-hydroxylase enzyme that converts the pre-hormone, 25OHD, to the biologically active 1,25 dihydroxyvitamin D (1,25(OH)2D); which in turn activates the gene that produces cathelicidin43. An increase in the concentration of cathelicidin in phagocytic vacuoles enhances the cells ability to kill microorganisms42. LL-37, the only human cathelicidin, has been identified in the following tissues: white cells, breast milk, skin, lung, saliva, and colon; and is active against a wide range of microbes, including bacteria (both gram positive and gram negative), fungi and viruses44. 
Vitamin D also has an essential role in the adaptive immune system, which is important for immunological memory and the production of antigen-specific antibodies. 1,25(OH)2D3  is important in the maturation of dendritic cells, which are one of the major antigen presenting cells that capture, process and present antigens to T cells that in turn, are responsible for coordinating and enhancing the adaptive immune response to a particular pathogen. In addition, 1,25(OH)2D modulates the cytokine profile of antigen presenting cells by suppressing pro-inflammatory cytokines and increasing the expression of cytokines, such as, IL-10, which have broad spectrum anti-inflammatory activities45. This reduces inflammation and unwanted tissue damage that can be caused by an over-exuberant or unregulated immune response to a pathogen, rather than damage caused by the pathogen itself.

2.3.2.	Vitamin D and Tuberculosis
The new evidence linking vitamin D and cathelicidin43 provides a possible explanation for the link between sun exposure, vitamin D and tuberculosis (TB)46. There is increasing evidence that low body vitamin D levels may increase the risk of developing TB. For example, a hospital-based case-control study in London found that vitamin D deficiency was associated with an odds ratio of 2.9 (95%CI 1.3-6.5) for having active TB47. A case series of London TB patients showed that 56% had undetectable plasma 25OHD levels (<7 nmol/L)48. A case-control study from West Africa observed lower mean serum 25OHD levels in cases (78 nmol/L) compared with controls (85 nmol/L; p<0.001)49. Susceptibility to TB has been linked to vitamin D-receptor polymorphisms, with the presence of the FokI F allele protecting against TB infection, and the TaqI t allele protecting against active disease but not infection50. 
 
2.3.3.	Epidemiological Studies of Rickets, Vitamin D and Respiratory Infection
The association between rickets and infection has been known since the 1960s51. Since then, numerous studies have reported that children with rickets commonly present to hospital with respiratory infections52-60. One of these studies observed lower serum 25OHD levels in cases of acute severe lower respiratory infection requiring admission to hospital compared with controls: 23 vs 38 nmol/L (p<0.0001)60.  
Exposure to sunshine and UVB, which is the primary source of vitamin D in humans,61 is also associated with respiratory infection markers. Sub-erythemal courses of UV radiation, administered twice a year for three years to Russian teenage athletes, resulted in fewer respiratory viral infections, fewer days of absences and shorter duration of illness, compared with non-irradiated athletes62. The irradiated subjects also had significant increases in salivary IgA, IgG and IgM compared with controls. A Dutch study found that children with low sun exposure were more likely to have a cough and a runny nose, compared to children with most sun-exposure63. The temporal association between seasonal changes in vitamin D levels and winter respiratory virus activity has led to the proposal that low vitamin D levels may have a causal role in the onset of influenza epidemics64,65. 
Several observational studies have reported on vitamin D status and respiratory infection.  A Turkish case-control study found that serum 25OHD levels were lower in neonatal cases of acute lower respiratory infection (23 nmol/L) than age-matched controls (41 nmol/L)66. A Finnish cohort study found that young male soldiers with serum 25OHD levels <40 nmol/L at baseline had a 63% increased risk of absence from duty over the following 6 months as a result of a respiratory infection compared with soldiers with levels >40 nmol/L (P=0.004)67. A Canadian case-control study of children aged 1-25 months found no difference in mean serum 25OHD levels between cases of acute lower respiratory tract infection (77 nmol/L) and hospital controls (77 nmol/L)68. However this finding is probably a result of virtually all of the infants having high vitamin D diets through fortified formula or supplementation. A secondary analysis of the US NHANES III survey showed that, after adjusting for demographic and clinical characteristics, lower 25OHD levels were independently associated with self-reported upper respiratory tract infection (URI; cold and flu-like illnesses) in the past few days (compared to ≥75 nmol/L group: OR 1.36 [95%CI, 1.01-1.84] for <25 nmol/L and OR 1.24 [95%CI, 1.07-1.43] for 25-74 nmol/L groups)69. In a New Zealand cohort of 112 patients admitted to hospital with CAP, median 25OHD levels were 54 nmol/L, 15 % had serum  levels <30 nmol/L and low levels were significantly associated with a higher 30-day mortality (OR 12.7; [95%CI 2.2-73.3])70. Similarly, in a cohort consisting of over 400 adult CAP patients admitted to either Christchurch or Waikato hospitals, 67% of those with 25OHD levels > 50 nmol/L had complete resolution of pulmonary infiltrate as assessed by chest x-ray at 6 weeks after hospital discharge, while only 53% of patients with levels <25 nmol/L and 56% of patients with levels between 25-50 nmol/L had complete resolution. In addition, a higher mortality rate (11%) was observed for those patients that had  25OHD levels < 25 nmol/L and fewer reported being back to normal activity (50%) compared to those that had levels > 50 nmol/L (4% mortality and 61% reported return to normal activity)(unpublished). 
Observational studies of vitamin D and respiratory infection are likely to be affected by biases in measurement of both the relevant vitamin D level and the outcome, as well as potential confounding by exposure to sunlight (e.g. ‘sickly’ children might be less likely to spend time uncovered outside). Strong evidence of whether there is an effect of vitamin D on the risk of infection can be generated only by randomised controlled trials.
 
[bookmark: _Toc252914900]2.3.4. 	Trials of Vitamin D Supplementation and Respiratory Infection
Two randomised controlled trials (RCTs) of vitamin D supplementation have indirectly examined its impact on URI’s. A study to prevent bone-loss in post-menopausal African-American women found that 8% of women on 800 to 2000 IU per day reported having cold or influenza symptoms over the 3 years follow-up compared with 25% of women on placebo (p<0.002)71. The prevalence of URI symptoms in this study is undoubtedly underestimated because of the insensitive and imprecise manner in which these data were collected, although the double-blinded, randomised study design should have minimised reporting bias. In a sub-study of an RCT to prevent fractures with vitamin D supplementation, 3444 participants (mean age 77 years) were asked in winter if they had suffered an infection or received antibiotics during the previous week72. For intention-to-treat comparisons, there was a non-significant 10% reduction in the odds of reporting infection (p=0.23) and 16% reduction in the odds of reporting antibiotic use (p=0.18). Slightly stronger effects were observed for on-treatment per-protocol comparisons: 20% reduction in reporting infection (p=0.06) and 26% reduction in reporting antibiotics (p=0.10). Limitations of this study include the short outcome period of only one week, which reduced power, and its low dose of vitamin D (800 IU/day) which increased 25OHD levels from 38 nmol/L to only 62 nmol/L, well below the 80 to 100 nmol/L range now considered by some to be associated with optimum adult health outcomes18,19,25,26.
Four RCT’s have directly examined the effect of vitamin D supplementation on the risk of respiratory tract infections. One study with 162 adults showed no benefit of vitamin D supplementation in decreasing the incidence or severity of URIs during winter73. However, this study was of short duration (12 weeks), underpowered and used a relatively low dose of vitamin D (2,000 IU daily) without a loading dose. Despite these short-comings, a more recent study with 322 adults also showed no benefit of vitamin D supplementation on the incidence or severity of URI’s. In this instance, the study was adequately powered, was over an 18-month period including two winters, used a high dose of vitamin D (100,000 IU’s monthly) and participants were given a loading dose of 200,000 IU/month for the first two months of the study74. However, this study population did not have a high prevalence of deficiency, where even over the winter months the mean serum 25OHD concentration was about 50 nmol/L in the placebo group. In contrast to these findings another recent RCT with 744 children showed that in a subgroup analysis of one-third of the total cohort (n = 247) a daily dose of milk fortified with 300 IU vitamin D reduced the risk of respiratory infections by half compared to those that received unfortified milk (placebo group)75. In this study population however, there was a high prevalence of vitamin D deficiency, with median baseline levels of 17.5 nmol/L. Similarly, when the analysis included the whole cohort the effect was no longer significant. One further RCT with over 3000 infants (1-11 months of age) has directly examined the effect of vitamin D supplementation (100,000 IU quarterly) on lower respiratory tract infections and showed no benefit of supplementation for reducing the incidence of pneumonia76. Further research is still required to determine if there is benefit in other populations.

2.3.5.	 Vitamin D as an Adjunct Therapy   
Recently there has been a limited number of RCT’s reporting the use of vitamin D3 supplementation as an adjunct to the conventional treatment for a various diseases including TB, multiple sclerosis (MS), cystic fibrosis (CF) and pneumonia. In one study with 146 newly diagnosed TB patients, 4 fortnightly doses of 100,000 IU vitamin D3 in addition to conventional TB treatment did not significantly improve the median time to sputum culture conversion77. However, a subgroup per-protocol analysis of the 95 patients that completed the trial on study treatment showed that vitamin D supplementation not only significantly accelerated sputum culture conversion but also enhanced the resolution of the inflammatory response by numerous immunomodulatory effects including improving the lymphocyte count and suppressing pro-inflammatory cytokines78. Similarly, in a further study, supplementation with high doses of vitamin D (two doses of 600,000 IU’s) accelerated clinical and radiographic improvement in all TB patients and for the patients that were vitamin D deficient prior to treatment, host immune system function also improved79. In contrast, another trial found that in patients with active TB, vitamin D supplementation of 100,000 IU at enrolment, 5 and 8 months of study did not reduce the clinical severity score, time to sputum culture conversion or improve 12 month mortality rates80. However a significant limitation of this study is that the dose of vitamin D may have been insufficient to see an effect. 
Two studies have examined the effect of vitamin D adjunct therapy in MS. Vitamin D supplementation of 20,000 IU per week for 12 months was shown to reduce the number of T1 enhancing lesions, the T2 burden of disease and also disability accumulation compared to those on placebo, although the latter two effects did not reach statistical significance (p = 0.105 and 0.071, respectively)81. This is likely to be because of the small study size of only 66 patients with a resulting lack of power to detect significant differences between the treatment arms for most of the primary and secondary end-points. In contrast, a pilot study with 50 MS patients showed that low dose vitamin D (10 IU per day for two weeks, followed by 20 IU per day for 12 months) had no effect on the expanded disability score or relapse rate82. The major limitation of this study however is the low dose of vitamin D. 
In a pilot study with 30 CF patients who were admitted to hospital with pulmonary exacerbation, a single bolus oral dose of 250,000 IU vitamin D significantly increased the unadjusted 1 year survival and number of hospital free days and there was also a trend towards increased intra-venous antibiotic free days83. 
Two RCT’s in children have examined the effect of vitamin D supplementation as an adjunct therapy for pneumonia. In conjunction with conventional antibiotic treatment in children under 5 years of age hospitalised with severe pneumonia, one study with 200 patients, gave either 1000 IU vitamin D to those aged < 1 year old, 2000 IU vitamin D to those aged >1 year old or placebo daily for 5 days. No beneficial effect of short-term vitamin D supplementation was found on the resolution of severe pneumonia. Similarly, the duration of hospitalisation, time to resolution of tachypnea, chest restrictions and an inability to feed was similar between the supplemented and placebo groups84. The limitations of this study however, may be that the dose of vitamin D was insufficient. Another study with 453 infants aged 1-36 months with confirmed pneumonia were given either a single bolus dose of 100,000 IU vitamin D3 or placebo in addition to antibiotics. There was no significant difference in the mean number of days to recovery between the two groups, however, the risk of a repeat episode of pneumonia within 90 days of supplementation was significantly reduced in those given vitamin D (RR 0.73 [CI 0.64-0.94], P=0.01)85. 
Although some of these trials indicate that vitamin D supplementation may be beneficial, several studies are underpowered or use low dose vitamin D. Further trials are needed to address these shortcomings to be able to appropriately test the efficacy of vitamin D supplementation as an adjunct therapy.

2.4.	Genetics Sub-study
Genes significantly influence vitamin D status (29-43%) and polymorphisms in vitamin D pathway genes (especially the vitamin D receptor (VDR) gene) have been associated with a variety of diseases86, including respiratory tract infections87. Although most studies to date have examined only a few VDR polymorphisms, more are beginning to comprehensively investigate polymorphisms in the VDR as well as in other vitamin D pathway genes, such as the vitamin D–binding protein gene (GC), 7-dehydrocholesterol reductase (DHCR7), CYP27B1 and CYP24A1. These genes encode enzymes that, respectively, synthesize and degrade 1α,25-(OH)2-vitamin D and are the genes that have been most strongly linked to circulating 25OHD levels88,89. There is limited evidence suggesting that individuals carrying risk alleles for lower 25OHD concentrations have an enhanced response to supplementation90, but this area is largely unexplored. 
Although genetic analysis is outside the scope of this study, we will collect an additional tube of blood at baseline from consenting participants, which will be stored for future genetic analysis to determine the impact of genetic factors on the response to supplementation. 

3. 	RESEARCH DESIGN AND METHODS 
3.1. 	Hypothesis
The main hypothesis of this project is that providing vitamin D as an adjunct to standard antibiotic therapy will accelerate the resolution of pulmonary inflammatory infiltrate in CAP.
The specific objectives are to determine whether providing a single, oral, high-dose bolus of vitamin D in adults hospitalised with CAP will:
1. Improve the resolution of pulmonary inflammatory infiltrate compared with placebo.
2. Improve patient outcomes compared with placebo.

3.2. 	Study Overview
The study is a randomised, double blind, placebo-controlled trial in adults admitted to hospital with a confirmed radiological diagnosis of CAP. Participants will be randomised to receive a single oral dose of 200,000 IU vitamin D3 or matching placebo within 48 hours of admission to hospital. The primary outcome measure will be the resolution of pulmonary inflammatory infiltrate on chest x-ray at 6 weeks (± 1 week) after receiving study treatment. Secondary outcomes will include measures of patient outcomes including; length of hospital stay, in hospital mortality, intensive care admission rates, rates of relapse and readmission to hospital after discharge, 6 week post-study treatment mortality rates, 12-month mortality rates and the resolution of symptoms and return to normal activity at 6 weeks post-study treatment as assessed from hospital records and a structured telephone interview.

3.3. 	Participants
Participants will be recruited from CAP patients admitted to Christchurch Hospital and Princess Margret Hospital sites. On average, 400 to 500 people are admitted to these hospitals annually with a diagnosis of CAP, with the peak incidence occurring over the winter months (June to August). 

Inclusion criteria:	
1. A confirmed radiological diagnosis of pneumonia, defined as: 
‘New inflammatory infiltrate on a chest radiograph where patients have an acute illness with clinical features of pneumonia and radiographic pulmonary shadowing that is at least segmental or present in one lobe and is neither pre-existing or because of some other known cause.’
2. <48 hours since admission to hospital 
3. Age ≥ 18 years
4. Ability to give informed consent
5. Ability to orally consume the study medication
6. Ability to attend a follow-up appointment at 6 weeks post-study treatment for a chest x-ray

Exclusion criteria:
1. Pneumonia is not the principal reason for admission
2. Pneumonia associated with bronchial obstruction, bronchiectasis, or known tuberculosis
3. Use of vitamin D3 supplements other than as part of a multivitamin preparation where the daily intake would not exceed 400 IU.
4. High plasma corrected calcium > 2.6 mmol/L (corrected for plasma albumin concentration)
5. Use of immunosuppressants (e.g. doses of prednisone >10mg, methotrexate, azathioprine and cyclosporin)
6. Any prior history of hypercalcaemia, nephrolithiasis or sarcoidosis
7. Current kidney disorders requiring dialysis treatment or polycystic kidney disease
8. Cirrhosis of the liver
9. Women who are pregnant or are breastfeeding*
10. Already enrolled or planning to enrol in a research study that would conflict with full participation in the study or confound the observation or interpretation of the study findings (e.g. where vitamin D levels are tested and results are known by the participant; where the participant is required to take conflicting medications)
* At the 6 week follow-up women of reproductive age that think/know they are pregnant will also be excluded from taking further part in the study.

3.4. 	Intervention
Participants randomised to the active treatment will receive a single oral dose of 200,000 IU vitamin D3 < 48 hours of admission to hospital with a confirmed radiological diagnosis of CAP. Those randomised to placebo will receive matching inactive tablets that will be administered in an identical regimen. The vitamin D3 and matching placebo tablets will be sourced from Tishcon Corp (an accredited pharmaceutical company in New Jersey, USA). All treatments will be directly administered to participants by research staff upon enrolment into the study.
The dose of 200,000 IU vitamin D was chosen to rapidly increase serum 25OHD levels to approximately 80-100 nmol/L and is based on data from two studies that have assessed the pharmacokinetics and safety of high dose vitamin D3. One study in healthy adults showed that a single oral dose of 100,000 IU vitamin D3 increased plasma 25OHD levels from around 65 nmol/L to ≥ 80 nmol/L within 24 hours and reached a maximum of approximately 100 nmol/L at 7 days following consumption39. A second study in elderly women showed that a single oral dose of 300,000 IU sharply increased 25OHD levels from approximately 30 nmol/L to 125 nmol/L after 3 days and levels reached a maximum of approximately 150 nmol/L within 30 days of consumption before decreasing38. There were no safety issues or incidences of hypercalcaemia reported for either study. Similarly, two further studies that used single large bolus doses of 500,000 IU vitamin D showed that 25OHD levels were between 150-210 nmol/L one month following supplementation and neither study reported any incidences of hypercalcaemia91,92. Thus, large single doses of vitamin D3 up to 500,000 IU have been shown to be safe and effective for rapidly raising 25OHD levels above 80 nmol/L. 

3.5.	Study Period
The study will be conducted from June 2013 to December 2014 or until the sample size has been reached. Recruitment will be conducted as potential participants are admitted to hospital, identified and enrolled. Participants will be enrolled and receive their study treatment < 48 hours of admission to hospital. All participants will be observed from the time of the study treatment being given until 6 weeks (± 1 week) after receiving study treatment. This observation period was chosen as generally, 6 weeks is the standard clinical time point utilised for patients that have had pneumonia to assess its resolution by chest x-ray.

3.6.	Data Collection
3.6.1. 	Chest X-Ray
The main outcome measure will be the resolution of pulmonary inflammatory infiltrate. Participants will be asked to undergo a follow-up chest x-ray, 6 weeks (± 1 week) after receiving study treatment. 

3.6.2. Blood Tests
Blood samples will be collected at recruitment and at 6 weeks (± 1 week) after receiving study treatment and will be stored. Vitamin D (25OHD) levels will be measured on baseline blood samples at the end of the 6 week follow-up period to assess the proportion of people recruited into the study with deficient levels (<25 nmol/L). These baseline measures will be fed-back to the participant’s GP who will be responsible for the on-going care of the participant. The final blood sample collected at the end of the 6 week post- study treatment follow-up period will be stored and 25OHD levels measured after all participants have completed the 6 week follow-up period so as not to compromise the blinding of participants or research personnel. Plasma calcium and albumin levels will be measured in real-time on all samples collected and the corrected plasma calcium (i.e. corrected for plasma albumin concentration, as is standard laboratory practice) will be reported in order to check for hypercalcaemia (an elevated plasma corrected calcium is > 2.6 mmol/L). Only the corrected plasma calcium levels will be made available to investigators before the end of the 6 week follow-up period. 

3.6.3. Assessment of Patient Outcomes	
Clinical data including basic demographics, routine haematological and biochemical information, length of hospital stay, in-hospital mortality, intensive care admission rates, amount and duration of antimicrobial therapy and rates of relapse and readmission to hospital and mortality rates at 6 weeks post-study treatment will be obtained from patient hospital records. For all participants, a CURB65 pneumonia severity score will be calculated from the clinical data collected. Research staff will also conduct a telephone interview with study participants at 6 weeks post-study treatment to complete a questionnaire regarding the resolution of symptoms and if the participants have returned to normal activity. Twelve-month mortality rates will be obtained from national databases.




3.7.	Study Procedures
3.7.1.	Recruitment of Participants
All patients with a clincial diagnosis of pneumonia on admission to Christchurch Hospital are notified to a centralised patient registry which will be reviewed twice daily by members of the research team to identify potential participants. For these patients, computer records in the Depatment of Radiology will be selected electronically using an algorithm utilising key words such as pneumonia, consolidation and inflammatory infiltrate and the radiographs will be reviewed by a consultant radiologist to confirm the radiological findings. New admissions for CAP will be identified by study personnel on a daily basis on weekdays (Monday-Friday). Once identified, patients will be approached and asked to participate in the study within 48 hours of admission. 
The study population will be comprised of at least the first 360 CAP patients that provide informed consent to participate (n= 180 per arm). However, to increase the possibility of seeing an effect, we aim to have ≈ 30% (n = 120) of the study cohort to be participants who are vitamin D deficient at baseline (25OHD levels <25 nmol/L). Thus, recruitment may need to continue to get the required numbers of deficient patients or until a maximum of 400 participants have been enrolled.

3.7.2.	Baseline Visit
The study will be explained to potential participants by trained research staff. After informed consent has been obtained and eligibility has been assessed, all participants will be provisionally enrolled in the study until the result of the corrected plasma calcium level is known. Only those patients that do not have hypercalcaemia (corrected plasma calcium > 2.6 mmol/L) will be fully enrolled and randomised to receive vitamin D3 or placebo. Clinical data (including basic demographics, biochemical measures and CURB65 severity score) will be obtained from the patients’ hospital records and confirmed as needed by patient enquiry. A blood sample for 25OHD measurement will also be obtained at baseline.

3.7.3. 	Randomisation
The sequence numbers 1 to 500 will be allocated, with equal probability, to Vitamin D treatment and placebo treatment by a block random number generator (R Vienna Austria). Labelled bottles with the appropriate contents will be arranged in numerical order and the one with the lowest number among those unallocated will be used for the next recruited participant. Only the study statistician will have access to the randomisation codes and he will also be responsible for organising the preparation of the study treatment in conjunction with the Christchurch Hospital pharmacy dispensary. No research personnel that will have contact with the study participants will be involved in the preparation of the treatment, thus ensuring that those running the trial and the study participants remain blind to allocation. 

3.7.4.	Follow-up
At 6 weeks (± 1 week) post-study treatment all participants will be required to undergo a chest x-ray and provide a further blood sample for plasma calcium and serum 25OHD measures. Any women of reproductive age who thinks/knows they have become pregnant within the 6-week follow-up period will be excluded from further participation in the study and will not have a chest x-ray at 6 weeks. All participants will also be contacted by research staff at 6 weeks post-study treatment to answer a questionnaire regarding the resolution of symptoms and the return to normal activity. 
Clinical data including length of hospital stay, in-hospital mortality rates, mortality rates at 6 weeks post-study treatment, intensive care admission rates, amount and duration of antimicrobial therapy and rates of relapse and readmission to hospital will be obtained from patient hospital records at 6 weeks post-study treatment. Twelve-month mortality rates will be obtained from national databases. This data will be analysed and reported subsequently to that of the 6 week follow-up data so the analysis and publication of the primary study findings is not delayed.

3.7.5.	Laboratory Procedures
All laboratory procedures will be performed at Canterbury Health Laboratories under the supervision of Prof David Murdoch.

3.7.6.	Training of Study Staff
Training and education sessions for study personnel will be conducted in the month prior to the recruitment start date. The training will cover all study procedures, including recruitment and consenting as well as interviewing methods.

3.7.7.	Trial Registration
The trial has been registered with the Australian and New Zealand Clinical Trials Registry; ACTRN12613000582752; http://www.ANZCTR.org.au

3.7.8.	Definition of the End of the Trial
The end of the trial is the 6 week (± 1 week) post-study treatment follow-up chest x-ray and questionnaire completion regarding the resolution of symptoms and return to normal activity of the last participant. 

3.7.9.	Discontinuation/Withdrawal of Participants from the Study
Each participant has the right to withdraw from the study at any time. In addition, the investigator may discontinue a participant from the study at any time if the investigator considers it necessary for any reason including: 
· Ineligibility (either arising during the study or retrospective having been overlooked at screening)
· Significant protocol deviation
· Significant non-compliance with study requirements
· An adverse event which results in inability to continue to comply with study procedures
· Corrected plasma calcium levels >2.6 mmol/L (see safety below)
· Disease progression which results in inability to continue to comply with study procedures
· Consent withdrawn
· Lost to follow up

The reason for withdrawal will be recorded. If the participant is withdrawn due to an adverse event, the investigator will arrange for follow-up visits or telephone calls until the adverse event has resolved or stabilised.

4.	SAFETY
Vitamin D intoxication, which is potentially fatal, is very rare, but can be caused by the ingestion of very high doses. The reported instances have been usually associated with prolonged intakes of more than 40,000 IU per day93. Although current data support the viewpoint that serum 25OHD levels must rise above 750 nmol/L to produce vitamin D toxicity, an upper limit of 250 nmol/L is used to ensure a wide safety margin94. Prolonged, continued oral intake in excess of 10,000 IU per day is required to produce a serum 25OHD of ≥250 nmol/L. A single high dose bolus of either 100,000, 300,000 or 500,000 IU vitamin D3 has been shown to be safe and effective in raising 25OHD levels in both healthy adults and elderly patients, with no reported incidences of intoxication38,39,91.
4.1.	Adverse Event Reporting
Safety of exposure to vitamin D will be evaluated by the incidence of adverse events (AEs) and serious adverse events (SAEs), which will be reported in tabular form giving absolute numbers and percentages. Clinical oversight will be provided by investigators David Murdoch and Stephen Chambers. They will be responsible for assessing causality and whether the AE meets the criteria for an SAE. Each AE and SAE will be classified using the Common Terminology Criteria for Adverse Events (version 4.02; US department of Health and Human Sciences). All observed or volunteered AEs regardless of treatment group or suspected causal relationship to the investigational product will be reported as described in the following sections.
For all AEs, the investigators must pursue and obtain information adequate both to determine the outcome of the AE and to assess whether it meets the criteria for classification as a SAE requiring immediate notification to the designated representative. For all AEs, sufficient information should be obtained by the investigator to determine the causality of the AE. For AEs with a causal relationship to the investigational product, follow-up by the investigator is required until the event or its sequelae resolve or stabilize at a level acceptable to the investigator.

4.2.	Definition of an Adverse Event
It is the responsibility of the investigators to ensure that all AEs, and other clinically significant findings that occur, are documented and accurately reported. It is important that all site staff understand the requirements and responsibilities related to safety reporting outlined below.
An AE is any untoward medical occurrence in a clinical investigation subject administered a product or medical device; the event need not necessarily have a causal relationship with the treatment or usage. Examples of AEs include but are not limited to:
· Abnormal test findings
· Clinically significant symptoms and signs
· Changes in physical examination findings
· Hypersensitivity
· Progression/worsening of underlying disease
· Additionally, they may include the signs or symptoms resulting from:
· Drug overdose
· Drug withdrawal
· Drug abuse
· Drug misuse
· Drug interactions
· Drug dependency

4.3.	Definition of a Serious Adverse Event
A SAE or serious adverse drug reaction is any untoward medical occurrence at any dose that:
· Results in death
· Is life-threatening 
· Requires inpatient hospitalisation 
· Results in persistent or significant disability/incapacity
· Results in congenital anomaly/birth defect
Medical and scientific judgment should be exercised in determining whether an event is an important medical event. An important medical event may not be immediately life threatening and/or result in death or hospitalisation. However, if it is determined that the event may jeopardise the subject and may require intervention to prevent one of the other AE outcomes, the important medical event should be reported as serious. Examples of such events include allergic broncho-spasm requiring intensive treatment in an emergency room or at home, blood dyscrasias or convulsions that do not result in hospitalization, or development of drug dependency or drug abuse.
[bookmark: LifeThreatening]Life-threatening refers to immediate risk of death as the event occurred per the reporter. A life-threatening experience does not include an experience, had it occurred in a more severe form, might have caused death, but as it actually occurred, did not create an immediate risk of death. For example, hepatitis that resolved without evidence of hepatic failure would not be considered life-threatening, even though hepatitis of a more severe nature can be fatal. Similarly, an allergic reaction resulting in angioedema of the face would not be life-threatening, even though angioedema of the larynx, allergic bronchospasm, or anaphylaxis can be fatal.
[bookmark: Hospitalization]Hospitalisation is official admission to a hospital. Hospitalisation or prolongation of a hospitalisation constitutes criteria for an AE to be serious; however, it is not in itself considered a SAE. In the absence of an AE, a hospitalisation or prolongation of a hospitalisation should not be reported as an SAE. This is the case in the following situations:
· The hospitalisation or prolongation of hospitalisation is needed for a procedure required by the protocol. 
· The hospitalisation or prolongation of hospitalisation is part of a routine procedure followed by the centre (eg, stent removal after surgery). This should be recorded in the medical record.
In addition, hospitalisation, for a pre-existing condition that has not worsened, does not constitute an SAE.
[bookmark: Disability]Disability is defined as a substantial disruption in a person’s ability to conduct normal life functions.
The relationship of the AE to Study Medication will be specified as follows:
1. Not related. In the investigators opinion, there is not a causal relationship between study medication and the AE.
2. Unlikely. Study medication is not likely to have any reasonable association with the AE.
3. Possibly. The AE could have been produced by the participant’s clinical state or study medication.
4. Probably. The AE follows a reasonable temporal sequence from the time of study medication administration and cannot be reasonably explained by the known characteristics of the clinical state.
5. Definitely. The AE follows a reasonable temporal sequence from the time of study medication administration.
AEs will be collected from the time of study drug administration through the follow-up period at 6 weeks post-study treatment. The investigators should attempt, if possible, to establish a diagnosis based on the presenting signs and symptoms. In such cases the diagnosis should be documented as the AE and not the individual sign/symptom. If a clear diagnosis cannot be established, each sign and symptom must be recorded individually.
The investigators should attempt to follow all unresolved AEs and/or SAEs observed during the study until they are resolved or judged medically stable, or are otherwise medically explained. If there is any doubt about whether the information constitutes a SAE, the information is treated as a SAE.
Certain information, although not considered an SAE, must also be recorded, reported, and followed up as indicated for an SAE. This includes: 
· Overdose of an investigational product as specified in this protocol with or without an AE.
· Inadvertent or accidental exposure with or without an AE.

4.4.	Adverse Event Monitoring
An independent study data monitoring committee consisting of between 3-4 Canterbury District Health Board specialist physicians will serve as the data and safety monitoring board for the study. A majority of the committee will have had prior experience in data/safety monitoring. Dr John Pearson, the study statistician will liaise with the committee and produce both open and closed reports for the committee meetings that will occur at least every six months. The committee will be notified within 24h of the investigators awareness of any SAE, and will be kept informed of the situation and its development on a continuing basis. 

5.	STATISTICS
5.1.	Sample Size
The primary outcome measure is to compare the resolution of inflammatory infiltrate on a follow-up chest x-ray at 6 weeks post-study treatment between the vitamin D and placebo arms. These sample size calculations are based on an uncorrected chi square test. To detect an increase from 50% to 70% for clear chest x-rays and assuming an 80% retention rate, 180 participants per arm would be required for a power of 0.8. In addition, we aim to have a high proportion of deficient participants within the study cohort to increase the possibility of seeing an effect. We have calculated we will need to recruit ≈120 participants with deficient vitamin D levels at baseline (i.e. < 25 nmol/L). Thus, based on our previous findings and the data from the National Nutritional Survey29 up to 400 CAP patients may need to be recruited to get a sufficient number of deficient participants.

5.2.	Statistical Analysis
All randomised participants will be included in the primary analysis. Data will be analysed on an intention to treat basis with dropout events reported on and examined for differential compliance between treatment and placebo arms. Primary analysis will be logistic regression of clear chest X-ray on treatment arm with covariates for age (grouped) and gender and if appropriate severity and comorbidities.  Additional analyses will include covariates for initial 25OHD level and 25OHD level during the study and stratified analyses by 25OHD level at baseline; deficient (<25nm/l) and insufficient (<50nm/L). All data will be analysed in R (Vienna, Austria) or SAS (NC,USA).

6.	DATA MANAGEMENT
All data will be double-entered into an electronic database by trained research staff. Macros and interim tabulations will be used to check data ranges and consistency.

7.	ETHICS
7.1.	Ethics Committee Approval
The protocol, informed consent form, participant information sheet, questionnaires and proposed advertising material has been approved by the Southern Health and Disability Ethics Committee-13/STH/41. The Investigator will submit and, where necessary, obtain approval from the committee for all substantial amendments to the original approved documents.

7.2.	Participant Consent
Potential participants asked to participate in the study are entitled to choose whether or not to take part. Their decision is voluntary and they should be competent to understand what is involved. Consent forms are designed to assure the protection of participant rights. Written informed consent will be obtained from each participant before enrolment in the study.

Participants will receive adequate verbal and written information in English. All of our forms and questionnaires are written in English and we are not confident we can get adequate interpreters for other languages in accordance with good clinical practice, therefore it will be a requirement that all participants are able to comprehend and communicate in English. This language requirement should not unduly disadvantage any ethnic group from participating in the study. The verbal explanation will cover all the elements specified in the written information provided for patients. The investigator or co-worker will inform the patient of the aims, methods, anticipated benefits and potential hazards of the study including any discomfort it may entail. Participants will be given every opportunity to clarify any points they do not understand and, if necessary, ask for more information. Participants are entitled to withdraw their consent to participate at any time without penalty or loss of benefits to which they are otherwise entitled.

7.3.	Participant Confidentiality
The research staff will ensure that the participants’ anonymity is maintained. The participants will be identified by name, address, date of birth and a participants ID number.  All documents will be stored securely and only accessible by trial staff and authorised personnel. The data will be anonomised as soon as it is practical to do so. Any data or samples that relate to participants that leave the study site will be identified by study number only.

8.	PUBLICATION POLICY
The principal investigator will co-ordinate dissemination of data from this study. All publications based on this study will be reviewed by each investigator prior to submission.
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